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DESIGN OF STRUCTURES, COMPONENTS,
EQUIPMENT, AND SYSTEMS


The Advanced Test Reactor (ATR) is located at the Test Reactor Area (TRA) within the
boundaries of the Idaho National Engineering and Environmental Laboratory (INEEL). ATR, in operation
since 1969, is a 250-MWO, nuclear reactor designed to study the effects of intense irradiation on samples
of reactor materials. A comparison of ATR to a typical commercial pressurized water reactor (PWR) is
presented in Table 3.1-1. ATR is significantly different from a PWR, having a smaller core, higher power
density, lower primary coolant system (PCS) pressure and temperature, greater ratio of coolant weight to
power, and a confinement structure rather than a containment building. The confinement structure is
designed to be a barrier to radionuclide release to the atmosphere, similar to a containment building for a
PWR; however, the confinement structure has a higher leakage rate and lower overpressurization
structural failure limit. Also, the confinement does not require venting during a severe accident because of
the low pressure and low power of the ATR (Eide, Khericha, and Thatcher 1991).


General Design Criteria for ATR


Facility-specific General Design Criteria (GDC) were developed at the start of the Safety Analysis
Report (SAR) upgrade in 1989 (Croucher 1989). The facility-specific GDC were developed by adapting
the U.S. Nuclear Regulatory Commission (NRC) GDC for water-cooled nuclear power plants in the Code
of Federal Regulations (CFR) 10 CFR 50, Appendix A (CFR 1999), to the ATR. While application of
10 CFR 50, Appendix A to ATR was not explicitly required, the CFR was used as guidance in
establishing the principle design criteria for the ATR. This approach was consistent with Department of
Energy (DOE) Order 5480.6, Safety of Department of Energy-Owned Nuclear Reactors (DOE 1986)
which was in effect in 1989.


As described by Croucher (1989), forty-eight of the NRC GDC have been adopted for use by the
ATR, the other seven do not apply because of the special nature of this reactor. Of the 48 adopted,
27 were adopted without change, 14 were adopted with only minor changes, and seven were revised to
reflect the design of the existing facility. Two new GDC were added: GDC 70, "Experiment Facilities,"
and GDC 71, "Emergency Response Systems Design," because of the special nature of this reactor,


Information notes have been included to provide explanations for the ATR GDC that have been
adopted from the NRC GDC with only minor changes , and for some ATR criteria that have been adopted
without change but require further qualification . Basis statements have been included for new ATR GDC
and ATR GDC that required significant modi fi cation to the corresponding NRC GDC.
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The development of facility-specific GDC was completed prior to the release of DOE
Order 5480.30, "Nuclear Reactor Safety Design Criteria" (DOE 2001a). This Order establishes nuclear
safety design criteria applicable to the design, fabrication, construction, testing, and performance
requirements of nuclear reactor facilities and safety class structures, systems, and components (SSC)
within these facilities. This Order is applicable to both new and existing reactor facilities, For existing
facilities, the SAR prepared per DOE Order 5480.23 is to serve to establish and evaluate the adequacy of
the safety bases. This SAR serves that function. Further, the SAR is to demonstrate that the appropriate
provisions of Order 5480,30 are compared and evaluated against the safety design basis. This SAR
compares the safety design basis to the NRC GDC, but not to the criteria in Order 5480.30. A comparison
to the DOE GDC in Order 5480.30 has not been formalized, The DOE Advanced Test Reactor Safety
Evaluation Report (DOE 1996b) concludes there would be little value added to reanalyze the ATR GDC
against the GDC in DOE Order 548030. Modifications to important-to-safety SSC to further address or
remove the qualifications on compliance with the facility-specific GDC will be considered in accordance
with DOE Order 5480.30 direction for modifications to existing facilities.


The facility-specific GDC establish minimum requirements for new construction and modification
of important-to-safety SSC. Additional requirements for new construction and modification of
important-to-safety SSC will be considered in accordance with the guidance for backfitting in DOE
Orders 5480.4 (DOE 1993), 5480.23 (DOE 1994b), 10 CFR 830 (2002b), and 5480.30 (DOE 2001a).


Some of the terminology used in the previous ATR authorization basis and used in the Upgraded
Final Safety Analysis Report (UFSAR) differs from the terminology used in the GDC's. Throughout the
UFSAR, historical terminology was used to the extent practical to maintain consistency. Many of the
GDC refer to "anticipated operational occurrences." Unless indicated otherwise in the GDC, these are to
be interpreted as normal operation or Condition I. Further discussion on Condition I and clarification of
Condition 1, 2, 3, and 4 relative to the historical references to normal operation, anticipated faults,
unlikely faults, and extremely unlikely faults is provided in Chapter 15 (Accident Analyses).


3.1.1 Overall Requirements'


3.1.1.1 Criterion 1-Quality Standards and Records. SSC important to safety shall be
designed, fabricated, erected, and tested to quality standards commensurate with the importance of the
safety functions to be performed. Where generally recognized codes and standards are used, they shall be
identified and evaluated to determine their applicability, adequacy, and sufficiency and shall be
supplemented or modified as necessary to assure a quality product in keeping with the required safety
function. A quality assurance program shall be established and implemented in order to provide adequate
assurance that these SSC will satisfactorily perform their safety functions. Appropriate records of the
design, fabrication, erection, and testing of SSC important to safety shall be maintained by or under the
control of the operating contractor throughout the life of the unit.


3.1.1.1 . 1 Information Note-Existing records of the design, fabrication, erection,
and testing of SSC important to safety are being maintained by the operating contractor.


In the sections that follow, the text of each criterion is presented as it was given by Croucher (1989). When the text is enclosed
in quotation marks, Croucher's wording is identical to that in 10 CFR 50, Appendix A (CFR 1999), except for direct
substitutions such as "confinement" for -containment." Direct substitutions in otherwise verbatim wording are enclosed in
square brackets.
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3.1.1.1 . 2 Discussion-The Contractor's Quality and Requirements Management
manual meets The requirements of the American Society of Mechanical Engineers (ASME) NQA-1-1997
Edition (ASME 1997), 10 CFR 830,120 (CFR 2002a), and U. S. Department of Energy (DOE)
Order 414.IA (DOE 2001b).


3.1.1.2 Criterion 2-Design Bases for Protection Against Natural Phenomena.
SSC important to safety shall be designed to withstand the effects of natural phenomena such as
earthquakes, tornadoes, and floods without loss of capability to perform their safety functions. The design
bases for these SSC shall reflect: (I) appropriate consideration of the most severe of the natural
phenomena that have been historically reported for the site and surrounding area, with sufficient margin
for the limited accuracy, quantity, and period of time in which the historical data have been accumulated,
(2) appropriate combinations of the effects of normal and accident conditions with the effects of the
natural phenomena, and (3) the importance of the safety functions to be performed.


3.1.1.2 . 1 Information Note-Mention of hurricanes, tsunami, and seiches is deleted.
These phenomena are not concerns because the ATR Facility is not adjacent to an ocean, inland sea, or
lake.


3.1.1.2.2 Discussion-ATR was originally designed before facility-specific design
criteria for protection against natural phenomenon were established- Building design conformed with the
requirements of the Uniform Building Code (UBC), 1961 edition for Zone 2 locations (ICBO 1961).
Natural phenomenon hazards according to these UBC provisions included seismic loads (generally 5% of
gravity loads) and wind loads varying from 30 to 40 lb/fl2, depending on height as specified in the Atomic
Energy Commission standards for this area.


Since original construction of ATR, facility-specific seismic design criteria have been developed.
These criteria have been revised since first being introduced. In general, each revision has resulted in
more stringent acceptance criteria.


As new SSC have been installed, they have typically been shown to meet the seismic design
criteria applicable at the time of installation. Some, but not all, original SSC have been reanalyzed as new
criteria were introduced. The most notable reanalysis effort was performed in the mid-] 970's,
immediately following development of the first facility-specific seismic design criteria (Gorman 1972).
Seismic analyses for selected SSC (considered at the time to be the most critical) were updated as part of
the Seismic Analysis Program Plan (Mousseau 1973). Some modifications were performed as a result of
these analyses. Similarly, other analyses performed since original construction have resulted in some
additional modifications to reduce seismic fragility.


The result of the periodic changes in seismic design criteria over the operating life of the ATR, and
the selective upgrades of SSC to these changed criteria, is that there is a full spectrum of seismic
qualification for SSC important to safety. Some have not been qualified, some were qualified to the UBC
during original construction, some have been qualified or requaiified to criteria in effect after original
construction (but no longer in effect), and some are fully qualified to the criteria applicable today.







Idaho National Engineering and Environmental Laboratory


CHAPTER 3 - DESIGN OF STRUCTURES
COMPONENTS, EQUIPMENT, AND SYSTEMS -
UPGRADED FINAL SAFETY ANALYSIS REPORT


FOR THE ADVANCED TEST REACTORI


41 2.09 (09/03r200 - Rev. 7


Identifier : SAR-153
Revision: 10
Page : 3-14 of 3-200
Effective Date : 08/10/04


The most current and comprehensive evaluation of the risks associated with seismic events is
documented in the probabilistic risk assessment (PRA) Level I report (Eide, Khericha, and Thatcher
1991). The PRA efforts included evaluation of risks associated with external events including seismic,
flooding, volcanic activity, and extreme wind. The evaluation included a walkdown of risk-significant
SSC to estimate seismic fragility (i.e., the severity of seismic motion that would result in a loss of
function for the SSC). The seismic fragility estimates were input to evaluations of the various accident
sequences and initiating events to determine risk of fuel damage. The evaluations showed that the risk of
fuel damage resulting from seismic events is low. The evaluations also provided a basis for prioritizing
upgrades for further risk reduction. The highest priority upgrades have been completed.


3.1.1.2.3 Seismic Analysis-The introduction of facility-specific seismic design
criteria in the 1970's resulted in the definition of a Design Basis Earthquake (DBE)/safe shutdown
earthquake (SSE) for ATR. The DBE/SSE is the maximum postulated seismic event for which it should
be demonstrated that the reactor can be safely shut down and maintained in a safe condition. This
DBE/SSE is based on a Richter magnitude 7.3 earthquake occurring in the vicinity of the Howe fault and
resulting in a peak ground acceleration of 0.24g at bedrock (Gorman 1989b). The seismic design criteria
associated with this DBE/SSE are applied during design and construction of new SSC that are required to
be seismically qualified.


The DOE-ID AE Standards (DOE-ID 2002) have been revised to incorporate new seismic design
requirements of DOE Standards DOE-STD-1020 (DOE 2002a)and DOE-STD-1021 (DOE 2002b). The
TRA site specific Performance Categories PC I and PC 2 seismic design criteria use the International
Building Code (IBC 2000) spectral accelerations. The TRA site specific PC 3 and PC 4 horizontal and
vertical seismic design criteria for rock Design Basis Earthquake/Safe Shutdown Earthquake (DBE/SSE)
is available in the DOE-ID Standard (DOE-ID 2002). The TRA site specific PC 3 and PC 4 horizontal
and vertical seismic design criteria for soil DBE is under development, and will be incorporated into the
AE Standards when completed.


An operating basis earthquake (OBE) is not defined for the ATR. The OBE, typically taken as
one-half of the SSE, is defined for commercial nuclear power plants as the seismic event for which
seismically-qualified SSC are analyzed to withstand without sustaining damage. An OBE is not
applicable since the seismic subsystem of the plant protective system (PPS) is designed to scram the
reactor at the onset of a seismic event, ensuring safety rod insertion before damaging seismic motion
occurs.


3.1.1.2 .4 External Flooding Analysis-Four external flooding scenarios were
identified that could result in flooding of the ATR site:


A. Hydraulic failure of the Mackay Dam with the I00-year recurrence interval flood


B. Hydraulic failure of the Mackay Dam with the 500-year recurrence interval flood


C. Overtopping failure of the Mackay Dam caused by the probable maximum flood (PMF)


D. Seismic failure of the Mackay Dam coincident with the 25-year recurrence interval flood.


The overtopping failure caused by the PMF could result in loss of commercial and diesel power
(station blackout). The other scenarios affect the ATR through the loss of commercial power.
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The PRA results indicate a mean frequency for external flooding event sequences between
1.0 x 10-8 and 8.5 x 10-' per year. The total mean frequency of all sequences is 1.3 x I0'' per year (Eide,
Khericha, and Thatcher 1991).


3.1.1.2.5 Volcanic Activity Analysis-Design basis criteria for volcanic activity
have not been established for the INEEL. Basaltic eruptions are characterized primarily by the quiet
extrusion of lava flows that are controlled by topography and will travel downslope. The shortest
recurrence intervals (8,000 to 15,000 years), the most recent volcanism (Holocene lava fields), and the
most probable areas of future basaltic volcanism and ground deformation are the Axial Volcanic Zone
and the Arco Volcanic-Riff Zone, Within this context, the estimated total annual frequency of fuel
damage due to lava inundation was 8.4 x 1 0 (Hackett and Khericha 1993).


3.1.1.2.6 Tornado/Extreme Wind Analysis-A tornado/extreme wind analysis,
according to the 1985 INEEL Extreme Wind/Fomado Hazard Study (Coats and Murray 1985), was
performed for the reactor building and the raw water storage tanks. This analysis included the effects of
Site-specific tornados/straight winds as well as tornado-generated missiles (Arendts 1989a, 1989b;
Gorman 1989a).


The conclusions from these studies show that the masonry block wall extending from the ATR
Critical Facility roof to the highbay (reactor room) roof requires additional protection against wind-borne
missiles. However, the PRA does not consider wind-borne missiles a credible concern for the following
reasons. First, straight wind dominates the hazard at the INEEL for frequencies of exceedence larger than
10'6 per year (i.e., tornados are incredible). Second, the medium perforation wind speed for the given
missiles was found to be high enough that the missile damage is judged to be not a concern for
stright-wind hazard (Eide, Khericha, and Thatcher 1991). Also, the reactor building reactor room and
control room, including adjacent office structures, are capable of resisting wind speeds greater than
established hazard values if girt and siding damage are not considered (Arendts 1989a; Gorman 1989a).


The capability of the ATR to perform the safety functions of reactor shutdown , decay heat removal,
primary coolant inventory control , and confinement isolation without the ac power system indicates that it
could withstand tornado damage (assuming that the Emergency Firewater Injection System (EFTS)
remains operational).


The PRA results indicate a mean annual fuel damage frequency for wind-initiated sequences of
about 1.15 x I0.6 per year (Atkinson and Thatcher 1994).


A discussion of present site-specific natural phenomena hazards is presented in Chapter 2 (Site
Characteristics).


3.1.1.3 Criterion 3-Fire Protection. SSC important to safety shall be designed and
located to minimize, consistent with other safety requirements, the probability and effect of fires and
explosions. Noncombustible and heat resistant materials shall be used wherever practical throughout the
unit, particularly in locations such as the confinement and control room. Fire detection and fighting
systems of appropriate capacity and capability shall be provided and designed to minimize the adverse
effects of fires on SSC important to safety. Fire fighting systems shall be designed to assure that their
rupture or inadvertent operation does not significantly impair the safety capability of these SSC.
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3.1.1.3.1 Discussion-Automatic fire suppression systems are provided by wet pipe
and preaction sprinkler systems in most areas of the plant. Halon fire suppression systems are provided in
some areas. Fire extinguishers and standpipe connections equipped with fire hoses are available in many
areas of the plant. Manual fire suppression is provided by the TRA emergency brigade and the INEEL
Fire Department located 6 miles from ATR.


Location-dependent equipment vulnerabilities with regard to fire damage are identified in Thatcher
(2000a) by identifying the location of safety-related equipment and other equipment relevant to the
protection of irradiated reactor or canal fuel that may be vulnerable to fire events. Considering the shared
equipment locations, an evaluation of fire-induced Chapter 15 accident initiators and beyond design basis
accidents was performed (Thatcher 2000b). This analysis identified the administrative controls and fire
protection features necessary to maintain an acceptably low frequency of fire-induced threats to fuel
safety. Fire protection equipment is discussed in Chapter 9 (Auxiliary Systems).


3.1.1.4 Criterion 4-Environmental and Dynamic Effects Design Bases. SSC
important to safety shall be designed to accommodate the effects of and to be compatible with the
environmental conditions associated with normal operation, maintenance, testing, and postulated
accidents, including loss-of-coolant accidents. These SSC shall be appropriately protected against
dynamic effects, including the effects of missiles, pipe whipping, and discharging fluids, that may result
from equipment failures or from events and conditions outside the Facility.


3.1.1.4.1 Discussion-Rotating machinery that could be sources of missiles include
the primary coolant pumps and diesel generators. The four primary coolant pumps are aligned parallel to
each other in separate pump rooms on the first basement of the reactor building. The primary pump
motors, however, are parallel to each other in the same room, and also in the basement. Diesel generators
M-42 and M-43 are aligned on a common longitudinal axis in the diesel generator room. The M-6 diesel
generator is in a separate diesel building. Potential missiles from rotating machinery have been considered
in an evaluation of the PPS (INEEL 2000), and were found to be insignificant hazards.


Wadkins (1988) concludes that the primary system stainless steel piping would fail with small
leaks rather than catastrophic blowouts. EG&G Idaho performed pipe tests to failure and correlated the
size of the failure with the energy level of the system. Wadkins (1988) shows that for annealed Type
304 stainless steel piping, the smaller the system pressure, the smaller the size of the failure. The
conclusion is that a low-pressure system such as ATR will experience a ductile rupture and comparatively
small leak rate rather than a complete rupture and high leak rate. Consequently, pipe whip or any similar
sudden destructive failures of the PCS are considered extremely low probability accidents. Pipe whip or
sudden failure of the higher energy experiment loop piping systems is evaluated in Chapter 10
(Experiment and Irradiation Facilities).


A missile shield plug is secured into the transfer plate to shield the confinement roof against
missile projectiles ejected from the vessel from any inpile experiments.


Environmental specifications for the PPS can be found in Chapter 7 (Instrumentation and Controls)
and in the PPS System Design Descriptions, SDD-7.7.1 - EFIS, 7.7.2 - RSS, 7. 7.4 - RMSS,
and 7.1.6 - VVS (EG&G Idaho 1986, 1988b; INEEL 2000, 2003).
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3.1.1.5 Criterion 5-Sharing of Structures, Systems, and Components. SSC
important to safety shall not be shared with other facilities unless it can be shown that sharing will not
significantly impair their ability to perform their safety functions including, in the event of an accident in
a shared component or a sharing facility, an orderly shutdown and cooldown of the facility.


3.7.1.5 . 1 Information Note-In GDC 5, the term "nuclear power units" has been
replaced in Criterion 5 by the phrase "shared component or a sharing facility." This is considered a direct
substitution.


3.1.1.5.2 Discussion-The SSC important to safety that are shared by the facility
with other TRA facilities are the firewater system, the demineralizer system, commercial power, and the
M-6 diesel generator. Failures of these shared systems have been analyzed and are discussed in UFSAR
Chapter 15 (Accident Analyses), When appropriate, the analyses address failures of the SSC and failures
in the TRA facilities that share the SSC. In the cases of the demineralizer system and commercial power,
failures that may occur in the shared SSC will not adversely impact the ATR. In the case of the firewater
system due to redundancies in the firewater loop, a failure in the firewater system can be isolated without
adversely impacting the ability of the EFTS to perform its safety functions. In the case of the M-6 diesel
generator, a failure in the sharing facility (utility area via TRA 609) could result in a trip of the generator.
However, the diesel can be selected to provide power to ATR only and restarted if needed.


3.1.2 Protection by Multiple Fission Product Barriers


3.1.2.1 Criterion 10-Reactor Design. 'Me reactor core and associated coolant, control,
and protection systems shall be designed with the appropriate margin to assure that Plant Protection
Criteria for fuel performance are not exceeded during any condition of normal operation, including the
effects of anticipated operational occurrences."


3.1.2.1 . 1 Discussion-The ATR was designed to ensure adequate safety margins to
Plant Protection Criteria for fuel performance during normal operation (Condition 1) and off-normal
occurrences (Conditions 2 through 4). Chapter 4 (Reactor) discusses the reactor design, including the
design bases, and operating conditions. Chapter 5 (Primary Coolant System) describes the remainder of
the PCS. The ATR operates within conditions based on the UFSAR, which are listed in the Technical
Safety Requirements (TSR) that ensure adequate safety margins to Plant Protection Criteria for fuel
performance. The PPS is composed of the Reactor Shutdown System (RSS), and Engineered Safety
Features (ESF). The PPS ensures that safety margins to Plant Protection Criteria for fuel performance are
maintained during any credible off-normal plant occurrence. The PPS is discussed in Chapter 7
(Instrumentation and Controls), and the ESF is discussed in Chapter 6 (Engineered Safety Features). The
accident analysis that established the basis for the PPS and TSR is discussed in Chapter 15 (Accident
Analyses).


3.1.2.2 Criterion 11-Reactor Inherent Protection. "The reactor core and associated
coolant systems shall be designed so that in the power operating range the net effect of the prompt
inherent nuclear feedback characteristics tends to compensate for a rapid increase in reactivity."
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3.1.2.2. 1 Discussion-The ATR has strong negative reactivity coefficients for
coolant-temperature and coolant-void increases in the fuel element. The reactivity coefficient for fuel
temperature increase is only weakly negative. The fuel temperature coefficient results from a decrease in
distance between fuel plates caused by the expansion of the fuel with temperature increase. The
coolant-temperature and voiding-increase reactivity coefficients in the flux traps and the reflector,
however, are positive.


I


3.1.2.3 Criterion 12-Suppression of Reactor Power Oscillations . "The reactor core
and associated coolant, control, and protection systems shall be designed to assure that power oscillations
which can result in conditions exceeding Plant Protection Criteria for fuel performance are not possible or
can be reliably and readily detected and suppressed."


3.1.2.3 . 1 Discussion-Potential sources of positive reactivity or power increases are
shim drum or shim rod movements, regulating rod movement, rapid cool down of the primary coolant, or
experimental loop voiding. The PPS includes two subsystems designed to trip the reactor during reactivity
transients . The neutron level subsystem is a two-out-of-three system with a high power Limiting Control
Setting of <_ 1,15 times full power during pressurized operation. The wide range neutron level subsystem
is also a two-out-of-three system with a high power Limiting Control Setting of 5 1.15 times full power
during pressurized operation. The wide range system does not offer continuous period protection . Instead,
it monitors reactor period by timing power increase over discrete intervals providing an effective reactor
period Limiting Control Setting of? 1.3 seconds. Eleven scram points are provided over the five-decade
range protected by the system.


3.1.2.4 Criterion 13-Instrumentation and Control. Instrumentation shall be provided
to monitor variables and systems over their anticipated ranges for normal operation, for anticipated
operational occurrences, and for accident conditions as appropriate to assure adequate safety, including
those variables and systems that can affect the fission process, the integrity of the reactor core, the
primary coolant pressure boundary, and the confinement and associated systems. Appropriate controls
shall be provided to maintain these variables and systems within prescribed operating ranges.


3.1.2.4 . 1 Information Note-"Containment" was changed to "confinement." Since
ATR is a moderate-pressure, low-temperature facility with a relatively small fission-product inventory
and is remotely located, a leak-tight containment structure as required for nuclear power reactors was not
provided. A confinement structure provides the required barrier to limit the rate of release of fission
products following a postulated accident.


3.1.2.4.2 Discussion-Numerous instrumentation and control systems actuate
automatic protective actions and exercise proper control against unsafe and improper reactor operation.
The control system provides graded corrective actions to reduce the frequency of protective actions by the
PPS. The total reactivity available to the automatic control system and the servo mechanism is less than
the delayed neutron fraction. Display instrumentation monitors effectiveness and status of automatic
protective actions. The PPS is capable of mitigating any credible control system malfunction.


The PPS is independent from nonsafety-related instrumentation and control systems. No significant
system interactions beyond the scope of the PPS design basis have been identified during a review of
ATR functional requirements (Buescher 1993).
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Lobe powers are not monitored directly over all postulated accident conditions. The lobe powers
are obtained from the lobe power calculation and indication system. The system is designed for the
operating range and under certain conditions will saturate before lobe power reaches the safety limit.
Additionally, the system design does not provide immediate indications of power changes and does not
function under rapid transient conditions. Under these conditions, there may not be a direct indication of
the maximum power reached, However, there will be ample indication that the power level has exceeded
the setting for the nuclear instrumentation based on the control room recorders. Off-normal conditions
that result in high lobe powers will require reconstruction of the event to determine the power levels
reached.


3.1.2.5 Criterion 14-Primary Coolant Pressure Boundary. "The primary coolant
pressure boundary shall be designed, fabricated, erected, and tested so as to have an extremely low
probability of abnormal leakage, of rapidly propagating failure, and of gross rupture."


3.1.2.5.1 Discussion-The coolant enters the reactor vessel at <_ 125°F and
approximately 372 psig (measured at the PPS vessel inlet pressure tap). The reactor inlet coolant pressure
is regulated by controlling the inventory of coolant. The pressurizing and gland seal pumps discharge into
the system and the pressure control valve bleeds from the system to maintain constant pressure.
Overpressure protection is provided by two sets of two safety relief valves and the high pressure ESF.


A surge tank air cushion is provided to damp minor pressure fluctuations . The total volume of the
surge tank is 1,000 ft3 of which approximately 50 ft3 is air when the normal primary system operating
pressures and flow are maintained.


The PCS was designed, fabricated, erected, and tested to pertinent codes and standards current at
the time of construction, The PCS was subsequently analyzed ASME Section III, Class 2, 1977 Edition
(Class I for Seismic) and found to meet the intent of the Section 111. PCS construction materials were
chosen that are ductile and resistant to erosion, corrosion, intergranular stress-corrosion cracking, and
embrittlement.


3.1.2.6 Criterion 15-Primary Coolant System Design. The primary coolant system
and associated auxiliary, control, and protection systems shall be designed with sufficient margin to
assure that the design conditions of the primary coolant pressure boundary are not exceeded during any
condition of normal operation, including anticipated operational occurrences.


3.1.2.6.1 Discussion-The reactor is cooled by circulating pressurized demineralized
water in a closed primary loop. Primary coolant flow rate is adjusted to produce a 100 psi differential
pressure drop across the reactor core when in the three-pump operating mode. The three primary coolant
pumps have a combined capability of 54,000 gpm while retaining the fourth 18,000 gpm pump as a spare.
The expected coolant requirement at 250 MW,h is 49,000 gpm, yielding an excess coolant capacity of
5,000 gpm. Operation at lower power levels often a] lows for operation with only two primary coolant
pumps, retaining the third and fourth pumps as spares.


Primary coolant vessel inlet temperature is controlled by varying the secondary coolant flow to the
primary heat exchanger. PCS pressure control is provided by a surge tank and the degassing and
pressurizing subsystem, and is monitored by the PPS.


The piping design and safety limit pressures and temperatures at the specified locations are shown
in Table 3.1-2.
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Mechanical operations and anticipated transients have been analyzed to be within the pressure and
temperature limits established in Table 3.1-2.


3.1.2.7 Criterion 16-Confinement Design. Reactor confinement and associated systems
shall be provided to establish a barrier against the uncontrolled release of radioactivity to the environment
and to assure that the confinement design conditions important to safety are not exceeded for as long as
postulated accident conditions require.


3.1.2.7. 1 Information Note-"Containment" was changed to "confinement"; "an
essentially leak-tight barrier" was changed to "a barrier." Since ATR is a low-energy facility with a
relatively small fission product inventory and is remotely located, a leak-tight containment structure
required for nuclear power reactors is not needed. A confinement structure provides a barrier to limit the
rate of release of fission products following design-basis accidents.


3.1.2.7. 2 Discussion-Unlike commercial nuclear plants, ATR does not have
containment purge valves to control the containment pressure or isolation valves to isolate the
containment in case of a severe accident. However, ATR uses an interlocked ventilation system, including
exhaust and supply fan systems, exhaust stack, roof ventilators, and closure dampers to control
confinement atmospheric conditions during normal operation (deBoisbianc, Cohen, and Walker 1966).


The integrity of the confinement system has been verified by a number of studies (Close 1988a,
1988b; Atkinson 1976, 1988). These studies have shown that a loss of coolant accident (LOCA) or a
major reactivity excursion will not result in overpressurization of the confinement. Even though the initial
leakage rate in the first minutes after a LOCA exceeds the designed leakage rate, the high release rate will
not result in an unacceptable amount of radioactive release to the external environment.


3.1.2.8 Criterion 17-Electric Power Systems. An on-site electric power system and an
off-site electric power system shall be provided to permit functioning of SSC important to safety. The
safety function for each system (assuming the other system is not functioning) shall be to provide
sufficient capacity and capability to assure that (1) Plant Protection Criteria for fuel performance and
related design conditions of the primary coolant pressure boundary are not exceeded as a result of
anticipated operational occurrences, and (2) the core is cooled and confinement integrity and other vital
functions are maintained in the event of postulated accidents.


The on-site electric power supplies, including the batteries, and the on-site electric distribution
system shall have sufficient independence, redundancy, and testability to assure performance of critical
safety functions assuming a single failure of any one of the eight power systems listed below.


Electric power from the transmission network to the on-site electric distribution system shall be
supplied by two physically independent circuits (not necessarily on separate rights of way) designed and
located so as to minimize to the extent practical the likelihood of their simultaneous failure under
operating and postulated accident and environmental conditions. A switchyard common to both circuits is
acceptable. Adequate on-site power shall be available in sufficient time following the loss of all off-site
electric power, to assure that Plant Protection Criteria for fuel performance and design conditions of the
primary coolant pressure boundary are not exceeded. Adequate electric power shall be available in
sufficient time following a loss of coolant accident to assure that core cooling, confinement integrity, and
other vital safety functions are maintained.
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Provisions shall be included to minimize the probability of losing electric power from any
remaining supplies as a result of, or coincident with, the loss of power from the transmission network or
the loss of power from the on-site electric power supplies.


3.1.2.8 . 1 Basis-The GDC is written with on-site (power- station generated) power as
the primary source. For ATR, off-site power is the primary source. The changes made to the GDC reflect
this difference. In GDC 17, sentence 3 of paragraph 3, which reads "Each of these circuits shall be
designed to be available in sufficient time following a loss of all on-site alternating current power supplies
and the other off-site electric power circuits to assure that...", has been replaced by "Adequate onsite
power shall be available in sufficient time following the loss of all offsite electric power to assure that...."
Paragraph 3, sentence 4 in GDC 17, "One of these circuits shall be designed to be available within a few
seconds following a loss-of-coolant...", has been replaced by "Adequate electric power shall be available
in sufficient time following a loss-of-coolant...." In the last paragraph of GDC 17, the following was
deleted: "..., the loss of power generated by the nuclear power unit,...."


3.1.2.8.2 Discussion-The electric power system was designed and built before
Class IE design requirements were established for the commercial nuclear power industry. Even though
the electric power system has many redundant features, it does not generally meet the current nuclear
industry requirements for physical and electrical separation of redundant pans of Class IE systems.


The electric power system consists of the following eight subsystems:


A. Commercial power (4160 & 480 Vac buses)


B. Diesel power (4160/480 Vac buses)


C. Diesel power (480/208/120 Vac buses)


D. Diesel-commercial power (480 Vac bus)


E. Diesel-commercial power (208/120 Vac buses)


F. Instrument 250 We and 208/120 Vac battery-backed power


G. Utility 250 We and 208/120 Vac battery-backed power


H. PPS 32 We battery-backed power.


The diesel buses are electrically independent from the commercial power buses. Battery E-59,
which supplies instrumentation 208/120 Vac, is independent of battery E-58, which supplies utility dc
power and 2081120 Vac battery backed power. The four PPS power supply divisions have independent
batteries, battery chargers, and distribution panels.


The following redundant features exist in the electric power system:


• Two feeds exist from the offsite grid to the onsite electric power system, one feeding each of two
commercial buses.


• Any one of three diesel generators can supply all ac loads normally supplied from diesel bus E-3.
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Motors for the following equipment may be energized from either commercial power or diesel
power, as selected manually for each motor:


- Primary pressurizing pumps M-14 and M-15


- High pressure demineralized water circulated pumps M-35 and M-36


- Primary gland seal pumps M-40 and M-41


- Some of the experiments loop primary pressurized water circulating pumps.


Diesel-commercial motor control center E-15 has two feeds and can be supplied from either diesel
power or commercial power.


Safety-related loads are supplied through uninterruptible battery-backed power supplies as required
to ensure that critical safety functions are met. In addition, the RSS and the EFIS (diesel driven pumps are
in separate buildings) will function with a loss of commercial and diesel power,


The electrical power and diesel generator support systems were evaluated for dependent and
common cause failures for the PRA, including external events. The most vulnerable location for these
events was identified as the switchgear room, and several risk-reduction upgrades were recommended and
implemented to reduce the risk of a loss of all electrical power (Atkinson and Thatcher 1994). The
principal upgrade was the relocation of the Utility Battery-Backed Power System out of the switchgear
room. With the completion of the upgrades, no single event (with a significant frequency of occurrence)
will result in a total loss of electrical power to power-supported safety systems and no loss-of-power
event sequences or seismic event of a SSE magnitude or less will lead to fuel damage with a frequency
greater than I x I0'6/yr. Therefore, although the electric power system lacks the degree of redundancy and
separation commonly found in commercial power reactors, the redundancy of power sources and
separation of battery-backed power systems for the electrical system with the completed upgrades is
adequate to support power-supported safety functions (emergency coolant pumps and Vessel Vent System
(VV S)).


3.1.2.9 Criterion 18-Inspection and Testing of Electric Power Systems. Electric
power systems important to safety shall be designed to permit appropriate periodic inspection and testing
of important areas and features, such as wiring, insulation, connections, and switchboards, to assess the
continuity of the systems and the condition of their components. The systems shall be designed with a
capability to test periodically (1) the operability and functional performance of the components of the
systems, such as on-site power sources, relays, switches, and buses and (2) the operability of the systems
as a whole and, under conditions as close to design as practical, the full operational sequence that brings
the systems into operation.


3.1.2.9.1 Information Note-The details concerning the term "full operational
sequence that brings the systems into operation," in GDC 18 have been deleted. The specific systems
listed in GDC 18, apply to power reactors and do not all apply to the ATR.


3.1.2.9.2 Discussion-Important electrical-power systems were designed to permit
periodic inspection and testing of important areas and features. Examples of such systems are:


• Diesel generators (M-42 and M-43)


• Quick-start diesel generator (M-6)
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• Battery banks (utility, instrument, and PPS)


• Utility and instrument uninterruptible power system


• PPS supply.


The electrical systems are inspected and maintained as a part of the maintenance program described
in Chapter 14 (Initial Test Program, Inservice Surveillance, and Maintenance). The types of maintenance
and the frequency are based on vendor specifications as they are available. Additional requirements for
selected electrical sources and systems are found in Chapter 8 (Electric Power). The electrical power
requirements imposed by the accident analysis are described in Chapter 16 (Derivation of Technical
Safety Requirements).


3.1.2.10 Criterion 19-Control Room. A control room shall be provided from which
actions can be taken to operate the ATR safely under normal conditions and to maintain it in a safe
condition for Condition 2 and 3 incidents. Reactor controls shall be designed to achieve a safe condition
under accident conditions including loss-of-coolant accidents with minimum action prior to a required
evacuation; facilities shall be provided to obtain essential safety information about the facility from an
alternative habitable location.


3.1.2.10. 1 Basis-At the end of sentence one in GDC 19, "...in a safe condition under
accident conditions, including loss-of-coolant accidents." is replaced by "...in a safe condition for
Condition 2 and 3 incidents." There are some Condition 4 incidents for which the control room will not
be habitable.


The remainder of GDC 19 is replaced by the second sentence. The control room is located within
the confinement, and the control room is not designed to be habitable during all accident conditions.
Under accident conditions, controls are designed to achieve a safe shutdown condition with minimum
action prior to a required evacuation.


3.1.2.10. 2 Discussion-The control room has been upgraded to meet the human
engineering design requirements of NUREG-0737, Supplement 1 (NRC 1982), and NUREG-0700
(NRC 1981a). No deviations exist that could represent a significant safety deficiency. Although the
control room is not designed for long-term habitability following a severe accident, this also does not
present a serious safety deficiency since only plant depressurization actuated from the control room may
be required once the safety rods have been inserted into the reactor. Emergency action planning does not
assume post accident habitation following initiation of plant shutdown. If a PCS depressurization is
required, this can also be quickly accomplished, by the VVS activated manually before evacuation.


Post accident control room occupancy is not critical to ensure safe shutdown. Safe shutdown can
also be accomplished from the Room 101, which is outside the control room and confinement envelope.
Shutdown is accomplished by operating the Emergency Scram Backup and Reverse switches, and can be
accomplished very quickly. This action will not only insert the safety rods but initiates insertion of all
reactivity shim control elements (neck shims and shim cylinders).
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The scram inserts the safety rods and assures that the core is suberitical. Depressurization of the
PCS by opening the vent valves assures that firewater (the system operates at relatively low pressure) can
be added to the PCS if needed to maintain the inventory. The EFIS is an automatic system that does not
require operator action beyond assuring the PCS is depressurized. With the reactor subcritical and the
EFIS available to maintain inventory, there are no operator actions required to assure a stable
configuration for the reactor.


3.1.3 Protection and Reactivity Control Systems


3.1.3.1 Criterion 20-Protection System Functions. "The protection system shall be
designed (1) to initiate automatically the operation of the appropriate systems including the reactivity
control systems, to assure that Plant Protection Criteria for fuel performance are not exceeded as a result
of anticipated operational occurrences and (2) to sense accident conditions and to initiate the operation of
systems and components important to safety."


3.1.3.1. 1 Discussion-The PPS consists of two major subsystems that perform
reactor shutdown and certain ESF functions. The PPS subsystems are the RSS, and the ESF.


The RSS performs the following protective actions:


• Release of the safety rods (reactor scram) when certain plant variables are outside acceptable value
ranges


• Actuate certain ESF when certain plant variables are outside acceptable value ranges.


The ESF are the RMSS, the EFNS, the VVS, vessel level alarm indication, the primary pump
shutoff system, the pressurizing and gland-seal-pump shutoff system, the LOCA Primary Coolant Pump
Shutoff System, and the PCS overpressure relief system. All of these ESF are discussed in detail in
Chapter 6 (Engineered Safety Features).


3.1.3.2 Criterion 21-Protection System Reliability and Testability. "The protection
system shall be designed for high functional reliability and inservice testability commensurate with the
safety functions to be performed. Redundancy and independence designed into the protection system shall
be sufficient to assure that (1) no single failure results in loss of the protection function, and (2) removal
from service of any components or channel does not result in loss of the required minimum redundancy
unless the acceptable reliability of operation of the protection system can be otherwise demonstrated. The
protection system shall be designed to permit periodic testing of its functioning when the reactor is in
operation, including a capability to test channels independently to determine failures and losses of
redundancy that may have occurred."


3.1.3.2. 1 Discussion-An automatic surveillance and test system (SATS) has been
provided that is used to check the RSS periodically during reactor operation. These checks confirm
subsystem operability, check setpoint values, and verify system calibration by protective channel
intercomparison. If the SATS is inoperable, its functions will be performed manually.
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The RSS is designed to be a completely redundant system. No single failure in the RSS will result
in a loss of the protective functions provided by that system. Although the ATR was not designed with
strict application of the single failure criterion, there is a high degree of redundancy associated with
critical safety systems, and especially with the ESFs. The accident analyses presented in Chapter 15
(Accident Analyses) consider the redundancy and independence of these safety systems in determining
the reliability of mitigating equipment and limiting single failures. Therefore, the intent of requirement (1)
is met,


Requirement ( 2) of this GDC is met by limitations placed on the equipment being out of serv ice or
otherwise inoperable . The action required when the equipment is inoperable is specifi ed in the TSR.
Typically the action is to shutdown the reactor within a specified time period if the component cannot be
retu rned to service.


3.1.3.3 Criterion 22-Protection System Independence . The protection system shall
be designed to assure that the effects of natural phenomena, and of normal operating, maintenance,
testing, and postulated accident conditions on redundant channels do not result in loss of the protection
function, or shall be demonstrated to be acceptable on some other defined basis. Design techniques, such
as fimctional diversity or diversity in component design and principles of operation, shall be used to the
extent practical to prevent loss of the protection function.


3.1.3.3.1 Discussion-The reactor has a completely independent PPS that is separate
from the normal operational control system. The PPS includes special instruments, and special relays.
These safety devices are not used for any operational function except for parameter indication. In
addition, the PPS power is supplied from a 32 We distribution system that is independent from other
instrumentation power supplies. The updated PPS continues to meet the independence criteria established
for the original PPS (Buescher 1993, specifically referring within Buescher's EDF to the December 23,
1988 letter from Vargo to Norin, and the Norin et al. report SAIC-8817 952).


The RSS subsystem of the PPS interfaces with the non-safety SATS. Isolation between these two
systems is provided so that a failure of SATS does not affect the ability of the RSS to perform its intended
safety function (Dumey 1988).


The RSS is designed with three instrument channels ( i.e., components performing similar functions
located physically separate areas ). The signal path from the sensors monitoring plant variables goes to an
analog comparator or to a contact-to-logic-level-converter (CLLC) which convert s the signal to a logic
level compatible with the two-out-of-three logic modules. Each analog comparator and CLLC has four
identical outputs . Each output is sent to a two-out-of-three logic module . If any two of the three plant
variables exceed the trip point , the comparator or CLLC is tripped , the two out of three modules are
tripped and the rod clutch controllers release the safety rods, causing the reactor to shut down . The RSS
will trip the reactor on any one of the PPS scram setpoints . Several of the plant conditions ( setpoints) that
initiate scrams are monitored by at least one primary and one diverse safety -related system . The diversity
provided in the RSS subsystems is described in Section 7.1.2.1.7,


The design bases for other less likely natural phenomena, such as extreme wind, external flooding,
earthquakes, and volcanic eruptions, were discussed for Criterion 2 - Design Bases for Protection Against
Natural Phenomena, Section 3.1.1.2 and Criterion 4 - Environmental and Dynamic Effects Design Bases,
Section 3.1.1.4.
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3.1.3.4 Criterion 23-Protection System Failure Modes. The protection system shall
be designed to fail into a safe state or into a state demonstrated to be acceptable on some other defined
basis if conditions such as disconnection of the system, loss of energy (e.g., electric power, instrument
air), or postulated adverse environments (e.g., extreme heat or cold, fire, pressure, water, and radiation)
are experienced.


3.1.3.4 . 1 Discussion-A Failure Mode and Effects Analysis (FMEA) of the ATR
RSS was performed in 1975 (INEEL 2000)'. The results of this analysis indicated that:


• The RSS design is adequate to accomplish its protective functions given that one failure exists at
any point in the system.


• Under the assumption of a postulated single failure and concurrent periodic testing within a
redundant portion of the RSS, a number of situations result in which RSS coincidence logic is
reduced to 2-out-of-2.


Mean time before failure and mean time to repair for the RSS were estimated in 1975 (INEEL
2000). This analysis indicated that the mean time before failure achieved the System Design Description
requirements of 20,000 hours minimum and 5,000 hours minimum for unsafe and safe failures,
respectively.


An analysis was conducted in 1975 (INEEL 2000) of the effects on the RSS of accidents and
equipment failures occurring in the reactor building ( first floor , and first and second basements ). Events
considered included the following:


• Fire (diesel oil fire, local fire in control area, local fire in PPS room, 480 Vac cable tray fire, local
fire in second basement)


• Internal flooding (storage canal wall crack, firewater line break, high-pressure water line break,
primary coolant line break)


• Structural failure (PPS room wall failure)


• Missiles (diesel generator set missile, pump motor missile)


• Vehicle damage (forklift accident).


Using predictions based on events most likely to occur, the results of this analysis indicate that the
design of the RSS is adequate to accomplish its protective functions for each of the postulated single
events. FMEA and PRA results are discussed in Chapter 7 (instrumentation and Controls).


' The FMEA was performed on the proposed design, not on the as-built construction . The as-built desi gn has been reviewed with
regard to lire events with the results reported in Thatcher 2000a and Thatcher 2000b.
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The Level 1 ATR PRA examined the following events related to instrumentation and control power
and determined that they were not initiating events ( i.e., events that threaten to lead to core damage):


• Loss of utility dc power, which may cause loss of switchgear control power and the dc emergency
coolant pump


• Loss of instrument dc power (assuming ac power is available)


• Loss of instrument ac power (assuming dc power is available).


3.1.3.5 Criterion 24-Separation of Protection and Control Systems. The protection
system shall be separated from control systems to the extent that failure of any single control system
component or channel, or failure or removal from service of any single protection system component or
channel which is common to the control and protection systems leaves intact a system satisfying all
reliability, redundancy, and independence requirements of the protection system. Interconnection of the
protection and control systems shall be limited so as to assure that safety is not significantly impaired.


3.1.3.5.1 Discussion-The reactor has a completely independent PPS that is separate
from the normal operational control system. The current PPS was installed after the original SAR
(deBoisblanc and Cohen 1965) was written; it includes special instruments, and special relays. These
safety devices are not used for any operational function except for parameter indication. In addition, the
PPS power is supplied from a 32 We distribution system that is independent from other instrumentation
power supplies. The updated PPS continues to meet the independence criteria established for the original
PPS (Buescher 1993, specifically referring within Buescher's EDF to the December 23, 1988 letter from
Vargo to Norin, and the Norin et al. report SAIC-8811952),


The RSS subsystem of the PPS interfaces with the non-safety SATS. Isolation between these two
systems is provided so that a failure of SATS does not affect the ability of the RSS to perform its intended
safety function.


3.1.3.6 Criterion 25-Protection System Requirements for Reactivity Control
Malfunctions . The protection system shall be designed to assure that Plant Protection Criteria for fuel
performance are not exceeded for any single malfunction of the reactivity control systems, such as
accidental withdrawal (not ejection) of control rods.


3.1.3.6 . 1 Information Note-Drop-out of control rods is deleted since it does not
apply to the ATR.


3.1.3.6 . 2 Discussion-Because of the design and unique purpose of ATR, there are
four reactivity-control systems (Section 3.9.4), each of different reactivity worth and design. However,
only the safety rods operate as an immediate shutdown (scram) system; the action from the safety rods
takes place in less than one second for pressurized operation. The remaining systems provide a slower
reactivity insertion than the safety rods since they are basically designed for reactivity control during
operation. However, they provide a further margin of safety and an alternate shut down mechanism.
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Because of stringent design, testing, technical and procedural considerations, compliance with the
intent of this functional requirement is satisfactory as applied to operation, testing, and maintenance of
safety rods. Safety rod-drop tests, startup checks, and preventive maintenance verify operability of safety
rod system prior to each startup. Approximately 20 years of operation during which no safety rods
considered operational prior to startup have been found to be stuck when the operating reactor was shut
down by a scram demonstrates the reliable nature of the safety rod drive system and supports satisfactory
reliability, operation, testing, and maintenance for safe reactor operations.


Because of the low operating temperature (140-170°F), the multiple reactivity control systems, and
the Chapter 4 (Reactor) requirement to operate with a sufficient number of operable safety rods to provide
shutdown reactivity with one stuck rod (GDC 28), there is no expected fuel damage given any single
failure within one of the reactivity control systems.


3.1.3.7 Criterion 26-Reactivity Control System Redundancy and Capability. Two
independent reactivity control systems, of different design principles, shall be provided. One of the
systems shall use control rods, preferably including a positive means for inserting the rods, and shall be
capable of reliably controlling reactivity changes to assure that (under conditions of normal operation,
including anticipated operational occurrences, and with appropriate margin for fuel bumup and
malfunctions such as stuck rods) Plant Protection Criteria for fuel performance are not exceeded. The
second reactivity control system shall be capable of reliably controlling the rate of reactivity changes
resulting from planned, normal power changes (including xenon, fuel bumup) to assure Plant Protection
Criteria for fuel performance are not exceeded. One of the systems, which controls reactivity, shall be
capable of holding the reactor core subcritical.


3.1.3.7.1 Information Note-ATR has four reactivity control systems (safety rods,
outer shim cylinders, regulating rods, and neck shims) that collectively are applicable to meeting GDC 26 .


3.1.3.7.2 Discussion-Because of the design and unique purpose of ATR, there are
four reactivity control systems (Section 3.9.4), each of different reactivity worth and design. However, of
the four, only the safety rods operate as an immediate shutdown (scram) system.


The outer shim control cylinders (OSCCs) are used primarily to shift neutron flux (i.e., to adjust
power in the individual loop positions) and secondarily, to compensate for fuel bumup. The OSCCs are
the separate, redundant backup for the Safety Rod System. The neck shim rods are used primarily to
compensate for fuel burnup and secondarily, to shift the neutron flux. The regulating rod servo control
system provides a means for automatic power level control. The regulating rod, OSCC, and the neck
shims are also used for power reversals and slow setbacks, Power reversal and slow setbacks can reduce
reactor power without a complete shutdown.


Because of the low operating temperature (140-170°F), the multiple reactivity control systems, and
the Chapter 4 (Reactor) requirement to operate with a sufficient number of operable safety rods to provide
shutdown reactivity with one stuck rod (GDC 28), there is no expected fuel damage given any single
failure within one of the reactivity control systems.


3.1.3.8 Criterion 27-Combined Reactivity Control Systems Capability. The
reactivity control systems shall be designed to have a combined capability of reliably controlling
reactivity changes to assure that under postulated accident conditions and with appropriate margins for
stuck rods the capability to cool the core is maintained.
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3.1.3.8. 1 Information Note-The phrase, "in conjunction with poison addition by an
emergency core cooling system," has been deleted from GDC 27 because the reactivity control systems
are intended to meet this criterion without resorting to poison addition by the emergency core cooling
system.


3.1.3.8.2 Discussion-See discussion for Criterion 25, Section 3.1.3.6.2. Because of
the low operating temperature (140-170°F), the multiple reactivity control systems, and the Chapter 4
(Reactor) requirement to operate with a sufficient number of operable safety rods to provide shutdown
reactivity with one stuck rod (GDC 28), there is no expected fuel damage given any single failure within
one of the reactivity control systems.


The shim control system is used to compensate for the reactivity effects of the fuel and water
temperature changes, fuel depletion, experiments, and fission-product buildup during reactor operation.
The safety rods are used for fast shutdown of the reactor during abnormal operating conditions and for
safely maintaining the reactor in a subcritieal state. Preoperational analysis to determine the excess
reactivity for each cycle, coupled with administrative controls on the permissible excess reactivity,
ensures that the reactor cannot become critical from the withdrawal of the safety rods alone.


Core Safety Assurance calculations performed prior to each cycle of operation ensure that the
reactor will be operated with sufficient safety rods to provide a reactivity worth of at least 5.8$ or 6 AS,
dependent on the number of operating primary coolant pumps and assuming that the most reactive rod
remains fully withdrawn, typically resulting in 5 or 6 safety rods being operable. This Chapter 4 (Reactor)
requirement and assumption of the analyses described in Chapter 15 (Accident Analyses) does not ensure
that the reactor will remain subcritical following shutdown tinder postulated accident conditions.
however, an evaluation of the seismic shutdown reactivity basis (Atkinson 1997) considers the positive
reactivity effects following reactor scram of fuel and moderator cooldown, regulating rod withdrawal, and
xenon decay, coupled with seismically-induced draining of the loop inpile tubes. The evaluation
concludes that complete insertion of three safety rods would be expected to maintain subcriticality, and
that partial insertion of the three rods would be expected to marginally maintain subcriticality. Thus,
operation with at least four operable safety rods provides adequate assurance of a successful shutdown.


3.1.3.9 Criterion 28-Reactivity Limits. The reactivity control systems shall be designed
with appropriate limits on the potential amount and rate of reactivity increase to assure that the effects of
postulated reactivity accidents can neither (1) result in damage to the primary coolant pressure boundary
greater than limited local yielding nor (2) sufficiently disturb the core, its support structures, or other
reactor vessel internals to impair significantly the capability to cool the core- These postulated reactivity
accidents shall include consideration of rod ejection (unless prevented by positive means), changes in
primary coolant temperature and pressure, and cold water addition.


3.1.3.9. 1 Information Nofe-Concerning postulated reactivity accidents in GDC 28,
two of the larger potential reactivity insertions result from (1) an experiment loop upset that voids the
loop and (2) the postulated startup accident. These accidents are intended to be addressed under Criteria
70 and 25, respectively. The term "steamline rupture" (as a postulated reactivity accident) in GDC 28 has
been deleted as not applicable to ATR, which does not have a steam-generator/turbine system.
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3.1.3.9. 2 Discussion-The ATR has a strong negative reactivity coefficient for
temperature increases or coolant voiding in the fuel elements, which tends to naturally correct for power
cooling mismatches. The reactivity coefficient for fuel-temperature increase is only weakly negative. The
fuel temperature coefficient results from a decrease in distance between fuel plates caused by the
expansion of the fuel with temperature. However, the temperature and voiding reactivity coefficients in
the flux traps and the reflector are positive. Potential sources of positive reactivity or power increases are
shim drum or shim rod movements, regulating rod movement, rapid cooldown of the primary coolant,
seating of a perched fuel element, or experiment loop voiding.


The PPS includes two subsystems designed to trip the reactor during reactivity transients. The
neutron level subsystem is a two-out-of-three system with a high power trip setpoint of 51.15 times full
power during pressurized operation. The wide range neutron level subsystem is also a two-out-of-three
system with a high power trip setpoint of <_1.15 times full power during pressurized operation. The wide
range system does not offer continuous period protection. Instead, it monitors reactor period by timing
power increase over discrete intervals. Eleven scram points are provided over the five-decade range
protected by the system.


A simultaneous withdrawal of all control elements (except the two regulating rods) was analyzed in
Chapter 15 (Accident Analyses) as the maximum credible control rod ramp accident.: The analyses
indicate that the wide range neutron level system will shut down the reactor before fuel damage occurs.


The worst case fuel misleading accident has been identified as a perched fuel element transient.
During refueling, a perched fuel element is defined as a fuel element left above its seated position. A
reactivity transient would occur if the perched fuel element were subsequently to fall into its seat after the
reactor is critical. Strict administrative procedures have been instituted to ensure that a significant perch
of a fuel element does not occur.


The administrative procedures contain a series of checks and measures that constitute sufficient
independent verification that each fuel element is seated or within one in. or less of being fully seated.
The safety analyses discussed in Chapter 15 (Accident Analyses) demonstrate that the reactivity control
system mitigates credible perched fuel accidents within the acceptable fuel element design limits.


No mechanism for a control rod drop accident (that inserts positive reactivity) has been identified.
Thus, analysis of a control rod drop accident has not been performed.


The safety analysis discussed in Chapter 15 (Accident Analyses) analyzed credible reactivity
accidents. In all cases analyzed, the postulated reactivity accidents did not challenge the integrity of the
PCS pressure boundary.
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3.1.3.10 Criterion 29--Protection Against Anticipated Operational Occurrences.
"The protection and reactivity control systems shall be designed to assure an extremely high probability
of accomplishing their safety functions in the event of anticipated operational occurrences."


3.1.3.10. 1 Discussion-The reactor has a completely independent PPS separate from
the normal operational control system. The PPS function is mitigative. These safety devices are not used
for any operational function other than buffered outputs for system diagnostics and parameter indication.
In addition, the PPS power is supplied from a 32 Vdc distribution system that is independent from other
instrumentation power supplies. The PPS continues to meet the independence criteria established for the
original PPS (Buescher 1993, specifically referring within Buescher's EDF to the December 23, 1988
letter from Vargo to Norin, and the Norin et a]. report SAIC-88/1952).


The RSS subsystem of the PPS interfaces with the non-safety SATS. Isolation between these two
systems is provided so that a failure of SATS does not affect the ability of the RSS to perform its intended
safety function (Durney 1988).


As described in the original SAR (deBoisblanc and Cohen 1965), the control system has
historically been divided into two parts: (a) nuclear instrumentation and (b) process instrumentation. The
current design maintains this philosophy. The control system provides graded corrective actions to reduce
the frequency of protective actions by the PPS. The PPS is capable of mitigating any credible control
system malfunction.


Because of its unique purpose and design, ATR operations are cyclical in nature, requiring many
startups and shutdowns. Safety rod-drop tests, startup checks, and preventive maintenance verify
operability of safety rod system prior to each startup. Over 20 years of operation during which no safety
rods considered operational prior to startup have been found to be stuck when the operating reactor was
shut down by a scram, demonstrate the reliable nature of the safety rod drive system and supports
satisfactory reliability, operation, testing, and maintenance for safe reactor operations. See discussion for
Criterion 25, Section 3.1.3.6.2.


Because of the low operating temperature (140-170°F), the multiple reactivity control systems and
the Chapter 4 (Reactor) requirement to operate with a sufficient number of operable safety rods to provide
shutdown reactivity with one stuck rod (GDC 28), there is no expected fuel damage given any single
failure within one of the reactivity control systems.


3.1.4 Fluid Systems


3.1.4.1 Criterion 30-Quality of Primary Coolant Pressure Boundary. Components
which are part of the primary coolant pressure boundary shall be designed, fabricated, erected, and tested
to the highest quality standards practical. Means shall be provided for detecting and, to the extent
practical, identifying the location of the source of primary coolant leakage.


3.1.4.1. 1 Discussion-The primary coolant pressure boundary was designed,
fabricated, erected, and tested meeting the codes, standards, and requirements applicable at the time. As
modifications to the primary coolant pressure boundary were implemented, the codes, standards, and
requirements current at the time of implementation were met. Prior to operation, all piping of the PCS
was pressure tested at 150% of design pressure. Also before operation, the safety relief valve seats were
tested at 95% of nominal set pressure with air and were "bubble tight" per the methods of API Standard
527 (EG&G Idaho 1987, 1988a).
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System leakage tests at nominal operating pressure are conducted before startup following each
operating cycle per the requirements of ASME Section XI (ASME 1989b). Pressure boundary leakage is
detected by a walkdown inspection of the pressurized primary system prior to reactor operation. During
reactor operation, instrumentation is available for monitoring PCS leakage and the gland-seal and
degassing-system makeups. A system pressure test is conducted at least once each ten-year period.


3.1.4.2 Criterion 31-Fracture Prevention of Primary Coolant Pressure Boundary.
"The primary coolant pressure boundary shall be designed with sufficient margin to assure that when
stressed under operating, maintenance, testing , and postulated accident conditions (1) the boundary
behaves in a nonbrittle manner and (2) the probability of rapidly propagating fracture is minimized. The
design shall reflect consideration of service temperatures and other conditions of the boundary material
under operating, maintenance, testing, and postulated accident conditions and the uncertainties in
determining (1) material properties, (2) the effects of irradiation on material properties, (3) residual,
steady state, and transient stresses, and (4) size of the flaws."


3.1.4.2 . 1 Discussion-An evaluation of irradiation embrittlement of the reactor
vessel has been completed. Analysis of the vessel shows that neutron embrittlement is not currently a
concern and will not be significant for operation through the year 2014 (Durney et al. 1987).


The PCS, was designed, fabricated, erected, and tested to pertinent codes and standards current at
the time of construction. The PCS was subsequently analyzed ASME Section 111, Class 2, 1977 Edition
(Class I for Seismic) and found to meet the intent of Section 111. The PCS surge tank and surge tank
supports meet the intent of Section Vlll of the ASME Boiler and Pressure Vessel Code (ASME 1989b)
edition (Snow 1991a, 1993, 1994a). PCS construction materials were chosen that are ductile and resistant
to erosion, corrosion, intergranular stress corrosion cracking, and embrittlement. Over-pressure protection
is provided by two sets of two safety relief valves.


3.1.4.3 Criterion 32-inspection of Primary Coolant Pressure Boundary.
"Components which are part of the primary coolant pressure boundary shall be designed to permit
(1) periodic inspection and testing of important areas and features to assess their structural and leak-tight
integrity, and (2) an appropriate material surveillance program for the reactor pressure vessel."


3.1.4.3 . 1 Information Note-Periodic inspection and testing is performed in
accordance with the ATR Inserviee Inspection (ISI) Plan (based on the ASME 1989b Edition, ASME
Boiler and Pressure Vessel Code, Section XI).


3.1.4.3 . 2 Discussion-Piping of the PCS was pressure tested at 150% of design
pressure. In accordance with the ISI Plan (INEEL 2002), the piping is pressure tested every 10 years. An
ISI plan was originally developed for the systems and components within the PCS pressure boundary
using the ASME Boiler and Pressure Vessel Code, Section XI, 1974 Edition as a guide. The ISI Plan has
been updated to the 1989 Edition of the Code. The ATR, however, was designed and constructed before
requirements for ISI were implemented so that some limitations in accessibility are encountered during
the inspection and testing of the PCS components and systems. Vessel material surveillance specimens
were not included with the original installation of the reactor vessel.
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The PCS leak rate is calculated prior to reactor operation in the pressurized mode, and
instrumentation is available to monitor PCS leakage during reactor operation in the pressurized mode, or
reactor shutdown mode. During pressurized operation, gland-seal makeup and degassing-system makeup
can be monitored. A walkdown of the PCS (pressure boundary fault leakage) is performed prior to reactor
operation after having been in reactor shutdown with the PCS at atmospheric pressure.


3.1.4.4 Criterion 33-Primary Coolant Makeup. "A system to supply primary coolant
makeup for protection against small breaks in the primary coolant pressure boundary shall be provided.
The system safety function shall be to assure that Plant Protection Criteria for fuel performance are not
exceeded as a result of primary coolant loss due to leakage from the primary coolant pressure boundary
and rupture of small piping or other small components which are part of the boundary. The system shall
be designed to assure that for on-site electric power system operation (assuming off-site power is not
available), and for off-site electric power system operation (assuming on-site power not available) the


safety function can be accomplished using the piping, pumps, and valves used to maintain coolant
inventory during normal reactor operation."


3.1.4.4 . 1 Discussion-Reactor primary coolant makeup is provided by one of two
systems, the low pressure demineralized water (LDW) system for normal PCS makeup and the EFIS for
off-normal PCS makeup.


The normal PCS makeup is achieved by using the pressurizing pumps, which are supplied by the
LDW. The pressurizing pumps can be powered either from a commercial or diesel bus. LDW can also be
supplied to the PCS through the low head flush system, but must be manually valved in. The normal
supply LDW pumps (demineralized water transfer pumps) are on the commercial power bus with diesel
back-up power.


The EFTS provides emergency reactor core cooling and flooding of the reactor vessel in the event
of a major break in the PCS piping. It also provides makeup for the long-term complete loss of flow
accident (CLOFA) if other means are not available. This ESF is designed to activate at very low pressure
or at a low water level in the reactor vessel. The EFIS is supplied by the overhead raw water storage tank
or by any one of three safety related firewater pumps: one pump is an electric motor-driven by
commercial-diesel power; the other two pumps are diesel-driven.


3.1.4.5 Criterion 34-Residual Heat Removal. A system to remove residual heat shall be
provided. The system safety function shall be to transfer fission product decay heat and other residual
heat from the reactor core at a rate such that Plant Protection Criteria for fuel performance and design
conditions of the primary coolant pressure boundary are not exceeded.


Suitable redundancy in components and features, and suitable interconnections, leak detection,
isolation, and confinement capabilities shall be provided to assure that for on-site electric power system
operation (assuming off-site power is not available), and for off-site electric power system operation
(assuming on-site power is not available), the system safety function can be accomplished, assuming a
single failure.
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3.1.4.5.1 Discussion-The ATR has multiple means for performing decay heat
removal (DHR) as shown in Table 3.1-3. The first two decay heat removal methods involve closed-loop
heat transfer paths from the PCS to The atmosphere via the cooling tower (i.c., the normal heat sink). As
noted in the Level I PRA (Eide, Khericha, and Thatcher 1991), no losses of normal heat sink have
occurred in 18 years of Operation. From this operating history, an expected frequency of loss of normal
beat sink is 0.013/yr.


Heat-transfer paths involved in the next three DHR methods (3, 4, and 5 in Table 3.1-3) provide
makeup to the PCS and remove heat by draining water from the PCS (i.e., into the reactor building which
acts as the heat sink). DHR method 3 was used to mitigate the loss of heat sink and loss of flow event in
Chapter 15 (Accident Analysis). Using this method, ATR Plant Protection Criteria described in
Chapter 15 (Accident Analysis) were met. The final decay heat removal method involves passive heat
transfer from the PCS to the reactor building. Passive heat transfer is a short-term method. Long term
DHR is accomplished by methods 3, 4, and 5 in Table 3.1-3.


Primary coolant inventory makeup normally is performed by the primary degassing and
pressurizing system. Emergency makeup can be provided by Methods 3, 4, and 5 of the open-loop DHR
methods shown in Table 3.1-3.


Table 3.1-3 shows that redundant and diverse systems are available for accomplishing the DHR
function , as well as the primary coolant inventory makeup. The DHR functions can be accomplished by
means that are not dependent on the commercial electric power ( i.e., passive DHR, or firewater injection
for DHR and primary coolant makeup).


3.1.4.6 Criterion 35-Emergency Core Cooling. A system to provide abundant
emergency core cooling shall be provided. The system-safety function shall be to transfer heat from the
reactor core following any credible loss of primary coolant at a rate such that (1) fuel and clad damage
that could interfere with continued effective core cooling is prevented and (2) clad metal-water reaction is
limited to negligible amounts.


Suitable redundancy in components and features, and suitable interconnections, leak detection,
isolation, and confinement capabilities shall be provided to assure that for on-site electric power system
operation (assuming off-site power is not available), and for off-site electric power system operation
(assuming on-site power is not available), the system safety function can be accomplished, assuming a
single failure.


3.1.4.6. 1 Information Note-As in GDC 16, the word "containment" is replaced by
"confinement." For justification, see information note for Criterion 16.


3.1.4.6 . 2 Discussion-The EFIS provides emergency reactor core cooling and
flooding of the reactor vessel in the event of a major break in the PCS piping or in an event that results in
loss of primary coolant. This ESF is designed to activate at a predetermined low pressure, or when the
water level falls to a predetermined height above the top of the core. The ATR firewater system consists
of the raw-water storage tanks, diesel-driven and electric driven firewater pumps, buried distribution
piping, and associated valves and controls necessary to supply water to the EFIS in the ATR reactor
building. The bottom head and upper vessel EFIS provide emergency core cooling by injecting firewater
into the reactor vessel.
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Two 4,700 gpm emergency coolant pumps (one a standby) operate in the closed primary loop.
Their capacity is based on flow requirements to prevent exceeding Plant Protection Criteria for fuel
performance during low-power flux runs and reactor flow requirements after loss of electrical power to all
primary coolant pumps.


To ensure the required flow after primary coolant pump coastdown without reliance on emergency
pump startup, one emergency coolant pump operates continuously during reactor operations. On loss of
primary coolant pressure, the check valve on the emergency coolant pump discharge opens, enabling the
emergency coolant pump flow to circulate through in the primary coolant loop.


The standby emergency coolant pump is available in case of a loss of flow event in the operating
emergency coolant pump . One emergency coolant pump is adequate for removal of reactor heat during
low-power flux mapping runs. Both pumps typically are operated du ri ng the low-power runs so that loss
of a single electrical system or pump will not result in a complete loss of flow. A scram is initiated on low
flow.


3.1.4.7 Criterion 36-Inspection of Emergency Core Cooling System. The
emergency core cooling system shall be designed to permit appropriate periodic inspection of important
components to assure the integrity and capability of the system.


3.1.4.7.1 Information Note-Examples of the term "important components" in
GDC 36, which refer to power reactors, do not all apply to ATR and have been deleted.


3.1.4.7. 2 Discussion-Prior to the initial reactor startup,_flow tests were performed
for the Bottom Head EFIS using raw water from the EFIS. Since then, firewater has not been injected into
the reactor from the EFIS.


The instrumentation and control components of the EFIS are, to the extent practical, located in
areas that are accessible during reactor operations that permit periodic inspections. EFIS equipment and
instruments scheduled for periodic inspection include level control valves, pressure indicators, flow
indicators, and solenoid valves (INEEL 2002).


The emergency pumps and associated systems are periodically inspected as specified in the
inservice inspection plan (IS1) (INEEL 2002). ATR, however, was designed and constructed prior to
implementing an 1S1 program. As a result, some areas of the PCS are inaccessible. Chapter 14 (Initial Test
Program, Inserviee Surveillance, and Maintenance) describes ATR's IS] program


3.1.4.8 Criterion 37-Testing of Emergency Core Cooling System. The emergency
core cooling system shall be designed to permit appropriate periodic pressure and functional testing to
assure (1) the structural and leak-tight integrity of its components, (2) the operability and performance of
the active components of the system, and (3) the operability of the system as a whole and, under
conditions as close to design as practical, the performance of the full operational sequence that brings the
system into operation.


3.1.4.8 . 1 Information Note-The details concerning the term "full operational
sequence that brings the system into operation" in GDC 37 have been deleted. The specific systems listed
in GDC 37 apply to power reactors and do not all apply to the ATR.
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3.1.4.8 . 2 Discussion-The EFIS valving and controls are capable of being tested
through the control range without injecting firewater into the vessel. The flow instrumentation is capable
of inplace testing and calibration (see discussion under GDC 36).


The emergency firewater pumps, emergency coolant pumps, and selected valves for each set of
pumps are periodically tested as part of the ISI Program (INEEL 2002). Chapter 14 (Initial Test Program,
Inservice Surveillance and Maintenance) describes ATR's IS] program.


3.1.4.9 Criterion 38-Confinement Heat Removal. "A system to remove heat from the
reactor containment shall be provided. The system safety function shall be to reduce rapidly, consistent
with the functioning of other associated systems, the containment pressure and temperature following any
loss-of-coolant accident and maintain them at acceptable low levels.


"Suitable redundancy in components and features, and suitable interconnections, leak detection,
isolation, and containment capabilities shall be provided to assure that for onsite electric power system
operation (assuming offsite power is not available) and for offsite electric power system operation
(assuming onsite power is not available) the system safety function can be accomplished, assuming a
single failure."


3.1.4.9.1 Basis-The objective of the containment heat removal system in GDC 38,
39, and 40 is to reduce rapidly and maintain the containment pressure and temperature at acceptable
levels, following a loss-of-coolant accident. Since the ATR is a moderate pressure, low temperature
facility, a confinement beat removal system is not needed. Criteria 38, 39, and 40 are not applicable.


3.1.4.10 Criterion 39-Inspection of Confinement Heat Removal "The containment
heat removal system shall be designed to permit appropriate periodic inspection of important components,
such as the torus, sumps, spray nozzles, and piping to assure the integrity and capability of the system."


3.1.4.10. 1 Discussion-This criterion is not applicable to the ATR (see
Section 3.1.4.9.1).


3.1.4.11 Criterion 40-Testing of Confinement Heat Removal System. "The
containment heat removal system shall be designed to permit appropriate periodic pressure and functional
testing to assure (1) the structural and leak-tight integrity of its components, (2) the operability and
performance of the active components of the system, and (3) the operability of the system as a whole and
under conditions as close to the design as practical, the performance of the full operational sequence that
brings the system into operation, including operation of applicable portions of the protection system, the
transfer between normal and emergency power sources, and the operation of the associated cooling water
system."


3.1.4.11 . 1 Discussion-This criterion is not applicable to the ATR (see
Section 3.1,4.9.1).


3.1.4.12 Criterion 41-Confinement Atmosphere Cleanup. Systems to control fission
products, hydrogen, oxygen, and other substances which may be released into the reactor confinement
shall be provided as necessary to reduce, consistent with the functioning of other associated systems, the
concentration and quantity of fission products released to the environment following postulated accidents,
and to control the concentration of hydrogen or oxygen and other substances in the confinement
atmosphere following postulated accidents to assure that confinement integrity is maintained.
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Each system shall have suitable redundancy in components and features and suitable
interconnections, leak detection, isolation, and confinement capabilities to assure that for on-site electric
power system operation (assuming off-site power is not available) and for off-site electric power system
operation (assuming on-site power is not available), its safety function can be accomplished, assuming a
single failure.


3.1.4.12. 1 Information Note-Here, as in GDC 16, the word "containment" is
replaced with "confinement." For justification, see the information note for Criterion 16.


3.1.4.12.2 Discussion-The confinement system does not use filters for atmospheric
cleanup of airborne radioactive contamination. A nonsafety-related spray system, arranged to wash down
the walls and air inside the reactor area, is provided to reduce the concentration of fission products in the
air contained in the confinement area should a severe nuclear accident occur. However, the evaluation of
off-normal sequences including the severe accidents does not assume a reduction in fission products as a
result of the spray system. Therefore, Criteria 41, 42, and 43 are not applicable.


3.1.4.13 Criterion 42-Inspection of Confinement Atmosphere Cleanup System.
"The confinement atmosphere cleanup system shall be designed to permit appropriate periodic inspection
of important components, such as filter frames, ducts, and piping to assure the integrity and capability of
the system."


3.1.4.13 . 1 Discussion-This criterion is not applicable to the ATR (see
Section 3.1.4.12.2).


3.1.4.14 Criterion 43-Testing of Confinement Atmosphere Cleanup System. The
confinement atmosphere cleanup system shall be designed to permit appropriate periodic functional
testing to assure (1) the structural and leak-tight integrity of its components, (2) the operability and
performance of the active components of the system such as fans, filters, dampers, pumps, and valves,
and (3) the operability of the system as a whole and, under conditions as close to design as practical, the
performance of the full operational sequence that brings the system into operation.


3.1.4.14 . 1 Information Note-The details concerning the term "full operational
sequence that brings the system into operation," in GDC 43 have been deleted. The specific systems listed
in GDC 43 apply to power reactors and do not all apply to the ATR.


3.1.4.14 .2 Discussion--This criterion is not applicable to the ATR (see
Section 3.1.4.12.2).


3.1.4.15 Criterion 44-Cooling Water. A system or systems to transfer heat from SSC
important to safety, to an ultimate heat sink, shall be provided. The system safety function shall be to
transfer the combined heat load of these SSC under normal operating and accident conditions.


Suitable redundancy in components and features, and suitable interconnections, leak detection, and
isolation capabilities shall be provided to assure that for on-site electric power system operation
(assuming off-site power is not available) and for off-site electric power system operation (assuming
on-site power is not available) the system safety function can be accomplished assuming a single failure.


3.1.4.15.1 Information Note-Passive means of cooling SSC important to safety also
contribute to meeting the intent of this GDC
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3.1.4.15. 2 Discussion-The PCS is described in detail in Chapter 5 (Primary Coolant
System).


3.1.4.16 Criterion 45-Inspection of Cooling Water System. The cooling water system
shall be designed to permit adequate periodic inspection of important components, such as heat
exchangers and piping, to assure the integrity and capability of each system.


3.1.4.16 . 1 Discussion-An IS] plan has been developed for the PCS using the ASME
Code, Section XI as a guide (ASME 1989b). System leakage tests at nominal operating pressure are
conducted before startup following refueling outages. A system pressure test is conducted once each
ten-year period.


3.1.4.17 Criterion 46-Testing of Cooling Water System. The cooling water system
shall be designed to permit appropriate periodic pressure and functional testing to assure (1) the structural
and leaktight integrity of its components, (2) the operability and performance of the active components of
the system, and (3) the operability of the system as a whole and, under conditions as close to design as
practical, the performance of the full operational sequence that brings the system into operation.


3.1.4.17. 1 Information Note-The details concerning the term "full operational
sequence that brings the system into operation" in GDC 46 have been deleted. The specific systems listed
in GDC 46 apply to power reactors and do not all apply to the ATR.


3.1.4.17. 2 Discussion-An IS] plan has been developed for the PCS using the ASME
Code, Section XI (ASME I989b) as a guide. System leakage tests at nominal operating pressure are
conducted before startup following refueling outages. A system pressure test is conducted once each
ten-year period.


3.1.5 Reactor Confinement


Criterion 50--Confinement Design Basis. The reactor confinement structure,
including access openings and penetrations, shall be designed to limit leakage to the environment to be
consistent with ATR Plant Protection Criteria for radioactive releases.


3.1.5.1.1 Basis-This GDC has been significantly altered because the ATR has neither
a commercial-type containment nor a containment heat removal system. Instead the ATR is provided with
a confinement that acts as a barrier to limit the release of fission products resulting from an accident. A
containment and containment heat removal system are not necessary because of the ATR's low energy
content and its remote location.


3.1.5.1 . 2 Discussion-Unlike commercial nuclear plants, the ATR does not have
containment purge valves to control the containment pressure, or isolation valves to isolate the
containment in case of a severe accident. Instead, the ATR uses a ventilation system, including exhaust
and supply fan systems, exhaust stack, and closure dampers to control confinement atmospheric
conditions during normal operation (deBoisblanc, Cohen, and Walker 1966). In addition, the ATR has a
confinement that can withstand a pressure differential of 7.5 in. of water (Close 1988a).
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In case of high radiation in the confinement, the RMSS will realign the ventilation system and seal
the confinement (deBoisblane, Cohen, and Walker 1966; Atkinson 1988). A number of possible failure
modes of the ventilation system's critical components were assessed with results showing that the failure
modes could not defeat the confinement system (deBoisblane, Cohen, and Walker 1966).


In addition to the ventilation system, the ATR has a nonsafety grade water spray feature that could
be used to reduce airborne radioactivity under accident conditions (Atkinson 1988). Finally, ATR's
missile shield plug placed into the transfer plate for inpile experiments is used to shield the confinement
roof against any missile projectiles ejected from the inpile tube.


3.1.5.2 Criterion 51-Fracture Prevention of Confinement Pressure Boundary.
"The reactor containment boundary shall be designed with sufficient margin to assure that under
operating, maintenance, testing, and postulated accident conditions (1) its ferritic materials behave in a
nonbrittle manner and (2) the probability of rapidly propagating fracture is minimized, The design shall
reflect consideration for service temperatures and other conditions of the containment boundary material
during operation, maintenance, testing, and postulated accident conditions, and uncertainties in
determining (1) material properties, (2) residual, steady state, and transient stresses, and (3) size of flaws


3.1.5.2 . 1 Basis-This GDC is not applicable to the ATR confinement structure,
because the confinement is not a high pressure boundary built to ASME standards or other code.
Prevention of confinement overpressure is implicit in Criterion 16, which states "that the confinement
design conditions important to safety are not exceeded for as long as postulated accident conditions
require."


3.1.5.3 Criterion 52-Capability for Confinement Leakage Rate Testing. The
reactor confinement and other equipment which may be subjected to confinement test conditions shall be
designed so that periodic integrated leakage-rate testing can be conducted.


3.1.5.3.1 Information Note-The word "confinement" has been substituted for
"containment," and the final phrase in GDC 52 "at containment design pressure" has been deleted, ATR
has a confinement which can withstand a small pressure differential (measured in inches of water). The
ATR conducts confinement leakage tests measuring the air exchange rate.


3.1,5.3. 2 Discussion-The ATR is designed to permit periodic confinement leakage
tests and operability tests on the ventilation system components. A conservative limit of 100% of the total
volume of confinement (when EFIS is actuated) is used for an analysis upper limit (Lucas 2000), A study
has shown that consequences could still not reach the 10 CFR 100 thyroid limits of 300 rem at the low
population zone boundary even under the postulated hypothetical severe accident (Close 1988b). The
confinement leak rate testing is described in Chapter 6 (Engineered Safety Features).


3.1.5.4 Criterion 53-Provisions for Confinement Testing and Inspection. The
reactor confinement shall be designed to pennit (1) appropriate periodic inspection of all important areas,
such as penetrations, and (2) an appropriate surveillance program.
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3.1.5.4 . 1 Basis-Item (c) of GDC 53 has been deleted. It calls for periodic testing of
individual penetrations at containment design pressures. The ATR does not have provisions for such
testing. Instead, all confinement penetrations are verified by surveillance to be properly sealed prior to
any reactor startup after the PCS boundary has been opened. The major penetrations are monitored
continuously on the reactor data acquisition system (RDAS) during reactor operation and outage periods.
The approach is consistent for a confinement structure because there are no credible accident sequences
that challenge the design.


3.1.5.4 .2 Discussion-The confinement portion of the reactor building is designed to
act as a final barrier to delay release of airborne radioactive contamination resulting from an accidental
release of radioactivity from the reactor or experiments. All fixed penetrations of the confinement area are
sealed, and ventilation penetrations are equipped with gasketed dampers. Should high radiation be
detected in the building exhaust, the confinement will be closed by dampers and by shutoff of the
ventilation supply and exhaust fans.


Personnel periodically conduct confinement leakage tests and operability tests on the ventilation
system components. The building seal-actuating control system (RMS-l) is tested periodically. The
channels (detector to comparator, inclusive) are periodically checked for operability and setpoint. The
position of the dampers, open or closed, is displayed on the RDAS. This provides information after
activation of the system as to the position of the dampers.


3.1.5.5 Criterion 54-Fluid Systems Penetrating Confinement. Piping and other fluid
systems penetrating confinement shall be provided with appropriate capabilities, which reflect the
importance to safety of isolating these fluid systems, while giving due consideration to the overall
function of the confinement and the type of penetration. Such systems shall be designed so that the
established confinement leak-rate is not exceeded.


3.1.5.5.1 Basis-GDC 54 has been extensively modified. In particular, reference to
specific capabilities (leak detection, isolation, containment, redundancy, reliability and performance) has
been deleted from the first sentence. Also the capabilities specified in the second sentence (testing
operability of isolation valves and determining valve leakage) have been deleted. ATR piping systems do
not have the specific, detailed isolation valve requirements delineated in GDC 54-56. Criterion 54 is
intended to replace Criteria 55 and 56.


include:
3.1,5.5 .2 Discussion-Fluid systems that penetrate the confinement boundary


• Firewater


• Potable water


• Secondary coolin


• Plant air


a Warm waste water
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• Primary coolant recycle system (PCRS)'


• Heating and ventilating (H&V) supply and exhaust


• Raw water


• Demineralized water


• Utility cooling water


• Instrument air


• Hot waste water


• Steam (disconnected)


• Cold waste water


• High pressure air.


All of the above systems, except plant air, instrument air, high pressure air, warm waste, hot waste,
primary coolant recycle system', the H&V system, and supply and exhaust ducts, are closed systems that
do not connect directly to the confinement atmosphere. The Radiation Monitoring and Seal System
(RMSS), discussed in Criterion 50, isolates the H&V duct penetrations. Plant air and instrument air are
pan of the utility compressed air system; the compressed air is normally significantly above the
confinement air pressure. Although the plant air and instrument air are not isolated by the RMSS, the
utility compressed air penetrations will not provide pathways from the confinement to the environment.
The same is true for the high-pressure air system which operates at pressures even higher than plant and
instrument air.


3.1.5.6 Criterion 55-Reactor Coolant Pressure Boundary Penetrating
Confinement. "Each line that is part of the reactor coolant pressure boundary and that penetrates
primary reactor containment shall be provided with containment isolation valves [as shown in the
following list], unless it can be demonstrated that the containment isolation provisions for a specific class
of lines, such as instrument lines, are acceptable on some other defined basis:


A. One locked closed isolation valve inside and one locked closed isolation valve outside
containment; or


B. One automatic isolation valve inside and one locked closed isolation valve outside containment; or


C. One locked closed isolation valve inside and one automatic isolation valve outside containment. A
simple check valve may not be used as the automatic isolation valve outside containment; or


D. One automatic isolation valve inside and one automatic isolation valve outside containment. A
simple check valve may not be used as the automatic isolation valve outside containment.


" The primary coolant recycle system (PCRS) is located in IRA-689 and tied to TRA-670 by pipe. TRA-689 is not in use at this
time. The piping between TRA-689 and TRA-670 is isolated by both MOV-32-1 and MOV-1-909. Since the piping
connections to IRA-689 are downstream of either a <3-in. orifice or valve, any break is bounded by the analysis in
Chapter 15.6 .
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"Isolation valves outside containment shall be located as close to containment as practical and upon
loss of actuating power, automatic isolation valves shall be designed to take the position that provides
greater safety.


"Other appropriate requirements to minimize the probability or consequences of an accidental
rupture of these lines or of lines connected to them shall be provided as necessary to assure adequate
safety. Determination of the appropriateness of these requirements, such as higher quality in design,
fabrication, and testing, additional provisions for inservice inspection, protection against more severe
natural phenomena, and additional isolation valves and containment, shall include consideration of the
population density, use characteristics, and physical characteristics of the site environs."


3.1.5.6.1 Discussion-GDC 55 is replaced by GDC 54 (see Section 3.1.5.5,1).


3.1.5.7 Criterion 5&-Primary Confinement Isolation . "Each line that connects directly
to the confinement atmosphere and penetrates primary reactor confinement shall be provided with
confinement isolation valves as follows, unless it can be demonstrated that the confinement isolation
provisions for a specific class of lines, such as instrument lines, are acceptable on some other basis:


• One locked closed isolation valve inside and one locked closed isolation valve outside
confinement; or


• One automatic isolation valve inside and one locked closed isolation valve outside confinement; or


• One locked closed isolation valve inside and one automatic isolation valve outside confinement. A
simple check valve may not be used as the automatic isolation valve outside confinement; or


• One automatic isolation valve inside and one automatic isolation valve outside confinement. A
simple check valve may not be used as the automatic isolation valve outside confinement.


"Isolation valves outside confinement shall be located as close to confinement as practical and
upon loss of actuating power, automatic isolation valves shall be designed to take the position that
provides greater safety."


3.1.5.7.1 Information Note-As in GDC 16, the word "containment" is replaced by
"confinement." For justification, see information note for GDC 16.


3.1.5.7. 2 Discussion--GDC 56 is replaced by GDC 54 (see Section 3.1.5.5.1).


3.1.5.8 Criterion 57-Closed System Isolation Valves. Each line that penetrates the
confinement and is neither part of the reactor coolant pressure boundary nor connected directly to the
confinement atmosphere and which has the potential to carry radioactive material out of the confinement
because of reactor coolant pressure boundary leakage or has the potential to provide a direct path out of
the confinement due to a reasonably probable component failure shall be capable of being sufficiently and
successfully isolated to successfully mitigate or control the radioactive material release outside of
confinement.
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3.1.5.8.1 Basis-GDC 57 has been modified for ATR systems and operation by
simplifying the criterion to be performance based rather than to specify specifically how the criterion is to
be satisfied. The confinement and fluid systems subject to this criterion are low pressure systems and can
be easily isolated. Isolation using manual valves is not precluded when the potential radiation releasing
event allows sufficient access and time for successful manual isolation.


3.1.5.8 . 2 Discussion-This criterion applies to the following fluid systems:


• Firewater


• Secondary coolant water


Low pressure demineralized water


• Utility cooling water


• Warm waste water


• Hot waste water


• Primary coolant recycle system'


Each of these systems is capable of being sufficiently and successfully isolated if a radiation
release into the system greater than allowable for normal operations were to occur.


3.1.6 Fuel and Radioactivity Control


3.1.6.1 Criterion 60-Control of Releases of Radioactive Materials to the
Environment. "The [ATR Facility] design shall include means to control suitably the release of
radioactive materials in gaseous and liquid effluents and to handle radioactive solid wastes produced
during normal reactor operation, including anticipated operational occurrences. Sufficient holdup capac
shall be provided for retention of gaseous and liquid effluents containing radioactive materials,
particularly where unfavorable site environmental conditions can be expected to impose unusual
operational limitations upon the release of such effluents to the environment."


y


3.1.6.1 . 1 Discussion-Gaseous wastes are collected by the ventilation system, which
is monitored by both a continuous stack gas monitor and by safety-related radiation monitors that actuate
confinement isolation.


Liquid radioactive wastes are controlled by piping systems that collect liquid wastes from various
sources in the ATR. Liquids are monitored, sampled, treated, and/or stored for proper disposal based on
activity content and chemistry. Radioactive waste management is described in Chapter I I (Radioactive
and Hazardous Material Waste Management).


The primary coolant recycle system (PCRS) is located in TRA-689 and tied to TRA-670 by pipe. TRA-689 is not in use at this
lime. The piping between TRA-689 and TRA-670 is isolated by both MOV-32-1 and MOV-1-909. Since the piping
connections to TRA-689 are dowarstream of either a <3-in. orifice or valve, any break is bounded by the analysis in
Chapter 15.6.
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Radioactive solid wastes are manually collected in controlled accumulation areas. Handling of
radioactive solid wastes is controlled by procedures that govern how wastes are accumulated, by
packaging and labeling requirements, and by requirements for transportation to an approved treatment,
storage, or disposal facility. Radioactive solid waste management is described in Chapter I I (Radioactive
and Hazardous Material Waste Management),


3.1.6.2 Criterion 61-Fuel Storage and Handling and Radioactivity Control The
fuel storage and handling, radioactive waste, and other systems which may contain radioactivity shall be
designed to assure adequate safety under normal and postulated accident conditions. These systems shall
be designed (1) with a capability to permit appropriate periodic inspection and testing of components
important to safety, (2) with suitable shielding for radiation protection, (3) with appropriate, confinement,
and filtering systems, (4) with a residual heat removal capability having reliability and testability that
reflects the importance to safety of decay heat and other residual heat removal, and (5) to prevent
significant reduction in fuel storage coolant inventory under accident conditions.


3.1.6.2 . 1 Discussion-Fuel storage and handling, irradiated fuel and experiment
storage and handling, and radioactive waste management systems are designed to ensure adequate safety
under normal operating conditions and postulated accident conditions.


New fuel for the ATR is stored in the Nuclear Materials Inspection and Storage (NM ) S) Facility
which is the subject of a specific safety analysis report. New fuel is transported from the NMIS to the
ATR in the same shipping container used to transfer the element from the off-site vendors.


Irradiated fuel and experiments are temporarily stored in the canal for either reloading into the core
or for later shipment to other facilities for examination or disposal. Irradiated fuel and experiments are
stored and transported in devices that ensure noncritical configurations, Radiation shielding is provided
by the concrete canal walls and floor, and by the water cover of irradiated material stored in the canal.
The canal and its safety evaluation are discussed in Chapter 9 (Auxiliary Systems). Chapter 9 describes
the equipment and systems associated with the storage canal and the shielding provided by the canal
design. Administrative procedures ensure that irradiated fuel and experiments are sufficiently cool and
that their internal heat generation rates are sufficiently low that adequate cooling is achieved by simple
immersion in the storage canal. To ensure adequate safety, administrative restrictions are placed on cask
lifts in the canal area and on placement of the irradiated fuel. In addition, the canal is equipped with an
alarm for low canal water level, emergency canal firewater makeup, and bulkheads that can dam sections
of the canal. Chapter 15 (Accident Analyses) discusses the safety analysis of postulated canal accidents
and their consequences.


There are no confinement and filtering systems associated with the canal area. However, as with
the confinement, air pressure is normally maintained slightly less than the atmospheric air pressure,
ensuring that leakage is normally into the building. The canal area is monitored by continuous air
monitors (CAMS). The CAMs provide local and remote warnings of radiation release within the canal
area . ATR ventilation systems are described in Chapter 9 (Auxiliary Systems).


Radioactive solid waste storage and handling for Criterion 60, Control ofRelease ofRadioactive
Material to the Environment, are discussed in Section 3.1.6.1.1.


3.1.6.3 Criterion 62-Prevention of Criticality in Fuel Storage and Handling.
"Criticality in the fuel storage and handling system shall be prevented by physical systems or processes,
preferably by use of geometrically safe configurations."
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3.1.6.3.1 Discussion--Irradiated fuel and experiments are temporarily stored in the
storage canal either for reloading into the core or for later shipment to other facilities for examination or
disposal. The canal contains fuel storage grids whose compartments are lined with cadmium. Without
taking credit for the cadmium, the physical configuration and the spacing of storage grids 5, 6, 9 through
23, 29, 35, and 36 ensure adequate criticality margin for fuel elements, Fissile material control is
governed by criticality safety program requirements. The fuel storage racks are designed to protect the
fuel elements while storing them in a non-critical safe array. Holman (1988) found that neither fully
loaded racks nor racks loaded on one side only would tip over during the postulated SSE and that,
consequently, the fuel elements would remain safely, non-critical, contained in the fuel storage racks.


3.1.6.4 Criterion 63-Monitoring Fuel and Waste Storage. "Appropriate systems shall
be provided in fuel storage and radioactive waste systems and associated handling areas (1) to detect
conditions that may result in loss of residual heat removal capability and excessive radiation levels and
(2) to initiate appropriate safety actions."


3.1.6.4. 1 Discussion-If the storage canal develops a leak, the fuel can be isolated
using the canal bulkheads from the leak or moved to other areas of the canal that can be isolated from the
leaking area with bulkheads. A canal low-level alarm will promptly notify operators that the canal is
leaking, thus allowing ample time for operators to take corrective actions and/or move the fuel. The
emergency firewater canal makeup will initiate automatically on a canal low level condition to keep the
fuel cooled. The discussion for Criterion 61 further discusses the canal design; see Section 3.1.6.2. 1.


3.1.6.5 Criterion 64-Monitoring Radioactivity Releases . Means shall be provided for
monitoring the reactor confinement atmosphere, effluent discharge paths, and the plant environs for
radioactivity that may be released from normal operations, including anticipated operational occurrences,
and from postulated accidents.


3.1.6.5.1 Information Note-As in GDC 16, the word "containment" has been
replaced with "confinement." For justification, see information note with Criterion 16. In GDC 64, the
phrase "spaces containing components for recirculation of loss-of-coolant accident fluids" has been
deleted because the ATR design does not require recirculation to maintain coolant inventory.


3.1.6.5.2 Discussion-The reactor confinement and plant atmosphere are constantly
sampled for airborne reactivity. The continuous air monitors (CAMs) provide local and remote warnings
of radiation releases within the plant. The CAMs interface with the RMSS. Potential airborne
contamination is swept by air flow from clean areas to potentially contaminated areas and then to the
exhaust stack. Stack effluent is monitored. Upon abnormal radiation detection in the stack effluent, the
RMSS will isolate the confinement and sound the alarm.


Monitored and controlled effluent discharge paths for Criterion 60, Control ofRelease of
Radioactive Material to the Environment, are discussed in Section 3.1.6.1.1


3.1.7 New Criteria for ATR


3.1.7.1 Criterion 70-Experiment Facilities. Experiment facilities , installed in the
reflector tank both within and outside the reactor core shall be designed so their fault consequence Ii
are consistent with the ATR Plant Protection Criteria. Experiment facilities and their associated
out-of-reactor SSC important to safety shall meet applicable overall requirements (GDC 1-5).
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3.1.7.1.1 Basis-Criterion 70 addresses the experiment facilities which represent the
reason for ATR's existence and which are not addressed in the GDC for nuclear power units. The criterion
establishes that the design basis for these facilities is consistent with the design basis for the reactor. Two
important aspects of that consistency are the: (1) consequences of various types of failures, and
(2) applicable overall GDC requirements, such as quality and fire protection. In this manner, Criterion 70
is intended to assure that the experiment facilities are at least as safe as the ATR Facility itself. The
specific application of Criterion 70 and overall GDC requirements is detailed in Chapter 10 (Experiment
and Irradiation Facilities).


3.1.7.1.2 Discussion-A structured approach to evaluating each cycle of operation,
including experiment/reactor interactions, is used at ATR. This evaluation includes compliance with
safety limitations established during the safety evaluation process. The established operation limits are
verified for accuracy by several levels of review. The analysis required for each evaluation is described in
controlled procedures and performed using validated analytical tools.


A large range of accidents involving experimental loop voiding failures has been analyzed. The
most serious effect of experimental loop failures is the positive reactivity insertion. The worst-case
experimental accident has been identified, analyzed, and is discussed in Chapter 15 (Accident Analyses).


3.1.7.2 Criterion 71-Emergency Response Systems Design. Adequate monitoring
equipment and warning devices to support the emergency response of the ATR and TRA shall be provided
to meet applicable overall requirements (GDC 1-5).


3.1.7.2.1 Basis-Since the control room is not designed to be habitable during all
accident conditions, the safety of the operating crews is dependent upon the Emergency Response
Systems. Therefore, a criterion addressing these systems is considered necessary.


3.1.7.2.2 Discussion-The emergency response system comprises the hardware and
procedures for acquiring data on emergency conditions and responding to the warnings produced by the
equipment. The hardware consists of.


• The two remote area monitoring systems backed up with alternate radiation monitoring
instrumentation.


• The stack monitoring system backed up by the RMSS stack exhaust monitoring subsystem.


• The primary wind direction/speed instrumentation, which is located near the TRA-658 guard
house, and the INEEL-VIZ; alternate information can be obtained from the Materials Tests Reactor
(MTR) wind sock, National Oceanic and Atmospheric Administration (NOAA)-CFA, or Idaho
Nuclear Technology and Engineering Center (INTEC).


• The two emergency evacuation alarm systems that provide sirens : alternating (for "evacuation")
and steady (for "take cover"); also evacuation direction lights backed up with an alternate TRA
voice paging system or security guards equipped with car-mounted sirens.


The procedures are contained in the Emergency Plan Implementing Procedures, the Abnormal
Operating Procedures, and the Emergency Procedure Network.
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Not all of the provisions of GDC I through 5 are applicable to the emergency response system.
Applicable requirements for systems hardware are contained in the design documentation (design
specifications , engineering drawings , etc.) The Contractor 's quality assurance program , as described in
Chapter 17 ( Quality Assurance ), ensures that the applicable requirements are met.


In addition to providing protection to the operating crew, these emergency response features
support protection of TRA personnel and the public . Details of emergency response capability are
discussed in Chapter 13 (Management , Organization, and Institutional Safety Provisions) in the
Emergency Preparedness Program Section.


Table 3.1-1. Comparison ofATR and PWR characteristics.


I


Reactor operating conditions ATR PWR


Power (MWt) 250 2,000 - 4,000


Power density ( kW/ft3) 28,300 -1,550
O atin pressure ( si ) 355 -2,250


Inlet temperature (°F) 125 -- 550


Outlet tern ratnre (°F) 170 --600


Primary coolant flow rate (gpm) < 48,000 300,000
Primary coolant weight (lb) 600,000 -450,000


Primary coolant weight /tbermal power (lb/MW) 2,400 170


Decay heat (MW) 13 @ 10 s
1 . 3 , 1 day


135 a. 1 0 s
19 1dav


Fuel


Total Uranium weight (lb) 89 180,000


Enrichment 93% U-235 2-4%U-235


Configuration 48 in. long Al plates attached to
sides


Zirc rods containing
slacked (lets


Matrix UAI, U02


Fuel temperature (°F) 462 2,000 - 3,000


Fission roduct inventory < 60 days operation , 250 MW I O ti mes ATR


Table 3.1-2. Pipin design and safety limit pressures and temperatures at s ecific locations.
Piping section Desi n Safety limit


Primary pump discharge to first block valve 576 psig 634 psig
First block valve to bu tterfly valve (BF-A-14 ) 485 psig 533 psig


13F-A-14 to reactor vessel inlet 390 psig 468 sig
Reactor vessel outlet to um suction 390 psig 429 si
Heat exchanger outlet to reactor inlet 150°F 240°F


Reactor outlet to heat exchanger inlet 240°F 240°F
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Table 3.1-3. ATR mu le means of decay heat removal.


No. Core heat removal Power sources Removal to heat sink Power sources UFSAR Chapter
1 Primary coolant pumps 4160 Vac commercial power 1 Secondary coolant pumps (any 1 4160 Vac commercial Chapter 5


(any I of 4) of 4). or Utility cooling water power
pumps (any' 1 of 2) 4160 Vac diesel power


2 Primary emergency flow 480 Vac commercial power or diesel Secondary coolant pumps (any 1 4160 Vac commercial Chapter 5
pumps (any i of 2) power (one pump from diesel- of 4). or Utility cooling water power


commercial or 250 We pumps (any I of 2). or natural 4160 Vac diesel power
utility dc power (one pump from dc circulation to air and thermal
control center radiation to surroundings from


uninsulated vessel and piping
(sho rt te rn s)


3 Firewater injection (any 1 Gravity flow (initial injection), diesel Reactor vessel drain to reactor Vessel drain valves can be Chapter 6
of 3 pumps) engine (two pumps), commercial building opened manually


power or diesel power (one pump)
4 Low pressure Commercial power or diesel power Reactor vessel drain to reactor Vessel drain valves can be Chapter 9


demineralized water purge building opened manually


5 Pressurizing system feed & Commercial power or diesel power Reactor vessel drain to reactor Vessel drain valves can be Chapter 5
bleed via dual feeds to pressurizing pump building opened manually


motors
6 Natural circulation in None needed Natural circulation to air and None needed


reactor vessel (short tern) thermal radiation to surroundings
from uninsulated vessel



HOILAE

Text Box

FOIA Exemption 3 UCNI, Exemption 7f (Columns 3 & 5, Rows 1 & 2 -- Electrical bux identifiers)
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I


3.2 Classification of Structures , Components , and Systems


Certain SSC of a nuclear facility are important because they perform safety functions required to
avoid or mitigate the consequences of design-basis events, abnormal operational transients, or accidents.
This section discusses the classification of SSC according to the importance of the safety function they
perform. Appropriate design requirements are imposed upon such SSC to ensure that they perform safety
actions properly when required.


The broadest safety category is "important-to-safety." Important-to-safety SSC are the SSC that
provide reasonable assurance that the facility can be operated without undue risk to the health and safety
of the public. Encompassed in important-to-safety are the broad class of plant features, covered (not
necessarily explicitly) in the General Design Criteria, that contribute in an important way to safe
operation and protection of the public in all phases and aspects of facility operation (Denton 1981).
Important-to-safety SSC are SSC whose function can affect safety either directly or indirectly. This
category includes safety-related SSC, and in some instances, balance-of-plant SSC. "Safety-related" is a
subset of important-to-safety SSC (House 1992).


Examples of important-to-safety SSC are (a) experiment loop piping, instrumentation, and controls;
(b) some non-PPS reactor instrumentation and control systems; (c) PCS instrumentation and control
systems; (d) reactor vessel, PCS, canal, and experiments loop shielding; (e) pressurizing pumps
(670-M-14 and M-15), PCS pump motors (670-M-6, M-7, M-8, and M-9), secondary coolant system
pumps (670-M-1, M-2, M-3, and M-4), utility coolant water pumps (670-M -5 and M-6), and high
pressure demineralized water pumps (670-M-35 and M-36); and (f) warm waste storage tanks and
associated system piping. The examples of equipment important to safety provided above are not intended
to be all inclusive. A detailed listing of all equipment important to safety has not been developed for the
ATR. In general, requirements for equipment important to safety, are contained in the design
documentation (design specifications, engineering drawings, system design descriptions, etc.)_ The
Contractor's quality assurance program, as described in Chapter 17 (Quality Assurance), ensures that the
applicable requirements are met.


A detailed listing of safety-related equipment, a subset of equipment important to safety, has been
developed. SSC at the ATR are currently classified into two categories: (a) safety-related and
(b) nonsafety-related. The term "safety-related" refers to those SSC that are relied upon during or
following design-basis events' to ensure (a) the integrity of the primary coolant pressure boundary, (b) the
capability to shut down the reactor and maintain it in a safe shutdown condition, and (c) the capability to
prevent or mitigate the consequences of accidents that result in potential offsite exposures comparable to
the 10 CFR 100 guidelines (House 1992).


"Safety-related" includes significant subcategories of SSC with respect to the ATR facility.
Figure 3.2-1 illustrates the overall classification scheme for the ATR safety-related systems. There are
two subcategories for safety-related systems: (a) PPS and (b) non-PPS. Components are designated as
either PPS or non-PPS. The PPS consists of those active devices, with the associated equipment that
initiates their action, whose function in conjunction with passive structures of the plant is necessary to
prevent unacceptable release or spread of radioactive materials by preventing plant variables or conditions
from reaching their respective safety limits, or mitigating the consequences of exceeding safety limits.
The PPS includes the RSS and the ESF, All other safety-related equipment in the ATR is considered to be
non-PPS.


Design Basis Events are interpreted to include all operations, transients, and accidents within Conditions l through 4.
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This UFSAR provides summary descriptions of the PPS and the non-PPS safety-related SSC;
defines both the PPS and the non-PPS safety-related SSC boundaries. The master list of the safety-related
SSC is presented in Appendix A.


3.2.1 Seismic Classification


Safety-related SSC have been divided into two classes for the purpose of establishing seismic,
wind, and flood performance requirements in accordance with Regulatory Guide 1.70 (NRC 1978a).
These classes are Seismic Category I, and Non-Seismic Category 1, All safety-related SSC, and parts
thereof are classified in accordance with the definitions that follow.


3.2.1.1 Definition of Seismic-Design Classifications . Those safety-related SSC whose
functions are needed to mitigate the effects of the SSE are designated Seismic Category I in accordance
with Regulatory Guide 1.29 (NRC 1978b). Generally, those SSC designated as safety-related are also
designated Seismic Category I (Buescher and VanderBeek 1997). The RSS contains a seismic scram,
which is designed to shut down plant operations upon detecting low intensity ground motions (Atkinson
1997). The reactor will be shutdown well before a major earthquake can damage the PPS or the reactor.
Because of this, many of the safety related systems are not required to remain functional to mitigate the
consequences of an accident and are not designated as Seismic Category 1. An example of such a system
is the log countrate system (LCR). The LCR system is safety-related because it minimizes the potential
for an inadvertent criticality during shutdown core changes.


The PPS must have the following characteristics to ensure that it will shut down the reactor well
before a major earthquake can damage the PPS or the reactor (Atkinson 1997):


• The PPS should be designed to remain operable in a Modified Mercalli Intensity Vlll earthquake.


• It must initiate shutdown upon detecting a ground acceleration > 0.017 g at seismic frequencies of
2.5 to6Hz.


• It must insert the safety rods at ]east 12 in. within I second of detecting a ground acceleration
> 0.017 g at seismic frequencies of 2.5 to 6 Hz.


• Seismic design for both Seismic Category I and non-Seismic Category I items are discussed in
Section 3.7.


3.2.1.2 Seismic Classification of Structures , Systems and Components . Seismic
Category I structures include:


• Reactor Building (TRA-670)


• Firewater Pump Houses (TRA-619, -633, -688)


• Firewater Storage Tanks (TRA-719A, -719B, -719C, -718, -781).


Systems containing Seismic Category I components and structural elements are listed in
Table 3.2-1. Appendix A identifies the Seismic Category I components and structural elements by the
system groupings listed in Table 3.2-1.
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The components making up the reactor coolant pressure boundary were designed and installed
prior to the issuance of Reg. Guide 1.26. Reg. Guide 1.26 "describes a quality classification system
related to specified national standards that may be used to determine quality standards acceptable to the
NRC Staff for satisfying General Design Criteria I for other safety-related components containing water,
steam, or radioactive material in light-water-cooled nuclear power plants (NRC 1976)." Since the ATR is
not under the jurisdiction of the NRC, and, furthermore, since the components were designed and
installed prior to the issuance of guidance documentation on quality classification, no formal
classification was completed. New systems are assigned a quality group classification consistent with the
applicable design codes and standards at the time of design. Existing systems are assigned quality
classifications for inservice inspection, inservice testing, repairs, replacements, and modifications as
specified in the ATR IS] Plan (INEEL 2002).


Table 3.2-1. ATR systems containing Seismic Category I components and structural elements.


Subsystems, components,
System and structural elements


Reactor Shutdown System (RSS) Electronic scram circuits and instrumentation


Engineered Safely Features (ESF) Emergency Firewater Injection System (EFIS)


Vessel Vent System (VVS)


Radiation Monitoring and Seal System (RMSS)
PCS overpressure relief system
LOCA Primary Coolant Pump Shutoff System


Safety-Rod System Safely rods and release mechanism


Primary Coolant System (PCS) Primary Coolant System components and piping


Reactor vessel


Primary coolant heat exchangers and pumps
(only PCS pressure boundary)
Emergency flow system


Reactor core and internals Fuel elements


Reactor intern al tanks


Outlet-flow i s
Reactivity-Control System Outer shim control cylinders (OSCC)
Firewater system (FIS) Piping, um s, and water-storage tanks
Fuel storage and handling Canal structure (bellows, canal walls, cleanup piping drains)


Underwater fuel storage grids
Electrical power system PPS battery-backed power system


Utility battery-backed power system
Inst ru ment banery-backed power system


Control complex Reactor control room console and upright panels
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ATR Plant
Safety-Related Systems


Plant Protective System
(PPS )


Non-PPS Systems


• Al other safety-related
systems for the ATR Plant


Reactor Shutdown System
(RSS)


Electronic instruments
logic circuits to generate
RSS trip signals and pump
shutdortin signals


Engineering Safety Features
(ESF)


• Emergency Firewater
injection System (EFTS)


• ikssel Vent System (VVS)
• Radiation Monitoring and


Seal System (RMSS)
• primary Pump(s) Shutoff


System
• Pressurizing Pumps and


Gland-Seal Pumps
Shutoff System


• PCS Overpressure Relief
Valve


• LOCA Primary Coolant
Pump Shutoff Systems


GZOO 0026
Figure 3.2-1. Methodology of ATR safety-related systems. ( For Information Only)
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Wind and Tornado Loadings


3.3.1 Wind Loadings


This section discusses the design wind load on Seismic Category I structures. These structures are:


Reactor Building (TRA-670)


Firewater Pump Houses (TRA-619, -633, -688)


Firewater Storage Tanks (TRA-719A, -719B, -719C, -718, -781).


3.3.1.1 Design Wind Velocity . At the time of original design of ATE, it was customary to
design the structures to withstand windspeeds with a mean recurrence interval of 50 years, as specified in
the American Standards Association ASA-A58.1-1955 (American Society of Mechanical Engineers
ASME 1955a). Recent DOE criteria, as given in DOE standard DOE-STD-1020-94 (DOE 1996a), specify
design windspeeds of 95 mph for Seismic Category I structures (Performance Category 4).


3.3.1.2 Determination of Applied Forces. Table 3.3-I tabulates the design pressure to be
applied inward or outward on walls and roofs in accordance with ASA-A-58.1 (Ebasco I964a).


Over the years, the wind-resisting capacities of ATR structures have been evaluated in several
reports (Arendts 1989a and 1989b; Gorman 1985 and 1989a). Gorman (1985) shows that the overhead
water-storage tank TRA-718 can withstand windspeeds up to 146 mph. Arendts (1989b) and Lippert
(1997) shows that the ground-mounted raw-water storage tanks, TRA-719A, -719B, and -719C, can
withstand windspeeds in excess of 167 mph, based on the seismic criteria used in the design of the tanks.
The roof materials used to construct the firewater pumphouse (TRA-688) have a maximum allowable
uniform load pressure limit of 150 pounds per square foot (psf). The wall materials used to construct the
firewater pumphouse (TRA-688) have a maximum allowable uniform load pressure limit of 48 psf The
firewater tank (TRA-781) is constructed of 1/4-in. thick, ASTM A36 plate steel (Brower 2001). The
allowable pressures for all of these tanks and structures exceed the PC-4 requirement for 95-mph straight
wind speed from the DOE standard (DOE 1996a).


I


Arendts (I 989a) shows that the gins and siding of the reactor building would suffer minimal
damage at windspeeds in excess of 115 mph, In Eide, Khericha, and Thatcher (1991), the wind capacities
of the structures were evaluated as part of the PRA. Table 3.3-2 shows the median capacities (expressed
in terms of windspeed in miles per hour), variabilities PR and au, and the High Confidence Low
Probability of Failure (HCLPF) windspeed estimated in Fide, Khericha, and Thatcher (1991). The median
capacity is defined as the windspeed at which there is a 50% probability of failure. PR and Qu are variables
that represent the randomness and uncertainty in the median estimate of the wind capacity. The HCLPF
windspeed is the windspeed at which there is greater than 95% confidence of less than a 5% probability of
failure.


Although the ATR was not designed to the criteria of the DOE standard (DOE 1996a), the PRA
estimated the fuel damage frequency due to all wind loads to be 1.15 x 10.6 (Atkinson and Thatcher
1994).
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The DOE standard (DOE 1996a) specifies a minimum missile criterion for Performance Category
4 structures. The minimum missile criterion is specified to account for objects or debris that could be
picked up by straight winds, hurricanes, ar weak tornadoes. A 2-in, x 4-in. timber plank weighing 15 lb is
the specified missile. Recommended impact speed is 50 mph at a maximum height of 50 ft aboveground.
The missile impact test were performed on the roof and wall materials used to construct the firewater
pumphouse (TRA-688). The tests were performed using a 2-in, x 4-in. timber plank weighing 15 lb in
accordance with the DOE standard (DOE 1996a) at the Hurricane Test laboratory. The missile never
penetrated the roof and wall panel during this testing (Brower 2001). No other structures at TRA have
been assessed to withstand this specific missile; however, a 12-ft-long, 4-in, x 12-in, timber plank
(139 lb) and a 10-ft-long, 3-in. diameter pipe (76 lb) have been assessed as missiles.


The reactor building and water-storage tanks have been analyzed for impact of wind-borne
missiles. Impact of two capable missiles, a 4-in . x 12-in. x 12-ft timber plank and a 3-in . diameter x 10 ft
steel pipe, were considered . Missile velocities were considered as a function of windspeeds . Results were
presented in terms of limiting windspeeds as shown in Table 3.3-3.


These results were reported in Gorman (1989a). The values for the reactor building are somewhat
conservative; the analysis assumes that the aluminum siding on the reactor building offers no resistance to
missile impact. Based on these values, the 15-lb, 2-in, x 4-in. timber plank is not expected to penetrate or
cause excessive damage to the above structures.


3.3.2 Tornado Loadings


At the time of the ATR's original design, there was no requirement to consider tornado loading.
Subsequently, some of the Seismic Category 1 structures have been evaluated for tornado loadings. The
DOE standard (DOE 1996a) states that the Performance Category 4 facilities at INEEL (ATR is included
in these) must be designed or evaluated for straight winds with basic windspeed of 95 mph for an annual
frequency of exceedance of 10-0, and that the tornado windspeed will be less than the above straight
windspeed for annual frequencies larger than 2 x 10'6. Hence, by current DOE criteria, the ATR does not
have to consider tornado loads.


In 1985, the reactor building reactor room and control room (including the adjacent office
structure) were evaluated for hazards posed by extreme winds and tornadoes. Findings indicated that the
masonry block walls, liner plates, and secondary bracing have low stress levels for all wind speeds
considered. The facility will be damaged minimally to moderately by winds with a probability
p = I x 10'6 per year (i.e., winds with speeds of 115 mph). Winds with probability p = I x 10'7 (126-mph
straight winds, or 167-mph tornadoes) will cause moderate to severe damage. The main
wind-force-resisting frame members were capable of resisting straight-wind speeds up to 154 mph
(p < l0'7 per year), and tornadoes with speeds up to 176 mph (p < I x 10" per year).


The study concluded that the reactor building reactor room and control room, including the
adjacent office structure, can resist wind speeds greater than established hazard values (Arendts 1989a).







daho Nmional Engineering and Environmental Laboratory
CHAPTER 3 - DESIGN OF STRUCTURES


COMPONENTS, EQUIPMENT, AND SYSTEMS -
UPGRADED FINAL SAFETY ANALYSIS REPORT


FOR THE ADVANCED TEST REACTOR


Table 3.3-1. Design wind-pressures re uirement.°


Rev. 7


Height zone
(ft)


Buildings
(psi)


Tanks and stacks
(psi)


Less than 30 30b 18
301050 35 21
50 to 75 40 24
75 to 100 45 27
100 to 500 55 33


a. ASA 1955 ,
b. Thirty psf for the "less than 30 11 " height zone is equivalent to approximately a 90 mph wind, based on the current


American Society of Civil Engineers (ASCE) Standard ASCE-7-93, "Minimum Design Loads for Buildings and Other
Structures."


Table 3.3-2. Wind capacities of ATR structures.
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Structure Failure mode
Median
(mph) PR is


HCLPF Windspeed
(m h)


Reactor building Gins 147 0.07 0. 14 103
Firewater um house


TRA-619 Block wall 116 0.07 0.18 77
TRA-633 Exterior wall 120 0.07 0.20 77


Firewater storage tanks
TRA-718 Diagonal brace 119 0.07 0.25 81
TRA-719A- B, C Ovenuming 288 0.18 190


Table 3.3-3. Wind hazard evaluationlprobab ies of wi hazards.


St ru ctural components
Acceptable peak wind velocity


(mph) Probability
Building liner plate


a) Local perforation: 140 3 x 10'
b) Overall failure: > 165 < I x 10-'


Masonry block wall
a) Grout-filled blocks: > 165 < 1 x 10''
b) Hollow blocks: < 95 2 1 x 10'4


Building structural columns
No compressive collapse for: > 165 < 1 x ]0 r


Steel water storage tank
No perforation for: > 165 < 1 x 70''


Gins and siding
a) Minimal to moderate damage for: 115 1 x 10 6
b) Moderate to severe damage for: 126 might wind, 167 tornado I x 16'


Main wind-resisting frame members


a) Capable of resisting straight winds up to: 154 < 1 x 10'
b) Capable of resisting to rnado of. 176 < 1 x 70''
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3.4 Water Level ( Flood ) Design


The plant design for protection of SSC whose failure could prevent safe shutdown of the plant or
result in uncontrolled release of significant radioactivity because of flooding meets the relevant
requirements of General Design Criterion 2, "Design Bases for Protection Against Natural Phenomena."


3.4.1 Flood Protection


The flooding of the ATR reactor facilities from natural causes has been considered for PMF, for
probable maximum precipitation (PMP) runoff from the Site and adjacent areas, and for groundwater as
discussed in Chapter 2 (Site Characteristics).


Four PMF scenarios were evaluated by Koslow and Van Haaften (1986) for their effects on ATR
as discussed in Chapter 2.


A. Seismic failure of the Mackay Dam concurrent with the 25-year-recurrence-interval flood


B. Hydraulic (piping) failure of the Mackay Dam concurrent with the 100-year-recurrence-interval
flood


C. Hydraulic (piping) failure of the Mackay Dam concurrent with the 500-year-recurrence-interval


D.


flood


Overtopping failure of the Mackay Dam caused by a PMF.


Of these scenarios, only the fourth is expected to produce fl oodwaters that reach the TRA. The
predicted maximum peak water elevation at the center of the flood path for this scenario is 4,924 fl-msl
(Koslow and Van Haaft en 1986). The peak water elevation would decrease with distance from the center
of the path to an elevation no greater than 4,923 ft-msl at the flood path edge ( Atkinson 1995). Since the
reactor building grade elevation is 4,926.6 fl-msl (4 . 6 ft above the expected water level ), no fl ooding of
the building is predicted . However, some support facilities housing such equipment as the raw-, fire-, and
domestic-water system pumps, the LDW pumps, and the diesel -fuel transfer pumps, could be fl ooded
( Eide, Kherieha , and Thatcher 1991).


The PRA results indicate a mean frequency for external flooding event sequences between
I.0 x 10-' and 8.5 x 10 $ per year. The total mean frequency of all sequences is 1.3 x 10-7 per year
(Eide, Kherieha, and Thatcher 1991).


To date, no study has been undertaken to predict the effects of a local PMP, which would include a
runon/runoff study to determine floodwater levels [see Chapter 2 (Site Characteristics)]. However,
although no formal evaluations have been performed, forty years of experience have shown that even for
rapid thawing of heavy snow over frozen earth (the PMP scenario that occurred in 1961) the water levels
would be less than those predicted for the PMF.


Other effects, such as surge or seiche, coincident wind-generated waves, and groundwater
hydrostatic effects, are not considered to be applicable for ATR, as discussed in Chapter 2 (Site
Characteristics).
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3.4.1.1 Flood Protection Measures for Seismic Category I Structures, Systems,
and Components. Of the Seismic Category I SSC identified in Appendix A of this chapter, only the
firewater system, and diesel-fuel transfer pumps may be subject to the effects of flooding. Since special
measures to protect structures housing these pieces of equipment neither exist nor are planned for the
immediate future, it is assumed that these components and systems may be inoperative because of
flooding. However, based on the PRA results (Eide, Khericha, Thatcher 1991), fuel-damage sequence due
to potential PMF-induced flooding has a very low probability and is , therefore, considered to be a lower
priority concern than other identified events. Therefore, special measures to upgrade the facilities have
not been pursued.


3.4.2 Analytical and Test Procedures


No dynamic water forces associated with the PMF, PMP, or high groundwater levels have been
identified in Chapter 2 (Site Characteristics) for the TRA, site of the reactor building and support
structures.
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3.5 Missile Protection


In accordance with the requirements of GDC 2 and 4, safety-related SSC are to be designed and
constructed with adequate missile protection to ensure that they will not fail or cause a failure in the event
of a postulated credible missile impact.


3.5.1 Missile Selection and Description


The following sources are considered for the generation of missiles:


• Internally generated missiles


- Missiles generated by rotating components


- Missiles generated by pressurized components


• Turbine missiles (Not applicable to ATR)


• Externally generated missiles


- Missiles generated by natural phenomena


- Missiles generated by events near the site


- Aircraft hazards


- Gravity-generated missiles..


3.5.1.1 Interna lly Generated Missiles (Outside Confinement). There are two general
potential sources of postulated missiles that can be generated as a result of plant operation:


A. Rotating-component failures (e.g., a fan breaking and throwing its blades)


B. Pressurized-component failures (e.g., a valve bursting and scattering its parts).


Potential rotating-component sources of missiles outside the confinement area are the diesel
generators. Diesel generators M-42 and M-43 are aligned on a common longitudinal axis in the
diesel-generator room located on the first floor of the reactor building at grade level. The M-6 diesel
generator is in a separate diesel building located directly north of the reactor building, Potential missiles
have been considered in an evaluation of the PPS (INEEL 2000), and were found to be insignificant
hazards.


Potential sources of pressurized -equipment missiles are components in pressurized systems.
Failures of these components can generate missiles such as valve bonnets, valve stems , hardware
retaining bolts , relief-valve pa rt s, and instrument wells. The potential -energy source that serves as the
driving force for such missiles can be classified as either stored strain energy or contained fluid energy
(jet-propelled and piston -type missiles ). Acceleration of a retaining bolt is due to its stored strain energy.
A failed valve bonnet or thermowell is accelerated by a "jet" of escaping fl uid , whereas the acceleration
of a valve stem or similar component is caused by a piston -type action. Potential missiles have been
considered in an evaluation of the PPS (INEEL 2000), and were found to be insigni ficant hazards.
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3.5.1.2 Internally Generated Missiles {Inside Confinement). Potential
rotating-machinery sources of missiles inside the confinement area are the primary coolant pumps and the
emergency coolant pumps. The four primary coolant pumps are aligned parallel to each other in separate
pump rooms located on the first basement of the reactor building. The two emergency coolant pumps are
aligned parallel but offset longitudinally to each other in another pump room adjacent to the primary
coolant pump rooms. The motors for all these pumps are aligned parallel to each other in a common
pump-motor room that is adjacent to pump rooms. Potential missiles have been considered in an
evaluation of the PPS (INEEL 2000), and were found to be insignificant hazards.


For potential sources of pressurized component missiles see Section 3.5.1.1 above. A missile shield
plug placed into the transfer plate for inpile experiments shields the confinement roof against any missile
projectiles ejected from the inpile experiment tubes.


3.5.1.3 Turbine Missiles . Turbine missiles are not applicable since the reactor plant does
not have any power-generating turbines as in a commercial power plant.


3.5.1.4 Missiles Generated by Natural Phenomena . Basic NRC guidance for the design
of commercial nuclear power plants to withstand the effects of tornado wind and tornado-generated
missiles is presented in NRC Regulatory Guides 1.76 and 1.117 (NRC I974a, 1978c) and Standard
Review Plans (SRP) 3.3.2 and 3.5.1.4 (NRC 1981b, 1981c).


An assessment of the adequacy of a plant to withstand the impact of tornado missiles would
include:


Determination of the capability of the exposed SSC to withstand potential missiles (including small
missiles with penetrating characteristics and larger missiles that result in an overall structural
impact),


Determination of whether any areas of the plant require additional protection.


At the time that ATR was designed and built, there were no requirements to design for possible
tornado-generated missiles. Since that time, with the advent of more-recent rules and regulations, the
reactor building and steel water-storage tanks were evaluated based on initially considering the missiles
shown in Table 3.5-1.


Of the four missiles in Table 3.5-1, only the wood plank and the 3-in, pipe were finally considered
as airborne missiles since the design windspeed for this region was predicted to be no greater than
165 mph for a 10'' probability of exceedance event (Coats and Murray 1985).


In 1989, an assessment of the ability of the reactor building TRA 670 and the firewater storage
tanks TRA-719A, -71913, and -719C to resist the effects of wind-borne missiles was conducted based on
the missiles in Table 3.5-1 (Gorman 1989a; Lippert 1997). As discussed above, only two missiles were
finally considered as capable missiles based on the maximum windspeed of 165 mph for a 10' probability
of exceedance event. They were the 4-in. x 12-in. x 12-ft wood plank and the 3-in.-diameter Schedule
40 x 10 ft long steel pipe. Results of the evaluation show the building's 3116-in. steel liner plates and the
walls of the firewater storage tank will not be locally perforated by these missiles for windspeeds up to
140 mph. The hollow block walls will be perforated by the missiles for windspeeds well below 95 mph.
The grouted block walls can withstand the missiles' impacts for windspeeds exceeding 165 mph.
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Another possible source of missiles generated by natural phenomena would be floating debris as a
result of flooding. Based on a worst-case flood caused by failure of the Mackay Dam (Koslow and Van
Haaften 1986), the predicted peak water velocity at the center of the flood path near ATR is 2.8 ft/sec.
Since ATR is near the edge of the flood path, where the water is very shallow, the water velocity is
expected to be close to zero; thus, floating debris should pose no serious threat because of impacting
safety-related SSC.


3.5.1.5 Site Proximity Missiles (Except Aircraft). Missiles in this category occur from
such sources as nearby explosions and, if found to be a design basis event according to SRP Section 2.2.3
(NRC 1981 d), should be included here. In assessing the nature and extent of offsite activities, the PRA
(Eide, Khericha, and Thatcher 1991) states that offsite transportation accidents resulting in explosions do
not pose a hazard to ATR.


3.5.1.6 Aircraft Hazards. An aircraft-hazard analysis of the ATR plant site was conducted in
) 991 as reported in the PRA (Eide, Khericha, and Thatcher 1991). The site-specific data on air traffic
along the air corridors in the vicinity of the plant site were obtained by contacting the Idaho Falls
Municipal Airport, Site security, and the NOAA at the INEEL Site. The NOAA occasionally conducts the
vortex test flights at the INEEL Site for the Federal Aviation Administration (FAA).


The aircraft-impact analysis was based on an examination of commercial, military, general,
Site-security helicopter, and vortex test flights travelling within 20 mi of ATR. The contributions to the
total damage frequency from the air travel beyond the radius of 20 mi were judged to be insignificant,
based on the models and assumptions used in the analysis. Since there are no nearby airports, the
contribution of takeoff and landing crashes was also considered to be negligible.


Fide, Khericha, and Thatcher (1991) found that only one commercial airway passes within 20 mi of
ATR (the shortest distance from the ATR to the closest edge of an airway is approximately 5 mi). At the
time of this study, five flights (passes) per day to and from Idaho Falls use the airway. The total number
of flights per year is estimated as described in Table 3.5-2. No military airway passes within a 20 mi
radius of the ATR.


General-aviation air traffic is permitted over the Site. However, all general aircraft are requested to
avoid flying at an altitude less than 6,400 ft-msl for reasons of national security. The altitude of ATR site
is approximately 4,920 ft-ms]. It was assumed that all flight plans for general aircraft entailed at least one
pass by the site at a perpendicular distance of 0.5 mi. Air traffic as a result of general-aviation aircraft is
described in Table 3.5-2,


Helicopter traffic around the AIR was the result of regular reconnaissance missions by the
Site-security personnel. The type of helicopter and the flight patterns were not available from the
Site-security for security reasons. It was simply and conservatively assumed that a helicopter passed
200 ft directly over the ATR once a week. INEEL Security no longer operates a security helicopter.


In addition to the commercial-and general-aviation air traffic, the analysis of aircraft hazards
considered the vortex test flight that is conducted by NOAA on an occasional basis, as listed in
Table 3.5-3. A maximum of 239 test flights (passes by the instrumentation tower) were conducted in the
fiscal year (FY) 1990. During FY 1991, 120 test flights were conducted. No test flights have been
conducted since FY 1991. For analysis purposes, it was assumed that no more than 250 tests would be
conducted per year in the future. The altitude of the test flight must be at least 250 ft above the ground,
and the flight path brings the plane no closer than 1 mi to the ATR plant-site. The type of aircraft used for
the tests varies. For analysis purposes, however, it was assumed that a Boeing-747 would be used.
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Based on the probabilistic ri sk study ( Eide, Khericha , and Thatcher 1991), the frequency of aircra ft
impact at ATR is presented in Table 3.5-4. In all cases, commercial, general, helicopter , and vortex test
flights, the frequency of site impact is negligible. The total site-impact frequency of all types of aviation
is 1,4 x 10-71yr; therefore , the overall risk is considered negligible.


3.5.2 Structures , Systems, and Components to be Protected from Externally
Generated Missiles


The reactor building and support facilities were all designed and built before (mid-1960s or earlier)
the rules and regulations were imposed regarding protection of SSC from externally generated missiles.
Thus, there is no specific protection incorporated into the design of the SSC other than what is inherently
there for other design considerations.


3-5.3 Barrier-Design Procedures


No known barriers have been designed and installed to protect against missile-impact forces.


Table 3.5-1. M issiles considered in evaluating the ATR building and steel water -storage tank.'


Missile Physical properties
Weight


(Ib)


Wood plank 4 in. x 12 in_ x 12 f1 139


Steel pipe 3-in., Schedule 40 x 10 It 76


Utility pole 13.5 in. diameter x 35 ft 1,4 90


Automobile 20 112 frontal area 4 , 000


a. Coats and Murray 1985.


Table 3.5-2. Characteristics of airway travel within 20 mi of ATR.'


F Altitude above Distance from
Site Site Frequency


Airway T e of aircraft (ft) n (mi) (number/year)
V-269` Commercial 14,080 5.0 2,737°


Miscellaneous General 1,480 5.0 50C`
ATR-site Helico ter 200 0.01 52r
Vonex test fli t Commercial 2506 1A 2501
a. Fide, Khericha, and Thatcher 1991.
b. Site is at approximately 4,920 fl-msl.
c. V-269 is traveled primarily by Horizon Airlines. The two types of aircraft used by Horizon are the DeHavilland Dash 8 and
the Fairchild MetroLiner 111. Five flights per day use V-269.
d. Assumed 5% linear growth per year over next 20 years.
e. Total of 460 flights per year is estimated by multiplying 365 by the average number of flight plans (mean = 20) filed with
the Flight Service Station in Idaho Falls, Idaho during the first 16 days of November, 1989. The Flight Service Station
services 9 different airports within a sixty-mile radius ofAIR 11 was conservatively assumed that all general aviation aircraft
passed the ATR-site once at a distance of 5 mi. Final number is rotmded oft to 500.
f. It was assumed that a helicopter passed directly over ATR once a week.
g. Telecommunication with NOAA personnel.
Note: Although securirv helicopterflights have been discontinued, the frequency calculation has not been changed.
Inchtding the provision for these i hts is conrservativ e.
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FY Number of fli hts per year
1970s 29
1987 164
1990 239


1991 120


1992 0
1993 0
1994 0
1995 0
1996 0
1997 0
1998 0
1999 0
2000 (planned) 0
2001 (planned) 0


a. Table revised July 1, 1999.
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Type of aircraft
Distance from Site


(mi)
Flight frequency


(per year)
Site-vicinity impact


(P,) robability
Site impact P(s/Pa)


probability
Site impact frequency


(per year)


Commercial 5.0 2,555 5,1 x 109 9.4 x 10-6 1.2 x 10'10
General 5.0 500 4,5 x 10' 3.4 x i04 7.6 x 10'8
Helicopter 0.0 52 1.8 x 10 8 6.4 x 10-2 6.0 x 1 0


Vortex test fl ight 1.0 250 9.1 x 10'9 3,9 x 10's 8.9 x 10'9


Total 1.4 x 10''
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3.6 Protection Against Dynamic Effects Associated
with the Postulated Rupture of Piping


Acceptability of the plant design for protection against postulated piping failures outside
confinement is based on GDC 4, as it relates to accommodating the dynamic effects of postulated pipe
rupture, including the effects of pipe whipping and discharging fluids (}et-impingement forces), when
designing SSC that are important to safety. Postulated piping failures are defined as longitudinal and
circumferential breaks in piping for high-energy fluid systems and as through-wall leakage cracks in
piping for moderate-energy fluid systems. Failures are postulated according to the provisions of Branch
Technical Position (BTP) Management Evaluation Branch (MEB) 3-1, attached to SRP Section 3.6.2
(NRC 1981e).


3.6.1 Plant Design for Protection Against Postulated Piping Failures in Fluid Systems
Outside Confinement


Systems and components of concern are those classified as essential for shutting down the reactor
and mitigating the consequences of a postulated piping failure, without offsite power. For ATP, they are
(a) the FIS, (b) the utility cooling water system (UCW), and (c) the LDW system.


These systems, by definition, are moderate-energy fluid systems per Appendix A of Branch
Technical Position ASB 3-1 (NRC 1981 f). Moderate-energy systems are those that, during normal plant
conditions, are either in operation or maintained pressurized (above atmospheric pressure) under
conditions in which both of the following conditions are met:


• Maximum operating temperature is 200°F or less.


• Maximum operating pressure is 275 psig or less.


Piping systems outside confinement are all low-temperature, low-pressure systems (i.e., less than
200°F and 275 prig). As such, they are classified in Appendix A of SRP 3.6.2 (NRC 1981e) as
moderate-energy fluid systems for which through-wall leakage cracks are the postulated piping-failure
node. Further, according to the provisions of item B. I of BTP MEB 3-1, Appendix A (NRC 198 le),
protection from pipe whip need not be provided if the piping is considered to be a moderate-energy (or
lower) fluid system, as the ATR systems are. Thus, pipe whip and resulting impact on other SSCs outside
of confinement is not a concern. Additionally these systems are, for the most part, isolated front systems
and components important to safety. Hence, jet-impingement forces are not considered to be important.


3.6.2 Determination of Rupture Locations and Dynamic Effects Associated with the
Postulated Rupture of Piping


GDC 4 requires that SSC important to safety be designed to accommodate the effects of postulated
accidents, including appropriate protection against the dynamic and environmental effects of postulated
pipe ruptures. In particular, the purpose of this section is to provide (a) information concerning break-and
crack-location criteria and (b) methods of analysis for evaluating the dynamic effects associated with
postulated breaks and cracks in piping for high- and moderate-energy fluid systems, both inside and
outside of confinement.
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It is recognized that pipe rupture is a rare event that may occur under unanticipated conditions,


such as those that might be caused by errors in design, construction , and operation , or by unanticipated
loads and corrosive environments . Although piping failures are rare , observations of actual failures have
indicated that when they do occur , they generally occur at high- stress and fatigue locations, such as at the
terminal ends of a piping system, at its connection to the nozzles of a component . Thus, based on rules
given in BTP MEB 3 - 1, it is intended to use the available piping design (analysis) information by
postulating pipe ruptures at locations having relatively higher potential for failure , such that an adequate
and practical level of protection may be achieved.


To date , ATR has not instituted a formalized approach to identify likely pipe break locations and
the consequences of such breaks (pipe whip, blowdown forces , and jet impingement) for the PCS.
However, ATR has evaluated the effects of the design - basis LOCA on fuel damage. Results of the
evaluation are discussed in Chapter 15 (Accident Analyses ). An evaluation of experiment loop piping in
the vicinity of the PCS piping has been performed as described in Chapter 10 (Experiment and Irradiation
Facilities ). Additiona ll y the PRA (Fide, Khericha , and Thatcher 1991) considered the potential for and
consequences of flooding on important components such as the PPS. The results of these evaluations
indicate that there is a limited potential for direct damage to the important systems as a result of pipe
failures. These results indicate that a formal effo rt to evaluate the dynamic effects of piping failures is not
warranted.


Wadkins (1988) concludes that the primary system stainless steel piping would fail with small
leaks rather than catastrophic blowouts. EG&G Idaho performed pipe tests to failure and correlated the
size of the failure with the energy level of the system. Wadkins (1988) shows that for annealed Type 304
stainless steel piping, the lower the system pressure, the smaller the size of the failure. The conclusion is
that a low-pressure, low-temperature system such as the ATR will experience a ductile rupture and
comparatively small leak rate rather than a complete rupture and high leak rate. Consequently, pipe whip
or any similar sudden destructive failures are considered extremely low-probability accidents. In addition,
except for the sensors themselves (pressure taps, Resistance Temperature Detectors (RTDs), etc.) and
portions of the associated impulse lines and cabling, the PPS is isolated from both the PCS and the loop
piping, Failures in the sensors and associated impulse lines and cabling due to pipe ruptures are expected
to cause the monitored signals to be outside of the specified ranges, conservatively resulting in a trip of
the affected PPS channels.
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3.7 Seismic Design


Selected SSC are classified as Seismic Category 1. As described in Section 3.2, classification is
based on their role in ensuring safe shutdown of the reactor in a seismic event. Seismic Category I SSC
are listed in Appendix A.


Seismic Category I SSC must be capable of withstanding the effects of seismic motions such that
required safety functions are performed. SSC must be designed to withstand a level of seismic motion
consistent with their role in mitigating the effects of the event. Some SSC (e.g., reactor coolant pressure
boundary) must be capable of performing intended safety functions for seismic events up to and including
the SSE. For other less critical Seismic Category I SSC, failure of the SSC to perform its intended safety
function at levels of seismic motion less than that associated with the SSE may be acceptable. Risk-based
analyses are typically performed to evaluate the potential impact of failure of an SSC at levels of seismic
motion less than those of the SSE.


'Be ATR was designed and built in the early 1960s. Because of its vintage, the seismic design
provisions have undergone several changes over the operating life of the facility. The seismic provisions
contained in the 1961 UBC (Ebasco 1964a) were used in the original design. Subsequently, a
facility-specific set of criteria for seismic design and analysis was developed for ATR (Gorman 1972) and
applied to some SSC. An again revised set of criteria was developed later (Gorman 1989b) and applied to
some SSC. This later criteria represents the most recent development in seismic criteria for use at the
ATR, and is specified by the DOE-ID Architectural Engineering Standards (DOE-ID 1996), As such, this
latest set of criteria is applied to the design of new SSC requiring seismic qualification.


The DOE-ID AE Standards (DOE-ID 2002) have been revised to incorporate new seismic design
requirements of DOE Standards DOE-STD-1020 (DOE 2002a) and DOE-STD-1021 (DOE 2002b). The
TRA site specific Performance Categories PC I and PC 2 seismic design criteria use the International
Building Code (IBC 2000) spectral accelerations. The TRA site specific PC 3 and PC 4 horizontal and
vertical seismic design criteria for rock Design Basis Earthquake/Safe Shutdown Earthquake (DBEISSE)
is available in the DOE-ID Standard (DOE-ID 2002), The TRA site specific PC 3 and PC 4 horizontal
and vertical seismic design criteria for soil DBE is under development, and will be incorporated into the
AE Standards when completed.


As new SSC have been installed, they have typically been shown to meet the seismic design
criteria applicable at the time of installation. Some, but not all, original SSC have been reanalyzed as new
criteria were introduced. The most notable reanalysis effort was performed in the mid-1970's,
immediately following development of the first facility-specific seismic design criteria (Gorman 1972).
Seismic analyses for selected SSC (considered at the time to be the most critical) were updated as part of
the Seismic Analysis Program Plan (Mousseau 1973). Some modifications were performed as a result of
these analyses. Similarly, other analyses performed since original construction have resulted in various
additional modifications to reduce seismic fragility.


The result of the periodic changes in seismic design criteria over the operating life of the ATR, and
the selective upgrades of SSC to these changed criteria, is that not all Seismic Category I SSC are
qualified for the SSE as currently defined. Some have not been qualified, some were qualified to the UBC
during original construction, some have been qualified or requalified to criteria in effect after original
construction (but no longer in effect), and some are fully qualified to the criteria applicable today.
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An OBE is not defined for the ATR, The OBE, typically taken as one-half of the SSE, is defined
for commercial nuclear power plants as the seismic event for which seismically-qualified SSC are
analyzed to withstand without sustaining damage. An important part of the analysis of the OBE is
consideration of fatigue cycling. An OBE is not applicable to the ATR since the seismic subsystem of the
PPS is designed to scram the reactor at the onset of a seismic event , ensuring safety rod insertion before
notable seismic motion occurs. The system is designed to shut down the reactor at accelerations
exceeding 0.017g at seismic frequencies of 2.5 to 6 Hz (Atkinson 1997). There is not a risk of fatigue
failure of SSC that could impede shutdown at these low levels of motion.


Since SSC are not analyzed for an OBE, there is not a level of seismic motion above 0.017 g for
which the plant is qualified to remain fully operational. Therefore, prior to reactor startup following a
seismic event that shuts down the reactor (or would have shut down the reactor had it been operating) a
thorough inspection and evaluation of damage to plant SSC must be performed.


3.7.1 Seismic Design Parameters


8.7.1.1 Design Response Spectra . The original structure design was governed by the
provisions contained in the 1961 UBC (Ebasco I964a). Building structures, tanks, and the stack were
designed to UBC Zone 2 requirements, in general, as follows (Ebasco 1964a):


• For buildings: maximum horizontal force equal to 0.05 times total dead load (including equipment)
uniformly distributed over the height of the building


• For tanks on ground: horizontal force equal to 0.05 times dead load plus tank contents


• For stacks: horizontal force equal to 0.05 times dead load


• For interior and exterior walls: horizontal force equal to 0.10 times dead load


• For tanks or vessels inside of building: horizontal force equal to 0.10 times dead load plus contents.


The SSE was first introduced into the ATR design criteria by Gorman (1972). The SSE established
by Gorman (1972) was based on a review of site characteristics that project the magnitude and intensity
of possible nearby earthquakes (Maulde 1969). The major conclusions contained in Maulde (1969) and
summarized in Gorman (1972) regarding the seismic environment at the ATR are:


• The largest earthquake that may be expected to occur near the ATR is no larger than Richter
magnitude 7.


• The nearest active fault is the Arco Scarp, with an assumed epicenter approximately 16 miles from
ATR. Therefore, for a Richter magnitude 7 earthquake at the Arco fault, a maximum horizontal
acceleration of 0.24 g may be expected.


The faulting near the ATR is dip-slip (near-ve rt ical ) faulting , in contrast to strike -slip (horizonta
faulting , which characterizes most Californ ia fault planes.


The foundations of the major ATR plant facilities either rest on or are pinned into the bedrock,
which is on the average about 43 ft below grade.
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Seismic-design evaluation criteria, the second set of criteria, were prescribed for TRA's Seismic
Category I equipment by Gorman (1972). These criteria specified the use of a time-history or step-by-step
method of seismic analysis in evaluating Seismic Category I equipment, "where simplified methods are
not appropriate." To provide the necessary time history, Gorman (1972) prescribed an ensemble of scaled
strong-motion earthquake records to be used as representative seismic-input forcing functions at the TRA
basement. The ensemble of time histories collectively produce a Housner-type spectrum. The
Housner-type spectrum that Gorman (1972) proposed for design work (Figure 3.7-1) is based on the
average, normalized spectra from the two horizontal components of each of four earthquake records. The
motion given by Figure 3.7-1, increased by a factor of 1.5 for soil amplification, is defined at the
free-field surface (Gorman, Guenzler, and Moore 1976).


The SSE spectrum is obtained from the Housner spectrum shown in Figure 3.7-1 by applying a
scale factor of 1.93 times 1.5 to account for soil amplification. This factor accounts for the local geologic
and seismic characteristics appropriate for ATR design. Key parameters proposed with the SSE spectrum
are a peak ground acceleration of 0.24 g, damping of 5% of critical, and a representative spectrum
intensity of 29 in. The spectrum intensity is defined as the area under the pseudo-velocity spectrum
between the periods of 0.1 and 2.5 sec.


A third set of criteria was proposed in Gorman (1989b). This report recommended keying a
response spectrum from U.S. NRC Regulatory Guide 1.60 to a peak ground acceleration of 0.24 g for
design. The resulting spectrum is considered to be the current design response spectrum for use at the
ATR. Criteria recommended for use in conjunction with this response spectrum are as follows:


• SSE is based on a Richter magnitude 7.3 earthquake occurring on the Howe Fault.


• The maximum expected peak horizontal bedrock acceleration is based on a lower cutoff value of
0.24 g; the peak vertical component is equal to 2/3 of the horizontal.


• Regulatory Guide 1.60 design response spectra for horizontal motion should be used. Two-thirds of
the horizontal curves should be used for vertical motion. These should be applied at the base mat
(bedrock) of the ATR structure.


• Regulatory Guide 1.61 damping factors supplemented, where appropriate, with recommendations
of ASME Code Case N-411-1 and the Welding Research Council (1984) should be used for
analysis.


• In general, soil-structure interaction effects and instructure support point amplification should be
considered negligible at and below grade. However, where components are supported by walls or
floors with predicted fundamental frequencies less than 33 Hz, determination of input design
spectra should be evaluated on a case by case basis.


• Analyses should assume that three mutually orthogonal components of excitation occur
simultaneously.


• The preferred method of analysis is to use the response-spectrum technique. Alternatively, use the
time-history technique or, where it can be shown to be conservative, the equivalent-static-analysis
technique.


Figure 3.7-2 presents the SSE horizontal design response spect rum , keyed to a peak ground
acceleration of 0.24 g. Figure 3.7-3 presents the SSE ve rt ical design response spectrum. These design
spectra are presented in Tables 3.7- 1 and 3.7-2 in numerical format for various damping values.
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3.7.1.2 Design Time History. Design time histories were not used in the original building
design and analysis. Time histories are not specified for use with the current SSE as defined by the
response spectra listed in Tables 3.7-1 and 3.7-2.


3.7.1.3 Critical Damping Values . Gorman (1989b) established that Regulatory Guide 1.61
damping factors supplemented, where appropriate, with recommendations of ASME Code Case N-4I1-1
and the Welding Research Council (1984) should be used for analysis. Table 3.7-3 presents the modal
damping values to be used for all modes considered in elastic spectral or time-history dynamic analyses
[Nuclear Regulatory Commission (NRC) 1973a previously U.S. Atomic Energy Commission (AEC)].
The modal damping values given in Table 3.7-3 are expressed as a percentage of critical damping.
Figure 3.7-4 presents the alternative damping values to be used with response-spectra analyses of piping.


3.7.1.4 Supporting Media for Seismic Category I Structures . The ATR site is located
on the dry flood plain of the Big Lost River. The flood plain deposits consist of coarse sand and gravel
with small, well rounded cobbles. Clay and silt are present in minor amounts. These highly permeable
deposits range in thickness from a few feet to more than 60 It, and are underlain by vesicular basalt.
Between the basalt and the sand-and-gravel lavers are beds of fine sand and silt where depressions occur
in the basalt layer. These silt layers have a moderate clay content. The condition of the basalt varies from
very dense and massive to very vesicular. Chapter 2 (Site Characteristics) presents more information on
the basic geology of the ATR site.


Figure 3.7- 5 and Figure 3.7-6 shows a generalized geologic section through the ATR s
section under ATR is characterized by a sandy silt or silty clay layer overlying bedrock under the gravels.
The bedrock is generally 40 to 50 It below the surface, but may, locally, be as shallow as 32 ft or as deep
as 70 it (C)uff 1971). Boring and laboratory soil tests reveal an average of 40 ft of sand and gravel,
followed by 2 to 5 fl of clay over a level formation of dense lava rock, which extends hundreds of fl
below (Gorman, Guenzler, and Moore 1976).


A soil-structure interaction analysis performed on the Engineering Test Reactor (ETR) facility in
1976 (Gorman, Guenzler, and Moore 1976) used strain-dependent soil shear moduli and damping values
based on recommendations for the INTEC, because of similarity with site properties to the ATR. Soil
moduli 50% greater were also considered for the analysis because they compare well with recommended
values for gravelly soils. Figure 3.7-7 shows how soil moduli vary with depth for the two soil conditions
considered by Gorman, Guenzler, and Moore (1976). Figure 3.7-8 shows the recommended (Gorman,
Guenzler, and Moore 1976) variations of shear moduli and damping ratios versus shear strain. In a
CLASSI (Wong and Luco 1980) soil-structure interaction analysis that was performed to estimate
instructure response, Fide, Khericha, and Thatcher (1989) assumed that the shear-wave velocity is
700 fl/sec: in the upper 40 ft of the soil, and 3,500 ft/sec in the underlying competent rock.


3.7.2 Seismic System Analysis


3.7.2.1 Seismic-Analysis Methods. The Seismic Category I structures, include the reactor
building (TRA-670), the firewater pump houses (TRA-619, -633), and the firewater storage tanks
(TRA-719A, -719B, -719C, -718), were originally designed using equivalent-static-analysis procedures in
accordance with the 1961 UBC (ICBO 1961). Ebasco (1964a) states that an equivalent static load of
0.05 times the building's dead weight (including equipment) be distributed uniformly over the building's
height for seismic design. For tanks inside a building, a similar methodology was used; however, the
coefficient of 0.05 was increased to 0.10.
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Several analyses to more stringent criteria have been performed on the Seismic Category ]
structures since the original analysis as indicated in Blandford (1991). Gorman (1989b) specifies the use
of either response-spectrum, time-history, or equivalent-static-analysis procedures as acceptable methods
for dynamic analysis. The reactor building was analyzed in 1976 (Davidson 1976) using a
response-spectrum technique. A response-spectrum analysis of the ATR storage canal has also been
performed (Miller 1980). Both of these analyses used the Housner spectra anchored to 0.24 g
(Figure 3.7-1) as the forcing function, and the analyses concluded that the reactor building and canal met
design-allowable loading for the SSE.


The remaining Category I structures include the firewater pump houses (TRA-619, -633), and the
firewater storage tanks (TRA-719A, -719B, -719C, -718). Fors (1982) concluded that the TRA-719
raw-water tanks "would be lifted and rotated essentially as a rigid body, being resisted only by downward
forces" under SSE loads. The TRA-719 tanks were evaluated using the response-spectra loading shown in
Figure 3.7-1 and TID-7024 (AEC 1963; Goodell 1985) evaluation methods. The results indicated that for
water levels greater than 19 ft, some uplift and sliding of the tanks may occur but stresses will remain
below allowable stresses up to a water level of 27 ft. In order to alleviate breaking off the main water
supply line attached at the bottom of the tank, a flexible expansion type joint was installed on each tank to
allow for uplift and sliding should they occur. The previously unanchored raw water storage tanks
TRA-719A and -719B were removed and replaced with new foundations and new anchored tanks. The
new tanks were seismically designed, evaluated, and constructed as PC-4 structures in accordance with
DOE-STD- 1020 (DOE 1996a) and the AE Standards (DOE-1D 1996) to NRC Regulatory Guide 1.60
seismic design response spectra for the 0.24g SSE for a maximum water height of 28 ft (Bragassa and
Lippert 2000). The remaining raw water storage tank TRA-719C was modified to reduce the height of the
tank from 40 fl to 30 ft and provide a new conical roof. This modified tank was evaluated as a PC-4
structure to the same seismic response spectra for a maximum water height of 26 ft (Rahl 1994;
Lippert 1997). The overhead raw-water storage tank (ATR-718) has been the subject of numerous studies
(Gorman 1985, 1986a; Siemer 1982b). Gorman (1986a) performed a response-spectrum analysis of the
overhead raw-water storage tank, and concluded that it met design allowables for the SSE presented in
Figure 3.7-1.


The TRA firewater tank (TRA-781) and pumphouse (TRA-688) are also Seismic Category I
structures. These structures were designed and constructed to meet DOE standard (DOE 1996a) PC-4
seismic design criteria using NRC Regulatory Guide 1.60 design response spectra for the 0.24 g SSE
(Brower 2001).


3.7.2.2 Natural Frequencies and Response Loads . Natural frequencies were not
computed for Seismic Category 1 structures in the original analysis; however, several structures have been
the subject of more recent dynamic analysis. Davidson (1976) analyzed all abovegrade structural
components for the reactor building, and reports the lowest 81 frequencies for the reactor building's
superstructure as ranging from 1.6 to 13 Hz. The lowest 30 modes and the areas in which they manifest
themselves are listed in Table 3.7-4.







I


Idaho National Engineeringaand Environmental Laboratory
CHAPTER 3 - DESIGN OF STRUCTURES


COMPONENTS, EQUIPMENT, AND SYSTEMS -
UPGRADED FINAL SAFETY ANALYSIS REPORT


FOR THE ADVANCED TEST REACTOR


412.09(09/03/2002 -Rev. 7


Identifier: SAR-153
Revision: 10
Page: 3-71 of 3-200
Effective Date: 08/10/04


A subsequent analysis completed by Miller in 1980 investigated the response of the canal structure
(belowgrade). Miller reports frequencies from 2.0 to 25 hz for the ATR Canal model (Miller 1980).
Gorman (1986a) reports fundamental frequencies for the TRA Overhead Water Storage Tank and Tank
Tower (TRA-718) of about 0.4 hz in the horizontal direction and 3.1 hz in the vertical, The remaining
storage tanks (TRA-719A, B, and C) were evaluated using the peak acceleration from the governing
response spectra and TID-7024 criteria; hence, no frequencies were reported in the stress analysis
document. No seismic analysis other than the original design have been completed on the Firewater Pump
]louses (TRA-619, -633), hence, no frequencies are available for these facilities.


The summary reports listed above present the analytical results in terms of factors of safety for the
most critically loaded members in each of the facilities. Table 3.7-5 presents a summary of the results as
contained in the stress analysis reports. From this table, it can be seen that, with few exceptions, the
stresses at the critical locations are within the allowable limits.


In the Reactor Building several columns and beams were reported to be slightly overstressed. The
WI Ox66 columns supporting the girders in the reactor vessel area were reported to have capacity to
demand ratios of 0.84, indicating an approximate overstress of 19%, Recommendations to strengthen
these columns by adding a plate to the flange of the columns was made in Davidson (1976). The
remaining overstresses reported in Davidson (1976) are within 10% of the allowable stresses. Since
conservative assumptions were made in the analysis, no further recommendations for upgrade were
proposed in Davidson (1976). The remaining category I facilities show no indication of overstress. A later
reevaluation of the W 10x66 columns by Gorman in 1980 using plastic design methods of the ASIC
manual showed the columns stresses were within allowables. As a result, no modifications were
recommended for the columns (Gorman 1980).


The reactor building's substructure and superstructure portions were included in an approximate
model used to generate floor response-spectra as part of the probabilistic risk assessment (Fide, Khericha,
and Thatcher 1989).


3.7.2.3 Procedure Used for Modeling. Fide, Khericha, and Thatcher (1989) developed an
approximate structural model of the reactor building as part of the probabilistic risk assessment'. The
reactor building's structure was represented by an equivalent-stiffness, lumped-mass model. The
substructure, which consisted of the heavy concrete shear walls and slabs at and below grade, was
modeled explicitly. The superstructure was modeled as a rigid mass attached to the top floor of the
substructure. The substructure portion of the structure was modeled as discrete lumped masses
interconnected by vertical beam elements. Lumped masses were located at the mass centroids, elevations
of 79 ft (first basement) and 98 It (first floor). The masses included the weights of the structure, the
attached equipment, and the water in the storage canal. Mass properties of the superstructure, including
weight of the structure, roofing, and other attached components, were added to the substructure's
first-floor mass.


'fl re approximate structural model was required for the ATR probabilistic risk assessment (PRA). Floor response spectra were
generated from the simplified model and were used in estimating demand on the seismic category I components. Simplified
lumped-mass stick models were often used in generating floor response spectra for this purpose. The lumped mass stick
models need to be sufficiently detailed to capture the dynamic response characteristics of the superstructure including
frequencies, mode shapes, and participation factors. Response quantities of the supporting structure such as story shears,
overturning moments, and perhaps wall forces are not required.


The simplified model used for the PRA was developed to approximately match the eigensolution (for the major structural
modes) from the mote detailed model used in the evaluation of the ATR structure itself (Davidson, 1976). A comparison of the
structural response quantities was not performed, as it was not needed for the generation of floor response spectra.
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Stiffnesses of the beam elements connecting the lumped masses were represented by equivalent
elastic properties that condense the stiffness of the shear walls. The stiffnesses of all major walls
continuous between the base mat and the first floor were included. Overall structure stiffnesses were
calculated assuming that the floors act as rigid diaphragms. Equivalent elastic properties, including axial
areas, shear areas, and torsional and flexural moments of inertia, were used as model input. Beam
elements were located, in plan view, at the centers of rigidity. Displacements of the centers of mass and
centers of rigidity were rigidly linked.


3.7.2.4 Soil-Structure Interaction. No soi)-structure interaction (SSI) analyses were
performed as part of the original design for the Seismic Category I structures. The reactor building has
had some limited 5SI analyses completed on it. Gorman (1974) performed a limited assessment of the
supporting media, and concluded that the effects of SS1 would be to reduce the instructure horizontal
motion from that of the free-field, and that vertical motion would be nearly the same.


The current recommendations for inclusion of SSI effects in the design analysis criteria of SSC are
given in Gorman (1989b): "in general, soil-structure interaction effects and instructure support-point
amplification should be considered negligible at and below grade. However, where components are
supported by walls or floors with predicted fundamental frequencies less than 33 Hz, determination of
input design spectra should be evaluated on a case-by-case basis."


A median-centered response analysis was performed by Fide, Khericha, and Thatcher (1989) to
obtain realistic floor spectra. As part of this work, a soil-structure interaction analysis was performed. The
SSI response analysis was performed using the substructure technique. The CLASSI family of computer
programs, an implementation of the substructure approach, was the basis for the 5SI and structural-
response calculation.


The free-field input motion for the SSI analysis was specified at the top of the bedrock
outcropping. The control motion consisted of acceleration time histories. For the ATR site, Eide,
Khericha, and Thatcher (1989) defined the seismic input for the SSI analysis as the median
NUREG/CR-0098 (Newmark and Hall 1978) ground-response spectra for rock sites. Three synthetic
acceleration time histories were generated from previous U.S earthquakes record for use as the free-field
input motions for the SSI analyses. Response spectra generated from the resulting synthetic time histories
enveloped the median NUREGICR-0098 response spectra for rock sites.


The ATR is anchored directly to the bedrock. For other structures at TRA, Eide, Khericha, and
Thatcher (1991) noted that essentially no amplification of the bedrock motion by the soil overburden is
expected. Therefore, S51 is judged to have negligible influence on the seismic fuel damage frequencies.


A site-response analysis (Eide, Khericha, and Thatcher 1989) was performed to obtain ground
motion time-histories at the free surface for the SSI analysis. The soil profile used assumed a shear-wave
velocity of 700 fusee for a 60-fl layer of soil, and a shear-wave velocity of 3,500 ft/sec in the underlying
bedrock. One-dimensional wave-propagation analysis using SHAKE (Schnabel, Lysmer, and Bolton
1972) was used for site-response calculations'.


°. The computer code SHAKE has been verified to be in accordance with the EQE Quality Assurance Manual, dated
November 15, 1991, Revision 2 The EQE Quality Assurance program was prepared to establish quality assurance policy a
practice for engineering services offered to EQE clients. The program is intended to show compliance with the following
cnteriat (EQE 1991)


ANSUASME NQA- 1, "Quality Assurance Program Requirements for Nuclear Power Plants." (ASME 1989a)
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3.7.2.5 Development of Floor-Response Spectra . instructure-response spectra were
generated for the reactor building as part of the probabilistic risk assessment (Fide, Khericha, and
Thatcher 1989).


3.7.2.6 Three Components of Earthquake Motion. The original design, performed in
accordance with the 1961 UBC, assumed one direction of earthquake motion at a time. Gorman (1989b)
establishes that for analysis purposes, three mutually orthogonal components of excitation should be
assumed to occur simultaneously. The horizontal-direction components are defined as a 0.24 g, rock,
Regulatory Guide 1.60 motion. The vertical-direction component is defined as being 2/3 of the horizontal
motion. Many analyses completed to date are based on response resulting from one horizontal component
(worst) and one vertical component. Recent analysis has been based on three orthogonal components of
motion (Miller 1980).


3.7.2.7 Combination of Modal Response. The original design bases did not include
modal analyses of Seismic Category 1 structures. Analysis subsequent to Gorman (1972) combined modal
responses by a square-root of the sum of the squares method. Closely spaced modes were not treated any
differently.


3.7.2.8 Interaction of Non-Category I Structures with Seismic Category I
Structures . No analysis has been performed to assess the effect of seismic motion of non-Category I
structures on the performance of Seismic Category I structures. However, seismic walkdowns of the plant
have been completed as part of the PRA (Eide, Khericha, and Thatcher 1989) to assess the vulnerability
of important systems. These walkdowns consider the potential for related failures. Based on these results,
the fuel damage frequency from seismic events has been shown acceptable. Additionally, identified
vulnerabilities that are relatively easily removed have resulted in modifications. Based on these results,
there is limited need for a formal analysis of interaction between structures.


3.7.2.9 Effects of Parameter Variations on Floor-Response Spectra . No response
spectra have been developed for use in equipment design or qualification; thus, the effects of parameter
variations on floor-response spectra have not been quantified. Response spectra developed in support of
the PRA (Fide, Khericha, and Thatcher 1989) were based on best estimates of the soil and structure
properties. The effects of parameter variation in soil and structure properties were not accounted for
explicitly.


3.7.2.10 Use of Constant Vertical Static Factors . Constant vertical static factors are not
used in the analysis of Seismic Category I structures.


3.7.2.11 Method Used to Account for Torsional Effects. No additional corrections are
used in the analysis of Seismic Category I structures to account for the effects of torsion. In general,
analyses that have been completed subsequent to the original plant design have been three dimensional.
These three-dimensional models have explicitly modeled any plan irregularities so that torsional effects
would be accounted for.


3.7.2.12 Comparison of Responses. Subsequent to the original plant design,
response-spectrum approaches have been used in the analysis of Seismic Category I structures. No time
histories have been developed for use in upgrade design, or additional analysis to the SSE.
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3.7.2.13 Methods for Seismic Analysis of Dams. The ATR is located on the Big Lost
River basin. Streamflow in the basin is affected by storage and release of irrigation water (a) in the
Mackay Reservoir (capacity 44,370 acre-ft), 30 mi upstream from Arco and 4 mi northwest of Mackay
and (b) by the irrigation of about 57,500 acres of land by diversion from the river (Bennett 1990). The
INEEL flood-control diversion system, located upstream from the ATR, diverts flow from the main river
through the INEEL diversion channel into spreading areas to prevent flooding at downstream facilities.
The maximum diversion capacity of the diversion channels is about 9,300 fl3lsec (Bennett 1986).


Mackay Dam is located in a region of historical seismicity, as evidenced by the 1983 Borah Peak
earthquake. The performance of the dam during this earthquake demonstrated the stability of the
embankment during moderate ground motion. However, Mackay Dam was built without seismic-design
criteria, and it is unclear how seismically secure the structure really is. Because of the historical seismicity
in the area and the lack of seismic-design criteria for the structure, a seismically-induced failure has been
analyzed (Koslow and Van Haaflen 1986).


The postulated seismic failure of Mackay Dam was assumed to occur during an inflow to the
reservoir equal to the 25-yr recurrence interval flood (peak flow 4,030 efs). Because a seismic event
would disrupt a significant part of the dam's structure, the breech was assumed to be trapezoidal,
extending to the bottom of the structure at 5,997 fl-msl, and developing over a 1-hr period (Koslow and
Van Haaflen 1986).


Koslow and Van Haaften (1986) concluded that floodwaters resulting from this scenario would not
reach the TRA facilities area (where ATR is located) because of the area's elevation above the nearby
flood plain.


3.7.2.14 Determination of Seismic Category I Structure Overturning Moments. The
reactor building consists of a substructure made of heavily reinforced concrete, and a superstructure of
steel-frame construction with exterior walls made primarily of insulated aluminum sandwich panels. The
building's substructure is supported by subsurface rock. Approximately 2/3 of the substructure bears
directly on bedrock. The remainder of the substructure is supported by concrete piers to bedrock (Gorman
1974). The average depth of the substructure is about 42 fl, and the average superstructure height is about
38 ft. Overturning of the reactor building is not expected because of the geometry of the structure.
Davidson (1976) investigated member stresses due to the SSE.


The remaining Seismic Category I structures include the firewater pump houses (TRA-619,
-633, -688) and the firewater storage tanks (TRA-719A, -719B, -7190, -718, -781). Section 3.7.2.1
summarizes the seismic evaluations of these structures, including overturning moments.


3.7.2.15 Analysis Procedure for Damping. Damping values specified in Table 33-3 were
used in dynamic analysis. Equivalent modal damping values for coupled soil-structure systems were not
used, since soil-structure interaction analyses were minimal.
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3.7.3 Seismic Subsystem Analysis'


Seismic Category I systems and components (see Section 3.2. 1) were originally designed to
seismic loads specified in the 1961 Uniform Building Code (ICBO 1961). Subsequent to the original
design, safety standards have been developed that follow more stringent criteria than the Uniform
Building Code. Recognizing this situation, the Seismic Analysis Program Plan was initiated in early 1973
to assess the safety significance of differences between the as-built condition of vital systems and
components and the more recent safety standards (Mousseau 1973).


In general, the seismic-loading criteria for systems and components parallels that for structures. No
instructure-response spectra or amplified structural responses have been estimated for the evaluation of
equipment. Because amplification of ground motion resulting from the structural response of the reactor
building is not expected (Gorman 1974), systems and components, which have been analyzed subsequent
to the original design, have been analyzed to ground-response spectra. Section 3.7.1.1 describes the
evolution of the SSE as it is now defined.


3.7.3.1 Seismic-Analysis Methods. Gorman (1989b) contains recent criteria for the
seismic analysis of SSC. Methods applicable for subsystems are equivalent to those used in the analysis
of structures. For systems that have been qualified by analysis, the response-spectrum technique is
normally used.


3.7.3.2 Determination of Number of Earthquake Cycles. Fatigue requirements for
seismic loads were not investigated. The components making up the Reactor Coolant Pressure Boundary
were all designed prior to ASME nuclear codes (See UFSAR, section 5.2). The codes in force at the time
of design included ASA B31.1-1955 for piping, ASME Unfired Pressure Vessel Code, 1962 for Vessels
and Neat Exchangers, and Standards of the Hydraulic Institute, Centrifugal Pumps Section, 10th Edition,
1959 for Pumps. These codes did not specifically address fatigue limits for earthquake loads. In addition,
the seismic design and evaluation basis for the ATR subsequent to the original design has specified as the
ground motion event from a 0.24 g earthquake. This event has been postulated to be the "Safe Shutdown
Earthquake" for the plant. The current seismic fatigue requirements in ASME are specified only for the
OBE. Since an OBE was never specified for the ATR, no fatigue requirements are invoked.


3.7.3.3 Procedure Used for Modeling. Procedures used in modeling follow the
recommended interim earthquake criteria contained in Gorman (1989b). Analysis was completed as part
of the Seismic Analysis Program Plan (Mousseau 1973). Guidance contained in Standard RDT F9-2T
(AEC 1974) was also followed for subsystems analysis (Davidson and Thinnes 1974; Davidson 1975,
1976).


3.7.3.4 Basis for Selection of Frequencies. It was not necessary to separate fundamental
frequencies of components and subsystems from the forcing frequencies of the supporting structure
because coupled structure-system analyses were not performed.


'. For further information concern ing mechanical and elect ri cal systems and components see Section 3.9 and 3.10,
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3.7.3.5 Use of Equivalent-Static -Load Method of Analysis. Gorman (I 989b) allows
the use of the equivalent-static-load method of analysis, "where appropriate." Where this method was
used, the procedure contained in RDT F9-2T (AEC 1974) was followed:


I


Where response spectra were available for the support point, the equivalent static force for the
supported system or component was taken as


F =1.SWA,


where


F = equivalent static force to be applied at the center of mass of the system or
component


W, = mass of system or component including liquid contents


(3.7-I)


A, = peak acceleration from support point response spectrum for the appropriate system
or component damping value.


Where response spectra were not available for the support point, the equivalent static force for the
system or component was taken as


F=8.0WAg


where A. is the peak acceleration from the ground response spectrum for the appropriate system or
component damping value.


3.7.3.6 Three Components of Earthquake Motion. The same procedure as described in
Section 3.7.2.6 was used for subsystem analysis.


3.7.3.7 Combination of Modal Responses . The same procedure as described in
Section 3.7.2.7 was used for subsystem analysis.


3.7.3.8 Analytical Procedures for Piping. The ATR primary system piping was originally
designed to the American Standards Association (ASA) B31. ] Pipe Code. Other equipment was designed
to the ASME Section VIII requirements. Neither of these codes provides specific load categorization to be
used for earthquakes. Subsequent to the original design, additional analysis of piping systems have
followed Section 111 of the ASME Boiler & Pressure Vessel Code for faulted conditions as guideline
criteria for determining the adequacy of the piping and components. Additional guidance concerning
seismic loads and dynamic analysis contained in RDT-F9-2T (AEC 1974) was followed.


Seismic Category I piping includes the PCS and branch piping included in the PCS boundary. The
boundary is limited by the "maximum leak diameter." The maximum leak diameter for the PCS is 3 in.
(Davidson and Thinnes 1974). This means that leaks up to a diameter of 3 in. can be tolerated during safe
shutdown of the plant. Therefore, lines larger than 3 in. in diameter, and which were not restricted by an
orifice of 3 in. or less, were part of the analysis conducted by Davidson and Thinnes (1974).


The PCS surge tank and surge tank supports meet the intent of Section VIII of the ASME Boiler
and Pressure Vessel Code, ASME 1989c edition (Snow 1991a, 1993, 1994a).
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PCS piping was analyzed using the response-spectrum method to the SSE defined in Figure 3.7-1
(Davidson 1979). No additional instructure amplification was applied to the support points of the piping.
Each model used in the analysis was subjected to two seismic load cases. Each load case contained one
horizontal and one vertical component of motion. Thus, the three earthquake input directions were
considered in the analysis; however, for each model only I horizontal plus I vertical direction input was
placed on the model in any run. Stress results were based an the larger of two horizontal components plus
vertical. Relative displacements between anchor points were neglected. Modal contributions were
combined via square-root-sum-of-squares method, with all modes to at least 16 Hz accounted for in the
analysis. On smaller systems, all modes to 30 Hz were considered in accordance with RDT-F9-2T
(AEC 1974).


The PCS contains non-standard components consisting of field-fabricated tees, y-lateral
connections, eccentric reducers, pipe stub-ins, and short-radius elbows. These components cannot be
analyzed with the simplified code methods used in the Davidson (1979) analysis. These components were
analyzed subsequent to the Davidson (1979) analysis using the response-spectrum method, but using the
later-defined SSE (Gorman 1989b) as depicted in Figure 3.7-2 and Figure 3.7-3 (Harris 1989; Harris and
Burr 1989; Miller 1988, 1989a, 1989b, and 1989c). Loadings were applied in three orthogonal directions
simultaneously, and acceptance was based on a combination of elastic and elastic-plastic techniques.


The firewater redundant line (Miller and Yuan 1986), the firewater piping (Snow and
Hendrickson 1996, Snow 2001), the above-ground TRA firewater piping (Siemer 1982a), and the VVS
piping (Harris 1988) were later analyzed, again using the response-spectrum method to the SSE. The
analyses were performed using the NUPIPE-11 Code (See Table 3.9-2), a proprietary structural-analysis
code for the static and dynamic responses of linear systems. The response spectra for the Firewater
Redundant Line analysis are shown in Table 3.7-6. The response spectra used to obtain SSE loadings
were based upon a 1 % damping value and were applied in all three directions simultaneously. The
response spectra for the Firewater Piping System are shown in Table 3.7-7. The U.S. Atomic Energy
Commission Regulatory Guide 1.60 (NRC 1973b) was followed for the damping. Response spectra were
applied in the two horizontal directions and the vertical direction simultaneously with the results being
combined by the 10% rule for closely spaced modes per NRC requirements. A maximum bedrock
acceleration of 0.24 g was used. The response spectra for the VVS analysis are shown in Table 3.7-6. The
response spectra used to obtain SSE loadings were based upon a 2% damping value and were applied in
all three directions simultaneously.


The Firewater Redundant Line piping meets the design criteria established by the pertinent
subsections of Section 111 of the 1980 ASME Boiler and Pressure Vessel Code (Miller and Yuan 1986;
ASME 1980b). The recommended piping support modifications are completed. The Firewater Piping
System meets the design requirements of the ANSUASME 831.1 Code (Snow and Hendrickson 1996,
Snow 2001; ASME 1980a). The portion of the firewater piping that lies within the radiographic boundary
also meets the design requirements of the pertinent subsections of Section 111 of the 1990 ASME Boiler
and Pressure Vessel Code (Snow and Hendrickson 1996, Snow 2001; ASME 1990). All supports for that
portion of the Firewater Piping System within the radiographic boundary meet the Class I support
requirements of Section Ill of the ASME Boiler and Pressure Vessel Code (Snow and Hendrickson 1996,
ASME 1990). The TRA utility area piping contained within pumphouses TRA-619 and TRA-633, and the
above ground piping attached to water tanks TRA-719A, TRA-719B, and TRA-719C also meets the
design requirements of the pertinent subsections of Section 111 of the 1980 ASME Boiler and Pressure
Vessel Code (Siemer 1982a, ASME 1980b). All piping supports in TRA-619 and TRA-633 have been
replaced as recommended and meet the ASME Code Rules for Level D service (Siemer 1982a, ASME
1980b). The firewater piping associated with TRA firewater tank (TRA-78 1) and pumphouse (TRA-688)
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meets the design requirements of the 1986 ASME Boiler and Pressure Vessel Code (Brower 2001; ASME
1986). VVS meets the design criteria of the pertinent subsections of Section 111 of the 1986 ASME Boiler
and Pressure Vessel Code (Harris 1988; ASME 1986).


3.7.3.9 Multiply Supported Equipment Components with Distinct Inputs, Anchor
points for Seismic Category I piping in the reactor building were assumed to respond rigidly with the
ground. They were assumed to do so because all anchor points are at nearly the same elevation and
because the reactor building is very stiff, not allowing large relative displacements (Davidson and
Thrnnes 1974). No multiple-point inputs were used.


3.7.3.10 Use of Constant Vertical Static Factors. Constant vertical static factors are not
used in the analysis of Seismic Category I subsystems.


3.7.3.11 Torsional Effects of Eccentric Masses. Torsional effects of eccentric masses on
subsystems are generally accounted for through the use of three-dimensional models, which explicitly
model eccentricities between the centers of mass and centers of rigidity of subsystems. This guidance is
contained in RDT-F9-2T (AEC 1974).


3.7.3.12 Buried Seismic Category I Piping Systems and Tunnels. The firewater
system consists of the raw-water storage tanks, electric and diesel-driven firewater pumps, buried
distribution piping, and associated valves and controls necessary to supply water to the EFTS in the
reactor building. The firewater system's buried piping has undergone numerous studies intended to show
compliance with ASME Code Rules for Level D service (Miller 1978; Siemer 1981; Yuan 1983; Gorman
1986b; Call 1986; Miller and Yuan 1986; Brower 2001).


The firewater system has been analyzed to the 0.24 g Housner ground spectrum (Figure 3.7-1) for
the horizontal directions, and 2/3 of the horizontal for the vertical (Miller 1978). Subsequent to Miller's
(1978) analysis, modifications were completed to reduce the stress in the buried firewater piping to
acceptable levels. The upgrades to the firewater system were completed to ensure flexibility in the
firewater piping in the vicinity of attachments to buildings and tanks (Gorman 1986b).


3.7.3.13 Interaction of Other Piping with Seismic Category I Piping. The primary
coolant pressure boundary is almost entirely isolated from high-energy system piping. For the most part,
there is only moderate-energy and low-temperature piping in the vicinity of the pressure boundary.
Therefore, there is limited need for piping interaction analyses. The exception is loop piping in the subpile
room and in the corridors that surround the reactor vessel (e.g., the safety rod drive corridor). An
evaluation of the potential for failure of loop piping in these areas and the potential effects on the primary
coolant pressure boundary is discussed in Chapter 10 (Experiment and Irradiation Facilities). The
evaluation concludes that primary coolant pressure boundary failures will not result from failures of loop
piping.


3.7.3.14 Analysis Procedure for Damping. Damping values specified in Table 3.7-3 were
used in dynamic analysis. In coupled system models, the lowest value of damping was used for all modes
of response.
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3.7.4 Seismic Instrumentation


3.7.4.1 Comparison with Regulatory Guide 1 .12. Regulatory Guide 1.12 (NRC 1974b)
establishes criteria acceptable to the regulatory staff for satisfying the seismic instrumentation
requirements in paragraph VI (9a)(3) of Appendix A to 10 CFR 100 (CFR 1977) for assuring the safety
of nuclear power plants. The purpose of the strong motion instrumentation is to allow comparison of in-
structure response, and component response to measured seismic motion. Regulatory Guide 1.12
recommends placing one triaxial peak accelerograph at one location of each of the following:


• A selected location on the reactor equipment


• A selected location on the reactor piping


• The most pertinent location on one of the following outside of the containment structure:


- Seismic Category I equipment


- Seismic Category I piping


In addition to the three strong-motion accelerographs, Regulatory Guide 1.12 recommends placing
triaxial response-spectra recorders (a) at the containment foundation, (b) on the supports for piping or
reactor equipment, (c) at the foundation of an independent Seismic Category I structure where the
response is different from that of the reactor containment structure, and (d) at either a Seismic Category I
equipment support or appropriate floor location, or a Seismic Category 1 piping support or appropriate
floor location (NRC 1974b).


The instrumentation at the reactor building falls short of meeting the recommendations of
Regulatory Guide 1.12 (NRC 1974b); however, the reactor building is considerably less complex than
that of a typical pressurized-water reactor, and the instructure response is expected to be less amplified
than that of a commercial power reactor. Furthermore, the design basis for SSC for the ATR was
established prior to the issuance of Regulatory Guide 1.12. Subsequent analysis have used ground spectra
to define the expected instructure response.


3.7.4.2 Location and Description of Instrumentation . One strong-motion
accelerograph is mounted in the reactor building basement (TRA-670). An additional strong-motion
accelerograph is mounted in the basement of the ETR reactor building (TRA-642). Both instruments are
Kinemetrics SMA-1 model triaxial time history accelerographs (Jackson et al. 1991 a).


These instruments were located as part of a strong-motion accelerograph network begun at the
[NEEL in 1973. In conjunction with the strong-motion accelerographs (SMA), a seismic monitoring
network is maintained by the Contractor. These instruments form the basis for the INEEL Seismic
Network. The INEEL started its network in December 1971 for the purpose of monitoring earthquake
activity on and around the eastern Snake River Plain in the vicinity of the ]NEEL_ The INEEL collects
earthquake data to develop a historical seismic-data base. The INEEL began its SMA network for the
purpose of recording strong ground motions from local moderate or major earthquakes. The INEEL
collects SMA data to determine the amount of ground motion and response of the facilities to ground
motion during a large earthquake. In addition, the earthquake data are used to assess seismic hazards and
develop seismic-design criteria for the INEEL.
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3.7.4.3 Control Room Operator Notification . Seismic switches are located in the rod
access corridor of the reactor building as part of the PPS. The switches are set to trip the reactor at peak
ground accelerations of 0.01 g. Control room personnel would have indication of the cause of a scram
thereby recognizing the occurrence of a seismic event. This indication from the PPS is reliable since a
failure in the PPS instrumentation is a low probability. Combining the probability of instrument failure
with a low probability seismic event results in a negligible probability that the operator would not have
indication of the event, The information from the SMA is available after an event to support evaluation
and restart of the reactor. The strong-motion accelerograph is maintained by the INEEL (Jackson et al.
1991a,b). After a seismic shutdown, a review of SSC would be required to show readiness for post-
earthquake operation.


3.7.4.4 Comparison of Measured and Predicted Responses. No instructure response
spectra were developed for SSE design of Seismic Category I SSC. Predicted response is, therefore, not
available on a component basis. No procedures are in place to direct the comparison between measured
response at the base mat of the reactor building and design-basis spectra. Analyses of other structures at
TRA indicated little effect due to soil-structure interactions. Therefore, the analysis of the ATR systems
does not include an amplification. Since there is little effect expected, there are no preparations to
evaluate the differences.


Table 3.7-1. Horizontal design spectra for safe shutdown earthquake!
Accelerations (g) for listed
roenta es of critical dam ing


Frequency
(Hz)


Period
(s) 0.5% 2% 5% 7"/0 ]0°10


0.10 10.000 0.0282 0.0221 0.0181 0.0166 0.0150
0.20 5.000 0.1130 0.0883 0.0724 0.0664 0.0600
0.25 4000 0.1766 0.1379 0.1131 0.1037 0.0938
0.30 3.333 0.2083 0.1616 0.1314 0.1200 0.1078
0.33 3.000 0.2292 0,1771 0.1433 0.1305 0.1169
0.40 2.500 0.2705 0.2075 0.1665 0.1510 0.1344
0.50 2.000 0.3313 0.2519 0.2000 0.1805 0.1595
0.60 1.667 0.3909 0.2951 0.2323 0.2088 0.1834
0.70 1.429 0.4496 0.3375 0.2637 0.2361 0.2064
0.80 1.250 0.5075 0.3790 0,2943 0.2627 0.2286
0.90 1.111 0.5648 0.4198 0.3243 0.2886 0.2502
1.00 1.000 0.6215 04601 0.3536 0.3140 0.2712
1.20 0,833 0.7334 0.5390 0.4108 0.3632 0.3119
1.40 0 714 0.8436 0.6163 0.4663 0.4108 0.3510
1.60 0.625 0.9523 0.6921 0.5205 0.4570 0.3888
1.72 0.580 1.0191 0.7386 0.5534 0.4851 0.4117
1.80 0.556 1.0598 0.7667 0.5734 0.5021 O.4255
2.00 0.500 1,166] 0.8402 0.6253 0.5462


E


0.4612
2.20 0.455 1.2715 0.9128 0.6762 0.5894 0.4962
2.40 0.417 1.3760 0.9845 0.7264 0.6319 0.5304
2.60 0.385 1.420 1 1.0143 0.7470 0.6492 0.5442







Idaho National Engineering and Environmental Laborator y
CHAPTER 3 - DESIGN OF STRUCTURES


COMPONENTS, EQUIPMENT, AND SYSTEMS -
UPGRADED FINAL SAFETY ANALYSIS REPORT


FOR THE ADVANCED TEST REACTORI
Table 3.7-1. ( continued).


412.09 (09/03/2002 - Rev. 7


Identifier: SAR-153
Revision: 10
Page: 3-81 of 3-200
Effective Date: 08/10/04


Accelerations (g) for listed
rcenta es of critical dam in


Frequency
(Hz)


Period
(s) 0.5% 2% 5% 7% 10%


2.80 0.357 1.4052 1.0036 0.7392 0.6424 0.5384


3.00 03 33 1.3915 0.9938 0.7320 0.6362 0.5332


3.20 0.313 1.3788 0.9847 0.7254 0.6304 0.5283


3.40 0.294 1.3670 0.9762 0.7191 0.6251 0.5238


3.60 0.278 1.3559 0.9683 0.7133 0.6200 0.5195


3.80 0.263 1.3455 0.9608 0.7079 0.6153 0.5155


4.00 0.250 1.3358 0.9538 0.7028 0.6109 0.5118


4.20 0.238 1.3265 0.9472 0.6979 0.6067 0.5082


4.60 0.217 1.3095 0.9350 0.6890 0.5990 0.5017


4.80 0.208 1.3016 0.9293 0.6848 0.5954 0.4987


5.00 0.200 1.2941 0.9239 0.6809 0.5919 0.4958


6.00 0.167 1.2610 0.9002 0.6635 0.5769 0.483]


6.67 0.150 1.2423 0.8868 0,6536 0.5684 0,4759


7.00 0.143 1.2337 0.8806 0.6491 0.5645 0.4726


8.00 0.125 1.2105 0.8640 0.6370 0.5539 0.4637


9.00 0.111 ].1904 0.849b 0.6264 0.5448 04560


1000 0.100 1.0454 0.7668 0.5795 0.5048 04329


1200. 0.083 0.8350 0.6422 0.5065 0.4544 0.3956


14.00 0.071 0.6906 05528 0.4520 0.4123 0.3666


16.00 0.063 0.5858 0.4854 0.4096 0.3790 0.3432
18.00 0.056 0.5066 0.4329 0.3755 0.3518 0.3238


20.00 0.050 0.4449 0.3907 0.3474 0.3292 0.3074
22.00 0.045 0.3956 0.3561 0.3238 0.3100 0.2932
24.00 0.042 0.3554 0.3272 0.3036 0.2934 0.2809
26.00 0.038 0.3220 0.3027 0.2862 0.2790 0.2700
28.00 0.036 0.2939 0.2816 .0.2710 0.2662 0.2603
30.00 0.033 0.2699 0.2633 0.2575 0.2549 0.2516
32.00 0.031 0.2493 0.2473 0.2455 0.2447 0.2437
34.00 0.029 0.2400 0.2400 0.2400 0.2400 0.2400
36.00 0.028 0.2400 0.2400 0.2400 0.2400 0,2400
38.00 0.026 0.2400 0.2400 0.2400 0.2400 0.2400
40.00 0.025 0,2400 0.2400 0.2400 0.2400 0.2400
50.00 0.020 0.2400 0.2400 0.2400 0.2400 0.2400
100.00 0,010 0.2400 0.2400 0.2400 0.2400 0.2400


a. C,aman 1989b.
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Table 3.7-2. Vert ical design spectra for safe shutdown earthquake a


Accelerations (g) for listed
percentages of critical damping


Frequency
(Hz)


Period
(s) 0.5% 2% 5% 7% 10%


0.10 10.00 0.0188 0.0147 0.0121 0.0111 0.0100


0.20 5.00 0.0753 0.0588 0.0483 0.0443 0.0400


0.25 4.00 0.1177 0.0920 0.0754 0,0692 0.0625


0.30 3.33 0.1389 0.1077 0.0876 0.0800 0.0719


0.33 3.00 0.1528 0.1181 0.0955 0.0870 0.0779


0.40 2.50 0.1803 0.1383 0.1110 0.1007 0.0896


0.50 2.00 0.2208 0.1679 0.1333 0.1203 0.1063


0.60 1.67 0.2606 0.1968 0.1549 0.1392 0.1223


0.70 1.43 0.2997 0.2250 0.1758 0.1574 0.1376


0.80 1.25 0.3384 0.2526 0.1962 0.1751 0,1524


0.90 1.11 0.3765 0.2799 0.2162 0.1924 0.1668


1.00 1.00 0.4143 0.3067 0.2357 0.2093 0.1808


1.20 0.83 0,4889 0.3594 0.2739 0,2421 0,2079
1,40 0.71 0.5624 0.4109 0.3109 0.2739 0.2340


1.60 0.63 0,6349 0.4614 03470 0.3047 0.2592


1.72 0.58 0.6794 0.4924 0.3690 0.3234 0.2744


1.80 0.56 0.7065 0.5111 0 3823 0.3347 0,2836
2.00 0.50 0.7774 0.5601 0.4168 0.3641 03075


2.20 0,45 0.8477 0.6085 0,4508 0.3929 0.3308


2.40 0.42 0.9174 0.6563 0.4843 0.4212 0.3536


2.60 0.38 0.9467 0,6762 0.4980 0.4328 0.3628


2,80 0.36 0.9368 0.6691 0.4928 0.4283 0.3590


3.00 0.33 0,9277 0.6625 0.4880 0.4241 0.3555


3.20 0.31 0.9192 0.6565 0.4836 0.4203 0.3522


3.40 0.29 0.9113 0.6508 0.4794 0.4167 0.3492


3.60 0.28 0.9039 0.6455 0.4756 0.4134 0.3463


3.80 0.26 0.8970 0.6406 0.4719 0.4102 0.3437


4.00 0.25 0.8905 0.6359 0.4685 0.4073 0.3412


4.20 0.24 0.8844 0.6315 0.4653 0.4045 0.3388


4,40 0.23 0.8785 0.6273 0.4622 0.4018 0.3366


4.60 0.22 0.8730 0.6233 0.4593 0.3993 0.3345


4.80 0.21 0.8677 0.6196 0.4565 0.3969 0.3325


5.00 0.20 0.8627 0.6160 0.4539 0.3946 0.3305
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Table 3.7-2. (continued).
Accelerations (g) for listed


percentages of critical damping


Frequency
(Hz)


Period
(s) 0.5% 2% 5% 7% 100!0


6.00 0.17 0.8407 0.6001 0.4423 0.3846 0.3221


6.67 0.15 0.8282 0.5912 0.4358 0.3789 0.3173


7.00 0.14 0.8224 0.5871 0.4328 0.3763 0.3151


8.00 0.13 0.8070 0.5760 0.4246 0.3693 0.3091


9.00 0.11 0.7936 0.5664 0.4176 0.3632 0.3040


10.00 0.10 0.6970 0.5112 0.3863 0.3398 0.2886


12.00 0.08 0.5567 0.4281 0.3377 0.3029 0.2637


14.00 0.07 0.4604 0.3685 0.3014 0.2748 0.2444


16.00 0.06 0.3905 0.3236 0.2731 0.2526 0.2288


18.00 0.06 0.3377 0.2886 0.2503 0.2345 0.2159


20.00 0.05 0.2966 0.2605 0.2316 0.2195 0.2049


22.00 0.05 0.2637 0.2374 0.2159 0.2067 0.1955


24.00 0.04 0.2369 0.2181 0.2024 0.1956 0.1873


26.00 0.04 0.2147 0.2018 0.1908 0.1860 0.1800


28.00 0.04 0.1959 0.1877 0.1806 0.1775 0.1735


30.00 0.03 0.1800 0.1756 0.1717 0.1699 0.1677


32.00 0.03 0.1662 0.1649 0.1637 0.1631 0.1625


34.00 0.03 0.1600 0.1600 0.1600 0.1600 0,1600


36.00 0.03 0.1600 0.1600 0.1600 0.1600 0.1600


38.00 0.03 0.1600 0.1600 0.1600 0.1600 0.1600


40.00 0.03 0.1600 0.1600 0.1600 0.1600 0.1600


50.00 0.02 0.1600 0.1600 0.1600 0.1600 0.1600


100.00 0.01 0.1600 0.1600 0.1600 0.1600 0.1600
a. Gomnan 1989b
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Table 3.7-3. Damping values to be used in d namic an
Structure or component Safe shutdown earthquake


Equipment and Large-diameter r in systems ° i diameter eater than 12 in. 3


Small-diameter i in systems, diameter a ual to or less than 12 in. 2


Welded steel structures 4


Bolted steel structures 7


Prestressed concrete structures 5


Reinforced concrete structures 7
a. Includes both material and structural damping. If the piping system consists of only one or two spans with little structural


damping, use values for small-diameter piping.


superstructure vibration.'


Mode number
Frequency


(Hz) Comment s
1 - 4 1.6-3.0 Roof irder


5-11 3.2 - 41) Building corn nenls (cranes. etc.)


12 4.0 Roof girder


13 4.4 Canal-area roof beams


14 4.4 Buildin components


15 4.4 Most of ATR buildin and canal - area roof beams


16 - 18 4.5 - 4.8 Canal-area roof beams


19 4.8 Building components
20 4.8 Canal-area roof beams and reactor-area roof girders


21 4,9 Building components
22 5.0 Canal-area roof beams


23 5.0 Building components
24 5.1 Canal-area roof beams
25 5.1 Building co vents


26 - 28 5,2-5.4 Roof girders
29 5.5 Buildin components
30 5.6 Most of buildin


a. Davidson 1976
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Table 3.7-5. Summary of Stress Result for Seismic Analysis of Category I Structures ( Davidson, 1976;
Miller, 1980 ; Fors, 1982; Gorman , 1986a)


Location Reported Stress(D)


Allowable
Stress
(C)


Factor of
Safety
(C/D)


ATR Reactor Building
Bracing at Node 67 - 2,27
Column-Cri tical Facility - - 1.32
Beam-Cri tical Facility - - 0.93
Beam-Cri tical Facility - - 1.09
Column -Node 49 - - 1.19
Beam-Node 49 - - 1.72
Column-Nodes 125, 144 , 177, 186 - - > 1a


Column-Lines 7-C - 2,08
Column -Nodes 45, 53 - - 1.01
Roof Beam - Nodes 45, 53 - - 0.95
Column -Node 2 29 - - 1.03
Reactor Area Liner - - 8.33
Confinement Boundary - - 2.08
Confinement Boundary - - 1.06


Ala-S-1-orage Canal
Worst Loaded Member:
Bending (M.)
Bending (Mn)
Shear
Tension


11.12 k -ftift
19.49 k-f /11
21.4 psi
47 . 9 psi


92. 4 k-ft/ft
59.0 k-ft/ft
93.1 psi
493 psi


8.31
3.03
435
10.29


MTR Storage Tanks (TRA-719A, 7 3 9B. 719C)b
Plates (TRA-719A, -719B) 7.6 ksi 17.0 ksi > I
Plates (TRA-719C) 12.6 ksi 20 ksi > I
Overhead Water Storage Tank (TRA-718)


Leg (Beam No. 2) - - 1,1
Horizontal Bracing
(Truss No. 53 & 55)


-- - 1.13


Diagonal Bracing
(Truss No . 33 & 39)


- - 1.08


Anchor Bolt s (Leg Base) - - 455
Anchor Bolt Leg Bracket - 1.56
Bearing on Concrete Base - - 4.00
Foundation Uplift 1. 02 to 1.87
Soil Bearing - -- 156���


ASIC Plastic design


6. Water level 5 28 ft for TRA-719A and -719B, and 5 26 31 for 7RA-7 19C.


I
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Table 3.7-6. ATR re n
Accelerations for El Centro and ATR


Period
(s)


El Centro horizontal


(Ells)


ATR horizontal'


O


ATR venicalb
{ )


0.0 10.63 0.240 0.160


0.01 10.67 0.241 0.161


0.02 10.85 0.245 0.163


0.05 12.0 0.271 0 18 1
0.08 13.5 0.305 0.203
0.10 15.12 0.342 0.228


0.13 18 .3 0.413 0.276


0.2 23.0 0.519 0.346


0.3 24.5 0.553 0.369


0.4 23.5 0.531 0.354


0.8 16.0 0.361 0.241


1.0 12.5 0. 282 0.188


1.4 9.0 0.203 0.136
2.0 6.8 0.154 0. 102


3.0 5.0 0.113 0.075
50.0 5.0 0.113 0.075


024°
a. ATR accelerati on = El Centro acceleration x


0.33


b. Vertical ATR acceleration = 2/3 ho ri zontal ATR acceleration,


Table 3.7-7. ATR Response Spectra for SSE (ATR Firewater System Pi


Frequency
(Hz)


X-Direction acceleration
(g)


Y-Direction
Acceleration


(g)


Z-Direction
Acceleration


(g)
0.001 0.110 0.073 0.110
0.200 0.110 0.073 0.110
2.500 0.751 0.501 0,751
10.00 0.545 0.363 0.545


1 1 33 0.480 0.320 0.480
16.67 0.432 0.288 0.432
20.00 0,380 0.253 03 80
33.00 0.240 0.160 0.240
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ctra for SSE (Redundant Firewater System and Vessel Vent S ste


ing).
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(a) Average velocity spectrum curves


0.8


1.2 1.6 2.0 2.4 2
Period (seconds)


(a) Average acceleration spectrum curves


Scale factors (related to spectrum intensity ratios)
1940 El Centro 2.7
1934 El Centro 1.9
1949 Olympia 1.9
1952 Taft 1.6


To obtain the TRA design spectrum, apply a 1.93 scale multiplier to all of the above
acceleration spectrum ordinates.


03-GA50703-01


Figure 3.7-1. Safe Shutdown Earthquake design spectra from Gorman ( 1972). (For Information Only)







Idaho National Engineering and Environmental Laboralorv
CHAPTER 3 - DESIGN OF STRUCTURES


COMPONENTS, EQUIPMENT, AND SYSTEMS -
UPGRADED FINAL SAFETY ANALYSIS REPORT


FOR THE ADVANCED TEST REACTOR


412.09 (0910312002 • Rev. 7
Identifier : SAR-153
Revision: 10
Page : 3-88 of 3-200
Effective Date : 08/10/04


Figure 3.7-2. Safe Shutdown Earthquake horizontal design response spectra (Gorman 1989b).
(For Information Only)
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Frequency (Hz)


Figure 3.7-3. Safe Shutdown Earthquake vertical design response spectra (Gorman 1989b)
(For Information Only)
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Figure 3.7-4. Alternate damping values for response spectra analysis of Class 1, 2, and 3 piping
(ASME Code Case N-41 1-1). (For Information Only)
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Figure 3.7-5. Cross sections through the Advanced Test Reactor area. (DWG ATR-1075-iv1TR-104-2) Depths to bedrock are prior to construction.
See Figure 3.7-6 for locations of cross sections- (For Information Only)
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Figure 3.7-7. Shear moduli versus depth at ETR (Gorman , Guenzler, and Moore 1976) (For Information
Only)
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Figure 3.7-8. Shear moduli and damping ratios versus shear strain for sand and gravel (Gorman,
Guenzler, and Moore 1976). (For Information Only)
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3.8 Design of Seismic Category I Structures


3.8.1 Reactor Building


This section provides the following information on the ATR building:


• Physical description


• Applicable design codes, standards, and specifications


• Loading criteria, including loads and load combinations


• Design and analysis procedures


• Structural-acceptance criteria


• Materials, quality-control programs, and special construction techniques


• Testing and inservice-inspection programs.


3.8.1.1 General Description . The reactor building is a complex of enclosed areas
approximately 200 x 200 it, extending a maximum of 60 ft above grade and 60 fl below grade. The
average depth of the substructure is about 42 ft, and the average superstructure height is about 38 ft.
Building elevations and pertinent cross sections are shown in Figures 3.8-1 through 3.8-6.


The first floor, shown in Figure 3.8-7, is located at grade and is divided into the following areas:
reactor area, truck airlock, storage-canal area, utility area (including diesel-generator pit), general storage
and laydown area, critical-facility area, control rooms, and offices. The first and second mezzanine floors,
shown in Figure 3.8-8, are devoted to rooms for offices and for heating-and-ventilating equipment. The
first and second basements, shown in Figures 3.8-9 and 3.8-10, are used for experiment cubicles and
equipment, electrical equipment, heat exchangers, demineralizer equipment, heating-and-ventilating
equipment, and other associated items.


3.8.1.1 .1 Confinement-The building is divided into two basic types of design,
confinement and non-confinement. The confinement volumes have been selected to include all areas
where an accidental contaminated release from the reactor or loop experiments can occur, or where sealed
penetrations from such an area to an otherwise "clean" area would be difficult to maintain during normal
operation. The confinement volume includes the following: reactor area, including freight and passenger
elevators; reactor-control room; instrument-repair room; data-readout room; Office Number 110; truck
airlock; first basement; and second basement. These areas are illustrated in Figures 3.8-3 through 3.8-11.
Details of the confinement penetrations and wall sections are shown on Figures 3.8-12 and 3.8-13.


3.8.1.1 . 2 Reactor Area-The reactor area is located in the south central portion of the
building, and measures approximately 88 ft (N-S) x 100 ft (E-W), as shown in Figures 3.8-3, 3.8-4, and
3.8-7. The area is bounded on the east by offices, on the west by the critical facility-area, and on the north
by the storage-canal area. The storage canal area is isolated from the reactor area by a steel wall with four
doors: a truck door, two personnel doors, and a door over the canal.
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The door over the canal is a vertical-lift door made of solid steel plate. To make a confinement
sea], the door has an inflated gasket around its sides and top, and extends two ft below the canal's surface
water level. Therefore, the working canal water forms a seal between the door and the bulkhead in the
working canal south of the door, Two overhead steel doors are located in the south wall to accommodate
trucks. A truck airlock extends south from the west truck door on the reactor area's south wall. The
airlock measures 82 ft (N-S) by 25 ft (E-W) by 22 It high. A sliding truck door is located in the south wall
of the airlock.


The reactor is located about 66 ft from the south wall. The working canal is located north of and
adjacent to the reactor vessel, and connects directly to the storage canal. The nozzle access trench,
reached by stairway from the reactor room, is concentrically arranged around the reactor. The trench's
outer walls extend 3 ft above the floor and join the working canal's parapet walls on the north side of the
reactor, The reactor area is served by a 40-ton-capacity overhead crane furnished with a 10-ton-capacity
auxiliary hoist. A 2-ton-capacity bridge crane at a higher level with limited east-west coverage is also
provided.


3.8.1.1 .3 Storage-Canal Area-The storage-canal area, shown in Figures 3.8-5
through 3.8-7, is located north of the reactor area. It measures approximately 44 It (N-S) x 200 ft (E-W),
and extends 48 ft from floor to roof. A mezzanine level at the east end of the storage-canal area supports
heating-and-ventilating equipment. The canal length is approximately 156 ft (E-W). A truck aisle is
provided north of the canal with roll-up steel doors in the east and west building walls. The storage-canal
area is isolated from the reactor area by a steel wall that has a truck door, a door over the canal, and two
personnel doors (Section 3.8.1.1.2). The area is served by a 30-ton-capacity bridge crane furnished with a
5-ion-capacity auxiliary hoist. There is also a 2-ton-capacity jib crane located next to the canal door
between the canal area and the reactor area for material transfers.


3.8.1.1 .4 Utility Area-The utility area (Figures 3.8-5 through 3.8-7), is located in the
northeast corner of the building, and is approximately 68 It wide (N-S) x 105 ft long (E-W). Two
1,500-kW diesel generators are located on the north side in a 6-fl deep pit that is 25 It (N-S) x 88 It
(E-W). Heating-and-ventilating equipment is located in the southeast corner, and the process-control
room and other offices are located in the southwest corner, The battery banks for the PPS backup power
are south and southwest of the 6-ft deep diesel generator pit. The battery banks are enclosed by reinforced
concrete block walls (cubicles). Fire walls separate the utility area from the storage-canal area to the south
and the storage and laydown area to the west. The exterior wall along the east side of the area is also a fire
wall for protection from the main transformers, externally located east of this area. A 7.5-ton-capacity
bridge crane is provided over the diesel generators for servicing and maintenance. Truck access to the
area is provided by a roll-up steel door in the north wall.


3.8.1.1.5 General Storage and Laydown Area-The storage and laydown area
shown in Figures 3.8-3, 3.8-6, and 3.8-7, located west of the utility area , is approximately 68 ft (N-S) x
95 ft (E-W). Space for general storage and a tool room is provided. Concrete floor hatches are located
over the heat exchangers and the primary coolant pumps, and a 12-ton monorail is located over the pump
hatches. Removable roof hatches permit removal of heat exchangers by a yard crane. Truck access to the
area is by means of a roll-up steel door in the north wall. Fire walls separate the storage area from the
storage-canal area to the south and from the utility area to the east.
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3.8.1.1 . 6 Critical-Facility Area-The critical-facility area, shown in Figures 3.8-4,
3.8-6, and 3.8-7, is located south of the storage-canal area and west of the reactor area. It measures
approximately 50 ft (E-W) x 66 ft (N-S). The ATR Critical Facility (ATRC) is located in an extension of
the storage canal . Heating-and-ventilating equipment is located on the mezzanine level south of the
ATRC. Each mezzanine is provided with an exterior exit and an enclosed stairway to the first floor. The
floor area around the critical facility is adequate for storing casks and other equipment. Truck access is by
means of a roll-up door in the west wall. Steel firewalls and doors separate the critical-facility area from
the storage-canal and reactor areas. The critical-facility canal may be isolated from the storage canal by a
vertical-lift door and an isolation bulkhead. The ATRC is the subject of a separate analysis report.


3.8.1.1 .7 Offices-The office area, Figures 3.8-4 through 3.8-8, located east of the
reactor area, is approximately 50 ft (E-W) x 88 ft (N-S), and is two stories high. The reactor-control
room, instrument-repair and data-readout rooms, and Room 101 are all located on the first floor, north of
the entry passage. The control room is adjacent to the reactor area , and windows are provided for viewing
the reactor space. The operations laboratory, men's locker and shower room, and health physics staff
offices are located south of the main entry. A stairway off the entry hall leads to the mezzanine office
area.


Additional office space, Figures 3.8-6 and 3.8-7, is located in the southwest corner of the building
and is approximately 26 ft (E-W) x 31 ft (N-S). The room is shielded against background radiation by
two-ft-thick concrete walls, floor, and ceiling.


3.8.1.1 .8 First Basement-The first basement, Figures 3.8-3 through 3.8-6 and
3.8-9, 19 ft below the first floor, is divided into three main areas. The northeast corner contains electrical
switchgear, the battery room, and associated electrical equipment. The northwest corner contains the heat
exchangers. which stand in a pit 50 ft below the first floor; primary coolant pumps and motors; and
hatches over the demineralizer vaults. A 10-ton capacity monorail is provided over the primary coolant
pump motors, and a 6-ton-capacity monorail is provided over the demineralizer hatches. The balance of
the first basement floor, south of the canal walls, contains the reactor, the service area for the outer shim
rod drive, safety-rod-drive service area, experiment cubicles, experiment-sample rooms, experiment
instrument and control panels, sources room, and rod-repair room.


3.8.1.1 . 9 Second Basement-The second basement, Figures 3.8-3 through 3.8-6
and 3.8'10, 38 ft below the first floor, is divided into three main areas. The northeast area contains the
high-pressure demineralized-water equipment room, The northwest area contains the primary heat
exchangers. Directly connected with this area is the pipe tunnel, which runs south to the piping space and
then to the pipe corridor located on the east and west sides of the subpile room. The subpile room is
located directly below the reactor. The balance of the second basement contains five experiment cubicles,
experiment sample rooms, experiment-control panels, auxiliary experiment equipment, the main exhaust
fan room, and the demineralizer-tank vaults. Sub-basement levels include the liquid-waste pump-motor
room, which is south of the reactor, 46 ft below the first floor; the hot- and warm-waste tank vaults, which
are 59 ft below the first floor and directly under the waste-pump motor room; the neck shim rod drive
room, which is 58 ft below the first floor and directly under the subpile room; and the piping space, which
surrounds the neck shine rod drive room and is 58 ft below the first floor. Hatches are provided in the
second basement and waste pump room floors for access to the hot- and warm- waste tanks.
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3.8.1.1 . 10 Building Construction-The building substructure is of heavily reinforced
concrete construction, either resting directly on and keyed into the subsurface basalt, or supported by
concrete piers that extend into the basalt level. While all load-carrying frames are of reinforced concrete,
many partition walls and some shielding walls are of masonry (concrete block) construction. Where
required, masonry walls below grade are reinforced to resist seismic loads. In general, the building above
grade is of steel frame construction with exterior walls of insulated aluminum sandwich panels supported
by steel girt and a reinforced masonry base wall that is 3 ft 4 in. high around the building perimeter.
Confinement areas of the superstructure are of seal-welded steel plate, reinforced masonry, or concrete
construction. It is bounded on the north, south, and top by a 3/16 in. steel plate; the west wall is 8 in.
concrete block. The lower 25 ft of the east wall is 6 in. concrete block; the upper portion is steel plate.
Special provisions have been made to maintain the integrity of the confinement perimeter's penetrations
and doors.


3.8.1.2 Applicable Codes, Standards, and Specifications . The reactor building's
design , including the canals, conforms to the requirements of the following codes, standards, and
specifications:


• 1CBO 1961, Uniform Building Code, Volume 1.


• AISC (American Institute of Steel Construction) 1952, "Specifications for the Design, Fabrication,
and Erection of Structural Steel for Buildings," American Standard Specification ASA-A57. 1.


• AISC, 1960, "Supplementary Provision Governing use of ASTM A-36 Steel," Adopted June 16.


• AISC 1969, "Code of Standard Practice for Steel Buildings and Bridges," revised March 15.


• AISC, 1960, Research Council on Riveted and Bolted Structural Joints of the Engineering
Foundation, Structural Joints using ASTM A-325 Bolts, March 1960.


• American Welding Society (AWS), Standard Specification for Welded Highway and Railway,
Bridges, Standard D2.0-56.


• American Society of Mechanical Engineers (ASME), "Qualification Standards for Welding
procedures, Welders and Welding Operations," Boiler Construction Code, Section IX - 1959.


• American Concrete Institute (ACI), "Building Code Requirements for Reinforced Concrete,"
ACI-318-1957.


• National Bureau of Standards (NBS), "American Standard Building Code Requirements for
Masonry," ASA-41.1-1953.


• American Standards Association (ASA), "American Standard Building Code Requirements for
Minimum Design Loads in Buildings and Other Structures," ASA-A58.1-1955.


• Idaho Operations Office reports (IDO) Engineering Standards, revised May 1960.


• IDO, Safety and Fire Protection Criteria Manual, Publication 12008 August 1959.


The specifications for materials used in the ATR building are given in Ebasco (1961, 1962,
1964b, 1965).
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3.8.1.3 Loads and Load Combinations. ATR confinement was originally designed to
UBC seismic provisions. Subsequently, confinement design has been checked against two load
combinations (Davidson 1976), which are defined as:


Load combination A = D + L


Load combination B = D + L + E'


where


D = dead loads or their related internal moments and forces , including any
permanent -equipment loads


live loads or their related internal moments, including any movable-equipment
loads and other loads that vary with intensity and occurrence


E' = Loads generated by the safe shutdown earthquake (SSE).


In addition, the confinement was designed to withstand both internal and external pressure varying
(with the height above ground level) from 30 psf to 40 psf (Ebasco 1964a); calculations using the actual
construction details of the wall, roofs, doors, and windows in the confinement area show that they can
withstand even higher pressures, as shown in Table 3.8-1 (Burr 1987).


3.8.1.4 Design and Analysis Procedures. The confinement was originally designed
using the UBC static-equivalent analysis method. In 1972, ATR adopted new criteria for seismic design
and analysis; an SSE was defined with a peak horizontal ground acceleration of 0.24 g. The reactor
building was analyzed using dynamic analysis for this SSE as described in Davidson (1976) and Gorman
(1972).


3.8.1.4 . 1 Reevaluation for Safe Shutdown Earthquake-The reactor building,
including the confinement and canal, was designed originally using the equivalent static method in the
UBC. As pail of the Seismic Analysis Program Plan (Mousseau 1973), the reactor building was analyzed
to determine its integrity for SSE loading (Davidson 1976; Miller 1980).


A finite-element model of the reactor building was developed and analyzed for the SSE applied at
the grade elevation. The internal-member loads and node displacements resulting from seismic loading
were determined. The analytical model was constructed using SAP IV finite-element computer program.
This program was used to determine nodal displacements and internal-member loads for both seismic and
static loads. The mass or weight of the system was lumped at the node points.


This analysis assumed that one horizontal component of excitation occurred simultaneously with
the vertical component. Thus, two analyses were performed in two mutually perpendicular horizontal
directions, and the one producing the highest loads was used to evaluate the design's adequacy. For load
combination A (live load plus dead weight), some of the more highly stressed elements are listed in
Table 3.8-2. The W 10 x 66 columns supporting W 30 x 116 girders 6 -1 (Column Line A and E) were
found to be overstressed. However, further evaluation (Gorman 1980) showed that the actual moments are
much less than the full plastic moment, and that the column capacity exceeds the imposed tensile and
compressive loads. Gorman (1980) used AISC plastic rather than elastic design requirements which
showed that the columns are adequate without a need for modification. All other member loads for static
loading are within allowable limits.
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The dynamic-load cases considered the lowest 81 frequencies of the building, which ranged from
1.6 Hz to 13 Hz. The significant modes in which most of the building is in motion are at 4.4 Hz and
5.6 Hz. Seismic deflections of the building itself did not exceed I in. The largest seismic deflections,
which occurred on the reactor area, were smaller than 1.3 in. Thus, seismic deflections are not considered
to be a problem for the reactor building.


Because of the possible adverse consequences of the reactor-area crane jumping off its rails and
dropping to the floor, special emphasis was placed on detailed analysis of this subsystem. It was
determined that although the crane could slide along the rail even if the brakes were locked, the end stops
were adequate to stop the crane. Further, it was determined that the crane could not jump off its rails
because vertical seismic accelerations did not exceed I g. A reevaluation of the crane rail, using the
minimum yield strength value of 58 ksi (which is higher than the originally-assumed 36 ksi), concluded
that the rail is adequate as is (Gorman 1980).


The steel plate and concrete block bounding the above-grade portion of the confinement were
analyzed for structural adequacy and permeability concerns. The stress intensity in each steel liner plate
was compared to yield stress. Table 3.8-2 shows that the steel plate stress was well below this limit. For
the concrete block, both working-stress design (WSD) and ultimate-strength design (USD) criteria were
used. All the concrete block walls on the confinement boundary passed the WSD criteria except the 8 in.
wall on Column Line 7, which was overstressed in shear by a factor of 2.5. However, this wall passed the
USD criteria by a factor of 0.94.


Passing the WSD criteria is certainly adequate to preclude cracking of these walls. However, the
design philosophy of USD is to prevent collapse of the structure; therefore, some cracking could occur.


Miller (1980, 1992) analyzed the canal for seismic (SSE) and static loading, and found that the
canal has sufficient structural capacity to safely withstand the imposed loading. A review of the canal
crane construction indicates that the trolley will stay in place during the SSE and will not fall into the
canal (Guenzler 1992). Consequently, severe damage to the canal will not result from the SSE seismic
event.


3.8.1.4 . 2 Seismic Evaluation of the ATR Building in the ATR Probabilistic
Risk Assessment-A seismic PRA was conducted by Eide, Khericha, and Thatcher 1991. The
following subsections summarize the results of that study.


3.8.1.4.2.1 ATR Structure-In the seismic PRA of ATR conducted by Fide,
Khericha, Thatcher (1991), the structural fragility of reactor building was evaluated for the following
structural elements of the reactor building:


• Substructure shear walls


• Columns supporting the storage canal


• Superstructure steel frames over the reactor area.


The substructure's seismic-load-resisting system consists of heavy, reinforced-concrete shear walls
and floor slabs. Reinforced-concrete columns support the storage canal. The seismic capacity of the
substructure is judged to be relatively high, as was confirmed by simplified bounding calculations that
were done to estimate available capacities and applied loads for the shear walls and storage-canal support
columns.
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The superstructure has previously been analyzed for the design basis seismic event


(Davidson 1976: Gorman 1980). These analyses determined that the most highly stressed structural
elements are the W 10 columns that support the roof over the reactor area. With the roof girders, these
columns form moment frames that resist roof inertial loads in the N-S direction. They are subjected to
significant bending stress at their connections to the roof girders. However, the analysis shows that the
columns meet the acceptance criteria for plastic design for the seismic load condition per SRP 3.8.4.


The fragility for superstructure column failure was based on the limited detailed information
contained in the available seismic-analysis reports. Conservatisms extracted from the existing seismic
analyses included the following:


Median material strengths


• Full plastic frame capacity (plastic hinges at the top and bottom of columns on both Column Lines
A and E)


Load redistribution to stronger frames


Inelastic energy-absorption capability.


Median and HCLPF (high confidence of low probability of failure) capacities of 1.6 g and 0.38 g
respectively were estimated for superstructure column failure. The median capacity represents the peak
ground acceleration at which there is a 50% probability of failure. The HCLPF acceleration represents the
peak ground acceleration at which there is high confidence (95%) of a low probability of failure (5%). A
relatively large uncertainty was assigned to the fragility because of the lack of detailed information from
the existing seismic analyses. Steel-framed structures have exhibited good performance in past
earthquakes, with very few instances of actual collapse. The calculated fragility is considered to be
consistent with past earthquake experience data.


3.8.1.4 . 2.2 Reactor-Building Masonry Walls-There are several masonry
walls located within the reactor building whose failure may affect functionality of vital equipment
components. Seismic evaluations of the following walls were performed:


• Process-control-room north wall (first floor)


• Reactor-control-room north wall (first floor)


• PPS backup-power battery room cubicle walls in the diesel- generator area (first floor)


• West wall of the switchgear-room staircase (first basement)


• Switchgear-area battery-room walls (first basement)


• Brick wall at the degassing tank and pressurizing pumps (second basement).


With the exception of the last item, all of these walls are constructed of concrete masonry units
(concrete block). They are typically reinforced in the vertical direction by four Number 3 reinforcement
bars spaced at 4 ft. These bars are attached to the slabs or beams above and below. Alternate horizontal
courses contain extra-heavy Durowal joint reinforcement.
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Reinforced-masonry walls are capable of ductile behavior when subjected to horizontal seismic
loads associated with their own inertia. The masonry walls listed above were judged to have relatively
high seismic capacities because of their strength, ductility, and low seismic input. Conservative seismic
capacities were estimated using simplified bounding analyses, which included the following features:


• Conservative boundary conditions


• Conservative out-of-plane inertial loads based on the peak spectral acceleration within the
estimated frequency range


• Spectral accelerations conservatively increased to account for 84%, rather than median, ground
motion input


• Ultimate out-of-plane moment capacities based on current UBC design criteria


• Yield line capacities


• Conservative estimate of nonlinear response deamplification.


The masonry wall in the former process-control room was estimated to have a HCLPF capacity of
at least 0.4 g. Its seismic capacity is greater than that of the control panel itself. HCLPF capacities of the
other masonry walls were estimated to be 0.5 g or greater.


The masonry wall at the degassing tank and pressurizing pumps is constructed of brick. The wall is
mortared into the 5 ft 6 in. thick concrete slab above and the 1 ft 6 in. concrete slab below. This wall was
judged able to develop arching action to resist out-of-plane inertial loads. Conservatively assuming that
the wall is constructed of multiple widths that are independent, a FICLPF capacity greater than 0.5 g was
estimated.


3.8.1.5 Structural Acceptance Criteria. In the reevaluation of the reactor building
reported in Davidson (1976), the following structural acceptance criteria are used.


• Determination of adequacy of the main structural steel frame is based on limiting the stresses for
service load combination A (Table 3.8-3) to basic AISC allowables (AISC 1969) and factored load
combination B to 1.6 times basic AISC allowables when elastic analysis methods are used
(International Conference of Building Officials (ICBO) 1973).


• For the masonry walls, the 1973 UBC Code (ICBO 1973) is used as the acceptance criteria. This
code uses methods and allowable values analogous to the WSD method for concrete structures
(ACI 1963). Because this criterion is somewhat conservative when applied to the seismic-load
combination B, the allowable values are modified to reflect the use of the USD method consistent
with the NRC Standard Review Plan requirements for concrete (NRC 198Ig).


• Table 3.8-3 shows the allowable stresses for different load combinations and materials.


3.8.1.6 Materials, Quality Control, and Special Construction Techniques. Materials
used in the construction of the reactor building are listed in Table 3.8-4. The building was constructed
using the Uniform Building Code Standards (ICBO 1961) and specifications were written by Ebasco, AE
firm responsible for design. The specifications included the quality requirements and any special
construction techniques. The specifications incorporated applicable codes and standards available at the
time of construction.
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3.8. 1 .7 Testing and Inservice-Inspection Requirements. Except for the confinement
leak-rate tests, there are no specific procedures for testing and insetvice inspection of these structures.
Since this testing addresses the significant portion of the building and the test results will be sensitive to
physical deterioration, no other procedures are established.


3.8.2 Internal Structures


The reactor building substructure is a heavily reinforced concrete shear-wall-type structure.
Sections of the reactor building shown in Figures 3.8-3 through 3.8-6 show the heavy concrete walls,
which are used primarily for shielding. The shielding provides biological protection and prevents
excessive structural heating caused by radioactive absorption. Separate shielding descriptions are
provided in deBoisblanc and Cohen (1965) for the internal shielding, the nozzle trench, the top-head
shield, the primary biological shield, the coolant-loop shielding, the subpile and access rooms, the canal,
the experimental-loop cubicles, and the demineralizer vaults.


The ATR does not contain an analogous internal structure that is separate from confinement, as is
common in commercial nuclear power plants. The structural-design criteria and governing acceptance
criteria for the below-grade section of the facility follow the same methods as contained in Section 3.8.1.


3.8.3 Other Seismic Category I Structures


The other Seismic Category I structures at ATR are:


• Firewater pump houses (TRA-619, TRA-633, TRA-688)


• Raw-water storage tanks (TRA-719A, -719B, -719C, -718, -781)


• Demineralized-water storage tanks (TRA-708A, -754).


3.8.3.1 Description of the Structures. Building TRA-619 was constructed in the early
1950s. Various modifications have been installed since its original construction. It typically consists of
structural steel framing with masonry exterior walls. The presence of reinforcement in the masonry walls
could not be confirmed by the walkdown or review of available drawings. The walls were therefore
assumed to be unreinforced. The tops of the walls were also assumed to be attached to the steel framing.
TRA-633 is constructed of structural steel-framing, enclosed by steel siding and roof deck. Lateral-load
resistance is typically provided by diagonal-rod braces or moment frames. The diesel day tank within
TRA-633 is enclosed by masonry walls on all four sides with a sheet metal cover. Details on the wall
construction were not available.


The overhead raw-water storage tank (TRA-7 18) is an elevated tank with a 150,000-gal capacity. It
was constructed in the 1950s, and was originally designed for a horizontal static acceleration of 0.05 g.
The tank itself is a vertical cylinder with a hemispherical head at the bottom and a conical roof. It has a
diameter of 26 ft and a height of approximately 31 ft . The tank is supported by four 30-in.-diameter
columns that are approximately 160 ft high. The columns are anchored to individual concrete footings.
These columns are laterally braced by diagonal rods and horizontal struts. A central sleeve encloses the
tank supply and drain lines.


The ground level raw-water (TRA-719A, -719B, -719C) and demineralized -water (TRA-708A,
-754) storage tanks are all fl at-bottomed vertical tanks that are support ed at grade on concrete foundations
or asphalt.
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Based on available drawings , import ant parameters for raw-water storage tanks TRA-719A
and -719B are as follows:


Material - A36 carbon steel


Shell height - 35 ft 7 in.


Shell diameter - 48 ft


Shell thickness - 314 in. to 114 in.


Bottom-plate thickness - 1/4 in.


Based on available drawings , important parameters for the modified raw-water storage tank
TRA-719C areas follows:


Material - A285 Grade C carbon steel


Shell height - 30 ft


Shell diameter - 48 ft


Shell thickness - 7/16 in. to 1/4 in.


Bott om -plate thickness - 1/4 in.


Based on available drawings, important parameters for demineralized-water storage tank
TRA-708A and -754 are as follows:


Material - 300 series stainless steel


Shell height - 28 ft


Shell diameter - 25 ft


Shell thickness - 1/4 in.


Bottom-plate thickness - 1/4 in.


The million-gallon firewater tank (TRA-78]) is an insulated , flat-bottomed vertical steel tank that
nchored at grade on a concrete foundation.


Material - A36 carbon steel


Shell height - 37 ft 7 in.


Shell diameter- 75 ft


Shell thickness - 1/2 in. to 1/4 in.


Bottom-plate thickness - 1/4 in.


The attached firewater pumhouse (TRA-668) is constructed of structural steel-framing, enclosed by
steel walls and roof
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3.8.3.2 Applicable Codes, Standards and Specifications . See Section 3.8.1.2


3.8.3.3 Loads and Load Combinations . The older structures were evaluated using the
load combinations present in the UBC 1961 Edition (ICBO 1961). The TRA firewater tank (TRA-781)
and pumphouse (TRA-688) were designed and constructed using the PC-4 load combinations present in
the DOE standard (Brower 2001; DOE 1996a).


3.8.3.4 Procedures for Design and Analysis. Two types of seismic evaluations of the
older structures have been conducted in recent years. The first type determined whether seismic capacities
of the overhead tanks (TRA-718) and ground raw-water tanks (TRA-719A, -719B, -719C) were adequate
to withstand the SSE. The overhead tanks were evaluated by Gorman (1986a), and the ground raw-water
tanks by Goodell (1985). The second type of evaluation was part of the seismic-risk analysis conducted
by Eide, Khericha, and Thatcher (1991) under the PRA program. This evaluation made use of the seismic
walkdown of the structures in developing the seismic fragilities of the structures under different critical
failure modes,


The TRA firewater tank (TRA-781) and pumphouse (TRA-688 ) were designed and constructed
using the PC-4 load combinations present in the DOE standard ( Brower 2001; DOE 1996a).


3.8.3.4 . 1 Deterministic Evaluation for Tanks for Safe Shutdown
Earthquake-In Goodell (1985), the raw-water storage tanks have been evaluated using the American
Water Works Association (AWWA) Standard (AWWA 1979). It was found that no uplift of the tanks
would occur with the water level maintained at 19 ft. Note that 19 ft represents the minimum water level
that would be needed to provide the specified standby capacity of 500,000 gal, assuming that two tanks
would always be online. Some uplift would occur with a water level of 27 ft. Shell stresses would be
within AWWA limits. Some local damage to the shell would occur in the region where the inlet piping is
attached. As the report recommended, flexible piping junction to protect the shell and piping was
installed . The previously unanchored raw water storage tanks TRA-719A and -719B were removed and
replaced with new foundations and new anchored tanks. The new tanks were seismically designed,
evaluated, and constructed to survive the 0.24g SSE PC-4 seismic design requirements in the DOE
standard for a maximum water height of 28 ft (Bragassa and Lippert 2000; DOE 1996a). The remaining
raw water storage tank TRA-719C was modified to reduce the height of the tank from 40 ft to 30 ft and
provide a new conical roof. This modified tank was evaluated to survive the 0.24g SSE PC-4 seismic
design requirements for a maximum water height of 26 ft (Rahl 1994; Lippert 1997). The report by
Gorman (1986a) documents the results of a structural evaluation of how the support tower for the
overhead water-storage tank performs when subjected to a SSE. The results indicate that the tower will
survive the SSE.


The TRA firewater tank (TRA-78 1) and pumphouse (TRA-688 ) were designed and constructed to
su rv ive the 0.24 g SSE PC-4 seismic design requirements in the DOE standard ( Brower 2001;
DOE 1996a).


3.8.3.4. 2 Seismic Evaluation of Buildings and Tanks in the Probabilistic
Risk Assessment-In the seismic PRA conducted by Eide, Khericha, and Thatcher (1991), these
Seismic Category I structures were evaluated for their seismic fragilities. The following summarizes the
results of the PRA.
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Reactor -building walls made of unreinforced mason ry have performed relatively poorly in past


ea rthquakes . Median and HCLPF capacities for block wall collapse in TRA-619 of 0 . 35 g and 0 . 15 g were
estimated based on earthquake-experience data and engineering judgement . Because of their low masses,
these buildings (TRA-619 and TRA-633) are judged to have very high seismic capacities.


Because the enclosure is of newer construction, the block walls around the diesel day tank within
TRA-633 were assumed to have horizontal joint reinforcement at every other course. They were also
assumed to have no vertical reinforcement. A median capacity of approximately 0.8 g was estimated for
the masonry wall enclosure. The complete fragility was not developed because seismic capacity of the
day tank itself is much lower.


3.8.3.4 .3 Water Storage Tanks-Fragilities were developed for the following water
storage tanks:


• Overhead raw-water storage tank TRA-718


• Raw-water storage tanks TRA-719A, TRA-719B, and TRA-719C.


Data on performance of elevated tanks during earthquakes were reviewed to support the fragility
evaluation. Readily available data from earthquakes ranging from the 1933 Long Beach earthquake to the
1987 Whittier earthquake were collected. Elevated tanks have suffered damage and even collapse in past
earthquakes. Of a total of 36 elevated tanks identified, nine were undamaged, 20 suffered some type of
damage, and 7 collapsed, The most frequent forms of damage were stretched anchor bolts; stretched,
buckled, or broken diagonal braces; and other foundation damage. Diagonal-rod damage typically
occurred at the upper, rather than lower, tiers.


Detailed tank-experience data from the 1952 Kent County earthquake are reported in Steinbrugge
and Moran (1955). The authors distinguish between the performance on wind-braced and
earthquake-braced tanks. Of the ten wind-braced tanks, five collapsed or had broken diagonal-rod braces.
Of the 12 earthquake-braced tanks closer to the epicenter, only one collapsed. Even though the overhead
raw-water storage tank was designed for only a 0.05 g seismic acceleration, this requirement should have
provided the tank with greater seismic capacity than the wind-braced tanks, which are apparently prone to
failure.


Fragility evaluation of the overhead raw-water storage tank was based upon the seismic analysis
and capacity evaluation reported in Gorman (I 986a). The tank capacity was found to be controlled by
failure of the diagonal-rod braces at the upper tiers. As noted in the review of earthquake-experience data,
damage to the rod braces of the upper tiers is one of the more common seismic effects to elevated tanks.
The median and HCLPF capacities were determined to be 0.68 g and 0.20 g, respectively. The
variabilities are significantly affected by randomness and uncertainty in the spectral shape.
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The raw-water storage tanks are all vertical'tanks that are supported at grade on concrete
foundations or asphalt. These tanks are all unanchored. Unanchored tanks have suffered damage, such as
shell buckling, and even failure with a total loss of fluid contents in past earthquakes. The following tank
parameters were assumed' based on typical values for tanks of this size:


• Material: carbon steel


• Shell thickness: 1/4 in.


• Bottom-plate thickness: 1/4 in.


Manos (1986) has developed an empirical expression to estimate a conservative seismic capacity
for shell buckling of unanchored tanks. This expression appears to correlate well with performance of
unanchored tanks in actual earthquakes. Manos' expression was used to estimate the HCLPF capacity
against shell buckling for the raw-water and demineralized-water storage tanks. These capacities were
adjusted (a) to express the seismic capacity in terms of the peak ground acceleration (PGA) at bedrock for
consistency with the seismic hazard curves, and (b) to account for potential local amplification of
ground-motion effects within the tanks' estimated frequency range. The HCLPF capacity was estimated
to have a median factor of safety of about 2.3, based on engineering judgement, review of limited data
from shake-table tests of unanchored tanks, and review of anchored-tank fragilities. The following values
were estimated raw-water storage tanks TRA-719A, -719B, and -719C:


• Median PGA capacity (at bedrock)- 0.32 g


• HCLPF capacity - 0.14 g.


All of the information provided in this section and in the PRA is applicable to the unanchored and
unmodified Raw-water storage tanks (TRA-719A, -719B, and -719C). The new replacement tanks
TRA-719A and -719B, and the modified tank TRA-719C have not been incorporated into the PRA.


The TRA firewater tank (TRA-781) and pumphouse (TRA-688) have not been evaluated for
fragility and have not been incorporated into the PRA.


3.8.3.5 Structural Acceptance Criteria. These criteria have been described in the seismic
evaluation conducted on the unmodified tanks by Goodell (1985) and Gorman (1986a). The new
replacement tanks TRA-719A and -719B were evaluated by Bragassa and Lippert (2000), and the
modified tank TRA-719C was evaluated by Rahl (1994) and Lippert (1997). The raw-water tanks were
evaluated to the American Water Works Association (AWWA) requirements, whereas the overhead
storage tank was evaluated to the requirements of AISC (1980) and the NRC Standard Review Plan
(1981 g). The Standard Review Plan allows the members to be stressed up to 1.6 times the normal
allowables for dead and live loads; that is, up to about 96% of yield strength.


The TRA firewater tank (TRA-78 1) and pumphouse (TRA-688) were designed and constructed to
survive the 0.24g SSE PC-4 seismic design requirements in the DOE standard (Brower 2001; DOE
1996a).


'. Average shell thickness is 5/16 in. Bottom-plate thickness is 1/4 in.
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3.8.3.6 Materials, Quality Control and Special Construction Techniques . Materials
used in the tanks are found in Table 3.8-5. The original construction information relative to quality
control and special construction techniques is not available. However, the tanks have been evaluated as
noted in Section 3.8.3.5; the evaluations provide assurance of operability even though original data are no
longer available. All of the new tanks TRA-719A, -719B, and -781 have material certifications and
quality control records available.


3.8.3.7 Testing and lnservice inspection Requirements . No specific procedures exist
for testing and inservice inspection of these structures. Failure of these structures would not result in
immediate danger to the operating plant since they are designed to mitigate consequences of off normal
sequences. The plant can be placed in a stable configuration if there is a deterioration of the structures
which results in inoperability of a required function. Therefore, there is limited need for formal
inspections, and observations by operators performing routine work is utilized for control.


3.8.4 Foundations of Seismic Category I Structures


The foundation for The reactor building is constructed of heavily reinforced concrete. The
foundation is keyed into the underlying basalt over approximately 2/3 of the basement plan area. The
remaining foundation area is supported on concrete piers, which are founded on the underlying bedrock.


The structural-design criteria and governing-acceptance criteria for the foundation of the ATR
structure follow the same methods as given in Section 3.8.1.


Table 3. 8-1. Analysis results of internal pressure of con finement structures.


Structure InternalPressure withstood


Roof 9.0 in. water


Walls


Concrete block 9.0 in. water (includes a safety factor of 1.5)


Steel-lined 12.2 in. water


Windows 20.5 in. water


Doors 12.5 in. water
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Table 3.8-2. Calculated stress ratios in ATR building elements.'


Stress Ratiosb


Location`
Element
Type


Element
Number Material Section Static


E-W
Seismic +


Static


N-S
Seismic
+ Stati


Bracing at Node 67 Truss 61 Steel L 4 x 4 x 114 0.16 0.17
_


0,44


Column-C ri tical facility Beam 48 Steel W 10 x 45 1.00 0.76 0.71


Beam-C riti cal facility Beam 495 Steel W 18 x 45 0.84 1 .0 7 0.83


Beam-Critical facility Beam 250 Steel B 10 x 15 0.72 0.92 0.87


Column-Node 49 Beam 93 Steel W 10 x 54 &
W8x31


0,96 0.82 0.84


Beam-Node 49 Beam 389 Steel W 33 x 141 0.72 0.57 0.58


Column-Nodes 135, 144, 177, 186 Beam 16. 20,
111,116


Steel W 10 x 66 1.20 0.57 0.58


Column-Lines 7-C Beam 66 Steel W 21 x 68 0.62 0,48 0.46


Column Nodes 45, 53 Beam 96,154 Steel W 10 x 54 0,96 0.70 0.99


Roof-beam Nodes 45, 53 Beam 394,395 Steel W 24 x 68 0.85 0.60 1.05


Column Node 229 Beam 126 Steel W 10 x 77 0.60 0.47 0.97


Reactor area liner Plate Max Steel 3/16 in. thick 0.07 0.12 0.08


Confinement boundary Plate Max Masonry 6 in. thick 0.56 0.41 0.48


Confinement boundary Plate Max Masonry 8 in , thick 0.69 0.94 0.68


a. Davidson 1976.
b. Stress ratio equals actual stress divided by allowable stress. Values greater than 1.0 indicate an over-stressed condition. The allowable stress values are larger for the seismic
load combination.
c. See Figures 2, 3, 4, and 5 of Davidson (1976).
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Table 3.8-3. Allowable stresses for steel and masonry in load combinations A and B.°


Load combination Materi al Stress tyly Allowable stress


A (D + L) Steel Normal 24 ksi


Shear 14.5 psi


Masonry Normal 445 psi


Shear 40 psi


B (D + L + E') Steel Normal 38.4 ksi


Shear 23.2 ksi


Masonry Normal 1,150 psi
Shear 74 psi


a. Loads are de fi ned in Section 3 . 8.1.3.


Table 3.8 aterials used in the construction of the ATR reactor building.


Material Standard procedure Allowable stress


Structural steel ASTM A36 Yield s tress 36 ksi


Secondary steel ASTM A? Yield stress 33 ksi


Concrete masonry units Reinforced hollow units Compression s trength 1,350 psi


Table 3.8-5. Mate s ed in th a ater storage tanks.


Item Material designation
Yield strength


( ksi)
Ultimate strength


(ksi)


Raw-water storage (TRA-719A, B) A36 36 58


Raw-water storage (TRA-719C) A285 Grade C steel 30 55


Overhead -tank diagonal rods (TRA-718 ) A7 33 60


Horizontal struts A7 33 60
Anchor bolts A7 33 60


Vertical legs A283 Grade C 30 55


Firewater Tank (TRA-78 1) A36 36 58


Anchor bolts A36 36 58
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3.9 Mechanical Systems and Components


3.9.1 Special Topics for Mechanical Components


The reactor vessel and PCS components were designed and constructed to meet the requirements of
the ASME Unfired Pressure Vessel Code and the requirements of the code cases and interpretations
applicable to pressure vessels for nuclear service at the time of construction (deBoisblanc and Cohen
1965). The completed reactor vessel was approved under the provisions for nuclear vessels as stated in
ASME Code Case 1270N-3 and has an ASME Code stamp. The reactor vessel was inspected in
accordance with the 1962 edition of the ASME Boiler and Pressure Vessel Codes. The 1962 edition
ASME reference documents used are as follows:


• Section 11 - Material Specifications


• Section VIII - Unfired Pressure Vessels


• Section IX - Welding Qualifications.


Interpretations of ASME Code including Cases 1270N-3, 1270N-5, 1271N, 1272N-5, 1273N-7,
1274N-6, and 1275N, were also used in the original design and approval of the reactor vessel, its
attachments, and its penetrations (deBoisblanc and Cohen 1965).


3.9.1.1 Design Transients. All PCS pressure piping was designed in accordance with ASA
B31.1, 1955 and Nuclear Code Cases N-1, N-7, N-9 and N-I 0 (deBoisblanc and Cohen 1967). All piping
materials are austenitic stainless steel . Buried and embedded piping is either seamless per ASTM
A376-60T, or welded per ASTM A358-60T, as stated in ASA B31.1-1955 Code for Pressure Piping
Case N- 7.


As discussed in deBoisbianc and Cohen (1965), the ATR was designed to accommodate rapid
thermal cycling caused by fast start-up and shutdown emergencies. Based on stress calculations, analyses
obtained from deBoisblanc and Cohen (1965) show the fatigue limits corresponding to the temperature
transients presented in Table 3.9-1. In addition, an analysis (Miller 1987) of the ATR drop tube and
cylindrical course weldment has been performed for pressure and thermal loading. The assembly was
analyzed for structural adequacy according to criteria of the ASME Code Section III Subsection NB for
Class I components. This included a comparison of calculated stresses with specified limits for pressure
and thermal loading. It also included a fatigue evaluation for all pressure/temperature cycles expected
during operation of the ATR.


Table 3.9-2 provides a general guideline of allowable stress limits for the various loading
combinations which is consistent with the ASME Boiler and Pressure Vessel code. Table 3.9-3 provides
an overall assessment of the reactor vessel for the various loading conditions, load combinations, ASME
stress limits, and allowable fatigue cycles as determined by Miller (1987) and Davidson (1978).


Results from the analysis indicate that stresses are within limits specified by the ASME code for
Design, Level A and Level B Conditions. In addition, the results showed that the assembly can sustain all
10' cycles of pressure loading and thermal gradients that could occur as a result of operation. The number
of cycles experienced in a year is conservatively not more than 50 (Dumey ct a]. 1987). It is apparent
from this evaluation that the fatigue limit for the vessel is not a concern since it would require 2 x 105
years to accommodate 10' cycles. Thus, the evaluation shows that the drop tube assembly meets ASME
Code Section III Subsection NB criteria for pressure and temperature loads for the life of the ATR.
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The stresses calculated for the drop tube assembly are representative of the worst pressure and
thermal stresses expected anywhere in the reactor vessel (Miller 1987 ). Results from the stress and fatigue
evaluations of this assembly indicate that safety margins were ample . Thus, it is concluded that all
port ions of the vessel meet ASME Section III Subsection NB criteria for pressure and temperature loads
for any projected serv ice life of the plant (Dumey et al. 1987).


Compliance with codes and code cases for components in the PCS, has been assured through
subsequent analysis, as discussed in Chapter 5 (Primary Coolant System). The remaining components of
the PCS, include the PCS piping, heat exchangers, surge tank, degassing tank, coolant pumps,
pressurizing pumps, and safety relief valves. Chapter 5 (Primary Coolant System) discusses the transient
analysis for each of these components.


In addition to operating-temperature transients, Gorman (1972) considered an SSE with peak
ground acceleration of 0.24 gas a design transient for mechanical components in the seismic-upgrade
program.


3.9.1.2 Computer Programs Used in Analysis . Table 3.9-4 lists the computer programs
that the seismic-upgrade program used to do dead-load, thermal, and seismic (dynamic and static)
analyses of Seismic Category I systems. Quality-assurance procedures are in place that ensure the validity
of program results. The quality-assurance procedures for computer-program documentation and
verification are contained in the Contractor's Engineering and Research, software management.


3.9.1.3 Experimental Stress Analysis. Before startup of the ATR in 1967, a brittle
coating was placed on the PCS pump cases to verify the original axisymmetric finite-element analysis
performed on the pump cases for weight, pressure, and thermal conditions. In addition, strain gauges were
placed on the PCS piping to verify the stress results from the original Ebasco design calculations.


3.9.1.4 Consideration for the Evaluation of the Faulted Condition . The Faulted
Condition defined event under ASME Level D was the SSE combined with internal pressure,
temperature, core pressure drop, and dead weight. The SSE used in the analysis of most of the PCS and
selected major Seismic Category I components is defined in Gorman (1972) and displayed in Figure
3.7-1. Finite-element methods using the response-spectrum approach were the primary analytical tools
used to evaluate SSC for the faulted condition. Section 3.7.3 describes this method in more detail.
Components of the PCS were analyzed to the faulted condition. These components include the PCS
piping, heat exchangers, surge tank, reactor vessel, and the reactor vessel internals. PCS branch piping
analyzed to the faulted condition included the firewater redundant line (piping both internal and external
to the ATR, the firewater piping system inside the ATR, and the VVS). All analysis methods used are
based on linear elastic solutions.


The PCS contains non-standard components consisting of field-fabricated tees, y-lateral
connections, eccentric reducers, pipe stub-ins, and short-radius elbows. These components cannot be
analyzed with the simplified code methods used in the Davidson (1979) analysis. Non-standard PCS
components were analyzed using the response-spectrum method, but using the later-defined SSE
(Gorman 1989b) as depicted in Figure 3.7-2 and Figure 3.7-3 (Harris 1989; Harris and Burr 1989; Miller
1988, 1989a, 1989b, and 1989c). Loadings were applied in three orthogonal directions simultaneously,
and acceptance was based on a combination of elastic and elastic-plastic solutions.
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3.9.2 Dynamic Testing and Analysis


3.9.2.1 Piping Vibration , Thermal Expansion, and Dynamic Effects. The ASA B3 1.1
code does not require a fatigue analysis. A design analysis of the PCS piping was updated in 1974
(Davidson and Thinnes 1974), and in 1979 (Davidson 1979), superseding the stress analysis from the
original safety analysis (deBoisbianc and Cohen 1965). These analyses identified non-standard piping
components that could not be satisfactorily analyzed by the simplified analysis procedures of the ASME
code. The non-standard components were successfully analyzed using elastic or elastic-plastic detailed
analysis methods (House 1995). All PCS piping was analyzed and found to be acceptable by the 1977
ASME Section 111, Division 1, code requirements (ASME 1977). This analysis included both SSE loads
as specified by Gorman (1989b) and design-temperature transients.


3.9.2.2 Seismic Qualification Testing of Safety-Related Mechanical Equipment.
For Seismic Category I mechanical equipment items , the seismic-testing procedures and criteria
employed for qualification are identical to those for electrical equipment, and are described in
Section 3.10. For those components qualified, response-spectrum methods using the SSE definition
proposed by Gorman (1972) were used. Not all of the Seismic Category I SSC identified in Section 3.2.1
are seismically qualified. The latest listing, in table form, which identifies Category I SCC's and seismic
qualification criteria used for each is contained in the Engineering Design File (EDF) by Blandford
(1991).


3.9.2.3 Dynamic-Response Analysis of Reactor Internals Under Operational Flow
Transients and Steady-State Conditions. Operations at the ATR have continued since 1969,
Dynamic systems analysis and preoperational tests were conducted before startup in 1969. The age of the
plant and the operating history provide evidence of the acceptability of the reactor internals design for
normal operating conditions.


3.9.2.4 Preoperational Flow-Induced- Vibration Testing of Reactor Internals.
deBoisblanc and Cohen (1967) note the preoperational test program detected various design and
construction problems. During flow testing, significant vibrations of (a) the PCS piping, (b) certain
components within the reactor vessel, and (c) the primary heat exchanger tubes were detected. Initial
hydrostatic testing resulted in bulged pipe fittings in the PCS piping system. These results prompted a
complete reexamination of the PCS that uncovered additional concerns over weld flaws and the integrity
of pump casings and valve bodies. Numerous corrective actions, including redesign, reanalysis, support
modification, repair, replacement, and retest, were taken to ensure that the as-built PCS is a high-integrity
system that can operate safely.


3,9.2.5 Dynamic System Analysis of the Reactor Internals Under Faulted
Condition . Davidson (1978) conducted a response-spectrum finite-element analysis of the reactor
vessel, internals, inpile tubes, and vessel supports. The reactor vessel was analyzed using the
response-spectrum method for determining structural response to the earthquake loads specified by
Gorman (1972). The resulting structure loads were combined in accordance with the ASME Boiler and
Pressure Vessel Code, Section III requirements (ASME 1977).


Seismic-load cases , which include horizontal and vertical components, were applied in the
directions corresponding to the principal axes of the model. Each seismic-load case excited the vertical
component and one principal horizontal component. The horizontal component was taken from Gorman
(1972). The vertical component was taken to be two-thirds of the horizontal component. Two percent
damping was used in the analysis. The load combinations used in the analysis are shown in Table 3.9-5.
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The methodology of the ASME Boiler and Pressure Vessel Code, Section 111, NB-3221 was used to
determine adequacy of the reactor vessel in the absence of seismic loading (load combination A,
Table 3.9-5), Allowable stresses for load combination B (which includes seismic loading) were modified
in accordance with ASME, Appendix F (ASME 1977). The internal piping was analyzed in accordance
with Subsection NB-3652 and Appendix F (ASME 1977) for load combinations A and B, respectively.
The allowable stress intensities for portions of the reactor vessels are shown in Table 3.9-6.


The reactor-vessel shell was modeled in three dimensions because the locations of spacer bolts are
not symmetric about the circumference. The internals were modeled using beam elements and lumped
masses. The internals section of the model was connected to the shell portion at the center node of the
bottom head (Davidson 1978). The reactor vessel was analyzed for two support conditions because the
status of spacer bolts used to radially align the vessel plate liner around the reactor vessel could not be
determined. Support Condition I considered the spacer bolts touching the vessel wall. Support Condition
11 did not include the spacer bolts. Tables 3.9-7 and 3.9-8 summarize the stress results at various reactor
vessel locations for Support Conditions 1 and 11, respectively. Based upon these results, Davidson (1978)
concluded:


..the reactor vessel and internals were found to be adequate for Safe Shutdown loading. The
Primary Coolant System Boundary will not be breached. The displacements of the internals are
small enough that operation of the control mechanisms is assured. There is a possibility that some
of the bolts which fasten the reactor vessel to the concrete foundation will exceed allowable load
capacity. However, it has been demonstrated that the reactor vessel total movement is limited to
1/8 in. at this location, and this displacement will not have serious consequences. Therefore, the
reactor vessel is considered adequate for Safe Shutdown Earthquake loading with no required
modifications.


3.9.2.6 Correlations between Analytical Results and Vibration Tests of Reactor
Internals. System operational testing of the reactor began in December 1965 with the primary system
full of water. Step-flow rate tests (to approach full reactor operational flow) revealed the vibration of
several components within the reactor vessel as well as excessive vibration of the primary piping. Further
review, including site walkdowns, additional operations tests, and analytical evaluations, resulted in
modifications to (a) safety-rod positions, (b) two dummy flux-trap fillers, (c) the center loop position,
(d) latch pins in the inner pressure-tube locator, (e) aluminum filler plates and aluminum-hafnium stop
plates, and (f) packing glands around the experiment loops below the reactor head (Manoli 1968).


Manoli summarizes both the vibration tests performed on reactor internals and the basis for these
modifications. Manoli also discusses the correlation between vibration-test results and predictions from
analytical models, concluding that based upon combined analytical and test results, modifications to
reactor internals "are substantially satisfactory to prevent self-induced vibrations and to keep the
parallel-flow excitation within tolerable limits."
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3.9.3 ASME Code Class 1 , 2, and 3 Components , Component Supports , and Core


Support Structures


3.9.3.1 Loading Combination , Design Transients, and Stress Limits. ATR
components were specified before 1970, and are in compliance with the AEC regulations and codes in
effect at that time. Full-power operation was first achieved in September of 1969. A summary of the
design basis for the PCS (Class I equivalent) is presented here. Further design-basis information on the
ASME Code Class 1, 2, and 3 equivalent components can be found in Chapters 5 (Primary Coolant
System), 6 (Engineered Safety Features), and 9 (Auxiliary Systems).


The completed reactor vessel was designed and approved under the provision for nuclear vessels as
stated in the 1962 Edition of the ASME Code, Section VIII and Code Case 1270N-3. Code Cases
1270N-5, 1271N, 1272N-5, 1273N-7,1274N-6 and 1275N were also used. The reactor vessel has an
ASME Code stamp. The reactor vessel, heads, nozzles, and attachments are designed for 390 psig
pressure at a temperature of 240°F. Nominal operating conditions are 372 psig measured at the PPS vessel
inlet pressure tap and 125°F at the vessel inlet. Nominal operating reactor outlet fluid temperature is
170°F, Table 3.9-9 provides an overall assessment of the piping and supports for the various loading
conditions, load combinations, ASME stress limits, and allowable fatigue cycles as determined by
Davidson (1979), Davidson and Thinnes (1974), Durney et al. (1987), Harris (1989), Harris and Burr
(1989), Miller (1988, 1989a, 1989b, and 1989c), and Thrones (1989).


The primary heat exchangers were designed and constructed in accordance with the ASME Unfired
Pressure Vessel Code, Section Vlll, 1959 Edition, latest addenda and General Requirements for Nuclear
Vessels, Special Ruling Case 1270N-5.


The PCS pumps were designed and constructed in accordance with the Centrifugal Pumps Section
of the Standards of the Hydraulic Institute, 10th Edition. All pump casings were hydrostatically tested at
585 psig. All preoperational tests of pumps were in accordance with ASME Power Test Code for
Centrifugal Pumps, PTC 8.1, 1954 Edition.


The PCS piping was designed to the requirements of ASA B3 1.1 Code for Pressure Piping, 1955
Edition (ASME 1955b), and the associated nuclear cases N-l, N-7, N-9, and N-10. All piping materials
are Type 304 stainless steel except in inaccessible areas (generally adjacent to the reactor vessel), where
Type 304L is used. Most of the pipe used in construction is longitudinally welded pipe (per ASTM
A-358-60T), but some seamless pipe, especially buried or embedded pipe (per ASTM A-376-60T) may
also exist. Type 304L piping meets the chemical requirements of ASTM A-312-6IT. Dimensions for
nominal -wall pipe are in accordance with ASA B36.19-1957.


The PCS surge tank was designed for 390 psig pressure and 240°F temperature. It was constructed
in accordance with the ASME Unfired Pressure Vessel Code, Section VIII, 1959 Edition, latest addenda
and General Requirements for Nuclear Vessels, Special Ruling Case 1270N-5. The surge tank was
hydrostatically tested at 585 psig per the ASME Unfired Pressure Vessel Code, Section VIII
requirements, and all welds were fully radiographed in accordance with Section Vlll and Code Case
1270N-5 requirements.
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The degassing tank was designed for 50 psig pressure and 170°F temperature, and was constructed
in accordance with the ASME Unfired Pressure Vessel Code, Section VIII, 1959 Edition, latest addenda,
and General Requirements for Nuclear Vessels, Special Ruling Case 1270N-2. The degassing tank was
hydrostatically tested at 75 psig and vacuum tested at 3 psia. All welds were fully radiographed in
accordance with Section Viii and Code Case 1270N-2 requirements.


3.9.3.2 Pump and Valve Operability Assurance. Systems and components important to
the safe and efficient operation of the ATR, including safety-related systems and components, are
periodically inspected or tested. The inspections and testing are conducted in accordance with the ATR
Inservice Inspection (IM) Plan (INEEL 2002). Inservice testing of pumps and valves to ensure operability
is conducted as part of the ATR IS] plan, and is discussed in Chapter 14 (Initial Test Program, Inservice
Surveillance and Maintenance).


Table 3.9-10 lists the ATR safety-related active pumps and valves. These were all installed prior to
issuance of the Institute of Electrical and Electronic Engineers (IEEE) Standards and as such functional
operability was not considered as presently required and has not been specifically addressed to date.
However, the as-installed components and supports have been structurally analyzed and shown to remain
within the elastic limits which indicates the deformations are not excessive or permanent. These
components are functionally tested routinely as an integral part of the ISI program (INEEL 2002).
Further, successful operation of the.plant since start up in the late 1960's provides a measure of assurance
of their functional operability.


3.9.3.3 Design and installation Details for Mounting of Pressure- Relief Devices.
Two pressure-relief valves are mounted on the reactor vessel's 8-in. overflow line to protect the reactor
from overpressurization. Each valve is designed to discharge 350 gpm at 379 psig. In addition to the relief
valves on the reactor vessel overflow lines, safety relief valves are mounted at each of the primary
pressurizing pumps. These pump-mounted relief valves are set at 380 psig to relieve 345 gpm. These
valves protect the primary pressurizing pumps from overpressurization. No safety relief valves are
required for the emergency coolant pumps because they are not capable of developing a discharge
pressure greater than the PCS design pressure (deBoisblanc and Cohen 1965).


3.9.3.4 Components and Component Supports. Component supports were originally
designed in accordance with the 1961 Uniform Building Code (ICBO 1961). Subsequent to the original
design, safety standards were developed to follow more stringent criteria than the UBC. Recognizing this
situation, the Seismic Analysis Program Plan was initiated in early 1973 to assess the safety significance
of differences between the as-built condition of vital systems and components and the more recent safety
standards (Mousseau 1973).


The majority of the active components were installed prior to the issuance of IEEE Standards for
the qualification of active electrical and mechanical equipment. The component supports were installed
using 1961 UBC criteria. The PCS components were designed according to various codes including the
1962 Edition of the ASME Code, Section VIII and Code Case 1270N-3; The ASME Unfired Pressure
Vessel Code, Section VIII, 1959 Edition; the Centrifugal Pumps Section of the Standards of the Hydraulic
Institute, 10th Edition, and ASA B3 1.1 Code for Pressure Piping, 1955 Edition.
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In the late 1970's, the NRC expressed concern that nuclear equipment seismically qualified to
standards preceding IEEE-344-1874 may not provide sufficient assurance of seismic adequacy. This
concern was verified through field inspection of older nuclear power plants where equipment lacked
adequate anchorage. This NRC concern resulted in NUREG-1030, Unresolved Safety Issue (USI) A-46,
"Seismic Qualification of Equipment in Operating Nuclear Power Plants, (August 1985)."


On the basis of research by the national laboratories, the NRC concluded that use of experience
data could provide a reasonable alternative for resolution of USI A-46. The NRC also endorsed the
methodology developed by Seismic Qualification Users Group (SQUG), Electric Power Research
Institute (EPRI), and the Senior Seismic Review and Advisory Panel (SSRAP). In 1987, NRC Generic
Letter (GL) 87-02 required utilities to respond to USI A-46 and encouraged participation in generic
resolution by using the SQUG approach defined in SQUG's Generic Implementation Procedure (GIP),
The NRC has recently accepted the SQUG GIP as a means to resolve USI A-46.


Similar to the USI A-46, the majority of active mechanical and electrical components in place at
the ATR were installed prior to the issuance of IEEE-344-1974. Risk-significant components were
evaluated using an experience based approach, walked down by a team of SQUG trained Seismic
Capability Engineers, and analyzed in support of a PRA of the ATR in 1989 (Eide, Khericha, and
Thatcher 1989). The assessment covered most Seismic Category I mechanical systems, equipment items,
instrumentation, and electrical equipment. One key result of the assessment was the determination of
HCLPF accelerations. The HCLPF acceleration is an indicator of the equipment seismic capacity. The
HCLPF acceleration is defined as the level of acceleration at which there is high confidence (i.e., 95%) of
a low probability of failure (i.e., < 5%). Although the use of HCLPF accelerations, or fragility analysis, is
not used to qualify equipment items, a HCLPF acceleration that exceeds the SSE peak ground
acceleration indicates seismic ruggedness.


Table 3.9-11 summarizes the fragility parameters developed for mechanical equipment, The table
identifies the equipment by location and component identifier along with the equipment characteristics
and failure mode. Also present are the associated median peak ground acceleration capacity (Am, 50%
probability), and the HCLPF acceleration capacity for each component. Components that were effectively
screened out from detailed fragility evaluation are denoted in the Table 3.9-11 by > 2.0 in the "Am" or by
> 0.5 in the HCLPF Capacity column. The majority of these components were screened out based on
walkdown observations, median response factors, and historical performance of equipment and structures
during earthquakes (Eide, Khericha, and Thatcher 1991).


Table 3.9-11 is based on the PRA (Eide, Khericha, and Thatcher 1991): since the time that the PRA
was issued, seismic modifications to some of the listed equipment and structures have been completed or
are in progress. With the completion of the seismic modifications, the median peak ground acceleration
capacity for the affected equipment and structures is judged to be greater than 2.0 g. Table 3.9-11 does
not incorporate the effect of these seismic upgrades, although the completed modifications are listed in
the footnotes to Table 3.9-11.
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3.9.4 Reactivity-Control Systems ( Control Element Drive Systems)


Four independent mechanical drive systems provide reactivity control (ANSI 1988, Category 2) for
the ATR. The systems are (a) safety rod, (b) outer shim control cylinder (OSCC), (c) neck shim rod
control, and (d) regulating-rod control.


The functions of the four systems are as follows:


• The safety-rod system is safety-related; it rapidly terminates the fission process and keeps the
reactor subcritical as required.


• The OSCC system primarily shifts neutron flux; that is, it adjusts power at the individual loop
irradiation facilities (Figure 3.9-1). Secondarily, it compensates for fuel burnup. It also provides
safety-related backup to the safety-rod system for shutting down the reactor.


• The neck shim rod control system is nonsafety-related, and primarily compensates for fuel burnup.


• The regulating rod control system is nonsafety-related, and provides the means for automatic
power-level control.


Both the reactivity-control elements (assemblies) and the control-element drive mechanisms for the
safety rods and OSCCs are covered in this section. The neck shim and regulating rod control systems are
discussed briefly in Section 39.4.1.3. Figure 3.9-1 shows the locations of the various reactivity control
elements within the reactor core. The locations of the corresponding control-element drive mechanisms
outside the reactor pressure vessel are shown in Figure 3.9-2. The control-element drive mechanism is
considered to extend to the coupling interface with the reactivity control elements in the reactor vessel.


The design (both mechanical and functional) of the safety-rod and OSCC systems is evaluated
here, and materials aspects are addressed in Chapter 4 (Reactor). Descriptive information for the
reactivity-control systems is found entirely under the various subheadings in 3.9.4.1.


Any internal guides and supports within the reactor vessel associated with the reactivity-control
systems are considered reactor internals. Their mechanical design is addressed in Section 3.9.5, and their
materials aspects in Chapter 4 (Reactor).


The vessel-penetration assemblies for the reactivity-control system are treated as part of the
primary coolant pressure boundary, and are described in Chapter 5 (Primary Coolant System).


System descriptions are discussed in Section 3.9.4.1; the safety classification, design criteria, and
specifications are discussed in Section 3.9.4.2; the design loads, stress limits, and allowable deformation
in Section 3.9.4.3; the testing programs in Section 3.9,4.4; and the functions of ancillary systems in
Chapter 4 (Reactor).
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3.9.4.1 Reactivity-Control Systems Descriptive Information . The subsections under
this heading describe the principal safety-related independent reactivity-control systems of the ATR.
Presented for each system are (a) performance criteria, (b) drawings, (c) component descriptions and
characteristics, and (d) method of operation summary. The descriptions and drawings for each
safety-related system synopsize its design.


3.9.4.1 . 1 Safety-Rod System-This section contains a detailed description of the
safety-rod system's subsystems, major assemblies, and components. The major subsystems for each
safety rod are its assembly and its control drive.


To accomplish the function of the safety-rod system, up to six safety rods can be provided. Each
safety rod is a vertically moving tubular assembly that surrounds the experiment's inpile tube (1P7) or a
"dummy" IPT or an irradiation facility within two inner and four outer flux-trap baffles (Figure 3.9-1).


The poison sections of the safety rods are always driven above the core and held there before the
reactor is taken to power. The driving force is provided by horizontally mounted motors located outside
the reactor vessel below the core elevation (Figure 3.9-2). Upon receiving a scram signal from the RSS,'
the rods are disengaged from the motors and driven into the reactor by a combination of gravity,
downward coolant flow, and spring action. Performance characteristics of the safety-rod system are listed
in Table 3.9-12.


3.9.4.1 . 1.1 Safety-Rod Assembly-The safety-rod assembly (Figure 3.9-3) is
composed of the (a) guide tube, (b) drive connection assembly, (c) hafnium absorber plates, (d) flux-trap
fillers, (e) flux-wire assemblies, (f) rack tubes, and (g) the latch assembly, which secures the hafnium
plates to the guide tube.


Cooling is provided by primary coolant flowing downward through the annuli formed by the
flux-trap baffle, guide tube, and the IPT (Figure 3.9-1), Below the core, the coolant passes through orifice
holes in the rack-tube and safety-rod sleeves, into the flux-trap plenum, and finally into the
flow-distribution tank."


3.9.4.1.1 . 2 Safety-Rod Control Drive-The major assemblies of the
safety-rod control drive (Figure 3.9-4) are (a ) the actuator drive assembly, (b) the horizontal drive shaft,
and (c) the drive package.


The actuator drive assembly (Figure 3.9-5) consists of the inner and outer snubber tubes and the
rack assembly. The rack tube is connected to the bottom of the safety-rod assembly's guide tube by a
threaded swivel joint. The rack tube has rack teeth machined along its length on one side and is threaded
at both ends.


The horizontal drive-shaft assembly (Figure 3.9-5) consists of (a) the flange tube, (b) shafts,
(c) bearing housing, (d) bearings, (e) pinion drive, (f) flexible coupling, (g) inflatable seal, and (h) the
rotary seal package. The horizontal drive shaft transmits power from the drive package assembly
gearmotor to raise the safety-rod assembly and rack tube to the full-out position.


Refer to Chapter 7 ( Instrumentation and Controls ) for a description of the RSS.


Refer to Section 3.95.1.1 for a description of the flow-dis tr ibution tank.
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The drive-package assembly (Figure 3.9-5), which is located outside of the reactor vessel
(Figure 3.9-4) and mounted on the outboard flange tube, consists of (a) the gearmotor, (b) gears,
(c) electromagnetic clutch, (d) scram-spring assembly, and (e) position-indicating and-control equipment.


The gearmotor (Figure 3.9-5) provides rotational drive to the horizontal drive shaft and pinion gear
via the electromagnetic clutch. The gearmotor is powered from the 208/120 V diesel-commercial
distribution panel through a stepdown transformer from the 480 V, diesel-commercial, motor-control
center (670-E-15).


The electromagnetic clutch is mounted on the clutch shaft and is keyed to the clutch gear, which in
turn engages the drive gear installed on the gearmotor's drive shaft. When the electromagnet is energized,
the discs and armature are held together so that the gearmotor is coupled to the horizontal drive shaft. The
rod clutch coil of the RSS powers the magnet holding current of the electromagnetic clutch.


A ball nut and helical shaft and scram-spring assembly (Figure 3.9-5) is coupled directly to the
horizontal drive shaft to provide an energy supply for scram assistance. The spring has an initial static
load. The spring is compressed by the drive shaft and ball nut the last 12 in. of withdrawal. The resulting
torque is always in the direction of rod insertion.


Upon receipt of a scram signal, power is interrupted to the electromagnetic clutch coil, causing the
clutch plates to separate and uncoupling the horizontal drive shaft from the drive motor. The safety-rod
assembly is accelerated downward by the combined hydraulic, scram-spring, and gravitational forces
acting on the mechanism. The potential energy of the scram spring, released at the moment the
electromagnetic clutch is de-energized, is sufficient to overcome the inertial and frictional forces in the
horizontal drive shaft assembly. The rods accelerate in the first 12 in, of fall into the core. The remaining
24 in. of fall are slowed by the fluid action in the snubber tubes, thus preventing mechanical damage at
the bottom of the drop.


On the flange tubes not containing the horizontal drive shaft components, an interchangeable
nozzle closure flange assembly is provided.'


3.9.4.1 . 2 Outer Shim Control Cylinder System-This section contains a
description of the OSCC system subsystems , assemblies and components . The major subsystems of the
OSCC system are the OSCC and the OSCC drive.


To accomplish the function of the OSCC system, 16 beryllium OSCCs are rotated in 7-1/2-in, holes
in the beryllium reflector' surrounding the core (Figure 3.9-1). The cylinders have plates of hafnium on
120 degrees of their outer surfaces (Figure 3.9-6). Power is increased by rotating the hafnium away from
the core. The reactivity effect is uniform along the vertical dimension of the core, and vertical power
distortion does not occur. Table 3.9-13 lists the performance characteristics of the OSCC System.


3.9.4.1.2.1 OSCC-Each OSCC consists of a beryllium cylinder faced with
hafnium plates, a stop collar attached to the cylinder bottom, and a column connector attached to the
cylinder top (Figure 3.9-6). The beryllium cylinder is 46-2/3 in. long and 7-114 in. in diameter.


'. Refer to Chapter 5 (Primary Coolant System) for a description of the penetration assemblies for the flanged tubes for the
horizontal drive shaft assemblies,


to Chapter 4 (Reactor) for a description of the beryllium reflector.
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Six hafnium plates (Figure 3.9-6) 7.667 in. long and 0.250 in. thick are mounted flush with the
surface of the cylinder through 120 degrees of arc. The six plates make an active section 46 in. long.


3.9.4.1.2.2 OSCC Drive Subsystem-The major assemblies of the OSCC
drive subsystem are (a) the worm-gear box, (b) the gear-box support beam, (c) the connecting shaft, (d)
the coupling shaft, (e) the drive shaft and housing, (f) the outer gear box, and (g) the position-indication
and-control equipment.


The 16 cylinders are driven by eight OSCC drive subsystems (Figure 3,9-7). The drive systems are
mounted in four pairs, located at 90-degree intervals from each other around the reactor. The two
cylinders operated by a single motor rotate in the same direction. Each drive system is approximately
20 it below the reactor head at elevation 83 it 9 in. The drive is transmitted through the horizontal drive
shaft, to the worm-gear box assembly above each cylinder pair.' A pair of OSCCs is rotated by the motor
and outer gear box.


The OSCC drive subsystem is normally powered from the 208/120 V diesel-commercial
distribution panel through a stepdown transformer from the 480 V, diesel-commercial, motor-control
center (670-E-15). On loss of diesel-commercial power, the OSCC drive subsystem can be powered
through either instrument UPS power panel 670-E-1 17 or utility UPS power panel 670-E- 115 through the
manual transfer switch 670-E-457 and the UPS power panel 670-E-456.e


3.9.4.1 . 3 Control System for Neck Shim and Regulating Rod-The neck shim
and regulating rods are arranged in four groups of six along the center line of each neck of the neck shim
rod housing (Figure 3.9-1). The first, second, third, fifth, and sixth rods in each neck (numbering radially
outward from the center) are used for shim control. The fourth position contains a rod that can be used
either for shim or regulating (power-level) control, The absorber sections of the neck shim and regulating
rods are composed of a fluted hafnium rod 7/16 in. diameter and 48 in. long. The neck shim rod system
penetrates the reactor vessel through a pressure housing assembly.` Each group of neck shim rods is
driven by five shim cable drive systems (Figure 3.9-8).


The regulating rod is rigidly attached at its lower end to a solid drive rod extending down through
the pressure envelope below the reactor bottom head. The drive rod penetrates the pressure envelope
through a labyrinth-type sea]. The regulating rods can be driven by shim or servo drives. Normally, two
regulating rods are driven by each type of drive,


3.9.4.2 Applicable Design Specifications . Bases for temperature, stress on
structural members, and material compatibility are imposed on the design of the reactivity-control
components. The safety-rod drive mechanisms are designed and built using the following codes (Ebasco
1963):


ASME Boiler and Pressure Vessel Code, Section Vlll, 1962 Edition


ASME Boiler and Pressure Vessel Code, Section 11, 1962 Edition


ASME Boiler and Pressure Vessel Code, Section XI, 1962 Edition


The OSCC controls are described in Chapter 7 (Instrumentation and Control). The OSCC system also interfaces with the
reactor interlock system (see Chapter 7), which ensures that the OSCC are completely seated before reactor start up.


Refer to Chapter 8 (Electric Power) for details of the electric power system.


Refer to Chapter 5 (Primary Coolant System) for a description of the pressure housing assembly,
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• ASME Code for Pressure Piping ASA B31.1


• Interpretations of ASME Codes, including Cases 1270N-5, 1271N, 1272N-5, 1273N-7, 1274N-6,
and 1275N


• Electrical Standards of the American Standards Association


• Engineering Standards, Idaho Operations Office


• Reports Supplement to ]DO Engineering Standards.


The performance characteristics of the safety-rod system are listed in Table 3.9-12.


The OSCCs are designed and built using the following codes (Ebasco 1963):


• ASTM Part 1, Ferrous Metals Specifications, 1961 Edition


• ASTM part 2, Non-Ferrous Metals Specifications, Electron Tube Materials and Semiconductors,
1961 Edition


• ASTM Part 3, Metals Test Methods (except Chemical Analysis), 1961 Edition.


The performance characteristics of the OSCCs are listed in Table 3.9-13.


3.9.4.3 Design Loads, Stress Limits, and A llowable Deformation . The program to
specify design loads, stress limits, and allowable deformation or misalignment of the control-element
drive systems consisted of a combination of analyses, as documented in the ATR Design Manual (Ebasco
1964a), and prototype testing, as discussed in Section 3.9.4.4. The following sections discuss specific
design considerations for critical components in the safety-rod and OSCC-drive systems.


3.9,4.3 . 1 Safety-Rod System--The safety-rod drive mechanism has been designed
to prevent seizing, galling, corrosion, and wear. Nine design considerations for critical components are
presented below.


3.9.4.3.1.1 Rack and Pinion-Design considerations for the rack and pinion
are strength and resistance to wear, corrosion, and shock. The rack and pinion use a high contact ratio for
greater load-carrying capacity. The calculated nominal contact ratio of 2.3 distributes the load between
2 to 3 pairs of teeth when pitch lines coincide. Based on a maximum backlash of 0.019 in. caused by
cumulative tolerances and clearances in the vertical driveline, the contact during one rotational cycle is:


• Two-pair contact: 68% of the cycle


• One-pair contact: 32% of the cycle.


In addition to the stresses in the teeth caused by nominal loading, the design considered impact
loading and induced vibration. Prototype-test results and calculations that include stress-concentration
factors show that the rack and pinion teeth designs met the design considerations.
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3.9.4.3.1.2 Outer Snubber Tube-The critical factors determining design of


the outer snubber tube are antigalling properties, wear, and corrosion. Because sliding contact between
the outer snubber tube and the rack tube guide bushings is required, the contact materials must be
compatible to minimize galling, The snubber-tube material selected was 17-4PH stainless steel
precipitation hardened (HI 100). The guide bushings, which use Stellite Number 3 as mating surface with
The snubber tube, have succeeded in minimizing galling.


3.9.4.3 . 1.3 Rack-Tube Guide Bushings-Prototype testing required
changing the bushing material from 17-4PH stainless steel to Stellite Number 3 because of excessive
galling. The guide-bushing design provides diametral clearances within the outer snubber tube of
0.0] 3 in. maximum and 0.010 in. minimum . These clearances provide adequate buffing action and
prevent excessive crud buildup. A flow of filtered water has also been provided to minimize crud
accumulation in the lower guide bushing area.


3.9.4.3 . 1.4 Horizontal Shaft Ball Bearings-Calculated maximum dynamic
compressive stress for the preloaded Stellite Number 3 pinion bearings is 306,000 psi, compared to a
design value of 412,000 psi. Ball separators have been designed for maximum water flow through the
bearings. Seal water is used to flush the bearings continuously to prevent crud accumulation.


3.9.4.3 . 1.5 Scram Spring-The scram spring has been designed to limit
stresses to 72,000 psi. The design has minimized the possibility of spring buckling to prevent undue
lateral loads on the sliding members. A multiple fracture of the spring coils has been calculated to
increase the scram time 40 to 70 msec, but would not prevent a scram.


The. safety rod spring has been subjected to 100% liquid-penetrant or magnetic-particle inspection.


3.9.4.3. 1.6 Ball Nut and Screw Assembly-A static load of 2,000 lb
(maximum) is normally applied by the scram spring to the translating ball nut. This force acts to rotate the
screw in the direction of rod insertion when the clutch is deenergized. The design of this assembly
considered shock resistance and useful life, and is adequate for the loads.


3.9.4.3.1.7 Electric Clutch-The design of the electric clutch considered the
holding requirements and the magnetic and mechanical forces affecting the release and breakaway time.
Several modifications were made to improve the clutch characteristics. The modifications included
improving the magnetic flux shape by adding a RC circuit, slotting the clutch coil housing and plates, and
optimizing the air gap. Modifications to reduce mechanical drag during breakaway include improving
clutch-disc's finish, shape, and spring action.


3.9.4.3 . 1.8 Rotary Seal-The rotary face seal is relatively maintenance free
and is inherently free of shaft binding characteristics. The measured amount of wear on the seal face was
0.0024 in. after extensive life testing.


3.9.4.3 . 1.9 Misalignment of Components-he design of the safety rod and
drive assemblies considered interference between the experiment pressure tube assembly, the safety rod,
and flux-trap baffle (guide tube). Excessive misalignment of the reactor nozzles as a result of improper
fabrication and thermal conditions was also considered.
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The vertical assembly incorporates a swivel joint, which permits the maximum misalignment
dictated by the clearance between the safety rod proper and the inside diameter of the flux trap baffle
(0.060 in.).


The horizontal driveline contains a flexible coupling which has an angular misalignment capability
of+0° -15' at the design torque rating. This angular misalignment allows a maximum misalignment of
0.5 in. between the center of the nozzle's outer flange and the true axis of the horizontal nozzle.


3.9.4.3.2 Outer Shim Control Cylinder System-As a safety feature, the system
is designed so that water flow through the cylinder provides a torque for rotation in the direction of
decreasing reactivity. Bearings have been analyzed for loading during a high-flow event. Although
bearing races may be slightly marked by such an event, acceptable rotation capability would be expected
as described in Chapter 15 (Accident Analyses).


Design considerations to minimize possible mechanism malfunctions and ensure desired
performance include:


• Positive indexing of splined connections using the missing-tooth method


• Total enclosure of springs


• Moisture and overload protection for all electrical components


• Drive-motor high-temperature capability (356°F)


• Captivation of threaded connectors using Class A locking cups.


3.9.4.4 Performance -Assurance Program


3.9.4.4 , 1 Safety-Rod System-A prototype safety-rod drive mechanism was
subjected to three series of tests to determine whether the drive performance was satisfactory. The series
consisted of:


• Operational testing. The purpose of these tests was to ensure that operating design conditions were
achieved. Various modifications were made during the tests to meet performance objectives.


• Life testing. These tests demonstrated reliability under simulated reactor operating conditions.


• Miscellaneous tests, including


- Misalignment tests


- Crud tests


- Inflatable-seal tests


- Relay-panel tests


- Scram tests without filler plates


- Service-tool tests.
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Operating conditions during the tests simulated ATR's hydraulic and temperature conditions. The
coolant's pH and oxygen content were not controlled during all tests.


The prototype safety-rod drive mechanism performed satisfactorily during extensive testing in an
environment similar to ATR conditions, Scram time was not significantly affected by crud conditions that
simulated both probable and accidental concentrations expected in the ATR. Misalignment tests showed
that the mechanism performs satisfactorily under conditions more severe than those expected from
maximum-tolerance stackup. Wear and corrosion of the prototype components were satisfactory.


The production mechanisms were subjected to vendor testing before site shipment. The safety-rod
drive mechanisms, following reactor installation, were tested under both operation and open-head
hydraulic conditions before loading fuel in the reactor.


Before reactor startup, following each shutdown in which the vessel has been opened, the safety
rods are tested to ensure that release and travel times are within the prescribed limits of Table 3.9-12.


3.9.4.4 . 2 Outer Shim Control Cylinder System-A prototype OSCC drive
mechanism was subjected to extensive testing under conditions simulating the ATR environment. The
tests included:


Life-cycle test


Environment tests


• Misalignment tests


• Position -accuracy tests


The OSCC drive mechanism has performed satisfactorily under extensive testing in an
environment simulating ATR conditions. Misalignment tests have shown the mechanism capable o
satisfactory performance under conditions more severe than expected in the reactor. All production
components were inspected and found to be free of corrosion and wear.


Based on design considerations, performance testing, and malfunction analysis, the OSCC drive
will meet reactivity control requirements reliably.


3.9.5 Reactor Internals


This section describes those subsystems and components within the reactor vessel that are termed
"reactor internals."


The reactor internals are a part of the "reactor core and internals" (ANSI 1988), and include the
core support structure and all internals between that structure and the reactor-vessel wall. The reactor core
is described in Chapter 4 (Reactor). The details of the reactor vessel are given in Chapter 5 (Primary
Coolant System). The reactor internals are described in Section 3.9.5.1; design loading conditions of the
reactor internals are discussed in Section 3.9.5.2; the design bases for reactor internals are described in
Section 3.9.5.3.
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3.9.5.1 Design Arrangements. The subsystems developed for the reactor internals
described in this section are (a) the core support and flow distribution, (b) core internal guides, (c) outer
reflector, (d) spent-fuel storage racks, and (e) the reactor-internals protective cover. These subsystem
terms were developed specifically to identify components of similar function for purposes of this UFSAR.
Items indicated in Figures 3.9-9 and 3.9-10 are described in this section. The drawings presented in this
section synopsize subsystem design.


3.9.5.1.1 Core-Support and Flow-Distribution Subsystem-The function of the
core-support and flow-distribution subsystem is to support and maintain geometry of the reactor-core
assembly and to route primary coolant flow to ensure core cooling. The major assemblies of the
core-support and flow-distribution system are (a) the internal-tank assembly, (b) the thermal shield and
inlet-flow baffle assembly, and (c) the outlet-flow pipe assembly.


The basic reactor-coolant flow path, shown in Figure 3.9-11, is through two 23-in.-ID inlet nozzles
located in the hemispherical portion of the bottom head and upward through the two annuli defined by the
vessel shell wall, the thermal shield, and the cylindrical inlet-flow baffle. About 5% of the total inlet flow
passes upward between the inlet-flow baffle and the core reflector tank to provide cooling around the
outer capsule-irradiation tanks and the spent-fuel storage racks. The thermal shield and the inlet-flow
baffle end about 3 ft above the core, where the inlet water becomes part of the water reservoir (about
13,800 gal) above the core. This reservoir feeds the coolant flow down through the core and reflector
assembly into a lower plenum (the flow-distribution tank), which is divided into quadrants by baffles.
Four outlet-piping assemblies transport the split coolant flow from the quadrants to individual 15-in.-ID
outlet nozzles located in the vessel wall about 4 It above the core.


The internal-tank assembly (Figure 3.9-12) is a right-circular cylinder made up of four separate
tanks: (a) the core-support tank, (b) the flow-distribution tank, (c) the reflector-support tank, and (d) the
core reflector tank. This 14.5-ft-high assembly is bolted together and to the bottom-head closure plate; it
supports or contains all tank internals.'


Primary coolant flow is routed from the four quadrants of the flow-distribution tank to the
reactor-outlet flanges by four outlet-flow pipe assemblies (Figure 3.9-13). These assemblies consist of
16-in.-OD stainless steel pipes flanged at both ends, and are attached to the flow-distribution-tank outflow
holes and the reactor-vessel outlet nozzle.' Each assembly contains a sliding joint in the vertical run to
provide flexibility and to allow for thermal and hydraulic motion between elbows. These sliding joints are
sealed with stainless-steel piston rings.


Each outlet nozzle in the reactor-vessel wall contains a siphon breaker (see Figure 3.9-11). This
siphon breaker is a 1-in.-diameter pipe that extends 4 in. above the reactor top flange, where it mates to a
similar pipe in the reactor top head. These four siphon breakers allow a small amount of primary coolant
to bypass the reactor core, as described in Chapter 4 (Reactor). They prevent siphoning of the reactor core
if a pipe should break outside the reactor vessel.


3.9.5.1 . 2 Core Internal Guides-The core internal guides support and guide the
reactor-core system. Included are the neck shim rod housing and the flux-trap baffles.


Refer to Chapter 5 (Reactor Coolant System) for a description of the bottom-head assembly.


Refer to Chapter 5 (Reactor Coolant System) for a description of the reactor vessel.
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The neck shim rod housing (Figure 3.9-14) is a cruciform-shaped aluminum extrusion with four
radial extensions- It is located in the center of the reactor core (Figure 3.9-10), and is positioned and
supported by the 8-in. mounting tube welded to the bottom plate of the flow-distribution tanks. The
housing provides support and attachment points for the inner flux-trap baffles and the center flux-trap
baffle. It also provides locator ties for experiment-loop pressure tubes. The housing assembly contains
24 longitudinal holes for 20 neck shim rods and four regulating rods.' Each "wing' has six holes: five for
cable-driven neck shims, and one for the regulating rods. Regulating rods can be installed in the fourth
positions. When not used as a regulating rod, the fourth-position neck shim rod is used in the same
fashion as the cable-driven neck shim rods. It also contains 16 A-faculty irradiation holes (Figure 3.9-10)


Nine flux traps for irradiation are provided in the ATR (Figure 3.9-10). The outer boundary of
these spaces is defined by flux-trap baffles extending through the core area.


The center flux-trap baffle (Figure 3.9-15) fills the space in the center of the neck shim rod housing
and encloses an irradiation facility located in the center position of the core. It directs coolant flow round
irradiation facilities. Sixteen vertical holes are drilled in the baffle wall for experiments, flux-trap fillers,
and the two center N-16 assemblies (Figure 3.9-10).° Fourteen of these holes extend 6 in. below the active
core, at which point each has a window in the baffle wall to allow the cooling flow through the wall and
into the annulus between the baffle and the neck shim housing. The two holes for the N-16 tubes are
drilled through the upper section of the baffle to windows in the baffle wall where the upper and lower
sections are joined. These windows allow space for the N-I 6 assembly flow dividers, and also allow the
flow through the baffle to rejoin the main coolant stream in the flow-distribution tank.


The four inner and four outer flux-trap baffles are located in a square pattern around the core's
center line (Figure 3.9-10). The inner and outer flux-trap baffles serve primarily to support and position
the fuel-element assemblies in the ATR core.` Each inner baffle has six T-slots machined into the tipper
section for lateral fuel support and six T-slots in the upper end of the lower section to support the weight
of The fuel element, The outer baffles have slots for only four elements. The outer baffles latch to the
OSCC gear-box support beams with a twist-lock cam.


Inside each of the eight baffles is a loop inpile tube or an irradiation facility. Between the IPT and
the baffle, in six of the eight possible positions, are the reactor safety rods (Figure 3.9-1). In the positions
where a rod is not installed, filler pieces maintain the proper metal-water ratio. The baffle serves as a flow
container for primary coolant flow around the components inside the baffle.


3.9.5.1.3 Outer-Reflector Subsystem-The outer-reflector subsystem provides
special environments for experimental facilities outside of the reactor core. The capsule-irradiation tank
assemblies (Figure 3.9-16) locate and contain the outer reflector blocks (Figure 3.9-10). The north tank is
a 2 x 5 array with corner positions toward the core reflector tank. Flow through all 12 positions is
collected in a plenum below the tank and routed to the flow-distribution tank through a 5-in. pipe. The
south irradiation tank is a 4 x 5 array with two corner positions. Flow from the 12 inner positions is
routed to the flow-distribution tank. The outermost 10 positions are cooled by natural convection only, so
there is a slight upward flow.


'. Refer to Section 3.9A.1 for a description of the neck shim and regulating rods.


Refer to Chapter 9 (Auxiliary Systems) for the N- 16 System


`. Refer to Chapter 4 (Reactor) for the fuel elements.
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3.9.5.1 .4 Storage Racks-The two storage racks are located between the core
reflector tank and the inlet-flow baffle along the east-west center line of the reactor (Figure 3.9-10). Each
rack assembly consists of a frame, three four-element baskets, and a single one-element basket.


Each basket is attached to the frame by two spring-loaded locking lugs. Each position in the
four-element basket is equipped with an aluminum-clad cadmium poison liner that is not removable from
the basket.


The one-element baskets have been modified by replacing the aluminum-clad cadmium liners with
an aluminum liner. Temporary storage of two fuel elements in the reactor tank during shutdown is
allowed in the one-element baskets. The only cooling for stored fuel elements is by natural convection
circulation within the box. The T-bars under each basket are slotted to allow free mixing under the
baskets to aid circulation. In case of loss of primary coolant, the stored fuel remains water-covered since
the frame box has no drains. Overflow weirs on the core reflector tank allow emergency firewater to flow
into the fuel-storage racks.


3.9.5.1 . 5 Reactor-Internals Protective Cover-The protective cover extends from
the outer edge of the core reflector tank to within 114 in. of the reactor-vessel wall. This cover keeps small
items, inadvertently dropped into the reactor vessel, from falling to the bottom head. The cover consists of
a stainless-steel expanded-metal screen between the inlet-flow baffle and the vessel wall at elevation 85 ft
(just below the outlet nozzles), and a segmented aluminum cover plate between the baffle and the core
reflector tank at approximately elevation 82 ft (just below the OSCC drive line nozzles). The metal screen
is bolted to the top of the thermal shield and extends over the inside edge of the inlet-flow baffle. The
transition pieces around the drop tube are covered by stainless-steel plates perforated with
1/2-in. -diameter holes.


3.9.5.2 Loading Conditions . The loading conditions that provide the basis for the design of
the reactor internals are (Ebasco 1964a):


• Weight of fuel and reactor internals


• Differential-pressure and coolant-flow forces


• Temperature gradients


• Seismic forces.


The loading analyses for the reactor internals are based on the ASME Boiler and Pressure Vessel
Code, Section VI11, 1962 Edition (Ebasco 1963).
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3.9.5.3 Design Bases. Serv ice loading combinations for the core internals have been
calculated (Ebasco 1964a; Hanson 1976). Loading for the reactor internal tanks and flux -trap baffles is
summarized in Table 3.9-14.


The design bases for the reactor vessel internals are as follows (deBoisblanc and Cohen 1965):


A. The reactor internals , in conjunction with the fuel assemblies , direct primary coolant through the
core to achieve acceptable flow so that heat -t ransfer performance requirements are met for all
modes of operation.


B. In addition to the gamma shielding provided by the primary coolant, the inlet-flow baffle and
thermal-shield assembly limit gamma heating in the concrete walls surrounding the vessel shell.


Provisions are made for installing incore instrumentation and capsule experiment facilities in
support of the ATR mission.


The core inte rn als are designed to withstand mechanical loads arising from ea rthquake and pipe
rupture, and to meet the requirements of Item 5 below.


E. The reactor has mechanical provisions that are sufficient to support the core and internals
adequately and to ensure that the core is intact, with acceptable heat-transfer geometry following
Condition I and 2 events.


3.9.6 Inse rv ice Testing and Pumps and Valves


An is] plan (INEEL 2002) has been developed for the PCS. The IS] for pumps and valves is
covered tinder this plan. Refer to Chapter 14 (initial Test Program, Inservice Surveillance and
Maintenance) for more information.


Table 3.9-1. Transients used in the design and fatigue analysis of the ATR vessel.


Temperature range
Allowable cycles of transient Duration of transient


(Number) (°F) (sec)
2,000 120 to 170 45
2,000 170 to 120 3
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Table 3.9-2. General


Plant Event System Operating Condi ti ons Service Loading Combina tion Service Stress Limit
Normal Operation Normal Sustained Loads A
Plant/System Opera ti ng Transients
(SOT)'


Upset Sustained Loads + SOT B


Safe Shutdown Earthquake ( SSE) Faulted Sustained Loads + SSE D
a. Transients for ASME components are given in Tables 3.9-3 and 3.9-9.


Table 3.9- 3. Load cases considered in ASME Section 3 analysis of ATR reactor vessel.
Pressure Load Temperature Gradient


Load
Case


Magnitude
Level (psi) Level


Reactor
Temp, (°F)


Canal Temp.
(°F)


ASME Service
Condition Type of Event


Number of
C clest r


Allowable
No. of
Cycles


1 Design 390 NA NA' NA Design NA NA NA


2 Operating 375 Normal 125 65 Level A Normal operating 18 NA


3 Design + 429
10%


Normal 125 65 Level B High pressure alb b


4 Operating 375 Upset 213 65 Level B High temperature 17b b


5 Operating 375 Faulted 125 65 Level D SSE NA NA


a. Not Applicable
b. Combined Number of cycles/yr=48; Combined allowable member of cycles ? 1 0'


guidelines on ASME allowable stress limits for specified service loading combinations.
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412.09 (09/03/2002 - R


Identifier: SAR-153
Revision: 10
Page: 3-143 of 3-200
Effective Date: 08/10/04


7)


Program name Developer Description Application
1-DEAS Structural Dynamics Research PC-based general -purpose finite- element code for Remote processing unit (RPU) cabinet, EDF


Corporation (SDRC) linear static and eigensolver. Includes solid and TRA-ATR-680;
wire-frame modeling packages, a finite-element
solver, and a post-processing package.


operator console, EDF TRA-ATR-625; transmi tter
cabinets, EDF TPA-ATR-608; RPU cabinet, EDF
TRA-ATR-606.


PATRAN PDA Engineering Pre-Processor used in creating SAP, SAPIV, and
ABAQUS models.


SAPIV U.C. Berkeley General-purpose finite-element code for linear static Seismic Category I Piping, relief-valve piping,
(Klaus-Jurgen Bathe, Edward and dynamic analysis. reactor vessel and inte rnals
Wilson, Fred Peterson)


SUPERSAP Algor PC-based general-purpose finite element code for Heating and ventilation modifications
linear static and dynamic analysis. Contains good
re- and post-processing routines.


ABAQUS Hibbitt, Karlsson, & Sorensen, General-purpose finite-element code for linear and Nonstandard piping components such as branched
Inc. nonlinear static and dynamic analysis, buckling tees, PCS surge tank, PG-T-91-037.


analysis, and l arge-deformation analysis,
NUPIPE-II Quadrex Corporation Linear elastic analysis of three- dimensional piping Firewater piping, PG-T-90-016, Rev. 1, PCS


systems subjected to static and dynamic loads . weight and thermal analysis.
NUPIPE-II evaluates piping system stresses to
ASME Code Section III and B31 criteria.
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Table 3.9-5. Load combinations used in the reactor vessel faulted analysis.


Load combination and individual contributions
Magnitudes of individual


cont ri butions


A (static loads from design conditions)


Inte rnal pressure 390 psi
Temperature 240°F


Core pressure drop 100 psi


B (Static loads from o rating conditions. lus seismic loads)


Internal pressure 355 psi


Temperature 125°F


Core Pressure drop 100 psi
SSE 0.24 g


a. Davidson 1978.


Table 3.9-6. Allowable stress intensities for various po ns of the reactor vessel.


Allowable
stress intensity


Load combination Location Material (ksi)


A Components 304 SS 30.0
(RV shell) (SA-182)


Piping 304 SS 30.0
(SA-376)


Component supports Carbon steel 34.2
(SA-212. Gr B)


B Components 304 SS 48.0
(RV shell) (SA-182)


Piping 304 SS 60.0
(SA-376)


Component supports Carbon steel 44.6
(SA-212, Gr B)


a. From stress analysis of faulted condition (Da vidson 1978).
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Table 3. 9-7. Reactor vessel faulted condition : Summa ry of results for support-condition I.'


Effects of specified individual sources of loading Total effects for load combinations A and B


Effects (stresses, deflections etc.) XY Dead weight Operating Combination A Combination B,
produced at given locations by
imposed load combination


Seismic
loading


ZY Seismic
loading


plus core
pressure drop


internal
pressure


Calculated Allowable Calculated Allowable


Maximum deflections ( in.) <0,01 <0.01 <0.10 0.11 <0.20 <0.20


Reactor vessel shell


Max. stress intensity (ksi) < 2.0 < 2.0 < 20 20.6 22.6 30.0 24,6 48.0


Max. stress intensity due to spacer
bolt loads (ksi) 10.3b 5.2b 2.6b 20.6h 23.2 30.0 33.2 48.0


Spacer bolts max. load (kips) 24 12 6 48b 54 24 78 32


Internal piping
Max. stress intensity (ksi) < 1.0 < 1.0 4.5 3.1 7.6 30.0 8,6 60.0


Core support assembly
Max. relative deflections (in.) <001 <0,01 03 0 .03 - .04 -


Maximum shear (kips) 10.0 < 10.0 1.0 0 Lo - 11.0


Maximum moment (in.-kips) 390 464 45 0 45 - 509 -


Maximum bolt load (kips) 1.3 1.6 0.2 0 0.2 15.0 1.8 20.0


Support skirt
Max. stress intensity (ksi) < 2.0 < 2.0 2.0 4.8 6.8 34.2 8.8 44,6


Max. radial bolt load (kips) 18.I` 18.50 25 44.0 69 22.8 76 32


Avg. radial bolt load (kips) 15.0` 15.0` 25 1.0 24 22.8 42 32


a. Davidson 1978.


b. These values were derived from a small model constructed specifically for determining the maximum reactor vessel shell stress near the spacer bolts for pressure loading.


c. These values taken from mns with no spacer bolts be cause the support skirt radial bolts were not modeled in these mns. These loads are conservatively high for this case dal e to the extra lateral


support provided b the spacer bolts.
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Table 3.9-8. Reactor vessel faulted condition : Summary of results for support -condition.'
Effects of specified individual sources of loading Total effects for load combinations A and B


Effects (stresses, deflections, etc.) XY Dead weight Operating Combination A Combination B
produced at given locations by imposed Seismic ZY Seismic plus core internal Calculated Allowable Calculated Allowable


load combination loading loading pressure drop pressure
Maximum deflections (in.) 0.12 0,12 <0.1 <0.1 <0.30 - <0.30 -
Reactor vessel shell


Max. stress intensity (ksi) < 10 < 2,0 3.0 1 16 16.6 30.0 18.6 48.0
Internal piping


Max, stress intensity (ksi) 1.3 1.5 3,6 0.9 4,5 30.0 6,0 60.0
Core support assembly


Max. relative deflections (in.) 0,05 0.05 0 0 0 - 0.05 -
Maximum shear (kips) 16.3 14.4 0.1 0 0.1 - 16.4 -
Maximum moment (in.-kips) 575 677 12 0 12 - 689 -
Maximum bolt load (kips) 1.9 2.3 0 0 0 15,0 2.3 20.0


Support skirt
Max. stress intensity (ksi) 4.9 4.9 1.3 3.1 4.4 34.2 9,3 44.6


Max. radial bolt load (kips) 18.1 18.5 25.0 3.0 28.0 22.8 46,5 32.0
Avg. radial bolt load (kips) 15.0 15.0 25.0 1.0 24.0 22.8 41.0 32.0


a. Davidson 1978.
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Table 3.9-9. Load cases considered in ASME Section III analysis of ATR piping and supports.
Pressure Load Temperature


Load Magnitude Magnitude Number of Allowable No. of
Case Level (psi) (°F) ASME Service Condi ti on Type of Event Cycles/yr Cycles


1 Design 390, 435, 475, 485, 70 Design NA' NA NA
634


2 Operating < 390 < 167 Level A Normal Operating 18 > 10'


3 Upset 390 240 Level B Worst Limiting 50" > l0'`
Case of Levels A.
B, C, & D


3 Faulted 390 240 Level D SSE NA NA
a. Not Applicable
b. Design Transients are specified in Fershtut and Holman 1989.
c. One Non-standard Type of Component is limited to 9000 cycles where a 36 in. line has a 20 and a 24 in. line stabbed into it in close proximity to each other.
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Table 39-10. ATR safety related active pumps and valves


Vessel Vent System


Valve Descri /ion


PCS vessel vent valve


PCS vessel vent valve


Emergency Firewater Injection System


Valve Description


Lower firewater injection con tr ol valve


Lower firewater injection control valve


Lower fi rewater injection check valve


Lower firewater injection check valve


Lower firewater injection check valve


Lower fiirewater injection check valve


Upper firewater injection control valve


Upper firewater injection control valve


Upper firewater injection check valve


Upper firewater injection check valve


PCS Relief Valves


Valves Description


PCS relief valve


PCS relief valve


Primary Coolant System


Valve Description


Primary emergency coolant pump


Primary emergency coolant pump


Primary pump discharge check valve


Primary pump discharge check valve


Primary pump discharge check valve
Primary pump discharge check valve


Emergency pump dischar e check valve


Emergency pump discharge check valve
Check valve, bypass demineralizer to PCS
Check valve, pressu ri zing pumps to PCS return header



HOILAE

Text Box

FOIA Exemption 3 UCNI, Exemption 7f, table columns giving pump and valve numbers and locations 



HOILAE

Text Box

FOIA Exemption 3 UCNI, Exemption 7f, table columns giving pump and valve numbers and locations 
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Table 3.9-11 . Ground-acceleration capacities of ATR structures and equipment.'
Median HCLPF


Equipment Acceleration acceleration
Equipment item Location characteristics capacity, Am O capacity (g) Failure mode


1. Diesel Generator Flexible (23 Hz) 0.51 0.26 Base isolator
Comments


2. DGb M-6 Air Intake Damper Rigid {> 30 Hz) > 2,0 Anchorage
3. Valves betty. Tank ATR-776 Flexible piping > 2.0` - Based on experience data.


Day Tank
4. Valves uo/downstream of Air Flexible piping > 2.0` - Based on experience data.


Tank
5. Radiator Fan for Flexible (20-30 Hz) > 2.0` - Anchorage


DG M-6
6. Injector Fuel Oil Cooler Fan Flexible (16-20 Hz) 0.90 0,35 Anchorage


7. Day Tank Fob Transfer Pump Flexible (4-5 Hz) 0.21 0.10 Overturning Pump anchor bolt nuts were
observed missing during the
walkdown. See note a


8. DG M-6 Attached Cooling Flexible (23 Hz) 0.51 0.26 Base Isolator Fragility is based on DG Pump
Pura M-6,


9. DG M-6 Day Tank Flexible (4-5 Hz) 0.52 0.22 Base
Anchorage


10. Fuel Oil Transfer Tank Flexible 0.18 0,09 Saddle Support Fragility is based on 619-10 Day
Tank as information was not
available.


11. Diesel Gen Starting Air Tank Rigid (> 30 Hz) > 2.0` - Base
Anchorage


12. DG M-6 Engine Driven FO Flexible (23 Hz) 0.51 0.26 Base isolator Fragility is based on DG Pump
Pump M-6.


13. BHFIS' Line upstream of Flexible piping > 2.0` Supports Fragility is based on a piping
CK's sample review and experience


data.
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Table 3.9-11. (continued).
Median HCLPF


Equipment Acceleration acceleration
Equipment item Location characteristics capacity, A. (g) capacity (g) Failure mode Comments


14. BHFIS Line downstream of Flexible piping > 2.0` - Supports Fragility is based on a piping
CK's sample review and expe ri ence


data.
15. UVFISb Line upstream of Flexible piping > 2.0` Supports Fragility is based on a piping


CK's sample review and expe ri ence
data.


16. UVFIS Line downstream of Flexible piping > 2.0` Supports Fragility is based on a piping
CK's sample review and experience


data.


17. Line bet Raw Water Tank and Flexible piping > 2.0` - Supports Fragility is based on a piping
sample review and expe ri ence
data.


18. Line outlet of FlSb pumps Flexible piping > 2.0` - Supports Fragility is based on a piping
sample review and experience
data.


19, Overhead Storage Tank Flexible piping 0.68 0.20 Rod bracing
20. Ground Level Tanks Flexible (2-5 Hz) 0.32 0.14 Shell buckling See note a. (PRA evaluation of


the unmodi fi ed tanks)
21. Diesel FWb Pump Rigid (> 30Hz) > 20 - Anchorage_


22, FW Pump Rigid (> 30Hz) > 2.0` - Anchorage
23, Diesel FW Pump t Rigid (> 3OHz) > 2,0` - Anchorage_
24, Diesel FW Pump Flexible 0.18 0.09 Support saddle See note d.


25. Diesel FW Pump Flexible 0.18 0.09 Support Saddle Fragility is based on tank 619-10
day tank as no information was
available to perform a component
specific evaluation . See note d.
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E ui men / item Location
Equipment


characte ri stics


Median
Acceleration


eapaci , Am (


HCLPF
acceleration
ea achy (} Failure mode Comments


26. LDW° pumps discharge Lines Flexible Piping > 2 0 - Supports Fragility is based on a piping
sample review and experience
data.


27. LDWs pump Rigid (30Hz) > 2.0` - Anchorage
28. LDWb um Rigid (> 30Hz) > 2.0` Anchorage
29. LDWb Tanks Flexible (5-10 Hz ) 0.62 0 . 27 Shell buckling
30. Pressure Control Valve Flexible Piping > 2A` - Based on Expe ri ence Data.


31. Air Dump Valve I Flexible Piping > 2.0` - Based on Experience Data.
32. Air Compressor Rigid (> 30 Hz) > 2.0 1 - Anchorage
33. Air Com ressor Rigid (> 30 Hz) > 2.0` - Anchors e
34. Surge Tank Flexible (6-7 Hz) 0.18 0.06 Su orts Les See noted.
35. P ri mary Degassing Tank Flexible ( 6-7 Hz) 0.92 0 . 35 Suppo rt Legs


in bending
36. Primary Piping ( cold legs) Flexible Piping > 20 -- Suppo rt s Fragility is based on a piping


sample review and experience
data.


37, P ri mary Ht Exchg ( hot legs) Flexible Piping > 2A` - Suppo rt s Fragility is based on a piping
sample review an d experience
data.


38. Pressurizing Pump Rigid (> 30 Hz) > 2.00 - Anchorage
39. Pressurizing Pump Rigid (> 30 Hz) > 2.0` - Anchorage
40, Emergency Pum Rigid (> 30 Hz) > 2.0 0 - Ancho rage
41. Emergency Pum Rigid (> 30 Hz) > 2.0` - Anchorage
42. Vessel vent and drain line Flexible Piping > 2.0` - Suppo rt s Fragility is based on a piping


sample review and experience
data.
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Median HCLPF
Equipment Acceleration acceleration


Equipment item characteristics capacity, A,(g) capacity (g) Failure mode Comments
43. SVb for VVSb , Flexible Piping > 20 - Based on Experience Data.


44. SV for VVS,_ Flexible Piping > 2.0` - Based on Experience Data.


45. VVS N2 Tanks for Flexible (2-4 Hz) 0.4 0.2 Sliding Bottles are restrained by chains.
Fragility is based on experience
data. See note c.


46. VVS N2 Tanks for flexible (2-4 Hz) 0,4 0.2 Sliding Bottles are restrained by chains.
Fragility is based on experience
data. See note c.


47, FWb Sprinkler Line in SGb Flexible (2-3 Hz) 0.84 0.29 Bending I"
Room along west wall Branch Line


48. FW Sprinkler Line in SG Flexible (8 Hz) 1.09 0,40 Bending 2"
Room between cable trays Branch Tee


49. Diesel Generators Flexible (2-4 Hz) 0.39 0.17 Overstress Fragility is based on previous
analysis and expe ri ence data,


50. Diesel Generators Flexible (2-4 Hz) 0.39 0.17 Overstress Fragility is based on previous
Jacket Water Cooling Lines analysis and experience data.


51. FWb Sprinkler Deluge Valve Flexible Piping > 2.0` Based on structural capacity,
failure modes & expe ri ence data.


52, Direct Damage (Large) Flexible Piping > 2.0` - Supports Fragility is based on a piping
LOCAb sample review and experience
Process Piping data.


53. Storage Canal Rupture 1.5 0.51
54. LDWs Bldg. 608 Flexible 0.35 0.4
55, Steam Plant Bldg. 609 Flexible 0,35 0,4
56. Raw Water Bldg. 619 Flexible 0.35 0.4
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Table 3.9 (continued


Equipment item Location
Equipment


characteristics
57. Firewater Bldg. 633 Flexible
58. Reactor Bldg. 670 - near


surge tank


59. Reactor Bldg 670 - Reactor
Control Room


60. Reactor Bldg. 670 -Process
Con trol Room


61. Reactor Bldg. 670 -
Pressurizing Pumps and
Degassing Tank


Flexible


lexible (16-2


Flexible (16-20 Hz)


Flexib


62. Reactor Bldg. 670 near Flexible


edian
Acceleration


capacity, Am (g)


> 2.0`


Failure mode Comments


Base Anchorage


Base Anchorage


Equipment fragility is reported
under Item 20.


0 38.63. Reactor Bldg. Supers tructure Flexible 1.6


164. Reactor Vessel 1.49 0 60 Based on past PRAs


a. Eide at at. 1991 ,


HCLPF
acceleration
capacity (g)


> 0.5`
>0.5`


0.29


>0 .5 °


> 0Se


h. Bottom Head Firewater Injection System (BHFIS ); Diesel/Commercial ( DIC); Diesel Generator (DG); High Confidence Low probability of Failure ( HCLPF); Firewater (FW); Firewater Injection


System ( FIS); Fuel Oil ( FO); Low-pressure Demine ri zated water (LDW$ Loss of Coolant Accident (LOC A ); Solenoid valve ( SV); Switehgear ( SO); Upper Vessel Firewater Injection System


(UVFIS ); Vessel Vent System (VVS).


c. Median capacity judged greater than 2.0 g for this component based on a watkdown review and median response factors.
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Table 3.9-12. Performance characteri of the safety-rod system.'


System characteri stic Data
Stroke 36 in.


Bite (normal poison position with rods cocked) 3 in. insert ed
Withdrawal rate 9.0 in./min


Scram release lime 22 cosec (pressurized mode)
29 cosec (depressu rized mode)


Scram time (including release time), first 12 in, of
travel:


Three-primary-pump operation 150 cosec
Two-primary-pump operation 170 cosec


Scram lime (open head operation),
fi rst 12 in. of travel: 300 cosec


Life expectancy 10 yr
Number of operable rods Up to 6


Location Flux-trap baffles surrounding the inpile tubes. dummy
inpile tubes. or irradiation facilities


Poison section Four 80-degree hafnium sector inserts 1/4 in. x 36 in.


Drive type Rack and pinion with quick-release electromagnetic
clutch


Drive motor


Type Double-worm reduction
Capacity 114 lip
Shaft speed 1725/850 rpm
Torque output 280 to 300 ft -lb


a. deBoisblanc and Cohen 1965.
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Table 3.9-13. Performance characte ri stics of the OSCC system.'


System characte ri stic Data


Location . Beryll ium refl ector


Length of hafnium poison insert 46 in.


Configuration Beryllium cylinders with120-degree poison inserts


Poison inse rt s 0.250-in.-thick hafnium


Control cylinder speed 0.055 rpm (20.0 degree/min)


Control cylinder travel 160 degree (0 degree full-in and 160 degree full-out)


Drive type Right-angle worm and wheel


Drive motor


Type


Number of revolutions


Shaft speed


Torque clutch


Instant reversing, 3-phase induction
20.33 (max)


2.2 rpm


40 fl-Ib (max)


Seal Rotary facet e


Number of operable OSCC 16 (4 per quadrant)


Number of drives 8 (2 per quadrant)


a. deBoisblanc and Cohen 1965.
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Total stress


Component Loading parameters (psi)
Flux-trap baffles Material: 6061-T6 aluminum tubing Mechanical and thermal


Allowable stress at 200°F: 9,500 psi Core AP=100: 5,550
Core AP-- 140: 5,890


Core reflector tank Material: 6061-T652 aluminum Hoop stress
Minimum yield s trength: 33,000 psi Core AP=140: 24,334 sib


Reflector support tank Material: SG 70A-T71 (A356-T71) aluminum casting Hydraulic and mechanical
Minimum yield strength: 18.000 psi core AP=140: 4,175
Allowable stress at 200°F: 6.200 psi


Flow distribution tank Material: Type 304L stainless steel Membrane and bending
Design stress intensity at 200°F: 16.600 psi Core AP=100: 35,660
Allowable alternating stress intensi ty for 7,000 cycles: 65,000 psi Core AP=140: 49,930


Core support tank Material: Type 304L stainless steel Mechanical and thermal
Design st re ss intensity at 200°F: 16.600 psi Core AP=140: 3,400 psi
Yield strength: 21,300 psi


a. Hanson 1976.


b. Burr 1977.
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Figure 3.9-13. Outlet-flow pipes. ( For Information Only)
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Figure 3.9-14. Neck shim rod housing assembly (EG&G Idaho 1983). ( For Information Only)
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Figure 3.9-15. Center flux trap baffle and N-16 assembly (EG&G Tdaho 1983). (For Information Only)
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3.10 Seismic Qualification of Seismic Category I
Instrumentation and Electrical Equipment


The ATR was designed with nuclear-, process-, and radiation-monitoring instrumentation to permit
safe reactor operation under normal and abnormal conditions. Automatic control of reactor power is
provided, and automatic corrective and safety actions prevent hazardous conditions from developing.
Several independent electrical systems are provided for the ATR to ensure that power sources are
available under any credible condition.


Seismic Category I instrumentation and electrical equipment are found in the following
safety- related systems:


Reactor Shutdown System (RSS)


• Engineered Safety Features (ESF)


• Safety Rod System


• Reactivity Control System


• Primary Coolant System


• Electrical power system


• Control complex.


The Seismic Category I components and structural elements whose supports have been seismically
qualified are listed by system grouping according to Gorman (1988) as follows:


• PCS piping and related components, including heat-exchanger and surge-tank supports


• Standard and IA & ID inpile tube systems and components


• Reactor vessel


• Emergency Firewater Injection System


• Battery racks and equipment anchorage


• Electrical power system


• Control complex.


The location of Seismic Category I instrumentation and electrical equipment may be identified
through the use of these two lists. Appendix A is the list of Seismic Category I components and structural
elements.
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3.10.1 Seismic Qualification Criteria


The ATR was designed in the early 1960s and completed in 1967. The original PCS underwent
some major modifications and upgrades after preoperational tests. The ATR began operating in 1969. The
original seismic-design criterion used for the ATR was the 1961 Uniform Building Code (UBC) Seismic
Zone 2 (ICBO 1961), The code included seismic provisions for buildings, but had no seismic
requirements for equipment. As a result, the original seismic Category I instrumentation and electrical
equipment were designed and installed without explicit seismic-qualification criteria.


In 1968 and 1969, industry standards were developed that stated that design bases for PPS
electrical equipment must include credible single events such as earthquakes. These standards included
IEEE (1969a), AEC (1969), and IEEE (1969b). In 1971, site-specific seismic-hazard studies were
performed from which a SSE was defined. These standards and studies have provided the basis for
seismic-design upgrades in 1971 and for the seismic-design upgrade program plan in 1973. The latter
program was established to evaluate all critical SSC required for safe shutdown and maintenance should
an SSE affect ATR.


Recent specifications (EG&G Idaho 1992) have invoked IEEE-344 as the governing criteria for
seismic qualification (IEEE 1975). IEEE-344 was originally published in 1971. Revisions were issued in
1975 and 1987 (IEEE 1987). The extent of the application of IEEE-344 as the governing criteria for
seismic qualification of active electrical and mechanical equipment at the ATR is uncertain. For example,
the seismic qualification of the PPS was removed from the original construction specifications
(Burr 1992). However, documentation is available to support qualification of the Rosemount transmitters
and the PPS Cabinets that enclose the transmitters, which are included as part of the PPS (Buff 1992;
Richins 1992).


3.10.2 Methods and Procedures for Qualifying Electrical Equipment and
Instrumentation


AEC (1974) allows the use of both analytical and test methods for use in qualifying electrical
equipment and instrumentation . AEC (1974) specifies that the minimum requirements of IEEE
Standard 344 be used when testing procedures are followed . In addition , analytical methods acceptable
for use as qualification documents are provided.


In 1973, a seismic -design upgrade program plan (Gorman 1973) was established to evaluate all
critical SSC required for safe shutdown during the SSE. The evaluation was performed using the SSE
specified in Gorman (1972). These criteria were discussed in Section 3.7.1. Evaluation of equipment in
this program was conducted either by the seismic -analysis methods described in Section 3.7.3, or by test
procedures described in IEEE Standard 344 (IEEE 1975).
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3.10.3 Methods and Procedures of Analysis or Testing of Supports of Electrical
Equipment and Instrumentation


In general, the methods and procedures used in qualifying Seismic Category I equipment supports
are documented in Gorman (1972). The original plant was designed to the UBC (ICBO 1961). Supports
were analyzed for the additional lateral loads as prescribed by UBC (ICBO 1961). Since the original
design, the seismic design requirements for the ATR have undergone several revisions. Section 3.7.1
documents these revisions. For component supports, which were part of the seismic design upgrade plan
(Gorman 1973), response spectra analyses have been conducted following the procedures outlined in
Section 3.7.3, Systems whose supports have been seismically qualified to date are listed in Section 3.10.


3.10.4 Operating License Review


3.10.4 .1 Operational Readiness Reviews . Operational readiness reviews and periodic
safety reviews are conducted in accordance with company procedures. Safety reviews are performed upon
completion of modifications made to facilities and equipment having safety significance, design upgrade,
or system change. Chapter 13 (Management, Organization, and Institutional Safety Provisions) describes
the review process.


3.10.4.2 Seismic -Qualification Results. The seismic-design upgrade program of SSC
required for safe shutdown began in 1973. It included the evaluation of miscellaneous equipment such as
battery racks and anchorage of equipment. Gorman (1988) reports that appropriate modifications were
identified, where needed, to bring equipment items within acceptable limits. As of 1988, such
modifications were completed.


Burr (1992) reports results for the PPS cabinets and transmi tt ers . Cabinets evaluated by static
equivalent seismic analysis indicate low cabinet stresses , but bolt stresses exceed AISC allowables.
Review of the Rosemount Transmitter Qualification Report indicated that the transmi tt ers and attachment
brackets were properly qualified in accordance with IEEE-344 (Burr 1992).


In 1989, a PRA was performed (Eide, Kherieha , and Thatcher 1989). This assessment included
walkdowns and evaluation of Seismic Category 1 inst ru mentation and electrical equipment . One key
result of this assessment was the determination of HCLPF accelerations for equipment items. The HCLPF
acceleration is an indicator of the equipment seismic capacity, and is defined as the level of acceleration
at which there is high confidence (e.g., 95%) of a low probability ( e.g., < 5%) of failure . Although the use
of HCLPF accelerations or fragility analyses are not used to qualify equipment items, an HCLPF
acceleration that exceeds the design-basis peak ground acceleration indicates seismic ruggedness.


Table 3.10-1 summarizes the fragility parameters developed for ATR equipment . The table
identifies the equipment by location and component identifier along with the equipment characteristics
and failure mode. Also present are the associated median peak ground acceleration capacity
(Am, 50% probability ) and the HCLPF acceleration capacity for each component . Components that were
effectively screened out from detailed fragility evaluation are denoted in the table by > 2.0 in the Am
column or by > 0. 5 in the HCLPF Capacity column. The majority of these components were screened out
based on walkdown observations , median response factors, and historical performance of equipment and
structures during earthquakes.
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Anchorage of the electrical equipment reviewed during the PRA was inconsistent (Eide, Khericha,
and Thatcher 1989). The majority of the motor-control centers (MCCs), switchgear, transformers, and
panels observed during the walkdown were marginally anchored or unanchored. Consequently, numerous
fragility estimates were based on component sliding or overturning. Significant variability arises because
of the nonlinear behavior for this type of failure mode. For example, a sliding failure can affect equipment
function by severing cabling that connects to the bus connections at the base of the cabinet. Earthquake-
experience data have shown that moving even fractions of an inch can sever a cable. The low fragility
estimates presented in Table 3 . 1 0-1 reflect the high uncertainty for this type of failure mode.


Table 3.10-1 is based on the PRA (Fide, Khericha, and Thatcher 1991); since the time that the PRA
was issued, seismic modifications to some of the listed equipment have been completed or are in progress.
The completed modifications are listed in the footnotes to Table 3.10-1. With completion of the seismic
modifications, the median peak ground acceleration capacity for the affected equipment is judged to be
greater than 2.0 g. To avoid inconsistency between the UFSAR and its reference documentation,
Table 3.10-1 will not be revised until the PRA is revised since the table is based directly on the
information in the PRA. The seismic equipment upgrades assumed in the PRA analysis that are not
completed or in progress are entered the Reactor Program's (RP) internal tracking system. The upgrades
are assigned a priority and will be addressed accordingly.
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Table 3.10-1


Identifier:
Revision:
Page:
Effective Date


Ground- acceleration capacities of ATR electrical equipment and instrumentation.'


412.09 (0910312602 - Reo. T)


SAR-153
10
3-177 of 3-200
08/10/04


Component
Equipment item Location identi fi er


Equipment
characteristics


Median
capacity A,,


($


HCLPF"
capacity


(g) Failure mode


Utility UPS' Flexible (3- Hz) 1.01 0.30 Rack bolting


2.


Power Panel


Utility UPS Flexible (10-16 Hz) > 2.o° Base
Power Panel


Utility UPS Flexible (10-16 Hz) > 2.0`


anchorage


Base
Power Panel


Utility UPS Flexible (3-4 Hz) 1 01 0.30


anchorage


Rack bolting


.


Power Panel


Utility DC
Battery Bank


Utility DC


Flexible (15-20 Hz)


Flexible (15-20 Hz)


> 2.0`


> 20 0


Base
ancho g


Base
Battery Bank


32Vdc PPS' Flexible (10 -16 Hz) 0.49 0.17


anchorage


Functional
Batten Bank


32Vdc PPS Flexible (10-16 Hz) 0,49 0.17 Functional


9.


Batten Bank


Battery Charger Flexible (4-8 Hz) 0.15 0.05 Overturnir g


250V Uti dc Flexible (4-8 Hz) 0.15 0.05 Overturning


Comments


Supported on same rack as
Item 670-E-I 17.
See note d.


Supported on same rack as
Item 670-E-115,
See noted.


Battery cells are lead/
antimony. Fragility is
based on generic test data.


Battery cells are lead/
antimony. Fragility is
based on generic test data.


Charger is unanchored and
attached to unanchored
Panel E-103. See note d.


DC bus is attached to
unanchored Panel E-103.
See note d.



HOILAE

Text Box
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Table 3. 10-1. (continued),


Component
Equipment item Location identifier


Equipment
ch aracteristics


capacity A,,
(g)


HCLPFb
capacity


(g) Failure mode
11. 250V dc S.G.° Flexible (4-8 Hz) 0.15 0.05 Overturning


12.


Control Panel


250V Utility dc Flexible (4-8 Hz) 0.15 0.05


13. 32V do Flexible (> 20 Hz) > 2.0`


14.


Distribution


32Vdc Flexible (> 20 Hz) > 2.0`


15.


Distribution


120/208V ac Bus Flexible (> 20 Hz) > 20


16. ATR-608 CID' Flexible (4-8 Hz) 0.15 0.08 Overturning


17.


480V ac Bus


ATR-674 C/D Flexible (4-8 Hz) 0.23 0.10 Ove rturning


18.


480V ac Bus


ATR-674 C/D Flexible (2.5-4 Hz) 0.42 0.19 Rocking
I20/208V Bus


19. ATR-674 Flexible (4-8 Hz) 0.42 0.15 Anchorage


20.


Transformer


ATR-670 CID Flexible (4-8 Hz) > 20 - Anchorage
480V ac Bus


Comments
DC bus is a tt ached to
unanchored Panel E-103.
See note d.
DC bus is a tt ached to
Panel E - 23, which is
attached to unanchored
Panel E-103. See noted.


MCCb is unanchored.


Cabinet is marginally
anchored.


Deflection of bldg. siding
controls failure.


Transformer is marginally
anchored.



HOILAE

Text Box

FOIA Exemption 3 UCNI, Exemption 7f -- table columns giving equipment items, locations and component identifiers
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Table 3. 10-1. (continued).


Component
Equipment item Location identi fi er


Equipment
characte ri stics


Median
capacity A,,,


( g)


HCLPFb
capacity


(g) Failure mode


21. ATR-670 Diesel Flexible (10-26 Hz) 0.26 0.08 Sliding
4.1kV


22.
ac Bus
ATR-670 Diesel Flexible (10-16 Hz) 0.26 0. 08 Sliding
480V


23.
ac Bus
ATR-609 Diesel Flexible (10.16 Hz) 0.26 0 .08 Sliding
2.4kV


24,
ac Bus
ATR-609 Diesel Flexible (4-8 Hz) 0.15 0.08 overturning
480V


25.


ac Bus


ATR-609 CID Flexible (4-8 Hz) 0.15 0.08 Ove rturning
480V


26.


ac Bus


ATR-619 Diesel Flexible (10.16 Hz) 0.26 0 .08 Sliding
2.4kV


27.


ac Bus


Diesel Generator Flexible (10-16 Hz) > 20 Anchorage


28.


Cntrl
Panel
FW Pump 2igid (> 30 Hz) 0.23 0.13 Sliding


29.


St ar ting Batteries


FW Pump ,igid (> 30 Hz) 0.23 0.13 Sliding
Starting Batteries


Comments
S. G. sections are
marginally anchored,


Bus sections are
marginally anchored. See
note d.
Bus sections are
marginally anchored.


MCC is unanchored.


MCC is unanchored.


Bus sections are
marginally anchored.


Batteries and racks are
unanchored.
See note d.
Batteries and racks are
unanchored,
See note d.



HOILAE

Text Box
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Table 3.10-1, (continued).


412.09 (09!03/2002 -Rev, 7


Identifier: SAR-153
Revision: 10
Page 3-180 of 3-200
Effective Date: 08/10104


Median HCLPFb
Component Equipment ca pacity A, capacity


Equipment item Location identi fi er characteristics (g) (g) Failure mode comments
FW Pump Flexible (10-16 Hz) 1.48 0,51 Base


anchorage


31. FW Pump Flexible (10-16 Hz) 1.19 0,50 Anchor bolt
bending


32, FW Pump Flexible (10.16 Hz) 1.48 0,51 Base
Panel anchorage


Instrument air Flexible Piping > 2.00 - Supports Frag ility is based on a
line pipi ng sample review and


expe rience data.
34 Emergency Pump Flexible (4-8 Hz) 0.15 0.05 Overturning Anchorage problems with


Panel pane ls associated with
670-M-1 I electrical power
(670 -E-28, 670-E-26,
670-E-105,670-E-103).


See note d.


a. Fide, Kheri 991.
b. C/D - commercialldiesel


HCLPF - high confidence low probability of failure
MCC - motor control center
PPS - Plant Protective System
S.G. - switch gear
UPS - uninternrptible power supply


c. Median capacity judged greater than 2.0 g for this component based on a walkdown review and median response factors.


d. The recommended seismic upgrades have been completed per t he facilitymode lication procedures. The median acceleration capacity is judged to be greater than 2.0 g.



HOILAE

Text Box

FOIA Exemption 3 UCNI, Exemption 7f -- table columns giving equipment items, locations and component identifiers
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3.11 Environmental Design of Mechanical and Electrical Equipment


The ATR was designed, constructed, and placed in operation before specific
equipment-qualification guidance was available. As part of the ongoing process to adopt current criteria
and requirements at ATR, an equipment-qualification program was formulated based on rigorous criteria
and requirements currently applied to commercial nuclear power plants. Documented
equipment-qualification requirements for DOE reactors are in DOE Order 5480.4, which defines both
mandatory requirements and non-mandatory (but appropriate) standard practices (DOE 1993). These
practices are based on commercial nuclear power reactor standards and are described in lower-tiered,
acceptable-practice documents such as NRC Regulatory Guides, Standard Review Plans (SRPs), and
ASME and IEEE standards.


At the top of the hierarchy of the NRC's equipment qualification requirements is 10 CFR 50,
Appendix A (CFR 1999), General Design Criteria. Criterion 4 of this Appendix requires that certain
systems and components be designed to operate under environmental conditions which could exist during
postulated accidents. For electrical equipment, Criterion 4 is implemented by 10 CFR 50.49 (CFR 2001).
The application of 10 CFR 50.49 to the ATR Control Room is discussed in Section 3,1.2.10. This
regulation is expanded and clarified in NUREG-0588 (NRC 1981h) and Regulatory Guide 1.89
(NRC 1984). SRP 3,11 (NRC 1987) extends these guidelines to active mechanical equipment. The
methodology in the ATR Equipment Qualification Report (Slaughterbeck et al. 1992) was adopted from
Appendix E of Regulatory Guide 1.89 (NRC 1984).


3.11.1 Equipment Identification and Environmental Conditions


A list of ATR equipment subject to qualification has been prepared following the commercial
nuclear power practice of selecting safety-related equipment inside confinement for the
equipment-qualification process (Slaughterbeck et al. 1992). This work is the first step in an engineering
qualification process that generates and maintains evidence that the required safety-related equipment can
meet or exceed performance requirements on demand while being subjected to normal environments,
anticipated operational transient environments, and accident environments. After determining which
equipment is subject to qualification, an assessment of performance requirements, service conditions,
qualification requirements and design requirements is performed to define the specification for equipment
qualification.


This assessment encompasses


The determination of all equipment subject to qualification and the functional requ
equipment


ements o this


• A preliminary determination of accident service conditions including environmental extremes for
specific equipment.


Environmental parameters considered include pressure, temperature, humidity, radiation dose, and
submergence.
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Safety-related electrical and mechanical equipment that is required to survive and function under
environmental conditions resulting from either a LOCA or a CLOFA inside confinement must be
environmentally qualified. Equipment failure is allowed after safety functions have been performed. For
ATR, equipment selected for further qualifications must meet all three of the following criteria:


• The equipment is safety-related. Safety-related equipment is identified in Appendix A.


• The equipment is located inside, or forms part of, the confinement boundary. Equipment outside of
the boundary is not considered to be exposed to accident environments. (Equipment locations were
determined from System Design Descriptions, engineering drawings, discussions with plant
personnel, and a plant tour.)


• The equipment is classified as electrical or active mechanical. All electrical equipment and active
mechanical components are considered to be susceptible to failure in accident environments.
Excluded under this criterion are passive normal reactor internals, pipes, vessels, supports, and
building structures. All pumps and valves are considered to be active components for this screening
process.


The resultant equipment subset comprises all safety-related electrical and active mechanical
equipment inside the confinement boundary; this equipment is subject to further screening to determine
whether the equipment must be environmentally qualified.


For each item of equipment subject to the above three criteria, data sheets are prepared that include
the item's equipment number, description, manufacturer, location, pertinent references, and information
on environmental conditions. All equipment is classified into one of four categories based on the
designation and guidance of Regulatory Guide 1.89, Appendix E (NRC 1984). Table 3.11-1 summarizes
the equipment qualification screening methodology of Regulatory Guide 1.89 (NRC 1984). Because the
RSS' is designed with triple redundancy (i.e., components performing similar functions located in
physically separate areas), reactor scram was assumed to have been completed before the RSS or
safety-rod components experience accident environments. The remaining equipment items were screened
to include Categories 3.a and 3.b. Category 3.a consists of equipment that is exposed to an accident
environment and must function to mitigate the accident. Category 3.b consists of equipment that is
exposed to an accident environment in which it need not function, but must not fail in a manner
detrimental to plant safety (Slaughterbeck et al. 1992).


To determine the environmental envelope for Category 3.a and 3.b equipment, locations were
correlated with calculated environmental conditions based on existing accident simulations performed
with the MELCOR computer program (Summers et al. 1991; Kelly 1988). Environmental conditions for
equipment qualification range from those experienced during normal and abnormal plant operation to
those experienced in accident scenarios as defined in assessments of CLOFAs and LOCAs. The
environmental conditions reported on the equipment-qualification data sheets are bounding (worst-case)
conditions calculated to occur for either the CLOFA or the LOCA, whichever is the more severe for each
environmental parameter. These conditions are representative of those determined from the PRA
(Atkinson and Thatcher 1994), the original SAR (deBoisblane and Cohen 1965), and supporting
documentation.


". The RSS comprises instrument subsystems and logic that cause the release of safety rods. For the purpose of the UFSAR
descriptions, the Safety-Rod System is consider a separate system; see Chapter 7 (Instrumentation and Controls) for further
discussion.
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The master list of safety-related equipment and structures is in Appendix A to this chapter. Certain
safety-related SSC are relied upon during or following design-basis events to ensure (a) the integrity of
the reactor coolant pressure boundary, (b) the capability to shut down the reactor and maintain it in a safe
shutdown condition, and (c) the capability to prevent or mitigate the consequences of accidents that result
in potential offsite exposures comparable to the 10 CFR 100 (CFR 1977) guidelines. The term
"safety-related" is a broad designation that includes PPS SSCs and non-PPS SSCs. The PPS includes the
RSS, and ESF. Appendix A is organized by SSC categories as follows:


PPS


ESF


- Emergency Firewater Injection System


- PCS overpressure relief system


- Radiation Monitoring and Seal System


- Vessel Vent System


- LOCA Primary Coolant Pump Shutoff System


RSS


• Non-PPS safety-related SSC


- Safety-rod system


- Buildings and miscellaneous structures and components


- Control complex


- Electrical power system


Firewater system


- Fuel storage and handling


- Low-pressure demineralized water system.


- Primary coolant system


- Reactivity control system


- Reactor core and internals.


3.11.2 Qualification Tests and Analyses


The PPS within the confinement structure was environmentally qualified to AEC Reactor
Development and Technology (RDT) standards at the time of installation. Further review of
environmental qualification was performed as part of the ATR Equipment Qualification Program
(Slaughterbeck et at. 1992).
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The safety-related systems or equipment required after reactor shutdown for design-basis events
are (a) VVS, (b) EFIS, (c) emergency coolant pump (30 minutes), (d) confinement, (e) firewater canal
makeup to the canal irradiated fuel element storage area, (f) canal bulkheads (Chapman 1995), and
(g) LOCA Primary Coolant Pump Shutoff System (until fuel element cooling time is met or until less than
two primary cooling pumps are operating). Of these systems, only the EFTS and confinement could
experience abnormal conditions (that is, conditions other than those experienced during routine
operation). The other safety-related systems and equipment required after a design basis event shutdown
would experience environment conditions that are enveloped by their design requirements.


In the event of a LOCA, the EFIS electronics could flood. Except for the vessel liquid-level
transmitters, the flooding would occur at approximately the same elevation as the top of the core. The
most probable occurrence would be a loss of power to the EFIS, in which case the valves would fail open
and the EFIS would continue to flood the reactor building. The least probable occurrence is a false signal
to the EFIS actuators that would cause the EFIS valves to close. The core damage frequency, however, of
such an occurrence is less than 1.0 x 10'7/yr.


Also in the event of LOCA that causes flooding, the exhaust air dampers could be submerged. The
water pressure could open these dampers; however , the water would form a seal that would block an air
flow path out of the confi nement.


3.11.3 Loss of Ventilation


The control room is located inside the confinement. The air-treatment unit HVA-2 system supplies
the reactor control room. If the stack-monitoring system indicates high radioactivity, the ventilation
system to the control room is shut down automatically by closing the HVA-2 butterfly dampers on the
control room's air-supply and -return ducts, thereby stopping the HVA-2 fan. Habitability of the control
room is maintained during normal operation, and also while operating during incidents that do not breach
the fuel cladding or produce levels of airborne activity high enough to require evacuation. If an
evacuation were required, reactor scram would be initiated and the control room evacuated. Long-term
occupancy of the control room is not necessary to ensure a safe shutdown. The ATR was not designed to
require operators to remain in the control room in the event of an emergency, Therefore, the requirement
to ensure adequate protection for control-room operators and safe plant operation or shutdown is not
applicable to ATR.


3.11.4 Estimated Chemical and Radiation Environment


An evaluation by analyses of irradiation embrittlement of the reactor vessel has been completed.
The analyses include calculations in accordance with the procedures called out in Regulatory Guide 1.99
(NRC 1988). However, results from commercial reactor experience do not apply a priori to ATR since the
data pertain to low-alloy carbon steels, while the reactor vessel is of Type 304 stainless steel. A program
to irradiate samples of the vessel's base-metal, weld-metal, and heat-affected-zone metal materials has
been initiated. The specimens can be tested at various fluences to quantify the degree of conservatism in
the analyses. It is intended that the irradiation program compensate for the lack of archive and
surveillance samples. The program is substantially in agreement with the principles and intent of
ASTM 185-82.
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The ATR is not subject to the acute vessel embrittlement that occurred at the High-Flux Isotope
Reactor (HFIR). An analysis was performed for operating the vessel through the year 2014
(Durney et al. 1987). The analysis shows that neutron embrittlement is not currently a concern and
will not be significant over that period.


The ATR Aging and Evaluation and Life Extension Program did not indicate a vulnerability of the
reactor vessel supports to radiation embrittlement. The vessel supports are under compression, and are far
removed from the beltline region of the vessel. The neutron fluence is well below the damage threshold.
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Table 3.11-1. NRC Regulatory Guide 1.89 requirements for equipment qualificatio n.


Regulatory
Guide 1.89
Category
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Criteria Qualification requirement


3.a Equipment that will experience the environmental
conditions of accidents through which it must
function to mitigate such accidents.


1 b Equipment that will experience the environmental
conditions of accidents through which it need not
function for mitigation of such accidents but through
which it must not fail in a manner detrimental to
plant safety or accident mitigation.


3.c Equipment that will experience the environmental
conditions of accidents through which it need not
function for mitigation of such accidents and whose
failure (in any mode) is deemed not detrimental to
plant safety or accident mitigation.


3.d Equipment that has performed its safety function
prior to the exposure to an accident environment and
whose failure (in any mode) is deemed not
detrimental to plant safety and will not mislead the
operator.


Equipment must be qualified to demonstrate
operability in the accident environment for the
time required for accident mitigation with safety
margin to failure.


Equipment must be qualified to demonstrate the
capability to withstand any accident
environment for the ti me during which it must
not fail with margin to failure.


Equipment need not be qualified for any
accident environment.


Equipment need not be qualified for any
accident environment.


Information required on data sheet


- Functional requirement
- Environmental envelope
- Time safety function is required


Functional requirement
Environmental envelope
Time safety function is required
Technical basis justifying
placement in this category


- Technical basis justifying
placement in this category


- Functional requirement
- Technical basis justifying


placement in this category
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3.12 Effects of Volcanism upon Structures


Chapter 2 (Site Characteristics) discusses the potential effects of future volcanism on INEEL and
ATR. The most significant volcanic hazard to INEEL and ATR is that basaltic lava flows from nearby
volcanic-rift zones could inundate or cause burning of facilities. Basaltic eruptions are characterized
primarily by the quiet extrusion of lava that may travel miles. Basaltic flows are controlled by topography
and will travel downslope. The ATR site is located downslope from the Axial Volcanic Zone (AVZ) and
the Arco volcanic-rift zone, which has exhibited multiple volcanic flows per episode and a 3,000-year
mean interval between flows (Kuntz 1978; Kuntz et al. 1980).


The shortest recurrence intervals between episodes of multiple flow of basaltic volcanism is
estimated to be 8,000 to 15,000 years. Available data of INEEL basalt lava flows suggest minimum (most
conservative) volcanic-recurrence intervals of 10"4 to 10'S1yr for the AVZ, and the Arco and Lava
Ridge-Hells Half Acre volcanic-rift zones. Therefore, the probabilistic risk of basalt-lava inundation or
intrusion-related ground disturbance is estimated to be < I0-'/yr for ATR and other sites on the southern
INEEL, which represent a small area of the potentially affected region contiguous to the rift zones. The
significant impact from other volcanic phenomena, such as growth of new rhyolite domes on the Eastern
Snake River Plain (ESRP) or tephra (ash) falls thicker than 3.1 in. from non-ESRP vents, has an estimated
probability of < 10-5/yr because of the combined effects of great distance, infrequency, low volume, and
topographic or atmospheric barriers to the dispersal of tephra on the INEEL.


A significant related hazard is disruption of facilities resulting from ground deformation
accompanying magma intrusion along volcanic-riff zones: opening of fissures, normal faulting, and
broad-region tilting and uplift within several kilometers of vents. Other, less significant basaltic hazards
include volcanic-gas emission and disruption of groundwater.


Design-basis criteria for volcanic activity have not been established for the INEEL. Further, since
no mechanism exists to prevent lava from reaching the ATR, it must be assumed that lava could
conceivably reach the buildings. However, without a refined analysis, the probability of (or extent of)
building damage cannot be stated. With respect to safety at INEEL, a microseismic network covering the
region has been in place and augmented since 1971 (Jackson et al. 1993). With this network, any renewed
volcanic activity (sensed as microseismic vibration activity) on or near INEEL can be detected and its
location ascertained months to years before any impending danger to INEEL facilities. Hence, ATR will
have more than sufficient time to shut down and, depending on time estimated for any possible
encroachment, remove all the fuel and ship it to a safe location. Within this context, the estimated total
annual frequency of A'I'R fuel damage due to lava inundation was 8.4 x 10-8 (Hackett and
Khericha 1993).
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ACRONYMSIABBREVIATIONS


ANS American Nuclear Society
ANSI American National Standards Institute
ASM American Society of Metals
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
ATR Advanced Test Reactor
ATRC Advanced Test Reactor Critical Facility
AWS American Welding Society


BOC beginning-of-cycle


CIC core internals changeout
CHF critical heat flux
CSAP core safety assurance package


DNB departure from nucleate boiling
DOE U.S, Department of Energy


EDF engineering design file
EFIS emergency firewater injection system
EFPD effective full-power day
EOC end-of-cycle
ETR Engineering Test Reactor


GDC general design criteria


HFIR High-Flux Isotope Reactor


ICE Irradiation Capsule Experiment
INEEL Idaho National Engineering and Environmental Laboratory
IGSCC intergranular stress corrosion cracking
IPT inpile tube
]TV Irradiation Test Vehicle


LIPT large inpile tube
LGWd lobe-g igawa tt -days
LPMS loose parts monitoring system


MICE Multiple Irradiation Capsule Experiment
MTR Materials Test Reactor
MTU metric tons uranium
MW megawatt
MWd megawatt day
MW/L megawatt/liter
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The reactor operating steady power level (pressurized operation, up to and including 250
MW). The power level NF represents may change, not only for each reactor operating cycle
but also during an operating cycle. During a scheduled startup, NF is the projected/anticipated
full operating power level. Actual experiment requirements or operational considerations may
necessitate small deviations from the projected value. The neutron level and wide range
neutron subsystems are adjusted such that upon reaching NF the indication is equal to or
greater than 100%.


NL For power operation and low power operation, a power level which corresponds to 1 % NF.
For depressurized operation, the maximum allowed reactor power level (500 kW).


NPSH net positive suction head
NRC U.S. Nuclear Regulatory Commission


ONB onset of nucleate boiling
OSCC outer shim control cylinder
ORNL Oak Ridge National Laboratory


PCP primary coolant pump
PCS primary coolant system
PPS plant protective system
PWR pressurized water reactor


RDAS reactor data acquisition system


SAR Safety Analysis Report


UFSAR Upgraded Final Safety Analysis Report
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4. REACTOR


The ATR is designed as an experiment irradiation facility and therefore provides for the insertion
of numerous experiments into the core. Facilities supporting experiments are subject to change because
experiment programs conducted at ATR are constantly being updated to meet specific needs. The
discussion of the experiment facilities in this chapter is limited to their impact on the nuclear design
characteristics of the reactor. Detailed descriptions of experiment facilities are provided in Chapter 10
(Experiment and Irradiation Facilities). A detailed safety analysis of each experiment is documented
separately in an experiment safety analysis as described in Chapter 10.


The reactor core and internals, consisting of those systems, structures, and components located
within the reactor vessel, is more heterogeneous than a commercial pressurized water reactor (PWR); the
core is designed to provide a neutron flux peak in a number of the experiment facilities. While a
commercial PWR has a single mechanical system for reactivity control (incore control components
integral to the fuel elements) and alternate non-mechanical systems, the ATR has four mechanical
systems with different functions, configurations, and motions. Instead of a single fluid (light water) acting
not only as coolant but also as both moderator and reflector, the ATR has a beryllium reflector. Other
differences, with less impact on system definition are as follows:


• ATR fuel plates are aluminum-uranium clad with aluminum rather than uranium oxide pellets clad
by zircaloy.


• ATR has a low-temperature, low-pressure coolant with a more complex flow path.


These physical differences result in some deviations from the definition of the reactor and core
internals used by the American National Standards Institute (ANSI) and American Nuclear Society
(ANS) to describe commercial PWRs (ANSI 1988). The reactor core and internals or "reactor" as
described in this Upgraded Final Safety Analysis Report (UFSAR) includes the fuel elements, reflector,
reactivity control elements, reactor internals, and experiment/irradiation facilities. There are four
reactivity control systems; the safety rod system, the outer shim control cylinder (OSCC) system, the neck
shim rod system, and the regulating rod system. The reactivity control systems include the reactivity
control elements, the drive mechanisms, and the associated control instrumentation. The reactor internals
consist of the core support and flow distribution subsystem, the core internal guides, the outer reflector
subsystem, the in-vessel fuel storage racks, and the reactor-internals protective cover. The reactor core is
the general region in the reactor vessel, within the core reflector tank, containing the fuel elements,
reactivity control elements, experiment facilities, and reflector.


This chapter discusses the mechanical design bases, description, and design evaluations for the fuel
elements, reflector, and reactivity control element poison material; the nuclear and thermal-hydraulic
design bases for the reactor; the reactor materials; and the functional design of the reactivity control
systems. The experiment and irradiation facilities are discussed in Chapter 10 (Experiment and Irradiation
Facilities). The reactivity control elements are not integral to the fuel elements as are the control
components in a commercial PWR, therefore, the mechanical design of the reactivity control systems
including the drive mechanisms is discussed in Chapter 3 (Design of Structures, Components, Equipment,
and Systems) along with mechanical design of the reactor internals Control system instrumentation is
discussed in Chapter 7 (Instrumentation and Controls). The burnable poison is integral to the fuel
elements and is discussed in this chapter.
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4.1 Summa ry Description


The ATR, located at the Idaho National Engineering and Environmental Laboratory (INEEL) is a
250 MW (thermal) high flux test reactor designed to study the effects of radiation on samples of reactor
structural materials , fuels, and poisons. The reactor is a general irradiation test reactor and may also be
used for the production of radioactive materials. Construction began in November 1961 and completed in
late 1965. Fuel loading commenced in 1967 and core testing completed in 1969. Full power operation
began in August 1969 and the first experiment operating cycle began in December 1969.


The core contains forty fuel elements arranged in a serpentine or "clover-leaf' pattern to form nine
flux trap regions. Each fuel element forms a 45 degree sector of a right circular cylinder and consists of
nineteen fuel plates with coolant channels on both sides of each plate. The fuel plates are 49.5 in. long
with an active fuel length of48 in. loaded with highly enriched uranium matrix (UAIx) in an aluminum
sandwich plate cladding. Boron is included in certain plates as a burnable poison to minimize radial
power peaking and extend the cycle life of the fuel elements.


The ATR has four separate systems for reactivity control each with different functions,
configurations, and motions. The individual reactivity control systems are the safety rod system, the
OSCC system, the neck shim rod system, and the regulating rod system. All four systems depend upon
the mechanical movement of various solid hafnium pieces. The safety rods consist of aluminum tubes
containing hafnium inserts typically positioned in six of the nine flux trap regions. During power
operation the safety rods are withdrawn to where the leading edge of the hafnium inserts is just below the
top of the active fitel. There are 16 OSCC. These are beryllium cylinders with 120 degree hafnium inserts
arranged to operate in pairs around the core periphery. The OSCC are positioned by rotation to establish
the lobe' power split and compensate for fuel burnup. There are a total of 24 rods in the neck shim rod
and regulating rod systems, six situated in a row within each of the four arms of the neck shim housing.
These rods typically begin a cycle fully inserted and are fully withdrawn as needed during the cycle to
compensate for file) burnup and lobe power balancing. Two of the neck shim rods (one active; one in a
standby mode) serve as the regulating rods via the regulating rod servo system to maintain reactor power
at a preset value.


The reactor internals include the core support structure and all internals between that structure and
the reactor vessel wall. Major subsystems include the core support and flow distribution subsystem and
the outer reflector subsystem . The reactor vessel is pressurized with a core inlet pressure (top of the fuel
elements) of about 360 psig and a core outlet pressure of about 260 psig for three primary coolant pump
(PCP) operation at the nominal primary coolant system (PCS) operating pressure of 371.9 psig at the
plant protective system (PPS) vessel inlet pressure tap. The same PCS and core inlet pressure are
maintained for two-PCP operation resulting in a core outlet pressure of 283 prig, The nominal maximum
core inlet and outlet coolant temperatures are 125°F and 170°F , respectively. A part of the primary
coolant flow is directed through the fuel elements and the remainder through the reactor internals. The
PCS flow rate with three PCPs is nominally 50 , 000 gpm resulting in a flow rate of 27,950 gpm through
the fuel elements with a nominal channel coolant velocity of 46.9 ft per second ; with two PCPs operating,


The core contains 40 fuel elements arranged in a clover-leaf pattern around nine flux traps. The flux traps are in a 3 x 3 square
array. The eight file] elements surrounding each comer flux trap and the eight elements surrounding the center flux trap are
referred to as lobes. The lobes are labeled NW, NE, C, SW, and SE (northwest, northeast, center, southwest, and southeast) as
representative of their position in the core. the reactivity control elements can shift the azimuthal power distribution tolfrom
non-uniform power distributions, or power imbalances. The lobe powers are specified as high-center-low when there is
synnuetry and as NW-NE-C-SW-SE, if symmetry does not exist.
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the PCS flow rate is nominally 43,500 gpm resulting in a flow rate of 24,320 gpm through the fuel
elements with a nominal coolant velocity of 40.9 ft per second. The experiment loop facilities have inpile
tubes (IPT) in the core flux trap regions and operate with independent thermal-hydraulic systems. Cooling
in the non-loop irradiation facilities is maintained by transfer of heat to the primary coolant.


This chapter describes the mechanical design of the fuel elements and reflector and the nuclear and
thermal-hydraulic design of the reactor. The design bases for the mechanical aspects of the fuel elements,
reflector, and neutron poison material components are given in Section 4.2.1. The mechanical aspects of
the fuel elements and beryllium reflector are described in Sections 4.2.2, the design evaluation in
Section 4.2.3, and testing and inspection program in Section 424.


The bases for the nuclear design is given in Section 4.3.1 and discussions of the nuclear operation,
core reactivity and control parameters, and monitoring methods are given in Section 4.3.2. Computational
methods for analysis of the nuclear system are described in Section 4.3.3.


The thermal and hydraulic design of the reactor to ensure that adequate heat removal is available to
meet performance and safety criteria for both normal and emergency conditions is described in
Section 4-4. The design bases are discussed in Section 4.4,1 and a description of the thermal and
hydraulic design in Section 4.4.2. Evaluation of the thermal performance is given in Section 4.4.4 through
Section 4.4.6.


Specifications for internal reactor materials and fabrication methods relevant to safety
considerations are described in Section 4.5 and a functional description of the reactivity control systems is
provided in Section 4.6.
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4.2 Fuel Element and Refl ector Design


This section covers important mechanical aspects of the fuel element and reflector design. It also
provides an evaluation of the mechanical, materials, and irradiation performance of the fuel elements, the
reflector, and the reactivity control element poison material. The mechanical design of the reactivity
control elements and their associated drive mechanisms is described in Chapter 3 (Design of Components,
Equipment, and Systems). The pressurized water loop IPTs and other irradiation facilities are addressed in
Chapter 10 (Experiment and Irradiation Facilities). The plant conditions for design are divided into four
categories according to their expected frequency of occurrence and subsequent risk to the public:


• Condition 1-Normal Operation


• Condition 2-Anticipated Faults


• Condition 3-Unlikely Faults


• Condition 4-Extremely Unlikely Faults.


Postulated events in each of these categories are described in Chapter 15 (Accident Analyses).


The reactor is designed so that its components meet the following performance and safety criteria:


• The mechanical design of the reactor core components and their physical arrangement, together
with corrective actions of the reactor control, and reactor protective systems (when applicable)
ensure that the ATR plant protection criteria of Chapter 15 (Accident Analyses) are met


The fuel elements are designed to withstand various loads induced during handling and reactor
operation.


• The reactor core and reflector are designed to accommodate movement of OSCC. neck shim rods,
regulating rods, and safety rods in order to provide the required reactivity control for power
operations and outage conditions.


• The reactor vessel and internals, reactivity in conjunction with the fuel elements, control
components, and reflector blocks, direct reactor coolant through the core. The flow distribution is
such that the heat transfer performance requirements can be met for all modes of reactor operation


4.2.1 Design Bases


The fuel element design bases are shown to satisfy the general performance and safety criteria
presented in Section 4.2. The detailed fuel element design establishes such parameters as fuel plate
dimensions, fuel meat dimensions, fuel composition and density, coolant channel width, and initial oxide
film thickness. The design considers effects such as maximum fission density, fission product swelling,
and other properties that vary with burnup. The integrity of the fuel elements is ensured by designing to
prevent excessive fuel temperatures, excessive fission gas buildup leading to blistering, and excessive fuel
and cladding stresses and strains. This is achieved by a fuel element design which satisfies the design
bases described in the following sections during Condition I over the fuel element lifetime. For some
Condition 2 events, transient fuel temperatures may exceed allowable design temperatures. If one of these
events were to occur, breach of the cladding is not expected to occur. However, evaluation and inspection
of the fuel elements may be required before continued use.
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Because of the integrated design of the fuel elements (i.e., cladding metallurgically bonded to fuel;
fuel plates roll swaged into side plates), the entire fuel element is considered in stress evaluations. Fuel
element integrity is ensured by setting limits on various operating parameters and, for all fuel elements
manufactured prior to fuel element serial number XA567R, integrity was demonstrated by hydraulically
testing each fuel element prior to reactor use (Fillmore 1995). Beginning with fuel element serial
number XA567R, new fuel element integrity is demonstrated by excellent past performance and analysis
of extremely low expected failure rates (Atkinson 1997). Beginning with fuel element serial
number XA094T fuel element integrity is ensured by setting limits on various operating parameters and
ensuring the fitel manufacturing process meets the requirements contained in the fuel element
manufacturing specifications (Vinnola 1996; Richins and Miller 1995). The change in fuel element
integrity verification was supported by Hamilton (1996a, 1996b) and approved by the Department of
Energy (DOE) in May 1996 (Ziemianski 1996). Use of non-hydraulically tested fuel elements began with
fuel element serial number XA571 R in operating Cycle 109B in May of 1996.


The design bases for the reactivity control poison material and reflector components are described
in Sections 4.2.1.6 and 4.2.1.7, respectively.


4.2.1.1 Cladding


4.2.1.1. 1 Material Properties-The fuel plate cladding may be aluminum alloy
6061-0 unclad or clad on one side with aluminum alloy 1100. The fuel plate frames are fabricated from
the same material, unclad or clad on both sides with alloy 1 100. The thickness of alloy 1100 on the
cladding and frames should not exceed 5,5% of the total thickness of the composite fuel plate.


A high aluminum content alloy was selected as the cladding material because of its low absorption
cross section (an important advantage when the goal is a high neutron flux) and its compatibility with the
fuel. Further, aluminum alloys are light and can be easily formed, machined, or cast, while maintaining
sufficient strength to withstand the reactor environment. They also have high thermal conductivity for
efficient heat transfer and exhibit excellent fission product retention. The fully annealed 6061 condition
was chosen to prevent possible over-aging effects during irradiation. These advantages outweigh negative
features such as a low melting temperature and relatively low strength. Susceptibility to corrosion in a
water system presents some disadvantage, but it is controlled with proper chemistry.


Historically, the impurity limits for the cladding have been taken from ASTM Specification B 209
(ASTM 1996a). Additional historical impurity limits are listed in Table 4.2-3. These limits are given in
the fuel element specification. Deviations to these limits require additional evaluation following the
Quality Assurance Program described in Chapter 17. Polkinghome and Lacy (1991) provide information
on the thermophysical and mechanical properties of the cladding. The effect of irradiation on mechanical
properties is discussed in Section 4.2.3.1.


4.2.1.1.2 Chemical Properties-Aluminum alloy 6061-0, when exposed to water,
produces an adherent oxidation product that separates the fuel plate from the cooling water. Because the
corrosion product has a very low thermal conductivity, it presents a significant barrier to the removal of
heat. As the operating cycle proceeds, the thickness of the corrosion layer increases, thereby increasing
fuel plate temperatures and thermal stresses, and decreasing structural strength. The film thickness on the
fuel plates is not to exceed 1.0 mil (0.025 mm). This is a maximum expected film thickness based on past
film thickness measurements (Ambrosek 1993) and is the minimum thickness assumed in Chapter 15
(Accident Analyses).
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All fuel elements manufactured prior to XA567R were hydraulically tested. The hydraulic testing
conditions produced a corrosion-product film (i.e., boehmite) that had been proven effective in preventing
significant in-reactor buildup of the corrosion product bayerite, which can limit the useful life of the fuel
elements (Griebenow, Hanson, and Larrick 1977). In 1994, the aging Hydraulic Test Facility (HTF) could
no longer be used to test and prefilm fuel elements. Alternatives to the HTF prefilming were being
investigated prior to shutting down the HTF. A method for prefilming in an autoclave was developed and
qualified by laboratory testing and production data (Hamilton 1996a, 1996b) and approved by DOE in
May 1996 (Ziemianski 1996). Use of fuel elements prefilmed in the autoclave began with fuel element
serial number XA571R loaded into operating Cycle 109B in May 1996.


The hydraulic test conditions for prefilming required 4 ±0.5 hours in circulating water at a
temperature of 340 +101-15°F and a pH of 4.6 to 5.5. These conditions were shown to produce a boehmite
layer at least 0.1 mil thick. An initial measured oxide thickness greater than 0.06 mils (averaged over the
surface using eddy current instrumentation) has been established as the lower limit for acceptable oxide
thickness for fuel elements prefilmed in the autoclave. An upper limit to the initial oxide thickness was
derived from the ATR-modified Greiss oxide deposition model (Greiss et al. 1964; Griebenow 1971). The
model predicts that if the initial oxide film is less than 0.3 mils, the end-of-life oxide layer will not exceed
1.0 mils. All new fuel elements are required to be prefilmed to deposit Boehmite on the fuel element
surfaces prior to use in the reactor.


Polkinghorne and Lacy (1991) provide information on the thermophysical properties of the
corrosion product film.


4.2.1.2 Fuel


4.2.1.2. 7 Material Properties--The fuel cores of the fuel plates consist of UAI,
intermetallic powder dispersed in aluminum. Berated fuel cores also contain small amounts of natural
B,C powder as a burnable poison. Three to 11% voids are fabricated into the fuel matrix to accommodate
the increased volume of fission products. Typical UAl„ powder lots contain 8 wt% UAI2, 78 wt% UAI3,
and 14 wt% UAI,, (Whitacre 1989). Because UAI3 is more ductile than UAI,, the uranium-aluminide
powder is required to contain at least 50 wt% UAI3.


Nominal U-235 and boron (B-10) loadings in each fuel plate of a standard Mark VII fuel element
are shown in Table 4.2-1. The required loadings per fuel element (7F prescription) are 1,075 ± 10 grams
of U-235 and 0.660 ± 0.025 grams of B-10 at the 95% confidence level. The maximum allowable U-235
concentrations in the fuel cores of each plate are as follows:


Fuel Plates 1, 2, 18, 19 L000 gtcc
Fuel Plates 3, 4, 16, 17 1.300 glcc
Fuel Plates 5 through 15 1.600 glee.


Historical impurity limits for the fuel core materials are given in Table 4.2-3. The total impurity
content of uranium-aluminide powder is limited to an equivalent boron content of 30 parts per million on
a weight basis to uranium-aluminide. Table 4.2-4 lists the elements included in the calculation of the
equivalent boron content. Deviations to these limits require additional evaluation following the Quality
Assurance Program described in Chapter 17.
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The UA1 dispersion fuel system was selected on the basis of its ability to achieve high power
densities and burnups (relative to the uranium-aluminum alloy fuel system), its ability to accommodate
fission products in deliberate voidage, and its tolerance for fission gas. Additionally, burnable poisons can
be readily dispersed in the fuel matrix. Polkinghorne and lacy (1991) discuss the thermophysical
properties of UAI, dispersion fuel.


4.2.1.2.2 Chemical Properties---Uranium-aluminide fuel is extremely compatible
with 6061 aluminum or 1100 aluminum cladding. No adverse chemical interactions occur between the
fuel and cladding.


4.2.1.2.3 Burnup LimitThe operating life of the fuel elements is determined by the
bumup limit, expressed as total fissions per unit volume of fuel core. The maximum fission density in fuel
plate cores is limited to 2.3 x 1021 fisslcm3 (a bumup of over 350,000 MWd/MTU for a fuel element with
a maximum fission density at the limit). As discussed below, this limit prevents unacceptable swelling
and cladding failure from excessive fission densities in the fuel plates.


4.2.1.2.4 Fission Product Swelling-The growth or swelling of the fuel plates at up
to 2.4 x 1021 fisslcm3 is proportional to the fission density, with The proportionality constant depending on
temperature, core porosity, and fuel loading (Beeston et al. 1980). Because of physical constraints in the
fuel plates, growth of the fuel core is virtually all in the thickness direction. Adherence to the fuel bumup
limit (2.3 x 1021 fisslcm3) ensures that unacceptable fuel plate swelling does not occur.


4.2.1.2 . 5 Blistering-Blistering resulting from excessive fission gas buildup, either
core or at the core-cladding interface , can lead to fuel plate failure . The fuel temperature


limits discussed in Section 4.4.1.2 ensure that fuel temperatures remain below those that have produced
blistering during post-irradiation testing of ATR fuel plates and samples. This is believed to be
conservative because under irradiation, gaseous atoms in bubbles undergo re-solution from the slowing
down process of the fission fragments (Beeston et at, 1980). Therefore, in-reactor blister temperatures
should be equal to or greater than those observed in post-irradiation tests.


4.2.1.3 Side Plates, End Fittings, and Combs


4.2.1.3 , 1 Material Properties-The fuel element side plates and combs are
fabricated from aluminum alloy 6061-T6, and thus possess all of the desirable design characteristics of
the fuel-plate cladding. The T6 rather than the 0 condition was chosen because of its greater strength. A
roll swaging process is used to attach the fuel plates to the side plates. This allows axial slippage, thereby
providing some stress relief during reactor operation. The combs are welded across the top and bottom
midspan edges of the fuel plates for added support and spacing.


The fuel element end fittings are cast aluminum alloy 356-T71 or A356-T6. This alloy was chosen
for ease of fabrication and compatibility with other components. The end fittings are welded to the side
plates and are designed for support and positioning of the fuel elements on the flux trap baffles. The end
fittings also increase the lateral stiffness of the fuel elements. The weld filler metal is aluminum alloy
ER 4043.
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Polkinghorne and Lacy (1991) discuss the material properties of aluminum alloys 6061 and 356.
Typical properties of aluminum alloy 4043 are given in the American Society of Metals (ASM) Metals
Handbook (1990). The historical material requirements for the side plates, end fittings, and combs are
given in ASTM Specifications B 209, B 221, and B 618 (ASTM 1996a, 1996b, 1997). The boron
equivalent content of the side plates is limited to 30 ppm. Deviations to these limits require additional
evaluation following the Quality Assurance Program described in Chapter 17.


4.2.1.3. 2 Strength Requirements-Pull tests are performed on representative
samples by the vendor to ensure the mechanical integrity of the fuel plate-to-side plate swage joints. The
point of swage joint release is required to be greater than 150 lb per linear inch ofjoint (26.3 N/mm),
applied perpendicular to the axial length of the swage joint. Pull tests are also performed to ensure that the
end fitting welds are of adequate strength. A minimum weld joint strength of 1,000 lb (4448 N) per side
plate joint is required.


4.2.1.4 Fuel Element Performance . The design basis for fuel element performance related
to the safety envelope is summarized as follows. The fuel element dimensions remain within operational
tolerances during normal operation and the fuel element capabilities are not reduced below that assumed
in the safety analysis. The extent of fuel plate failures remains within the limits assumed in the safety
analysis. Fuel plate failure is defined to mean that the fuel plate cladding has been breached allowing the
release of fission products. The analytical models, engineering test programs, and historical data reviews
used to evaluate fuel element performance are described in Sections 4.2.3.3 and 4.4.4.5.


4.2.1.5 Fuel Element Structural Design


4.2.1.5.1 Stress Limit-Stresses developed in the fuel element during reactor
operation result primarily from temperature differences between the fuel plates and the side plates.
Differential thermal expansion results in a compressive loading on the fire] plates, which produces a
potential for yielding or buckling. The corrosion-product film that forms on the fuel plates causes plate
temperatures and thermal stresses to increase with cycle life until decreased power generation (attributed
to depleting fuel) overrides the corrosion effect. To ensure that the integrity of the fuel elements is
maintained during normal steady-state operation (Condition 1), the thermal stress in the center half-span
of the limiting fuel plate, evaluated at temperatures two standard deviations above nominal, is required to
remain below the unirradiated yield strength of the plate. The unirradiated condition is specified for
conservatism because the effect of irradiation is to increase the strength of the fuel plate
(Beeston et al. 1980).


4.2.1.5 . 2 Vibration and Fatigue-Flow-induced vibration of fuel plates is
insignificant over the range of available flows. There are limited cyclical stresses on the fuel element, and
the cumulative fatigue cycles are less than the fatigue life of the fuel elements.


4.2.1.5.3 Chemical Compatibility-Chemical compatibility among core
components is maintained by the use of high aluminum-content alloys for most of the components in the
active core region- Allowable limits on pH, conductivity, and filterable solids in the primary coolant
prevent excessive corrosion product buildup on the fuel plates.
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4.2.1.54 Fuel Element Bowing-Thermal or irradiation-induced bowing of fuel
elements does not interfere with their performance or their safe removal from the core.


Section 4.4.
4.2.1.5.5 Thermal-Hydraulic Design-The thermal-hydraulic design is discussed in


4.2.1.6 Ineore Control Components. Hafnium is the absorber material used in the OSCC,
nee], shim rods, regulating rods, and safety rods. Detailed descriptions of these components are given in
Chapter 3 (Design of Structures, Components, Equipment, and Systems). The design bases for hafnium
components are discussed below.


4.2.1.6.1 Material Properties-Hafnium was selected as the absorber material on the
basis of its nuclear properties (i.e., high neutron cross section and nondepleting), mechanical properties,
corrosion resistance, and prior reactor experience. The material requirements for hafnium components are
defined in the material specification for hafnium (EG&(3 Idaho 1991 b). Polkinghorne and Lacy (1991)
provides information on the thermophysieal properties of hafnium. The effect of irradiation on
mechanical properties is discussed in Section 4.2.3.5.


4.2.1.6.2 Fluence Limit-The maximum fast neutron (E > I MeV) fluence in
hafnium components is limited to 5.0 x 1022 n/cm2. As discussed by Livingston (1984), the tensile
strength of hafnium initially increases with irradiation, then decreases as higher fluence levels are
experienced. Increased tensile strength is accompanied by decreased ductility. The fluence limit is based
on preserving a sufficient margin in tensile strength over imposed stresses to accommodate the loss of
ductility. This ensures that no control component is operated to the point where loss of hafnium could
occur because of irradiation damage. Hafnium components are not typically stressed except as the result
of non-uniform growth. (The hafnium components are not load-bearing).


4.2.1.7 Reflector


4.2.1.7.1 Material Properties-Beryllium was selected as the reflector material on
the basis of its nuclear properties (i.e., high moderating ratio), mechanical properties, corrosion resistance,
and prior reactor experience. The material requirements for the reflector are defined in the material
specification for beryllium (EG&G Idaho 1991a). Information on the thermophysical and mechanical
properties of beryllium are documented in the core materials physical property description (Polkinghorne
and Lacy 1991).


The effect of irradiation on mechanical prope rt ies is discussed in Section 4 .2.3.6.


4.2.1.7.2 Stress Limit-The reflector is exposed to fast neutrons in a nonuniform
manner resulting in nonuniform, irradiation-induced growth in the reflector blocks. This growth causes
stresses to develop that will eventually cause cracking of the beryllium. Historically, the cracks have been
accompanied by small holes through thin ligaments and spatting (Tomberlin 1989). Because this type of
aging does not necessarily preclude continued operation, and because the eight reflector blocks do not all
crack simultaneously, it is desirable for both economic and programmatic reasons to continue operation
even though one or more reflector blocks has started to exhibit signs of aging.
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By the time cracking is approached in the B reflector ligaments, the A and E ligaments are
expected to exhibit cracking (ligament designations are illustrated in Figure 4.2-8). Relatively tight cracks
extending vertically through the axial length of the A and E ligaments are a normal pan of reflector aging.
With a full-length crack in an A ligament, cracking of a B ligament could result in a large free piece of
beryllium which potentially could make contact with a fuel plate. The maximum stress in each B ligament
is normally required to be at least two standard deviations less than the failure stress. This criterion and
the beryllium surveillance and inspection program (discussed in Section 4.11.8.3) ensure that the
integrity of the beryllium reflector is maintained consistent with the assumptions of the reflector safety
analysis (Durney 1994). Specific evaluation may be used for operation with higher stresses in the
B ligaments.


4.2.1.8 Inservice Surveillance. Inspection and testing of irradiated fuel elements, reflector,
and reactivity control components on a regular basis allows for early detection of potential problems and
ensures that the ATR is operated within prescribed limits. Features of the surveillance program are
discussed below.


4.2.1.8.1 Fuel Elements-As soon as practicable following discharge from the
reactor, the thickness of the corrosion-product film on selected fuel elements is measured to ensure that
the film on recycled elements does not exceed the limit of Section 4.2.1.1. The oxide data are trended and
statistically analyzed to provide assurance the limit will not be exceeded. Cooling channel thickness
measurements are also made on selected fuel elements to ensure that recycled elements are mechanically
sound. The channel thickness measurement data are evaluated for indications of anomalies that indicate
unacceptable fiUel element performance. Additionally, all recycled fuel elements are visually inspected
prior to reinsertion in the reactor.


Cumulative fission densities in the fuel elements are tracked as part of the core physics analysis for
each operating cycle (see Section 4.3.1.1). Maximum fission densities are calculated to ensure that the
bu rnup limit of Section 4.2.1.2 is not exceeded.


4.2.1.8.2 Incore Control Components-The safety rods, neck shim and regulating
rods, and OSCC are tested periodically to ensure that they operate reliably. Accumulated fast-neutron
(E > I MeV) fluences in the installed hafnium components are updated routinely and replacement dates
projected to ensure that the hafnium fluence limit of Section 4.2.1 ,6 is not exceeded.


4.2.1.8.3 Reflector-The entire length of the reflector adjacent to the fuel is inspected
annually until the stress in the highest-stressed ligament is within two standard deviations of cracking or
until a crack is detected (whichever occurs first). The frequency and extent of surveillance is then
increased (Tomberlin 1989).


As noted in Section 4.2.3.6, reflector lifetime projections are expressed in terms of integrated
power (i.e., megawatt-days of reactor operation) in the adjacent corner lobe. Annually, the integrated
power of each corner lobe is updated and the end-of-reflector life projected to ensure that the stress
criterion of Section 4.2.1.7 is satisfied.
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4.2.1.8 .4 Online Fuel Failure Monitoring-Abnormal radioactivity levels, resulting
from fission product leaks, will be detected by the stack effluent monitoring system and/or routine
sampling of the primary coolant. Stack effluents are normally monitored continuously for noble gases,
iodine, and particulates. The stack effluent monitoring instrumentation is discussed in Chapter 12
(Radiological Protection). Gross beta and gamma activity levels in the primary coolant are measured
routinely during greater than 3 MW operation. The PPS fission break subsystem [discussed in Chapter 7
(Instrumentation and Controls)] initiates a rapid reactor shutdown in the event of a major fission break.


4.2.2 Description and Design Drawings


The subsections under this heading describe the fuel elements and beryllium reflector. For each
component, the following information is presented:


• Component descriptions and characteristics


• Drawings


• Specifications.


Performance and design criteria are discussed in Section 4.2.1.


4.2.2.1 Fuel Elements. Uranium-aluminum alloy fuel elements (UA1, for the fuel core
matrix with 6061 Al cladding and side plates) are used to achieve a very compact core providing high
thermal flux levels for experiment irradiation.' The use of thin plate-type fuel elements with narrow
cooling channels maximizes the heat transfer. The reactivity control systems can unbalance the powers in
the four corner lobes of the reactor core by as much as 80 to 20 (relative MWs) during steady-state
operation. The term relative power is used to designate lobe powers normalized to 250 MW. Therefore,
the fuel elements must be designed to successfully operate with high heat flux and a large power tilt. A
significant ATR fuel design and testing effort (Beeston and Malik 1977; Beeston et at. 1980; deBoisblanc
and Cohen 1965; Ferris and Moyers 1963; Francis 1966; Francis et at. 1967a; Graber cl al. 1971;
Griebenow, Fillmore, and Moore 1966; Griebenow 1971; Griebenow, Hanson, and Larriek 1977;
Poetschat 1967; Walker, Graber, and Gibson 1966) culminated in the current fuel element design. This
fitel element design has proved reliable and safe for over 26 years of operation. The fuel tests
demonstrated significant safety/design margins for "burnout" (194% power), and buckling (greater
than 80% channel blockage and/or more than 150% flow) (Griebenow 1971; Ferris and Moyers 1963).


Forty fuel elements form a complete fuel loading. The 40 fuel elements are arranged in the form of
a four-leaf clover within the 4-ft high core. This geometry is illustrated in Figures 4.2-1 and 4.2-3 and is
designed to maximize the neutron flux in the flux trap regions. Figure 4.2-1 shows the configuration with
pressurized water loop facilities located in five of the flux traps, and non-loop irradiation facilities in the
remaining four flux traps. This is the configuration of the reactor following the 1994 Core Internals
Changeout and is the reference configuration for Chapter 4 and the UFSAR. In 1997 the capsule
irradiation facility in the northeast flux trap was replaced by the Irradiation Capsule Experiment facility.
This configuration is shown in Figure 4.2-1a. The core was reconfigured in 1999 with the installation of
the Irradiaton Test Vehicle (ITV) and the Multiple Irradiation Capsule Experiment (MICE) facility. This
is the current reactor configuration and is shown in Figure 4.2-lb. The fuel elements are classified safety
related (House 1992).


'Refer to Chapter 10 (Experiment and I rradiation Facilities) for a discussion of the experiment facilitie
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The cloverleaf arrangement (Figure 4.2-3) of the fuel annulus requires that the fuel element have a
radius of curvature (Thomas 1985). Each fuel element, shown in Figures 4.2-4 and 4.2-5, consists of
19 parallel curved fuel plates attached by roll swaging to two side plates to form a 45-degree sector of a
right circular cylinder with the inner radius equal to the outer radius of the inner and outer flux trap
baffles (Figures 4.2-1 and 4.2-3). The fuel-plate-to-side-plate swage joint design results in relieving the
thermal stresses in fuel elements with significant plate-to-plate power differences (power tilt)
(Atkinson 1988). In addition to the fuel plates and side plates, the fuel element consists of upper and
lower end fittings and T-bar support keys.


The four fuel element types are designated 7F, 7NB, 7NBH, and YA. They are all versions of the
zone loaded fuel element design and are identically constructed, varying only in the content of the fuel
matrix. Table 4.2-1 shows the nominal U-235 and B-10 loadings for each fuel plate of the 7F fuel element
and indicates (in the footnotes) these loadings for fuel elements 7NB, 7NBH, and YA. The U-235 and
B-l0 loadings are nonuniformly distributed to provide optimum operating characteristics.


In the 7F fuel element, all 19 fuel plates are loaded with 93% enriched uranium in an aluminum
matrix to a total of 1075 g U-235. The eight outer plates (1 through 4 and 16 through 19) contain boron as
a burnable poison to a total of 660 mg B-10.


To provide additional reactivity in certain locations [e.g., adjacent to the large inpile tube (LIFT),
which have more mass and therefore absorb more neutrons than standard IPTs], the 7NB fuel element
contains no burnable poison. In every other respect, the 7NB fuel element is identical to the 7F fuel
element. There are four variations of 7NBH fuel elements. The 7NBH fuel element is similar to the
7NB fuel element except that it contains one or two borated plates. The locations of the berated plates in
the four 7NBH fuel element types are given in Table 4.2-1. The special YA fuel element is also identical
to the 7F fuel element except that fuel plate 19 of the YA fuel element is an aluminum alloy plate
containing neither uranium fuel nor boron burnable poison. The total U-235 and B-10 content of this fuel
element is reduced accordingly. The YA fuel element is required in positions adjacent to A and E
ligaments for high power operation with an aged reflector. A modified YA (YA-M) element has been
developed for use at reflector end of life conditions (Anderson 1992) and approved by DOE in November
1992 (Burrell 1992). The fuel annulus begins to close as the core internal components and beryllium
reflector age. The YA-M fuel elements have the side plate width reduced by 15 mils and the T-bar
thickness reduced by 5 mils allowing easier insertion and removal from fuel locations that have exhibited
closure due to aging. Fuel element materials, dimensions, and loadings are summarized in Table 4.2-2.


The fuel element side plates are vented by localized slots (Figure 4.2-5) to provide interconnection
between all channels, and thereby reduce lateral pressure differentials between the fuel plates preventing
hydraulic buckling (Atkinson 1988). These slots also will tend to limit fuel damage caused by coolant
channel blockage. Pads are included on the exterior surface of the side plates to ensure adequate coolant
channels between elements and to provide a minimum flow path for interconnecting flow through the
vents and external channels.


Channels formed by the outer fuel plates (I and 19) of the fuel elements, the beryllium reflector
blocks, the flux trap baffles, and the neck shim housing allow passages for the downward flow of reactor
coolant. Coolant also passes through channels between each fuel plate of the element. Successful heat
removal requires high coolant channel velocities that can result in severe cross-plate hydraulic loadings if
there are differences in cooling channel thickness (Atkinson 1988). The side-plate vents reduce this
hydraulic loading.
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The fuel element end fittings are T-bars designed to position the elements as they mate with slots in
the flux trap baffles (Figures 4.2-4 and 4.2-5). The end fittings are welded to the fuel element side plates
and provide minimum restriction to coolant flow through the element. In addition to providing a lifting
handle, the top-end fitting includes a curved baffle to direct coolant flow into the fuel channels with a
minimum of turbulence. The top-end fitting also acts as a spacer to position the top end of the fuel
element relative to the adjacent flux trap baffles in lieu of an upper grid fuel plate. Combs are also
provided at each end of the fuel plates to improve the lateral support of the fuel plates.


Fuel element storage facility is provided in the reactor vessel for use during reactor refueling. Two
storage racks are located in the annular water space between the core reflector tanks and the inlet flow
baffle in diametrically opposed positions, east and west.


When required, during a reactor outage, dummy fuel elements are used in regular fuel element
positions in the reactor core. When not in use, the dummy elements are normally stored in the reactor
canal in the dummy fuel element grid. A dummy fuel element is made with 19 parallel, curved fuel plates
and two side plates. The dummy fuel plates and side plates are swaged together. The dummy elements are
normally made of aluminum, and the fuel plates contain no active fuel. Some of the dummy fuel plates,
however, do contain depleted uranium.


4.2.2.2 Beryllium Reflector. As previously mentioned, the beryllium reflector aids in
generating the high neutron flux environment for experiments inserted into the core. The beryllium
reflector is safety related (House 1992). This reflector fills the space between the fuel annulus and the
core reflector tank wall (see Figures 4.2-1 and 4.2-2). It consists of eight, 45-degree segments machined
from hot-pressed beryllium block, of which four are "right-hand" and four are "left-hand" or mirror
images (Figures 4.2-6, 4,2-7, and 4.2-8). When assembled, these eight segments make up a portion of a
right circular cylinder, 51-in. high with a 25-1/4-in. radius, that extends from 2 in. above to I in. below
the 4-ft active core. Reflector segments are numbered in a clockwise manner beginning with No. I at the
one o'clock position (see Figure 4.2-1).


The beryllium used in the reflector is a high-grade material manufactured per contractor
specification (EG&G Idaho 199 la). The specification addresses requirements for the beryllium powder,
average grain size, chemical composition, trace impurity limits, physical properties, mechanical
properties, quality assurance provisions, and preparation for shipment.


The core reflector tank and reflector support tank' provide bottom and outer support, respectively,
to the beryllium reflector assemblies (see Figure 4.2-2). The beryllium reflector block segments (see
Figures 4.2-6, 4.2-7, and 4.2-11) per segment, which fit into the outer shim control cylinder holes, and
by 0.030-in. thick pads machined on the inner wall of the core reflector tank. Each segment also has
0.030-in. thick spacer pads on its flat sides to allow for reactor coolant flow between the segments. The
outer corners of each segment contain a pad retainer fitting at the bottom to locate the support pads
between the beryllium segment and the lip of the core reflector tank. The lower alignment cups serve
secondarily to guide and align the outer shim control cylinders. Alignment sleeves in the webbed upper
face of the reflector support tank serve to position the lower alignment cups.


' Refer to Chapter 3 (Design of Structures, Components, Equipment, and Systems) for a description of the core reflector tank and
reflector support tank.
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Design changes were made for reflector Ill to reduce the tensile stresses in the reflector and thereby
increase the life of the reflector (Thomas 1985). This design was installed during the 1977 core internals
changeout (CIC). The reflector Ill beryllium segments are identical to reflector 11 except for 13 horizontal
saw cuts extending from the fuel side radially outward to a depth of about 4 in. (Figure 4.2-6) and
changes to the cooling-hole pattern (Thomas 1985). The 13 saw cuts serve to relieve growth stresses
encountered in the reflector 11 segment design by providing gaps in the highly irradiated region of the
reflector. With the saw cuts 4 in. deep, as compared with a total depth of about 17 in. for the segment,
each piece remains a single piece of beryllium. In addition, a reduced number of cooling holes were
drilled through each segment. The reflector 11 segment had 36 cooling holes; the reflector 11] segment has
only four.


The beryllium reflector was further redesigned (Reflector IV) to incorporate four additional
1-112-in. B-hole positions (B-9 to B-12) and four additional 1-1/2-in. ]-hole positions (1-21 to 1-24)
(Figure 4.2-1). The positions are located at the faces of the beryllium segments such that one-half holes
are machined in each segment for each type of hole. The added B-holes intersect the saw cuts
incorporated in the earlier design. Except for these changes, the reflector IV beryllium segments are
identical to the reflector 111 beryllium segments. Reflector IV was installed during the 1986 CIC.
Reflector V was installed during the 1994 CIC, and is identical to Reflector IV.


Each reflector segment is cooled on the exterior surfaces of the segments (as previously mentioned)
and through four full-length 5/16-in.-diameter holes bored through the block near its inner edge
(Figure 4.2-6). The coolant arrangement was selected to avoid thermal gradients, which would create
thermal stress problems in the reflector, and to maintain temperatures close to present design values
(Thomas 1985).


4.2.3 Design Evaluation


The fuel elements, control components, and reflector are designed to satisfy the performance and
safety criteria of Section 4.2, the mechanical design bases of Section 4.2.1, and other interfacing nuclear
and thermal-hydraulic design bases specified in Sections 4.3 and 4.4.


The effects of Condition 2, 3, and 4 events on fuel element integrity are discussed in Chapter 15
(Accident Analyses).


4.2.3.1 Cladding. There is considerable reactor operating experience with aluminum as a fuel
plate cladding. Aluminum alloys have been used successfully in many research reactors including the
Materials Testing Reactor (MTR), the Engineering Test Reactor (ETR), the Oak Ridge Research Reactor,
the High Flux Beam Reactor, the High Flux Isotope Reactor (HFIR), and the ATR. As noted in
Section 4.2.1.1, aluminum alloy 6061 is an excellent cladding material because of its low neutron
absorption cross section and good physical and mechanical properties.


4.2.3.1. 1 Chemical Evaluation-The corrosion-product film that forms on
water-cooled aluminum fuel plates is chiefly a mixture of alumina hydrates. X-ray diffraction analyses of
the film on irradiated ATR fuel plates show the corrosion product to be primarily boehmite (• -AIOOH)
and/or bayerite [• -AI(OH)3]. The insulating effect of the film is more of a limitation to the fuel than is
corrosion damage. As corrosion proceeds, the formation of a surface layer of corrosion products of low
thermal conductivity results in increased cladding temperatures and decreased structural strength.
Corrosion of the cladding is controlled by prefilming all fuel elements with boehmite prior to reactor use
and by strict primary system chemistry controls.
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Extensive ex-reactor corrosion studies performed by Oak Ridge National Laboratory (ORNL) in
support of the ATR design (Griess, Savage, and English 1964) showed that the corrosion rate decreases
with exposure time and increases with surface temperature. The controlling temperature is at the
corrosion product-water interface (i.e., surface temperature). For a coolant pH of 5.0 and heat fluxes
between I x 106 and 2 x 106 Btu/hr•ft2 (3 x 106 and 6 x 106 W/m2), the following empirical equation was
found to predict the thickness of the corrosion layer reasonably well:


X = 44300.778 expl
-4600


where


K


X = corrosion-product thickness (mil)


0 = time (hr)


K = surface temperature (K).


(4.2-1)


The ORNL tests also showed that the pH of the coolant is an important variable affecting the rate
of corrosion-product buildup. The rate of corrosion-product formation was 2.7 times greater when the pH
was 5.7 to 7.0 than when the pH was 5.0. On the basis of the ORNL experiments, it was concluded that
6061 aluminum would have adequate corrosion resistance for use as ATR fuel plate cladding provided the
pH of the primary coolant was maintained at 5.0 with nitric acid. PCS pH was originally controlled
at 5.0 ± 0.2 during power operation. The method of control was changed from nitric acid addition to use
of the bypass demineralizer system. After a trial period (Durney 1980), the upper limit was raised
to 5.4 giving an allowable range of 4.8 to 5 4 starting with Cycle 49A (Durney 1982), Many years of
operating experience have shown that the current limits (4.8 to 5.4 for reactor operation at greater than 3
MW) are sufficient to control corrosion.


One of the start-up tests was an aluminum-cladding corrosion test (Griebenow et at, 1971). A
special fuel assembly fabricated for the test contained a double-core instrumented fuel plate. Post test
analysis of the temperature-rise data indicated that operating temperatures of ATR fuel plates could be
predicted using corrosion-product film thicknesses that are 0.7 of those obtained using Equation 4.2-1.
Consequently, a multiplier of 0.7 is applied to Equation 4.2-1 when computing best-estimate film
thicknesses for fuel plate temperature and stress evaluations.


As discussed in Section 4.2.1.1, the thickness of the corrosion-product film on fuel plates is not to
exceed 1.0 mil (0,025 mm). This is a maximum expected film thickness based on past film thickness
measurements (Ambrosek 1993) and is the minimum thickness assumed in Chapter 15 (Accident
Analyses). Verification that films do not exceed this limit is provided by surveillance measurements on
selected fuel elements at the end of each operating cycle (see Section 4.2.1.8).
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The measured fuel plate oxide thickness vs. accumulated exposure data from Cycle 22B through
Cycle I OOC ( 1974 to 1994 ) are summarized in McCracken ( 1993b ). The data follow similar trends over
the entire period . Except for a small number of observations around 1 mil, the data show the oxide
thickness tends to be self-li miting in the range of 0.4 to 0.6 mil . PCS water chemist ry limits on pH and
fi lterable solids are established in part to control oxide growth . PCS pH is controlled at 4.8 to 5.4. The
nominal concentration of filterable solids sized between 0.45p and 20g and > 20g is limited to s 0.1 ppm
and s 1 ppm, respectively . The filterable solids limits are based on work repo rt ed in Griebenow, Hanson
and Larrick (1977).


Pitting corrosion of the fuel plates is discussed in Seal n 4.2.3.3.


4.2.3.1 . 2 Irradiation Stability-The effect of irradiation on the mechanical properti
of 6061 aluminum cladding is an increase in strength and hardness with an accompanying decrease in
ductility (Gronbeck 1967; Weir and King 1971). Test results show significant increases in tensile and
yield strength with relatively little loss of ductility for fast neutron (E > I MeV) fluences
exceeding 1022 n/em2 and test temperatures up to 392°F (473 K).


Two recent studies (Ismail and Mohamed 1989; Ismail 1990) indicated that age-hardenable
aluminum alloys such as 6061 aluminum might exhibit irradiation-induced softening at very low neutron
doses (0.87 - 2.5 x 1073 nlem2). To investigate this effect, further testing was performed at ORNL as part
of the Advanced Neutron Source Project. The attempts to reproduce the softening effect at ORNL were
not successful (Buescher 1998) and the conclusion reached at ORNL was that y heating of the test
samples in the original low dose neutron study had resulted in temperatures high enough to cause
thermally induced softening. More recent testing by Ismail and Birt (1995) run to a slightly higher dose
(3.7 x ] 013 n/cm2) produced hardening in the alloy. The test configuration in the more recent study
minimized heating during irradiation. From the ORNL work and the more recent result by Ismail, it is
concluded that the historical data of Gronbeck and Weir and King on the effect of irradiation on
mechanical properties is the relevant data for mechanical properties.


Electron microscopy studies and measurements of the immersion density of irradiated aluminum
alloys have suggested that swelling from void formation is strongly related to chemical composition and
microstructure (Weir and King 1971). Irradiation to I x 1022 n/cm2 (E > 0.8 MeV) at 140°F (333 K)
caused about 7% swelling in nominally 99.9999% aluminum and 1% swelling in solid-solution alloys, but
caused no swelling that could be resolved experimentally in the 6000 series aluminum alloys. Density
measurements on an irradiated HFIR target holder of 6061 aluminum that had been exposed to a
maximum neutron fluence of 5.4 x 102' n/cm2 (E > 0.8 MeV), indicated a total density decrease of
only 1.06%.
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Density and tensile property measurements were also made on specimens cut from a dummy flux
trap filler piece (Atkinson et a]. 1974). These specimens (6061-T6 aluminum) received exposures of
1.03 to 1.55 x 1022 n/cm2 (E > I MeV). The measured volume changes agreed with a correlation derived
from the HFIR target basket data given by


AV 21
V


°lo = 0.439k pt}


where


(4.2-2)


cpt = fast fluence (1022 nlcn32, E > I MeV).


The irradiation stability of composite fuel plates (fuel plus cladding) is discussed in Section 4,2.3.2.


4.2.3.1 . 3 Consequences of Power-to-Coolant Flow Mismatch-This subject is
discussed in Chapter 15 (Accident Analyses).


4.2.3.2 Fuel. Past operating experience and experimental tests have shown the UAI,
dispersion fuel system to have greater performance and stability characteristics than the
uranium-aluminum alloy system used previously in the MTR and ETR at the INEEL. The anticipated
benefits of powder dispersion fuel-high power density, accommodation of fi ssion products in deliberate
voidage, structural tolerance of fi ssion gas, and effective dispersion of bu rnable poison -have been
realized . The UAI, fu el system has performed well in extended service in several high flux test reactors
including the Missouri University Research Reactor, the Massachusetts Institute of Technology Reactor-
1], the University of Michigan ' s Ford Nuclear Reactor, the French-German High-Flux Reactor , and the
ATR.


4.2.3.2 . 1 Chemical Interactions-The equilibrium phase diagram for the
uranium-aluminum system is shown in Figure 4.2-13 (Van Horn 1967). As indicated in the phase
diagram, only UA14 forms stable dispersions with A]. Both UAh and UA13 react with the Al matrix to
form UAI4. The kinetics of these reactions have been studied by Nazare, Ondracek, and Thi mmler
(1975). The first signs of reaction in UA13-Al dispersions are visible at about 752°F (673 K). However, at
this temperature, the reaction rate is so low that a further increase in temperature is necessary to observe
the progress of the reaction. The reaction between UA12 and Al proceeds in essentially the same manner
as between UA13 and Al, the final reaction product again being UAl4. It is possible that UA13 is formed as
a short-lived intermediate product.


Reaction rates between UAIX and A] are enhanced under irradiation (Dienst, Nazare, and
Tummler 1977). Fuel plate irradiations conducted in the FR-2 at Karlsruhe have shown that even at low
irradiation temperatures (158 to 356°F, 343 to 453 K), UAh and UA13 react with excess Al to form
nonstoichiometric Ul_,Al4. However, the reaction does not cause a measurable change in fuel volume.
Volume changes in dispersion fuel are determined primarily by the volume requirements of the fission
products. Diffusion of the Al matrix into the UAI, fuel particles is actually desirable from the standpoint
of irradiation behavior because as noted below, the crystal lattice of UAI 4 is more effective in retaining
fission gas than UAI3.
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If the fuel plate cladding is breached , then the uranium -aluminide fuel pa rt icles are susceptible to
oxidation . It may be reasonable to assume that aqueous corrosion of UAIX is similar to that of U02
because the oxidation of UAIx occurs via U02 by the following mechanism ( Openshaw and Shreir 1964):


UAI, +02 UO2 +xAl


3U O 2 + 0 2


giving the overall reactio


3UA1�+40.,


(4.2-3)


(4.2-4)


(4,2-5)


The release of fission products from failed fuel plates resulting from aqueous corrosion-erosion of
the UAIx fuel is discussed in Section 4.2.3.3.


4.2.3.2. 2 Irradiation Stability.-Post-irradiation examination of ATR fuel plates and
samples has shown that the uranium-aluminide fuel system does not swell excessively during irradiation
(Beeston ct al. 1980). As noted in Section 4.2.1.2, swelling of ATR fuel plates occurs primarily in the
thickness direction. This can be explained by the plastic flow of the fuel core. The cladding has a higher
strength than the fuel core in the length and width directions. As growth occurs, the compressive yield
stress of the core is reached while the cladding, loaded in tension , remains well below yield. The cladding
produces very little lateral restraint, therefore, the plastic core flows primarily in the thickness direction.


The swelling data from four fuel elements and sixteen samples are shown in Figure 4.2-14
(Beeston et a]. 1980). A least-squares linear regression analysis of the data gives


-
A y °10=2.6%F/102'


where


(4.2-6)


F = burnup (firs/cm3 of fuel plate core).


Several parameters affect the sca tt er in the swelling data including irradiation temperature, fuel
core porosity , and fuel loading. For high fuel loadings (--1.6 g U-235/em3 of fuel core), the swelling
corresponds to 0.11 vol%I%burnup . A similar value (0.12 vol%/%) was obtained for sample fuel plates
irradiated in the FR-2 at Karlsruhe (Dienst , Nazare, and Tummler 1977). At 2.3 x 1021 fiss/cm' (i.e., the
current burnup limit), Equation 4.2-6 predicts -6% fuel core swelling, corresponding to a 1.2-mil
(0.030 mm) increase in file] core thickness . This increase is insuffi cient to threaten the integrity of the
cladding or to restrict flow in the adjacent coolant channels.
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The uranium aluminide fuel system has shown exceptional tolerance for fission gas, which
accounts for the low swelling rate and excellent blister resistance (Beeston et al. 1980).' The principal
gaseous atoms are krypton, xenon, helium, and hydrogen. Krypton and xenon are fission products while
helium and hydrogen are nuclear reaction products primarily from BRC and impurities. Several studies
(Francis 1966 and 1970; Francis and Moen 1966) have addressed the gas retention behavior of the
aluminide fuels. The good gas retention has been attributed to the defect structure of UA14 (although UA13
also retains the gas) and to the porosity.


In 1969, a program for irradiating the pure uranium aluminides was undertaken to study the high
temperature stability of these fuel compounds (Francis 1970). Samples of UA13 and UAL in the form of
1/2-in. (1.27-cm) diameter pellets were irradiated in the MTR and ETR. Following irradiation, the
specimens were heated to progressively higher temperatures and the fission gases collected. It was found
that the principal releases of fission gas were associated with the isothermal transformations in the
U-Al phase system (see Figure 4.2-13). About 28% of the fission gas was released from UA14 when
passing through the 1,346°F (1003 K) peritectic where UAI4 transforms into liquid and UA13. For UA13,
the temperature of gross fission gas release was about 135°F (75 K) below the 2,462°F (1623 K)
peritectic. This work confirmed the excellent fission gas retention capability of UA13 for test reactor fuel.


The gas-retention properties of UAI, fuel plates were studied under meltdown conditions in 1966
(Francis and Moen 1966). Sample fuel plates containing -50 wt% UA13 were irradiated in the ETR. The
sample fuel plate fabrication procedures and irradiation conditions were designed to duplicate those
expected in the ATR. Following irradiation, the samples were heated to progressively higher temperatures
and the fission gases collected. The results showed that most of the fission gas was released above the
solidus temperature of the 6061 aluminum cladding (1,080°F, 855 K). At 1,1 12 to 1,238°F (873 to
943 K), -99°1° of the Kr and Xe gas atoms were released (Beeston et al. 1980). It was concluded that the
liquid aluminum matrix reacted with UAI4 to release the fission gas at a lower temperature than the
1,346°F (1,003 K) peritectic temperature of pure UAL.


4.2.3.3 Fuel Plate Performance


4.2.3.3. 1 Dimensional Stability--Visual examinations, plate length measurements,
plate thickness measurements, and density measurements have been made to determine the dimensional
stability of ATR fuel plates and samples at different burnups (Graber et al. 1971; Griebenow 1971;
Beeston and Malik 1977). Visual examinations have revealed no plate warping, buckling, gross swelling
or blistering, and no cooling channel deformation or blockage at fission densities up to the current burnup
limit (2.3 x 1021 fiss/cm3). The measurements have shown that essentially no plate lengthening takes
place, and any swelling that occurs during irradiation leads to increases in plate thickness rather than plate
length (see Section 4.2.3.2). Although the potential for buckling from the swelling process is greater than
that from thermal expansion, the measured dimensional changes have been insignificant. Consequently,
buckling from axial compressive loads developed from thermal or irradiation growth stresses has not been
detected in ATR fuel plates.


Fuel plate bliste ri ng is discussed in Section 4.2.3.3.
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4.2.3.3.2 Blister Resistance-Past experience in the blister testing of irradiated
UAL fuel plates has shown that blistering results from the accumulation of gaseous fission products,
mainly xenon and krypton, in voids adjacent to fuel particles, and the formation of helium gas from the
B4C particles dispersed in the matrix (Francis 1970). As the irradiated plate is heated during blister
testing, the gases accumulate and the internal pressure of the gas inside the voids increases. Expansion
occurs when the internal gas pressure exceeds the strength of the material.


As discussed in Sections 4.2.1.2 and 4.4.1.2, blister testing performed on previously irradiated
ATR fuel plates and samples is the basis for predicting incipient in-reactor failure of fuel plates from
blistering. The results have shown that the gas atoms are retained in the fuel core structure, and do not
agglomerate appreciably until a temperature of 836°F (720 K) is reached (Beeston et al. 1980).
Figure 4.2-15 shows blister temperatures of UAIX fuel plates as a function of fission density. The good
blister resistance of ATR fuel plates is attributed to the good fission gas retention capability of the
uranium aluminides (see Section 4.2.3.2).


All fuel plates are subjected to a blister anneal during their manufacture. After a fuel plate has been
hot rolled, it is annealed at 900°F (755K) (nominal) for two hours and cooled in air. An ultrasonic
inspection of the entire fuel plate is performed following cold rolling to look for debonds or blisters.' The
presence of blistering can be cause for rejection of the fuel plate.


4.2.3.3.3 Failure Experience-A limited number of fuel plate failures (i.e., breach of
the fuel plate cladding leading to fission product release) have been encountered over the years of
operation, and the failure trends in recent years have been favorable. When failures have occurred, only
small amounts of fission products have been released. Consequently, operation of the reactor has never
been interrupted by a fuel plate failure.


Investigation of fission product leaks from fuel elements between 1969 ( reactor sta rt-up) and 1978
have shown that the older, standard -type fuel elements were more leak-prone than the zone-loaded (7F)
fuel elements used today (Newton 1979). Over the years, several changes have been made in fuel element
design , fabrication , and inspection procedures that have improved the performance and reliabi li ty of fuel
elements . Some of the more significant changes are listed below (Newton 1979).


• Tapered Compacts . The ends of the pressed UAIx-Al compacts ( fuel cores) were tapered to reduce
the amount of "dog-boning" that occurs during hot roll ing . Dog-boning , the thickening of the plate
core near the plate ends , results in clad thinning over the dog-bone areas with a ttendant increased
probability of cladding failure via corrosion or cracking.


• Zone Loading . Zone loading, the use of adjusted U-235 loadings in each plate in a fuel element, is
designed to produce a more uniform flux distribution in the reactor core. Consequently, flux
peaking and hot spot development are minimized.


• Min-Clad Gauging . An ultrasonic minimum-cladding -thickness detection device is used to detect
thin spots in the cladding . Rejection of plates with thin cladding reduces the probability of cladding
failure.


It should be noted that any blisters that form during this anneal are the result of gas entrapped during the plate rolling process,
rather than fission gas agglomeration during irradiation.
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From reactor start-up in December 1969 through November 1974, a total of 55 fuel elements
exhibited evidence of cladding failures as determined by post-cycle visual examination (Newton 1979).
Most of the defects were described as "pimples," which occurred in areas of thin cladding (i.e., dog-bone
areas), and were caused by breaches of the cladding, allowing stagnant water to become entrapped next to
the fuel core. The cause of the breaches may have been microcracks in the thin cladding. In a radioactive
environment, the stagnant water dissociates and becomes corrosive to the exposed fuel. The volume
increase associated with fuel oxidation produced the pimples.


Soak test analysis has provided more definitive results on leaking fuel elements than visual
inspection (Newton 1979). The technique consists of soaking a fuel element in clean water and then
counting a sample of the water for 1-131 and 1-132 radioactivities. A "confirmed leaker" is defined as one
where a high-count test result is obtained from an element in a core that demonstrated a rise in stack gas
or primary coolant activity. Between 1969 and 1978, 8 confirmed leakers and 42 suspected leakers were
identified by soak testing (Newton 1979). There have been 17 confirmed leakers through July of 1996.
Table 4.2-5 summarizes the confirmed fission product leakers through July 1996.


It should be noted that several instances have occurred where sharp increases in stack or primary
coolant activity could not be traced to a specific leaking element (Newton 1979). One possible
explanation was that the leaks were self-healing, perhaps becoming plugged with oxide, so that soak tests
did not detect a significant amount of activity. Commercial reactors have had similar experience. Leakers
are sometimes hard to find. The usual reason given for not locating a leaking fuel rod or assembly is that
it was a pinhole failure that closed up or healed. Detecting the activity over the background levels is also
not always possible.


Five confirmed leaky fuel elements have been destructively examined to determine the nature and
cause of the failures (Seiffert and Novick 1979; Seiffert 1979; Vinjamuri 1982). In each case, the leaks
were believed to have been caused by pinhole failures, which resulted from pitting corrosion' In the latter
investigation (Vinjamuri 1982), it was concluded that the failures probably resulted from corrosive attack
of the cladding at an existing defect (pit) at a hot spot. Strict primary system chemistry controls and fuel
element fabrication requirements have kept pitting corrosion failures to a minimum.


4.2.3.3.4 Burnup Experience-The bumup limit has been extended in steps to a
fission density of 2.3 x 1021 fissfem3 of fuel core. The bumup extensions were made possible as a result of
favorable irradiation performance data (Graber et al. 1971; Griebenow 1971; Francis 1974a; Beeston and
Malik 1977; Beeston et at. 1980). These data consist of postirradiation measurements, both destructive
and nondestructive, made on fuel elements and sample fuel plates.


Two 7F fuel elements were operated to high burnup in 1976 and 1977 to demonstrate the feasibility
of extending the bumup limit from 1.8 to 2.3 x 1021 fiss/cm3. The two elements, XA130K and XAI35K,
were irradiated to calculated peak fission densities of 2.27 x 1021 and 2.30 x 1021 fiss/em3, respectively
(Dumey 1977). Postirradiation examinations indicated that the elements performed satisfactorily
(Beeston and Malik 1977). In addition, no defects were found that would lead to incipient failure upon
further irradiation.


' Pitting corrosion of aluminum cladding is discussed further by Beeston (1978) and Henstee (1980) .
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Burnups from 1.97 x 102 ' to 2.88 x ) 0`} fiss/cm3 were achieved during an irradiation experiment
conducted in the ETR (Francis 1974a). Nine sample fuel plates covering the range of 7F fuel
compositions were irradiated in sodium bonded capsules instrumented with thermocouples. No fuel
blistering occurred during irradiation, and the postirradiation examinations revealed that the fuel had
sound microstructure, exhibited no more than the theoretically expected swelling, and had excellent
blister resistance.


4.2.3.3.5 Fuel Plate Temperatures-The methods used to evaluate fuel plate
temperatures are discussed in Section 4.4.2.11.


4.2.3.3.6 Fuel Plate Burnout and Potential Energy Release-As discussed in
Sections 4.4.1.1 and 4.4.2.2, the core is protected from reaching critical heat flux (CHF) during
Condition I and 2 events. Note that the term CHF may be used in this chapter to denote both critical heat
flux and flow instability and CHF may be used interchangeably with departure from nucleate boiling
(DNB). In the event that CHF should occur, the cladding temperature will rise because of steam
blanketing at the fuel plate surface and the consequent degradation in heat transfer. During this time, there
is a potential for chemical reaction between the cladding and the steam. However, the energy release
resulting from this reaction would be insignificant compared to the power produced by the fuel.


4.2.3.3.7 Coolant Flow Blockage Effects on Fuel Plates-This subject is
discussed in Section 4.4.4.7.


4.2.3.4 Fuel Elements . Each fuel plate in a fuel element is support ed by and fu rnishes
support to the side plates . Consequently , the element acts as an integral unit, and the deformation of any
plate induces deformations and stresses in a ll the other plates.


4.2.3.4 . 1 Thermal Stresses-A variety of loads must be sustained by a fuel element.
The primary loads are the result of azimuthal and axial thermal gradients developed in the fuel plates
during reactor operation . The restraint of fuel plate expansion by the relatively cool side plates produces
compressive stresses in the fuel plates . If the thermal stress significantly exceeds the yield strength of the
fuel plate , axial buckling may occur . Because the fuel plates are cu rved , the temperature variation in the
azimuthal direction produces a slight change in the radius of cu rvature rather than azimuthal buckling. As
discussed in Section 4.2.1.1, the effect of corrosion product buildup on the fuel plates is to increase
temperatures and thermal stresses and decrease structural strength.


Prior to ATR startup, differential thermal expansion tests were performed to determine if
compressive thermal stresses would distort or ripple fuel plates clad with 6061 aluminum (Deville 1963;
Francis and Tingey et al. 1967a). Deville (1963) subjected sample fuel plates to compressive thermal
stresses greater than or equal to those expected during reactor operation. No significant ripples or ripple
patterns formed during the tests. In tests conducted in 1966 (Francis and Tingey el al. 1967a), it was
found that fuel plate rippling was not obtained until the yield stress of the unirradiated cladding was
exceeded substantially. Compression testing of sample fuel plates clad with 6061-0 Al, and containing
either UeOs-Al (Sumpter 1968) or UAIYAl (Rayner 1970) cores, showed that the compressive yield
strength of composite fuel plates is significantly greater than that of 6061-0 aluminum cladding.
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The CAM computer code was historically used in the analysis of fuel plate bending stresses and
deflections (Moore 1969). The thermal stresses calculated with the CAM code were compared to the
operating requirement that the thermal stress in the center half span of the limiting fuel plate, evaluated at
temperatures two standard deviations above nominal, would not exceed the unirradiated yield strength
throughout the cycle (Section 4.2.1.5). The yield strength was defined at 0.2% offset, which corresponds
to a 0.2% plastic strain.


This requirement originated with the operating experience of ETR fuel elements. In the mid 60's
the fabrication process of one type of ETR fuel elements was changed to have the fuel plates pinned in
place rather than swaged. Fuel plate rippling or buckling was observed in these elements when run at high
power to extended burnups (Griebenow, Hanson, and Larrick 1977). The ATR fuel element is resistant to
buckling due to its curved fuel plates (allowing for increased plastic strain levels) and the swaged joints
can allow slippage between the fuel plates and the side plates (reducing plate stresses).


An updated evaluation was made of the fuel element for a series of temperature profiles simulating
the normal operating temperatures plus two standard deviations (Snow 1997). The updated evaluation
looked at strain levels in the fuel plates and addressed the stability of the fuel plates as indicated by the
strain histories. The evaluation model used finite element methods to predict the response of a fuel
element to temperature and flow loadings using ABACUS software. The material properties defined
elastic behavior up to the yield point and then simulated a perfectly plastic response for further straining.


The finite element evaluation (Snow 1997) indicates that the geometry of the fuel element is stable
(not prone to buckling or tearing) to thermally induced stresses and strains. The plastic strain data shows
that the acceptance criteria of 0.2% plastic strain (set to insure against fuel plate buckling) was very
conservative, and an updated strain limit of 0.6% will conservatively protect against buckling of fuel
plates. The finite element case run with a peak fuel centerline temperature of 559°F resulted in a
maximum plastic strain less than 0.4%. The peak temperature of this case is higher than the maximum
(nominal plus two sigma) fuel centerline temperature reported in Section 4.4.2.11 for steady state
operation.


4.2.3.4.2 Swage Joint Strength-Experiments have been conducted (Lloyd 1989)
to determine the force required to initiate relative axial motion in the swage joints of a fuel element. The
principal findings were:


• The general force-displacement curve of the joints can be separated into three regions: a linear
elastic region prior to the initiation of slip; a post-slip region, wherein the stiffness falls off (but the
force required to induce motion continues to rise ); and a stick slip region, where the average force
drops off slightly in a mechanism controlled alternately by static (high) and kinetic (low) friction.


• There was a wide range of scatter in the data, with variations in the breakaway force as high as a
factor of two for joints with no visible differences.


• The fuel plate I joint was consistently and significantly weaker than the other joints.


• Environmental factors such as temperature, immersion in water, direction of pull, and length of
specimen showed no statistical effect on the results.
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• The average breakaway force for the plate I joint was 55 lb per linear inch of joint (9.6 N/mm),
compared to 356 lbf/in. (62 N/mm) for all other joints.


• The average maximum force for plate I was 188 lbflin. (33 N/mm), compared to 440 lbf/in.
(77 N/mm) for the other plates.


This information is significant because the initiation of slip in the joint, and the subsequent
maximum force sustainable, puts an upper limit on the amount of stress that can be built up in fuel plates
because of the restraint of thermal growth. Experimental force-displacement data (Lloyd 1989) have been
incorporated into a three-dimensional finite element model developed to predict the mechanical behavior
of fuel elements under steady state (Snow 1997) and accident conditions (Lacy and Thinnes 1991).


During fuel element production, pull tests are performed on swage joint specimens to ensure that
the swaging process provides adequate strength perpendicular to the long axis of the fuel element (sec
Section 4.2.1.3).


4.2.3.4 .3 Creep--The three-dimensional finite element model mentioned above was
benchmarked by simulating the operating history of an actual fuel element (Lacy and Thinnes 1991).
Creep data for 6061-0 aluminum were obtained from isochronous stress-strain curves developed by
Martin and Weir (1964). Coolant channel thickness measurements were made following hydraulic testing
of the element (prior to insertion in the core) and again after a full cycle of irradiation. Differences
between calculated and measured channel thicknesses were found to be within the accuracy of the
measurements. Creep was shown to be a beneficial effect because it tended to open the coolant channels
and reduce fuel plate stresses.


4.2.3.4.4 Flow-Induced Vibration-Detrimental vibration of fuel plates does not
occur during normal operation because of the high degree of structural stability inherent in the curved
plate design.


4.2.3.4.5 Bowing-The primary cause of deformation in a fuel element is the presence
of temperature differentials. Thermal expansion of the hot fuel plates is restrained by the cooler side
plates. Because the fuel plates are curved, the resultant axial expansion force is located radially outside
the resultant axial restraint force. Hence, a bending moment is generated that causes the fuel element to
bow. Adding to this bending moment, there is generally a temperature variation across the element from
inside to outside (plate I to plate 19), which causes the outer plates to grow longer than the inner ones.
Some bowing was observed to occur during hydraulic proof testing. This is thought to be a pressure-
induced column effect, rather than a thermal effect (Lacy and Thinnes 1991).


The extent of thermal bowing, analyzed assuming the fuel element to be a simply supported beam
(Griebenow, Fillmore, and Moore 1966), was found to be limited only when portions of the side plate
extending beyond plate 19 contacted either the beryllium reflector or the neck shim rod housing,
depending on the fuel element position in the core. The bowing causes channels I and 20 to have an
axially varying flow area, which in turn produces a velocity variation within these channels. Based on
thermal-hydraulic calculations performed with the MACABRE 11 code (Griebenow and Richert 1967), it
was concluded that thermal bowing would not be detrimental to operation of the fuel elements.
Furthermore, detrimental hydraulic deflections resulting from thermal bowing (or irradiation dimensional
changes) have not been observed during ATR operation.
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Fuel element removal from, or insertion into, the core is occasionally hampered by binding
problems. This can be attributed to bowing (andlor irradiation growth) of the fuel elements, flux trap
baffles, neck shim rod housing, or reflector blocks. Specific procedures have been developed to ensure
that fuel elements with binding problems can be safely removed from or inserted into the core. A
modified YA (YA-M) fuel element has been developed to reduce binding problems near the end of
reflector life. The side plate width and the T bar thickness have been reduced in the YA-M fuel elements.
Specific loading sequences and YA-M fuel elements may be used when binding is encountered.


4.2.3.4.6 Hydraulic Loads-There are small differences in coolant pressure between
adjacent fuel element cooling channels. Coolant flow through the core also generates axial pressure on the
leading edges of the fuel plates, and drag forces along the fuel plate faces. Lateral pressure differentials
are caused by differences in entrance, exit, and friction losses in adjacent coolant channels of different
thickness. The largest possible differential pressure occurs across the innermost plate (plate 1) or the
outermost plate (plate 19) because the thickness of channels I and 20 can vary considerably due to the
accumulation of manufacturing tolerances (or bowing). The vents in the fuel element side plates (see
Figure 4.2-5) provide interconnection among all coolant channels and thereby reduce lateral pressure
differentials. The location and quantity of side plate vents were optimized in an analytical and
experimental program started in 1964 (Walker 1964). In-core hydraulic measurements made by
Griehenow (1968) showed that pressures acting across the fuel plates are small and should not adversely
affect any fuel element that is properly constructed.


All fuel elements manufactured prior to XA567R were tested in the HTF to demonstrate that they
were capable of withstanding hydraulic conditions in the reactor (and to provide a protective boehmite
coating). The testing consisted of circulating water at nominally 340°F through each element at 120 to
130% of nominal reactor flow for a minimum of 3 hours. Any changes in coolant channel dimensions
beyond specification limits or loosening of fuel plates at swage joints was cause for rejection of the
element. No fuel element of the current design and manufacturing process was rejected as result of fuel
plates shifting during the HTF testing (Fillmore 1995). The current manufacturing process roll swages
fuel plates into the side plates. A technical review of the process was performed that showed that the
manufacturing process is of sufficient quality to avoid structural integrity failures and that the hydraulic
testing can be replaced by quality control checks made during fabrication and receipt inspection (Richins
and Miller 1995). These controls were implemented in the manufacturing process starting with fuel
element XA094T (Vinnola 1996).


Fuel element fabrication continued during the development of alternatives to the HTF resulting in
an inventory of fuel elements fabricated prior to implementing the recommendations of the manufacturing
process review and swaging analysis. An assessment of the risk associated with the use of this inventory
of fuel elements was made that concluded that there is no change in the risk accepted in the authorization
basis (Atkinson 1997) and that these fuel elements could be used.


A request was made to operate with fuel elements not tested in the HTF (Hamilton 1996a, 1996b)
and approval was received in May 1996 (Ziemianski 1996).
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4.2.3.4 .7 Core Restraint toads-Each fuel element is bottom-supported by a flange
on the lower end of the adjacent flux trap baffle. A slot on the flux trap baffle receives a T-bar key on the
fuel element lower end fitting for accurate bottom positioning. The upper end of each fuel element is
positioned similarly. Thus, the fuel elements are free-standing and not normally subjected to core restraint
loads. However, as noted above, fuel elements sometimes bind because of bowing or irradiation growth of
adjacent core structures. Prior to installation of Reflector IV, a fuel annulus spreader tool was used to
insert or remove bound elements. When the spreader tool was used to insert an element, loads were
imposed on the element when the too] is removed. Evaluation of fuel element stresses and deflections
following spreader tool removal showed that stresses in the fuel element and pullout forces between the
fuel plates and side plates were below allowable values (Harris 1984). In addition, no appreciable closing
of the cooling channels was found to occur from use of the spreader tool.


The inspection of the discharged Reflector III beryllium blocks showed some damage that was
attributed to the use of the spreader tool and its use was discontinued in Reflector IV. A fuel element
loading sequence was developed for use late in the reflector lifetime when fuel element insertion and
discharge difficulties develop. Additionally, the use of small fuel elements proved very successful in
alleviating refueling difficulties. Small fuel elements were initially selected from the dimensional
inspection data for new fuel elements. The YA-M fuel element was developed specifically to alleviate
refueling difficulties. The YA-M fuel elements are manufactured to minimum side plate and T-bar
tolerances.


4.2.3.5 Incore Control Components. Hafnium is the absorber material used in the OSCC,
neck shim rods, regulating rods, and safety rods. The only hafnium components that have the potential to
cause reduced safety margins are the safety rod inserts. The hafnium inserts are in the form of curved
plates 1/4 in. (0.64 cm) thick by 3-1/2 in. (8.9 cm) wide by 36 in. (91.4 cm) long (see Figure 3,9.4-6).
Because only the bottom 3 in. (7.6 cm) of the hafnium plates extend into the core region during reactor
operation, the aluminum support structure is largely unaffected by irradiation. The configuration of all
hafnium shims and safety rods makes it extremely improbable that a fracture of hafnium would cause a
positive reactivity insertion (Livingston 1984).


4.2.3.5 . 9 Stress Evaluation-The hafnium inserts on the safety rods are the highest
stressed of the hafnium components and are subjected to 13.3 x 103 psi (91.7 MPa) maximum tensile
stress from thermal, pressure, and deceleration effects (Livingston 1984). Three-point bending tests were
performed on hafnium samples irradiated to a fast neutron (E > I MeV) fluence of 4.6 x 1022 n/cm2 to
determine the yield and ultimate strength of irradiation-embrittled hafnium (Tupper 1984). Of the four
specimens tested, one had small void-type flaws in the fracture surface that caused it to fail at a lower
stress than the unflawed specimens. On the basis of the bend tests, the ultimate tensile strength of hafnium
at the fluence limit (5.0 x 10222 n/em) was estimated to be 112 x 103 psi (772 MPa) without flaws and
68 x 103 psi (469 MPa) with flaws. Dividing these tensile strengths by the maximum applied stress during
safety rod insertion yields safety factors of 112/13,3 > 8 (without flaws) and 68/13.3 > 5 (with flaws).


4.2.3.5 . 2 Thermal Stability-The maximum temperature of the safety rod hafnium
was conservatively calculated to be 407°F (481 K) for the thermal stress evaluation discussed above
(Burr 1976). This temperature is significantly less than the melting temperatures of either the hafnium
inserts (4,040°F, 2,500 K) or the 6061 aluminum support structure (1,079°F, 855 K). Hafnium also has a
relatively low coefficient of thermal expansion (Polkinghorne and Lacy 1991). As discussed below, the
safety rods are designed to accommodate expansion and contraction of the hafnium inserts without
causing restraint stresses.
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4.2.3.5 . 3 Irradiation Stability-The deterioration in mechanical propert ies of
hafnium during irradiation is the result of fast-neutron damage and change in impurity content from
thermal neutron capture. The microstructure of hafnium is not greatly affected by irradiation. The
principal effect is the appearance of a second phase, apparently resulting from measurable amounts of
tantalum resulting from the irradiation (Beeston 1977). Gas release is not a concern because no gas is
produced by hafnium during irradiation. The property changes of prime concern are embrittlement (loss
of ductility) and dimensional stability.


Test results indicate that hafnium essentially loses all measurable tensile ductility by the time the
fluence level reaches 1.5 x 1022 n/cm2 (Livingston 1984). As noted in Section 4.2.1.6, the current hafnium
fluence limit (5.0 x 10x2 n/em) is based on maintaining a sufficient margin in tensile strength over
imposed stresses to accommodate the loss of ductility. Extensive operating experience has demonstrated
that almost total loss of ductility can be accommodated by hafnium components.


Hafnium undergoes a contraction in length and an increase in density during irradiation. Shrinkage
measurements were made on two hafnium samples irradiated in the ATR to peak fast fluences of
1.06 x 1022 and 1.37 x 1022 n/cm2 (Beeston 1977). The measured length changes were ALtL = -0.135%
and -0.270%, respectively. Linear extrapolation of the latter to the fluence limit (5.0 x 1022 ntcm2) yields a
maximum ALIL = -1.0%. Because the mounting mechanisms for hafnium components are designed to
accommodate expansion and contraction without causing restraint stresses, 1% shrinkage from irradiation
is acceptable.


4.2.3.5 .4 Chemical Evaluation-As noted in the ASM Metals Handbook (1987),
hafnium shares many properties with zirconium, especially its high corrosion resistance. Hafnium resists
attack by many chemicals because of the thin, tenacious layer of oxide that forms naturally on the surface
of the metal. Corrosion tests performed prior to ATR startup (Koch, Riskevics, and Ritchie 1963) showed
the corrosion rate of hafnium to be negligible. Many years of operating experience have confirmed that no
corrosion problems exist for hafnium in the ATR.


4.2.3.6 Reflector


4.2.3.6.7 Stress Evaluation-A full-length finite element model of a reflector block
is used to determine reflector stresses and predict reflector service life (Fors 1980; Miller and Rahl 1992).
The analysis approach is based on the assumption that irradiation-induced swelling can be treated in
essentially the same manner as thermally-induced swelling, i.e., thermal expansion (Winkel 1974).
Although this assumption may oversimplify the microscopic response, it has been substantiated by
comparison with measured and predicted deformations and failures (Winkel 1974; Miller and Rahl 1992).
The thermal analogy permits use of the structural finite element code ABAQUS (Hibbit, Karlsson, and
Sorensen 1990), which is capable of analyzing thermal stresses and deformations.
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Fast flux contours for a given core configuration are calculated using the PDQ-7 neutron diffusion
code (see Section 4.3.3). An intermediate code, FLUXTEM, conve rt s flux values to pseudo-temperatures
for input to ABAQUS. From Beeston (1976), the change in length , AL/L, of beryllium as a function of
fast neutron fluence, +t, is


where


1.829 x 1 0-'(001 035 (4.2-7)


= fast flux (10'`2 n/cm`•s, E > I MeV)


t = time (s).


The standard deviation in the data used to derive Equation 4.2-7 is a = 6.6 x 10. Pseudo-temperatures
are calculated as follows:


82 39 x 10
T(x, Y) = 1. [Lof (x,Y) + 0; (x,Y);


a


where


i_,


(x,y) = two-dimensional flux disc


a = expansion coefficient


n,, 11 2 = operating cycle numbers.


0.035


ibution at core midplane


(4.2-8)


The first summation accounts for the fluence accumulated in prior operating cycles and the second
accounts for the fluence increase during the cycles being evaluated. The times, t, are obtained by dividing
the megawatt-days (MWd) of each cycle by the average power (MW) during the cycle (with subsequent
conversion to seconds). The neutron flux distribution in the axial (z) direction varies as a cosine function;
hence, the three-dimensional pseudo-temperature field is computed as follows:


1035


T(x,Y, -1 )=T(x,yfcos z(` -L/2)1
+ T0(L+2d)


where


L = reflector height (51 in., 129 cm)


d = flux extrapolation distance ( 1.25 in., 3.18 cm)


T° = reference temperature (70°F, 294 K).


(4.2-9)
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Once the temperature distribution is known, the ABAQUS code calculates stress levels in the
reflector block. Miller and Rahl (1992) describe the criteria used to determine when failure (cracking) of a
reflector ligament occurs. The tensile strength of irradiated beryllium is calculated using correlations
derived from experimental data (Beeston 1976). The reflector lifetime is defined as the operating time in
megawatt-days (or equivalent) when a predicted ligament crack is sufficient to loosen a large piece of
beryllium from the rest of the block as noted in Section 4.2.1.7.


Lifetime predictions for the reflector are updated periodically (usually yearly after two or three
years of initial irradiation). As discussed in Section 4.2.1.7, cracking in the A ligament normally precedes
cracking in the B ligament. Consequently, a crack in the B ligament could potentially cause a large piece
of beryllium to separate from the rest of the block (see Figure 4.2-8). Therefore, operation of the reflector
is limited to ensure that stresses in the B ligament remain at least two standard deviations less than the
cracking stress of the ligament unless a specific evaluation is performed to support operation with higher
stresses. The benchmark calculations of Miller and Rahl (1992) demonstrate that the PDQ-ABAQUS
method of analysis successfully predicts reflector service life. The PDQ-ABACUS method employs an
updated cracking criteria based on the material strengths corresponding to the combined states of
membrane and bending stresses in the ligament portions of the reflector. Benchmark calculations on
Reflectors Ill and IV showed that an amplifying factor "k" should be applied to the time used in the
analysis. The value of "k" is established from the correlation between the analysis and the actual reflector
history.


4.2.3.6.2 Thermal Stability-The two-dimensional steady-state and transient heat
conduction code SIMIRJ6 (Kraus 1977) was used to calculate temperature distributions in the reflector
(Mousseau et al. 1973). Heat generation from gamma ray absorption in the reflector was based on a peak
(core midplane) value of 24 Wig (for a 70 MW lobe) at the beryllium face next to the fuel element
annulus (Nielsen 1973). The heating decreased exponentially away from the fuel. Convective heat
transfer coefficients were applied at all fluid interfaces, all solid interfaces were assumed to be adiabatic.
Because SIMIRJ6 is a two-dimensional code, heat transfer in the vertical direction was neglected. This is
conservative because it results in higher beryllium temperatures than would be calculated by modeling
axial heat conduction.


The maximum reflector block temperature was computed to be 266°F (403 K) during operation
with three primary coolant pumps (Nielsen 1977) and 278°F (410 K) during operation with two pumps
(Fillmore 1980). These temperatures are well below the melting temperature of beryllium (2,348°F,
1,560 K). Analyses have shown that thermal stresses have little effect on the life of the reflector
(Mousseau et al. 1973). At the time of crack initiation in the first reflector (Reflector I), irradiation growth
was responsible for approximately 95% of the stress producing fracture.


4.2.3.6.3 Irradiation Stability-The reflector is subjected to high total exposures of
fast neutrons with large flux gradients. These conditions produce dimensional changes and changes in the
mechanical strength of the reflector blocks. The formation of gas in the beryllium lattice is by the
Be9(n,2n)2He4 and Be9(n ,(x)He6 reactions (Francis and Moen 1966). The result of the flux gradient is a
nonuniform concentration of helium in the reflector. Because reflector growth (swelling) occurs from
helium in the beryllium matrix, internal stresses are induced to compensate for the nonuniform
dimensional change.


d lh
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Radiation hardening increases the ultimate fracture strength of beryllium to a point where the
material becomes so brittle that fracture toughness drops to near zero (Francis 1970). At this point, very
small flaws dominate and the fracture strength decreases. Meanwhile, the residual stress increases
because of differential growth resulting from the flux gradient. When the loading stress, including
residual stress, exceeds the decreasing fracture strength, the beryllium will spa]] and crack.


Tests performed on beryllium samples irradiated in the ETR and ATR have extended the strength
and growth data for beryllium to a fast fluence (E > I MeV) of 3 x 1022 n/cm2 (Beeston 1976). The
swelling threshold temperature was measured by annealing the irradiated specimens at successively
higher temperatures for one hour. The results showed that a threshold temperature of 572°F (573 K) is
required before measurable swelling occurs, and 797°F (698 K) is required before I% swelling occurs.
Thus, runaway swelling (from rapid agglomeration of helium into bubbles) is highly unlikely in the
reflector.


The reactivity effects of reflector irradiation are discussed Section 4 .3.2.4.


The following summarizes irradiation experience with the first four reflectors. The experience from
the first three reflectors was taken from Tomberlin (1989). The experience from the fourth reflector was
taken from (Dumey 1987; Holman 1994; Loret 1994).


Reflector): The operating period for the first reflector was from February 1968 (Cycle 1) to
October 1972 (Cycle 15A). Cracks were discovered in three of the eight reflector blocks in
March 1972 after 113,593 megawatt-days of reactor operation with a balanced lobe power
distribution. All cracks were in the A ligaments and were determined to have initiated at the top of
the reflector. It should be noted that Reflector I did not include horizontal saw cuts, which were
incorporated in the reflector design beginning with Reflector 111. A thorough technical evaluation
after the cracks were discovered proved that the reflector could safely continue operating as long as
certain restrictions were met. Reactor operation continued, without incident, for another 27,647
MWd; the reactor was then shut down to replace the reflector. Reflector I therefore operated a total
of 141,240 MWd. No malfunctions of the moving reactor internal components were experienced
and radiation levels in the process systems remained at their normal levels.


• Reflector II: The operating period for the second reflector was from October 1972 (Cycle 15A) to
April 1977 (Cycle 35A- 1). Reflector Il was similar in composition and geomet ry to Reflector 1, but
was subjected to reactor power tilts . The greatest power tilt was produced during Cycle 16E when
the southwest lobe operated at 55.0 MW and the northeast lobe at 26.2 MW. Refl ector 11 operated
for 153,734 MWd. Some control over cracking in the A ligaments was obtained by scribing certain
A ligaments to induce cracking.


• Reflector III: The operating period for the third reflector was from April 1977 (Cycle 35A-1) to
February 1986 (Cycle 73A-1). The major difference between Reflector III and previous reflectors
was the incorporation of horizontal saw cuts in the beryllium blocks (see Figure 4.2-6) to delay
buildup of radiation-induced stresses. Inspection of Reflector III during Shutdown 64A-1 revealed
the onset of cracking in three saw cut segments in ligament A of one of the beryllium blocks.
Shutdown 64A-I (March 1984) occurred after Reflector 111 had operated for 228,438 MWd.
Reflector II I went on to operate for 305,246 MWd, a significant extension beyond the lifetimes of
Reflectors I and I1.
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• Reflector IV: The operating period for the fourth reflector was from February 1986 (Cycle 73A-1)
to February 1994 (Cycle 1028-1), Reflector IV was similar in composition and geometry to
Reflector 111. Reflector 1V incorporated four additional 1-1/2-in. B-hole positions (B-9 to B-12) and
four additional 1-1/2-in. 1-hole positions (1-21 to 1-24). Except for these changes, the Reflector IV
beryllium segments are identical to the Reflector III beryllium segments. Reflector N exhibited
minor cracking before it was replaced. Reflector IV operated for 267,254 MWd.


4.2.3.6.4 Chemical Evaluation-Reported corrosion results for beryllium often do
not seem consistent or reproducible (ASM Metals Handbook 1987). This is perhaps because of past
inconsistencies in the quality of metal studied. Stonehouse and Beaver (1965) noted that in
low-temperature (< 210°F, 372 K), high purity water, there is little or no corrosion problem with
beryllium. The corrosion rate in good-quality, low-temperature water is typically less than I millyr
(0.025 mmlyr) (Wanklvn and Jones 1962),


Corrosion testing of four grades' of beryllium was carried out under simulated ATR conditions of
temperature (226°F, 381 K) and water flow (45 ft/s, 13.7 m/s) in the out-of-pile section of the ETR G-12
facility (Francis and Moen 1966). After 138 days of exposure, the samples were only slightly tarnished
and the corrosion rates for each specimen were nearly identical (-I mil/yr, 0.025 mm/yr). After 213 days
of exposure, the corrosion rates were all less than I mil/yr (Beeston and Moen 1966). The corrosion rate
of one of the ATR hot-pressed beryllium samples was only 0.66 mil/yr (0.017 mmlyr). In an earlier
corrosion study (Koch, Riskevics, and Ritchie 1963), stressed beryllium specimens were found not to be
susceptible to stress corrosion in the ATR environment.


Beryllium reflectors were previously used in the MTR and ETR. Like the ATR, the cooling water
for these reactors was demineralized in cation and anion resin beds and maintained slightly acidic with
small quantities of nitric acid. Beryllium corrosion was not a problem in the MTR or ETR, nor has it been
a problem in the ATR.


4.2.4 Testing and Inspection


4.2.4.1 Quality Assurance Program. An appropriate quality assurance program is
maintained at the TNEEL's Test Reactor Area. It provides for control over all activities of design,
procurement, fabrication, storage, testing, inspection , and transportation of ATR fuel elements, reflector
and reactivity control system components. The quality assurance program is discussed further in
Chapter 17 (Quality Assurance).


The Contractor's drawings and material specifications identify the tests and inspections to be
performed.


4.2.4.2 Quality Control. Quality control of core components is achieved by a detailed test
and inspection program. Tests and inspections are usually performed by the component supplier, or the
supplier's subcontractors. Final inspection and acceptance (or rejection) of core components is made by
the Contractor.


8 Two ATR hot-pressed beryllitun samples, one extruded sample, and one vacuum cast sample were tested.
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4.2,4.2. 1 Reflector-Quality control of beryllium components (i.e., reflector blocks
and outer shim control cylinders) is achieved by an analysis and inspection program with the following
features:


• Prior to fabrication , the proposed procedures for beryllium manufacture , powder processing,
casting, and hot pressing are submi tt ed to the Contractor for approval . Sieve tests are performed to
verify compliance with pa rt icle size requirements (EG&G Idaho 1991a).


• Analyses are performed to ensure that the chemical composition and nuclear propert ies of each
beryllium pressing comply with material requirements (EG&G Idaho 1991a),


• Tests are performed to ensure that the tensile and physical properties of each beryllium pressing
conform to requirements (EG&G Idaho 1991 a).


• Each rough -machined component is radiographically inspected for internal defect s. After fi nal
machining, all pressings or components are liquid -penetrant and visually inspected for surface
defects (EG&G Idaho 1991a).


All pressings or components are marked to ensure positive identification and traceability (EG&G
Idaho 199la).


The finished components, when received onsite, are inspected by Contractor personnel to verify
compliance with the above requirements. Inspections are also performed to ensure that all
dimensions are within drawing tolerances.


4.2.4.3 lncore Control Component Testing. The mechanical adequacy of the various
reactivity control components (i.e., safety rods, neck shim and regulating rods, and outer shim control
cylinders) was confirmed by extensive prototype testing (deBoisblanc and Cohen 1965). The prototype
safety rod drive mechanism was subjected to more than 1,500 scram cycles under simulated reactor
operating conditions. Additional tests were run to investigate the effects of safety rod misalignment and
the introduction of probable and accidental concentrations of crud into the reactor. The safety rod
mechanism performed satisfactorily in all tests. Scram time was not significantly affected by crud
accumulation, and the misalignment tests showed the mechanism capable of satisfactory performance
under conditions more severe than expected from maximum tolerance stackup. Wear and corrosion of the
safety rod components were also satisfactory.


Minor modifications have been made to the OSCC and safety rod drive mechanisms since the
initial prototype testing. The modifications were supported by prototype testing prior to installation. The
reactivity control systems are periodically tested for operability and drive speed.


Each new reactivity control component is functionally tested following installation in the reactor,
but prior to criticality, to demonstrate that it operates reliably. Prior to reactor startup for each cycle of
operation and following an outage in which the vessel has been opened (e.g., a refueling or experiment
changeout outage), the safety rods are tested to demonstrate compliance with rod release and drop time
requirements.
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4.2.4.4 inservice Surve illance. Surveillance and testing of irradiated core components is
discussed in Section 4.2.1.8.


Table 4.2-1. Advanced Test Reactor zone-loaded fuel element 7F: U-235 and B-10 nominal loadin s .°''"


Plate nwnber
U-235
(2)


Boron
(B-1 0 ) (mg)


1 2 4.3 63
2 29.1 78


3 38.7 44
4 40.4 45


5 52.1 0


6 54.6_ 5 0


7 57.0 0


8 59.4 0


4 61.8 0


10 64.2 0


11 66.6 0


12 69.0 0
13 71.4 0


14 73.8 0


15 76.3 0


l6 64.0 71


17 65.9 7 3


18 53.8 143


19 52.6 143'


1 075.0 660
a. In the 7NB fuel element, boron values are zero. Nominal U-235 values are identical to 7F fuel element, with a total


nominal weight of 1075 g.


It br the YA fuel element, the U-235 and B-10 values are zero for plate 19.


The total nominal weight of U-235 is 1022.4 g and B-10 is 517 mg.


c. A 7NBH fuel element is identical to the 7NB, except B-10 is contained in one or two fuel plates as follows:


Type I has a berated plate 19


Type 11 has a berated plate 18.


Type Ti] has berated plates 16 and 17. '...


Type SV has berated plates 7 and 2.
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Fuel element Characteristic Data
Total Wt. U-235 - grams 1.075"8
Fuel loading, U-235 g/cm3 core


Plates 1, 2, 18, 19 1.000"


Plates 3, 4, 16, 1 7 1.300


Plates 5 throw h 15 1.600


Fuel material UAI,


Nominal Ual, concentration


Plates 1, 2, 18, 19 45%by weight"
Plates 3, 4, 16, 17 52% by weight


Plates 5 through 15 60% by weight


Core matrix material X8001


Bu rn abl e poison material B4C`


Nominal B,C`
Plates 1, 2, 18, 19 0.53%by weight"
Plates 3, 4, 16, 17 0.19%by weight
Plate s 5 through 15 0.0% by weight


Total wi . boron (B-I0)` - grates 0.6606


Boron loading, tng natural B/cm3 core`
Plates 1, 2, 18, 19 14.2"


Plates 3, 4, 16, 17 7.5


Plat es 5 through 15 0.0


UAI, chemical composition


Uranium 69.0 wt% UAI, powder
Al uninum 8.0 wt%UAI,


78.0 wt% UA13


14 wt% UAI4
Uranium isotopic composition`


U-235 content 93.0 wt%of total U
U-238 content 6.05 wt%of total U
U-236 content 0.7 max, wl% of total U
U-234 content 1 .2 max. wt% of total U


BR chemical composition` Minimum -�
B-10 14 wt%
Boron (total) 76.5 wt%
Carbon 19 wt%


Boronplus carbon 98 wt%
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Table 4. 2-2. (continued


Fuel element chara cteristic Data


Nominal dimensions


Fuel element length 66-1/4 in.


Fuel plate length 49.5 in.


Active fuel length 48 in.


Coola nt channel thickness 0.078 in. (channels 2 through 19)1


Plate I Thickness 0.080 in.


Fuel 0.020 in.


Clad 0.030 i n.
Plate 19b Thickness 0.100 in.


Fuel 0.020 in.


Clad 0 .040 in.


Plate 2 through 18 Thickness 0.050 in.


Fuel 0.020 in.


Clad 0915 in.


Minimum cladding thickness
Plates 2 through 18 0.008 in.


Plates l and 19 0.018 in.
Plate cladding materi al 6061-0 aluminum


Side plate material i� 6061 -T6 aluminum


End fiuin material 356-T71 or A356-T6 alwnimm t


Comb material 6061-T6 aluminum


Weld fille r meta l 7ER 4043 almninum
a. Fuel elements 7F, 7NBB and 7NB. 1022 . 4 g for foe] element YA ,
b. Plate 19 contains 0 g/cm3 U-235 and B-10 in fuel element YA.


c. Fuel element 7NB contains no burnable poison, 7NBH contains B-10 in I or 2 plates only as descri bed in Table 4.2-1.


d 517 mg for fuel element YA.
e. Variations for U-235 and U-238 are each +1%.


f Coolant channels 1 and 20 are formed by the interface between the fue l element and other incore components
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Fuel Element Component Historical Impurity Limits
Fuel Cladd in , Fuel Frames


Impurity Limits wt% maximum
Cadmium 0.003
Lithium 0.008
Cobalt 0.001
Boron 0.001


Fuel Core Com nent Materials
Uranium metal 98.5 wt%uranium minimum
Impurity Limits ppm maximum (wi basis)


Aluminum 100,0
Beryllium 15.0
Boron 5.0
Cadmium 20.0
Calcium 100.0
Carbon 500.0
Cobalt 10.0
Copper 100.0
Chromium 200.0
Iron + Nickel 400.0
Lithium 10.0
Magnesium 50.0
Manganese 30,0
Molybdenum 150.0
Lead 25.0
Silicon 300.0
Sodium 25.0


Aluminum Powder 98.5% free metallic aluminum
Impurity Limits wt. %mac


Cadmium 0.003
Lithium 0.008
Boron 0.001
Silicon + Iron 0.250
Zinc 0.100
Copper 0.200
A 1,03 0.700
Other impurities 0. 05


Boron Carbide Powder 98.5 wt% boron + carbon
Impurity Limits wt% maximum


Iron 0.5
'.. Aluminum 0.2


Calcium 0.25
Magnesium 0.05
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Table 4.2 n


Impurity ����


EBC
( m)


Barium 0,000122


Be ilium 0.000015


Boron 0.999999
Calcium 0,000158


Cadmium 0325097
Chromium 0,000799


Cobalt 0.0092 39


Copper 0. 000868


Iron 0.000672


Lead 0.0000 1 1


Ma esimn 0.000040


Manganese 0.003443


Molybdenum 0.000403


Nickel 0.001 1 22


Phos porous ! 0.000087


Silicon 0.000066
Silver 0.008236


�-j


Tin 0.000072


Tungsten


Vanadium


0. 001496


0 .001406


Zinc 0. 000241


Zirconium 0.000029
Samarium 0.524575


Europium 0.43 3973


Gadolinium 4.194580
Dysprosium 0.097064 �s--
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ivalents for Im urines in Uranium Aluminide Powder.
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Seri a3
number Cycle


le end
ate Element type Vendor S i fi cation


Fuel core
material


Soak test activity
( IO' dis/min/ml) Reference


A504D 26B-1 St andard AI Mark V UAIL-Al 4970.0 ( 1-132) Newton (1979)
A474D 27A- I 9/23/75 St andard AI Mark V UAI.-AI 152.0 ( 1-131) Newton (1979)
A152D 28A-1 11/21 /75 Standard AT Mark V UAIxAI 1080.0 ( 1-132) Newton (1979)
A277D 32B-1 1015176 Standard Ai Mark V UAI,-Al 4,4 ( 1-131) Newton (1979)
A137C 33A-1 12/8/76 Standard S Mark IV U3Os-AI 602.0 ( 1-131) Newton (1979)
A211F 35E-1 1216/77 Standard NLC Mark Vi UAIxAI 19.5 (1-131) Newton (1979)
A 197F 37A-1 3/26/78 Standard NLC Mark VI UAl, Al 7 .0 (1-131) Newton (1979)
XA029HK 39B-1 9126/78 7F GUNFC Mark VII UAI,-AI 20.7 ( 1-131) Newton (1979)
XA373N
XA374N
XA377N
XA379N


49A- 1
49A-1
49A-1
49A-1


10/26/80
10/26/80
10/26/80
10126/80


7F
7F
7F
7F


Ai
AI
AI
AI


Mark VII
Mark VII
Mark VII
Mark VII


UAI,-AI
UAI„-Al
UAI, Al
UAI,AI


46.4 (1-131)
215.0 (1-131 )
391.0 (1-131)
380.0 (1-131)


Rowsell and
Simpson (1980)


XA446N 62B- I 12/7/83 7F AI Mark VII UAI;Al 398. 0 (1-131) Rowsell (1984)
XAI59P 89A-1 4/22/90 7F AI Mark VII UAI,-AI 34.7 (1-131) Rowsell et al. (1990)
XAI18P 93A-1 5/12/91 7F Al Mark VII UAI,-Al 9.3 ( I-131) Rowsell et al , (1991)
XA122P 96A-1 2/28192 7F At Mark VII UAIxAI 5.4 (1-131) Rowell et al, (1992)
XA21 IP 988-1 11122/92 7F AI Mark UAI,-Al 25.0 (1-131 ) Ro ers et al. (1993)
aAl Atomics Intern ational (a division of Rockwell International)


GUNFC Gulf United Nuclear Fuel Corporation
NLC National Lead Corporation


nts confirmed b ak testing to be fission roduct leakers.
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Figure 4.2-13. Phase diagram of the uranium-aluminum system. ( For Information Only)
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Figure 4.2-14. Swelling of uranium aluminide fuel plates as a function of fission density.
(For Information Only)
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Figure 4.2-15. Blister temperatures of uranium aluminide fuel plates as a function of fission density. (For
Information Only)
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4.3 Nuclear Design


4.3.1 Design Bases


The ATR differs from a commercial PWR in several respects consistent with its purpose as a high
neutron flux generator. The steady state overall thermal power is relatively low (100 to 250 MW), but the
core is uniquely designed to operate at high power densities (0.96 MW/L average) and in a radially
unbalanced condition . The five lobes of the reactor are designed to be operated with a lobe power
imbalance ratio of up to four (high lobe powerilow lobe power) across the core. As with commercial
PWRs, the core loading for a given cycle may contain all fresh fuel elements or a mixture of new and
recycled fuel elements. Operating cycles for the core are of short duration, typically running from two to
eight weeks between refueling outages. Several independent systems are provided to maintain reactivity
control during operations and to maintain the prescribed lobe power split. Multiple experiment facilities
are located in and around the core to accommodate various experiment installations.


In this section, the design bases for the nuclear design of the fuel elements and reactivity control
systems are described and these design bases are related to the ATR General Design Criteria (GDC)
(Chapter 3 (Design of Structures, Components, Equipment, and Systems)). The nuclear design of the
reactor core, core power distribution and control of reactivity, ensures that the plant protection criteria of
Chapter 15 (Accident Analyses) are met.


4.3.1.1 Fuel Burnup


4.3.1.1.1 Basis-The fuel element design basis is described in Section 4.2. As
discussed in Section 4.2.1.2, the maximum fission density in the fuel plates is limited to 2.3 x 102'
fissions/em'to prevent unacceptable irradiation induced swelling.


4.3.1.1 .2 Discussion-A combination of new and recycled fuel elements compose
the typical core loading at the start of an operating cycle. The cumulative fission densities in the fuel
elements are developed as part of the core physics analysis for each cycle. To comply with the
requirements on burnup, the maximum fission densities to be reached during the cycle are calculated prior
to loading the core and only fuel elements having predicted fission densities less than the limiting value
are loaded.


4.3.1.2 Reactivity Feedbacks


4.3,1.2,1 Basis-The fuel and moderator/coolant temperature coefficients of reactivity
in the fuel elements are negative for power operating conditions, providing major negative reactivity
feedback characteristics. The reactivity feedback is negative during normal operation thus meeting
GDC 11. The ATR GDC are presented in Chapter 3 (Design of Structures, Components, Equipment, and
Systems).
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4.3.1.2.2 Discussion-Temperature effects on reactivity have an important bearing
on the operation, and ultimately, on the safety of the system. Doppler broadening of the absorption cross
section in the fuel with increasing temperature causes the resonance escape probability to decrease,
thereby lowering the effective multiplication factor. Because of the highly enriched uranium in the fuel,
the effect of Doppler broadening is small and the fuel temperature coefficient, although negative, is not
significant compared to the moderator/coolant coefficient in the fuel region. An increase in the
moderator/coolant temperature causes a reactivity change that must be negative to maintain stability and
limit the effects of positive transient reactivity insertion events. Moderator temperature coefficients in the
fire] regions are negative as required. Void coefficients in the flux traps are positive but their maximum
total worth is limited. The reactivity feedback from experiments may or may not be negative depending
on the type of the experiments and their location, but the magnitude is small. Additional information is
provided in Section 4.3.2.3.


4.3.1.3 Control of Power Distribution


follows:
4.3.1.3. 1 Basis-Under normal steady state operation, the nuclear design bases are as


• The maximum reactor power will not exceed 250 MW.


• Peak power in the fuel elements will be limited during Condition I to values that will maintain the
thermal-hydraulic margins (DNB margins) discussed in Section 4.4.I.1 for Condition I and 2
events.


The reactor will not operate in Condition I with a power distribution for which any fuel element
exceeds the minimum flow instability margins discussed in Section 4.4.1.4 for Condition I and 2
events.


• The reactor will not operate with a power distribution that causes the thermal stress limits or blister
temperature limits (discussed in Sections 4.2.1.5 or 4.4.1.2) of any fuel elements to be exceeded
during Condition 1 operation.


The above basis meets ATR GDC 10.


4.3.1.3. 2 Discussion-The lobe power distribution varies from cycle-to-cycle
depending on experiment requirements. The operating envelope is determined by the number of primary
coolant pumps being operated, the thermal stresses in the fuel, 'thermal-hydraulic limits, and the degree of
aging in the beryllium reflector. The fission power density and related thermal-hydraulic calculations for
the operational envelope are performed with proven analytical methods and verified with measurements
from the operating reactor. Conservative assumptions are made in developing models for the analysis.


4.3.1.4 Maximum Reactivity Insertion Rate


4.3.1.4.1 Basis-The maximum reactivity insertion rate resulting from postulated
failures in the reactivity control systems (i.e., failures resulting in withdrawal of safety rods, neck shim
rods, regulating rods or the OSCC) will be limited to rates that result in reactor conditions not exceeding
the ATR plant protective criteria, (i.e., controlled by the PPS). This basis meets ATR GDC 25 and
ATR GDC 28.
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4.3.1.4.2 Discussion-The reactivity insertion rate associated with the failures in the
reactivity control systems is determined by the rate of travel or rotation and the worth of the control
elements. The worth of the control elements can be affected by the core power division and loading.
Control system failures resulting in uncontrolled withdrawal of various combinations of the reactivity
control elements are considered in Chapter 15 (Accident Analyses). The insertion rates used in analysis of
control system failures are determined in Section 4.3.2.4.


4.3.1.5 Shutdown , Hoiddown, and Excess Reactivity


4.3.1.5.1 Basis-A minimum safety rod worth is required during reactor operation to
provide sufficient shutdown reactivity to bring the reactor into a subcritical state. The maximum excess
reactivity is limited to support this basis. The neck shim rods and OSCC provide an auxiliary or backup
means of inserting shutdown reactivity.


A minimum holddown reactivity margin is required during outage core changes to provide
sufficient reactivity margin from criticality.


This design basis meets ATR GDC 26 and ATR GDC 27.


4.3.1.5.2 Discussion-The shim control systems, including OSCC, neck shim rods,
and regulating rods, are used to compensate for the reactivity effects of the fuel and water temperature
changes, fuel depletion, experiments, and fission product buildup during reactor operation. The safety
rods are designed solely for fast shutdown of the reactor. During startup operation, the core will remain
subcritical with all OSCC and neck shim rods (includes regulating rods) fully inserted and all the safety
rods fully withdrawn. A sufficient number of safety rods will always be in service to ensure sufficient
shutdown reactivity under normal operating conditions with the assumption that the highest worth safety
rod remains untripped in its fully withdrawn position. The minimum shutdown reactivity required is 5.8$
for reactor operation with three PCP and 6.4$ for operation with two PCP.


During outage core changes,' the effective multiplication of the core (k 0-) is maintained less than or
equal to 0.95.


4.3.1.6 Stability


4.3.1.6.1 Basis-Spatial power oscillations within the core during power operation are
insignificant. The core is stable to power oscillations including those caused by xenon, meeting ATR
GDC 12.


The manual movement or manipulation of any component within the core reflector tank with two or more fuel elements in the
reactor core. 111e manual movement of components (e.g., safety rods) using their normal drive mechanisms is not considered a
core change, however; movement of these components with their drive mechanisms disconnected is considered a core change.
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4.3.1.6 . 2 Discussion-Xenon instability was a concern during the initial design and
was extensively studied. The three possible types of xenon instability considered are interlobe, intralobe,
and axial. Axial instability, which may be undetectable to the nuclear instruments, was a particular
concern and the N76 power monitoring system installation included provisions in the center lobe N16 tubes
to allow detecting anomalies in the axial flux distribution (one center lobe N16 tube is full core height and
the other center lobe Nth tube is half core height), Extensive power variation, neutron noise spectral
correlations, and reactor transfer function tests were completed during initial startup. Operating history,
analysis, and testing show that the core is stable for power oscillations including xenon oscillations.
Reactor power variation is routinely monitored using high speed traces from the nuclear instruments and
spectral analyses of the neutron noise. An anomalous power variation would be detected by this
monitoring program.


4.3.1.7 Anticipated Transients Without Scram. The effects of anticipated transients with
failure to scram are not considered in the Nuclear Design Bases. These events are discussed in Chapter 15
(Accident Analyses).


4.3.1.8 Limits on Experiments


4.3.1.8 . 1 Basis-The design basis for experiments is such that the consequence li
of any experiment fault shall be consistent with the ATR plant protection criteria.


This design basis meets ATR GDC 70.


4.3.1.8 . 2 Discussion-Physical, operational, and parametric limits are imposed on
any experiment. All the experiments must have adequate safety analysis, independent safety review,
management review, and quality assurance for safe operation in the reactor. The experiment safety
analysis and review process is described in Chapter 10 (Experiment and Irradiation Facilities). The ATR
plant protection criteria are defined in Chapter 15 (Accident Analyses).


4.3.2 Description


4.3.2.1 Nuclear Design Description. The core contains 40 fuel elements in the form of a
four-leaf clover. Each fuel element consists of 19 concentrically curved plates attached to two aluminum
side plates forming a 45-degree sector of a right circular cylinder, The fuel elements are loaded with
highly enriched (93%) uranium in an aluminum matrix and clad with aluminum . The major components
of the reactor core having significance to the nuclear design are the neck shim rods, experiment facilities,
fuel elements, safety rods, OSCC, and beryllium reflector blocks. Figure 4.2-1 shows a cross-sectional
view of the core and the outer reflector irradiation facilities. Experiment facility components located in
the flux traps are shown in their configuration following the 1994 CIC. This is the reference configuration
for the UFSAR. During 1997 to support the sponsors test program, the northeast flux trap was
reconfigured and the Irradiation Capsule Experiment facility installed. The reconfiguration was supported
with analyses (Gougar 1998; Schnitzler 1998; Arnbrosek 1998) which show the reconfiguration is
enveloped by the analyses described in this chapter.


Fresh and/or partially depleted fuel elements are used in an operating cycle core loading to
establish the desired core reactivity and the desired lobe and fuel element power distribution. The reactor
core normally operates for short durations ranging from two to eight weeks between refueling. The
selection of fuel elements is determined by the amount of fissionable material needed to provide the
desired core lifetime and lobe power split requirements. The partially depleted fuel elements that are
recycled must meet requirements specified in the fuel bumup design basis.
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Four different types of fuel elements (i.e., 7F, 7NB, YA, and 7NBH), described in Section 4.3.2.1,
are available. All are loaded with uranium that is distributed more heavily in the inner plates and less
heavily in the outer plates to reduce radial power peaking. The 7F fuel contains boron as a burnable
poison in the fuel matrix of some of the outer plates to further reduce power peaking and to help
compensate for reactivity loss due to fuel bumup and fission product buildup in the core. The ?NB fuel
element is a non-borated 7F fuel element. The special YA fuel element is the same as the 7F, but does not
have fuel or boron in the outermost plate (Plate 1,9). The YA fuel element is required in positions adjacent
to A and E reflector ligaments for high power operation with an aged reflector. The 7NBH fuel element is
the same as a 7NB except that the 7NBH contains boron in one or two plates.


The reactor core is loaded to have excess reactivity at the beginning of any cycle to allow for
moderator temperature change, the depletion of fuel and burnable poison, experiments in the core, and
buildup of fission products including xenon and samarium over the cycle life. The core is loaded to have a
nominal 2$ excess reactivity at the end of each operating cycle. The decrease in excess reactivity during
an operating cycle is compensated by movable neck shim rods and OSCC. The reactor fuel and moderator
temperature coefficients are negative and stay negative during power operation conditions. The buildup of
Pu isotopes is not significant in the highly enriched (93%) fuel. Figure 4.3-1 shows a typical buildup of
Pu isotopes relative to consumption of U-235 in the center lobe. The burnable poison in the fuel is
depleted during operation adding positive reactivity to offset reactivity loss from fuel depletion and
fission product buildup. Reactivity change due to boron in the fuel versus core depletion is plotted in
Figure 4.3-2.


Summaries of the nominal parameters of the reactor core, including reactivity coefficients, delayed
neutron fraction, and control rod worths are presented in Tables 4.3-1 to 4.3-3.


4.3.2.2 Power Distribution. As described in Section 4.3.2.1 and illustrated in Figure 4.2-1,
the core contains 40 fuel elements arranged in a four-leaf clover shape entwined around the flux traps that
contain the pressurized water loop 1PTs or capsule irradiation facilities. Control shims are located both
interior and exterior to the core cloverleaf permitting asymmetrical power distributions during operation.
The operating power condition is nominally described by specifying the lobe power split where the four
corner lobes consist of eight fuel elements surrounding the corner flux traps, and the center lobe consists
of eight fuel elements around the center flux trap. The lobes are labeled NW, NE, C, SW, and SE
(northwest, northeast, center, southwest, and southeast) as representative of their position in the core. The
lobe power split values are often normalized to the total core maximum power rating of 250 MW. The
term relative power is used to designate lobe powers normalized to 250 MW as discussed in
Section 4.2.2.1.


Because the ATR is designed for neutron irradiation experiments, it operates with variable lobe
power distributions and configurations within a safe operating envelope. This section includes three lobe
power split variations that demonstrate respectively, balanced, typical or nominal unbalanced, and
extreme lobe power splits (Kim and McClure 1993; Judd 1992). These lobe power splits are: a
50-50-50-50-50 (NW-NE-C-SW-SE) MW balanced power split designated as 50/50, a
34-34-43.2-49.1-44.2 MW power split with a total power of 204.5 MW designated as 60/40 (SW relative
lobe power of 60 MW, NW and NE relative lobe powers of 40 MW), and a 26.0-26.3-45.7-62-70 MW
split with a total power of 230 MW designated as an enveloping 70 MW split. The enveloping 70 MW
lobe power split results in the most limiting power distribution expected in the ATR. This distribution has
the steepest power gradient and the highest lobe power (70 MW) anticipated in the ATR operation. The
total power of 230 MW for the 70 MW split results from the lobe power split with the above constraint,
not a limit on the total core power, which is 250 MW.
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Due to the nature of ATR operation new experiments are occasionally inserted into the reactor.
When new experiments are placed into the reactor, additional analysis is performed to provide assurance
that the reactor response with new experiments meets the established safety envelope.


Because of the particular core and fuel element design (see Section 4.3.2.1), power distributions
contain axial, radial, and azimuthal components localized by element. Power distributions resulting from
analytical calculations by Kim and McClure (1993), were developed for display using the existing
operating cycle analysis methods (Smith and Cook 1989) as discussed in Section 4.3.3 and are described
in the following sections. Power densities derived from the PDQ analysis reference homogenized regions
representing the fuel matrix, cladding, and water mixture. Peak-to-average azimuthal power factors from
two-dimensional analyses contain correction factors to convert homogeneous power densities to those
based on the fuel matrix volume (Smith and Cook 1989). This correction factor is given by
Equation 4.3-1:


N; =[(A*D)IR]* M, (4.3-1)


where


N; = correction factor for the t-1h fuel plate


A = correction for nonuniform axial power profile


D = ratio of nominal to calculated lobe power fraction


R = correction factor for non-fueled Plate No. 19


M, = homogenized cell to fuel matrix correction factor for the 1-th fuel plate.


Experimental measurements supporting the calculated values are given and limiting values
identified.


These fuel element power distributions were developed with a core model that included a
pressurized water loop IPT in each flux trap (LIPTs in the NW and NE flux traps, an advanced high
temperature loop IPT in the W flux trap, and standard 1PTs in the remaining flux traps). This was the core
configuration prior to the 1993 process control upgrade outage. During that outage, three loop facility
IPTs (the LIPT in the NW and the standard IPTs in the N and SW flux traps) were removed and replaced
with large and standard sized capsule irradiation facilities. Then, during the 1994 CIC outage, the core
was configured for capsule irradiation facilities in four of the flux traps and loop facility IPTs in five of
the flux traps. The configuration has a large capsule facility in the NE, small capsule irradiation facilities
in C, S, and E, an LIPT in NW, the advanced high temperature loop IPT in the W, and standard IPTs in
the remaining flux traps (SW, SE, and N). The reconfigurations were supported with analysis (McClure et
al. 1993), ATR Critical Facility (ATRC) measurements (McCracken 1993a; McCracken and Loret 1994),
and low-power reactor physics testing (McCracken and Yarbrough 1994; McCracken et al. 1994). The
results of the analysis, ATRC Measurements and low power testing show that the reactor physics
characteristics of the reconfigured core were comparable to those described in this chapter. The ATRC is
a low power, full-size nuclear duplicate of the ATR, designed to test prototypical experiments prior to
irradiation of the actual experiments in the ATR.
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4.3.2.2 . 1 Radial and Azimuthal Power Distribution-Power distributions are
shown with radial effects characterized according to the fuel element plate number (1-19), and azimuthal
effects characterized according to relative position across the fuel plates. The power distributions shown
are obtained from the 2D analyses because the methods for calculating azimuthal powers are restricted to
using the 2D PDQ data with GOPP (Brown 1976). The power distributions over a fuel cycle are
illustrated by radial and azimuthal profiles and tabulated values for a sequence of fuel plates and exposure
values. The exposure values selected include the beginning-of-cycle (BOC), xenon equilibrium (three full
power days), the exposure point where the peak relative power factor occurs, mid-cycle, and the
end-of-cycle (EOC). Azimuthal profiles are given for the peak power factor exposure and EOC. The fuel
cycle analyses started with all fresh 7F fuel elements in the core (no fission product inventory). The end
point of a cycle occurs when criticality cannot be maintained for the reactor at the specified lobe power
split. The azimuthal power profiles, in all cases, are representative of the fuel element having the
maximum point-to-average power value.


The power distribution in the fuel elements is influenced by the position of the adjacent OSCC and
neck shim rods, which affect the radial and azimuthal point-to-average power factors. An asymmetric
power shape occurs where the neutron flux in the fuel element is locally depressed by the hafnium in neck
shim rods or OSCC when positioned adjacent to the fuel element. This effect is limited to the outer plates
in a fuel element and is largest in the plates closest to the OSCC (i.e., Plate Nos. 18 and 19). The
azimuthal asymmetry in power decreases with exposure because the OSCC are gradually rotated away
from the fuel elements and the neck shims withdrawn to maintain criticality and the lobe power split as
the fuel burnup increases.


4.3.2.2.1.1 50/50 Lobe Power Split-The peak point-to-average power
density in the core derived from the 50/50 case is located in the NE lobe in Fuel Element No. 9. Total
peak point-to-average power densities at the BOC (Day 0), xenon equilibrium (Day 3), middle-of-cycle
(Day 17), and EOC (Day 38) are listed in Table 4.3-4.


At the beginning-of-cycle, the peak point-to-average power density is 2.53 at the left edge of the
uranium-aluminum fuel matrix in Plate No. 5. Because of the nonuniform axial burnup and flux flattening
effects, the peak point-to-average value decreases to 1.66 at the end of the cycle. The point-to-average
power density values in Plate No. 5 at the relative azimuthal positions of 10%, 50%, and 90% of the
distance from the left edge of the fuel matrix are also given in Table 4.3-4.


The azimuthal power profiles for several of the fuel plates from Element No. 9 at the BOC (0 days
exposure) are shown in Figures 4.3-4 through 4.3-7. The asymmetry in the azimuthal power due to the
presence of the neck shim rods adjacent to the left side of the fuel element is shown in Figure 4.3-6.
Azimuthal power profiles for the fuel plates from Element No. 9 at the EOC (38 days exposure) are
shown in Figures 4.3-8 through 4.3-11. The neck shim rods are withdrawn at this exposure level resulting
in more nearly symmetric power profiles.


4.3.2.2.1.2 60140 Lobe Power SplitThe peak point-to-average power
density in the core from the 60/40 case is located in the SW lobe in Fuel Element No. 23. Total peak
point-to-average power densities at the BOC (Day 0), xenon equilibrium (Day 3), middle-of-cycle
(Day 17), and at the EOC (Day 31) are listed in Table 4.3-5. At the BOC, the peak point-to-average
power density is 2.81 at the left edge of the uranium-aluminum fuel matrix in Plate No. 15. Because of the
nonuniform axial bumup and flux flattening effects, the peak point-to-average value decreases to 2.20 at
the EOC. The point-to-average power density values in Plate No. 15 at the relative azimuthal positions of
10%, 50%, and 90% of the distance from the left edge of the fuel matrix are also given in Table 4.3-5.
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The azimuthal power profiles for several fuel plates from Element No. 23 at the BOC (0 days
exposure) are shown in Figures 4,3-12 through 4.3-15. The small amount of azimuthal asymmetry present
in the outer fuel plates is due to the presence of an OSCC near the right edge of the assembly. Azimuthal
power profiles for the fuel plates from Element No. 23 at the EOC (31 days exposure) are shown in
Figures 4.3-16 through 4.3-19. The OSCC have been withdrawn at this exposure level resulting in nearly
symmetric power profiles.


4.3.2.2.1.3 Enveloping 70/20 Lobe Power Split-The peak point-to-average
power density in the core from the Enveloping 70 MW case is located in the SE lobe in Fuel Element
No. 18, Total peak point-to-average power densities at the BOC (Day 0), time when peak value occurred
(Day 1), Xenon equilibrium (Day 3), mid-cycle (Day 10), and EOC (Day 17) are listed in Table 4,3-6.
The BOC peak point-to-average power density is 3.59 at the left edge of the uranium-aluminum fuel
matrix in Plate No. 15 increasing to 3.69 at the I day exposure point and decreasing to 3.27 at the EOC,
The point-to-average power density values in Plate No. 15 at the relative azimuthal positions of 10%,
50%, and 90% of the distance from the left edge of the fuel matrix are also given in Table 4.3-6.


The azimuthal power profiles for several fuel plates from Element No. 18 at the Day I exposure
point (peak azimuthal power factor) are shown in Figures 4.3-20 through 4.3-23. The azimuthal profiles
in this fuel element near the BOC are nearly symmetric because the OSCC are initially withdrawn from
the fuel elements in the lobe to obtain the specified power split, Azimuthal power profiles for the fuel
plates from Element No. 18 at the EOC (17 days exposure) are shown in Figures 4.3-24 through 4.3-27.


4.3.2.2.2 Fuel Element Power Distribution-Power generation in the fuel
elements is determined in both the 2D and 3D analysis cases by integrating over the plate volume in the
fuel elements with the power given in megawatts. The fuel element power values are normalized to a total
core average of unity resulting, respectively, in relative XY and XYZ point-to-average element power
factors. The XYZ power values are also integrated axially to obtain the average fuel element power
factors from the 3D analysis for comparison with the XY values from the 2D analysis. Critical control
shim positions at the specified lobe power splits are determined at each exposure step in the 3D analysis
cases, and the same shim positions are input into the 2D PDQ model to provide a basis for comparing the
power distributions.


4.3.2.2.2.1 50/50 Lobe Power Split-The OSCC and neck shim positions
used to achieve the balanced lobe power split in the 3D PDQ depletion runs are summarized in
Table 4.3-7. For this case, the OSCC positions start at 56.6 degrees with all neck shim rods inserted
except the regulating rods. The OSCC are rotated out and neck shims withdrawn as the cycle progresses
to compensate for the reactivity loss as the fuel bumup increases. To maintain the balanced lobe power
distribution, the 16 OSCC are all moved when necessary by the same rotational increment.


The lobe and fuel element power values obtained from the 2D and 3D PDQ analyses are shown in
Figures 4.3-28 and 4.3-29. Total core power for all exposure steps in the case is 250 MW. The power
distribution at the BOC (0 days exposure) is shown in Figure 4.3-27. Fuel elements generating the largest
power levels are located in the center lobe where the peak value of 7.22 MW occurs in Element No. 20.
The axial peaking factor in the fuel element is 1.43, and the element-averaged x-y peaking factor is 1.16.
Power values at the EOC (38 days exposure) are shown in Figure 4.3-28 where the peak value is
6.72 MW in Element No. 40. The axial peaking factor in the fuel element is 1.14, and the
element-averaged x-y peaking factor is 1.08. Because the lobe power split is balanced among the lobes,
power levels are nearly the same in several fuel elements causing the location of peak values to vary
among the fuel elements. (Note that the azimuthal peak point-to-average power density is located in
Element No. 9, while the peak integrated element power occurs in Element No. 20.)
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4.3.2.2.2.2 60140 Lobe Power Split--The OSCC and neck shim positions
used to achieve the 60/40 lobe power split in the 3D PDQ depletion runs are summarized in Table 4.3-8.
For this case, the OSCC are positioned to obtain the lobe power split with all neck shim rods inserted
except the regulating rods. The OSCC are rotated out and neck shims withdrawn as the cycle progresses
to compensate for the reactivity loss as the fuel burnup increases. The OSCC are positioned to maintain
the lobe power split throughout the cycle.


The lobe and fuel element power values obtained from both the 2D and 3D PDQ analyses are
shown in Figures 4.3-30 and 4.3-3 1. The total core power for this case is 204.5 MW limited by the LIPT
thermal load capacity in the NW and NE lobes. Power values in the fuel elements at the BOC (0 days
exposure) are shown in Figure 4.3-29. Fuel elements with the largest power levels are located in the SW
lobe with a peak value of 6.86 MW occurring in Element No. 23. The axial peaking factor in the fuel
element is 1.44, and the element- averaged x-y peaking factor is 1.34. Power values at the EOC (31 days
exposure) are shown in Figure 4.3-30 where the peak value is 6.64 MW in Element No. 23, The axial
peaking factor in the fuel element is 1.24, and the element-averaged x-y peaking factor is 1.33.


4.3.2.2 . 2.3 Enveloping 70 MW Lobe Power Split-The OSCC and neck
shim positions used to achieve the enveloping 70 MW lobe power split in the 2D and 3D PDQ depletion
runs are summarized in Table 4.3-9. For this case, the OSCC are positioned to obtain the lobe power split
with all neck shim rods inserted except the regulating rods. The OSCC are rotated out and neck shims
withdrawn as the cycle progresses to compensate for the reactivity loss as the fuel burnup increases. The
OSCC are positioned to maintain the lobe power split throughout the cycle.


The lobe and fuel element powers obtained from both the 2D and 3D PDQ analyses are shown in
Figures 4,3-32 and 4.3-33 where the total power is 230 MW. The core power for this case is limited by
the SE lobe thermal load capacity. Power values in the fuel elements at the BOC (0 days exposure) are
shown in Figure 4.3-31. Fuel elements with the largest power levels are located in the SE lobe where the
peak value of 9.43 MW occurs in Element No. 18. The axial peaking factor in the fuel element is 1.45,
and the element - averaged x-y peaking factor is 1.64. Power values at the EOC (17 days exposure) are
shown in Figure 4.3-32 where the peak value is 9.62 MW in Element No. 17. The axial peaking factor in
the fuel element is 1.26, and the element-averaged x-y peaking factor is 1.67.


4.3.2.2 . 3 Axial Power Distribution-Axial distributions of the relative fuel element
power factors from the 3D PDQ analysis cases described above are shown in Figures 4.3-34
through 4.3-36 for BOC and EOC exposures. 'Be peak XYZ point-to-average power factor, in all cases,
occurs at low exposure levels (0 to 3 days) where the axial profiles most closely approximate a cosine
function. These factors are 1.69 for the 50/50 case, 1.95 for the 60/40 case, and 2 .40 (2.37 at 0 days
exposure) for the enveloping 70 MW case. The axial distributions become flattened after three days
exposure (Xe equilibrium) as the fuel bumup increases , which decreases the point-to-average power
factors. The peak power factors from the EOC exposure cases are 1.24, 1.55, and 2.10, respectively, for
the above cases.


Peak fuel plate temperatures, analyzed with thermal feedback in the 3D PDQ model, occur at BOC
where the power peaking factors are at a maximum. Temperatures in the hot channel from the enveloping
70 MW case are illustrated in Figure 4,3-36 as a function of coolant flow rate. At 100% of rated flow
conditions, plate temperatures reach 325°F rising to 342°F for flow rates at 90% of the maximum rate.







Idaho National Engineering and Enviro e borato rv 412.09 (09/03 12002 - Rev. 7)


Identifier: SAR-153
CHAPTER 4- REACTOR - UPGRADED FINAL Revision: 9


SAFETY ANALYSIS REPORT FOR THE Page: 4-75 of 4-196
ADVANCED TEST REACTOR Effective Date: 08/10/04


4.3.2.2 .4 Local Power Peaking-The fuel element design (see Section 4.2) uses
fully enriched U-235 in a UAIxAl dispersion with deliberate voidage. The dispersion is clad with
aluminum. The fuel element fabrication process verifies that fuel non-homogeneity is within the
acceptable limits. The UAL-Ad matrix does not permit uranium densification or formation of non-fueled
gaps in the fuel matrix during irradiation. Therefore, local power peaking effects as a result of fuel
irradiation will not occur. Local power peaking effects occur near the fuel plate edges in the azimuthal
direction, as described above, due to the fuel element side plates and water gaps between elements. Local
peaking also occurs axially in the fuel elements because control elements in the core are designed to
maximize the neutron flux as well as limit axial flux perturbations. These peaking factors are described in
the above sections. Alternative fuel element types, as described in Section 4.3.2-1, are used to minimize
possible externally induced power peaking such as may develop from failed reflector ligaments.


Local power peaking in fuel elements may occur from loading errors where a non-borated
(type 7NB) element is loaded in place of a 7F type, or in fuel elements near experiment holes or flux traps
where the experiment has axially varying compositions. These factors have been investigated with
sensitivity studies done with the zero exposure enveloping 70 MW PDQ model. Conservative cases were
used in the studies to maximize any flux peaking effects. Peaking factors from loading errors were
investigated by replacing all the 7F type fuel elements in the high power lobe with other types.
Exchanging 7F type fuel elements with alternate types resulted in a maximum azimuthal point-to-average
power density of 3.88 relative to the reference value of 3.57. These values are not absolute maximum
values for every possible condition. But conformance to the UFSAR envelope is ensured by limiting the
effective plate powers set in Chapter 15 (Safety Analysis).


The effects of axial variations in the experiment were investigated by using a conservative
high-low-high axial variation in a neutron absorber composition in the experiment locations. The
maximum effect on power peaking factors from varying experiment compositions resulted in an
XYZ point-to-average peaking factor of 2.55 relative to the reference value of 2.37.


4.3.2.2. 5 Limiting Power Distributions-The enveloping 70 MW lobe power split
represents the steady state power distribution having about the largest power gradient obtainable resulting
in maximum power densities and peaking factors. The values of these peaking factors for normal
operational conditions are described above. The buildup and decay of fission product poisons during
scram recovery periods will distort the equilibrium power distributions, which may result in distributions
with peaking factors exceeding those from nominal conditions. The low excess reactivity in the core
effectively limits recovery to a short period following a scram or requires waiting several hours to allow
the Xe-135 to decay. Several time periods, which follow a scram from an equilibrium Xe-135 condition
(three days exposure) and are consistent with the above time constraint, have been analyzed for the effect
of fission product concentrations on peaking factors. These results are shown in Table 4.3-10 and, in all
cases, the peak power densities do not exceed a reference value of 3.63. Thus, the limiting power
distributions are encountered at BOC in fresh fuel.
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4.3.2.2 . 6 Experimental Verification of Power Distribution Analysis-The
power distribution in the core is monitored during operation with ex-core detectors as described in
Section 4.3.2.2.8. The fuel element power distributions described in previous sections are derived with the
analytical methods described in Section 4.3.3.1. The analysis methods have been benchmarked (Kim and
Judd 1991) against the low-power experimental measurements of the specific power (W/kg) with fission
rate monitors performed after the 1986 CCC (Dwight et al., 1986). The measured data are from fission rate
monitors that were loaded in the fuel element water channels to map fission rate profiles at core midplane
and axially. The mean relative error in the 2D PDQ results at core midplane is +2.6 ± 9.3% where the
relative error is defined as (PDQ - measured)/measured. The 3D benchmarking analysis cases included
both flux synthesis and explicit solution methods. The mean relative error in the 3D results is -1.6 ± 9.3%
for the synthesis methods and -0.3 ± 9.0% for the explicit solution methods.


Errors between fuel element powers calculated with the 2D PDQ and measurement were shown to
be less than 5.9 percent for all elements except the tip core positions in the corner lobes. The errors for
these positions ranged from 8.1 percent low to 7.8 percent high. Results with the 3D synthesis gave a
difference of 6.2 percent for all elements except the tip elements which ranged from 8.3 percent low to
8.5 percent high. An analysis of errors in the measurement technique (Durney 1967) showed that the
magnitude of the measurement error, depending upon position, varied from 0.5 to 4.0% with an additional
azimuthal positional error in Channel 19 of± 0.06 in.


4.3.2.2 . 7 Precycle Testing-The operating cycle length is short and variable (about
2 to 8 weeks) as described in Section 4.3.1, necessitating frequent reloads. Control shim positions at
criticality for each cycle after a core change are predicted prior to start-up. Administrative controls require
the reactor to be shut down if the absolute difference between the calculated and actual shim positions at
criticality exceeds a specified limit.


Nuclear testing is completed after installation of each reflector and after significant core
reconfigurations. The test program and results from testing after the installation of Reflector V are in
McCracken et al. (1994). This testing included mapping of the core power profile, calibration of the
reactivity control elements, isothermal temperature coefficient measurements, and verification of the core
physics model for operating cycle analysis.


4.3.2.2 . 8 Monitoring and Control Instrumentation-The monitoring
instrumentation significant to this chapter on the reactor is the nuclear instrumentation, the power
monitoring instrumentation, and the control instrumentation for the reactivity control systems. The reactor
instrumentation systems provide the information necessary to ensure safe operation during outage core
changes and from start-up through full power operation. This instrumentation provides plant protective
(scram) functions in the event of accidents, malfunctions, or detector responses outside the range of
acceptable values; plant control functions (reactivity control system interlocks and power control
functions); and information about the lobe power distribution to ensure that the reactor is operating at the
prescribed power levels throughout an operating cycle. Design and system descriptions for all of this
instrumentation are contained in Chapter 7 (Instrumentation and Controls).
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4.3.2.2. 8.1 Nuclear Instrumentation-The nuclear instrumentation includes
the log count rate metering system, log-N period system, PPS neutron level subsystem, PPS wide range
neutron subsystem, and neutron level Channel 8. These systems provided monitoring and indication of
the neutron flux level for outage core changes and from the source range through the full power range,
plant protective functions, and reactor control system functions. The nuclear instrumentation detectors are
located in the reactor instrument thimbles outside the core reflector tank as illustrated in Figure 4.3-37.
Redundancy in the monitoring systems provides enhanced safety through high reliability and multiple
defenses against failure.


The neutron flux level in the core during outage core changes and in the source range during
reactor stars-up is monitored by fission chambers in the log count rate metering system. Two independent
channels are provided for this monitoring system, thus enhancing reliability through redundancy. The
fission chambers can be positioned via a drive mechanism to maintain the indication on-scale. These
systems provide audible, visual, and recorded information on the subcritical neutron flux level. The log
count rate metering system is the most sensitive to,low neutron levels (10-" NF to 10'5 NE) present in the
source range and during startup and will respond rapidly to small changes in neutron population. Thus, it
is a required system with indication available to the operators during core changes and during the initial
withdrawal of reactivity control elements during reactor startup.


The neutron flux level and its rate of change in the intermediate reactor start-up range to full power
range (instrument range from 10'7 NF to 10 NF) are monitored by compensated ion chambers in the log-N
period system. The log-N period system is also used for primary indication of reactor power level during
depressurized reactor operation. Two independent channels are provided for this monitoring system, thus
enhancing reliability through redundancy. These systems provide visual and recorded information on the
neutron flux level and reactor period. The PPS wide range neutron subsystem also provides indication of
neutron flux level from the intermediate range through full power range.


During power operation, the neutron flux level is monitored by the PPS neutron level subsystem,
neutron level channel 8, and the PPS wide range neutron subsystem. Each PPS subsystem has three
independent data channels. These channels have ion chambers located adjacent to the NE, NW, and SE
lobes, Neutron level channel 8 provides a fourth neutron level channel adjacent to the SW lobe. This
arrangement provides indication of neutron level in all four corner lobes of the core. The wide range
neutron subsystem covers the range from 1V NF to 1.5 NF. The neutron level subsystem covers the range
from I x I0" NF to 1.5 x 10'2 NF in the depressurized operating mode, and from 0.005 NF to 1.5 NF in the
pressurized operating mode. The PPS neutron level and wide range neutron subsystems provide plant
protection (scram) on high neutron level. The PPS wide range neutron subsystem also provides the
protective function on high rate of change of flux level over its full range (10.6 NF to 1.5 NF).


4.3.2.2.8.2 Lobe Power Monitoring Instrumentation-Lobe powers are
determined from data from the water power calculators and the N-16 power monitoring system. Output
from these two systems is reduced by the reactor data acquisition system (RDAS) yielding the lobe
powers. The resulting lobe powers are displayed to the reactor operator on the console display system.
These systems together make up the lobe power calculating and indicating system.
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The N-16 power monitoring system has ten data channels, which are sensitive to the fast neutron
flux through the production ofN-16 from 0-16 in water flowing through incore reentrant tubes. The
activated water from the reentrant tubes is routed through a bank of ten separate beta detectors to measure
N-16 activity. Signals from the detectors are proportional to the (i activity in the activated water and thus
to the local fast flux and the power near the ten reentrant tubes. The signal from each detector is sent to
the RDAS for processing. The data reduction process involves a least-squares matrix inversion of ten
equations (one for each reentrant tube/detector channel) for the five lobe powers. The locations in the ten
reentrant tube assemblies are shown in Figure 4.3-38. Each sample tube consists of an inner and outer
flow path where the water flows from the bottom of the core through the outer tube, reverses, and flows
back down the inner tube, making a double pass through the core. One of the center sample tubes extends
only to the core center line while all others extend to just above the active core. A diagram of an N-16
sample tube is shown in Figure 4.3-39.


Two water power calculators monitor the core power derived from the flow rate and temperature
rise across the core. The water power calculators determine the total core and quadrant' water (thermal)
power. At power levels with significant thermal powers, the sum of lobe powers determined from the
N-16 power monitoring system is constrained to be essentially equal to the water power.


4.3.2.2.8.3 Control Instrumentation-The control instrumentation of
significance to this chapter includes the regulating rod servo control system, the control power reduction
system, the position indications for the various reactivity control elements, and the plant control system
interlock and permissive circuits. The regulating rod servo control system provides automatic power level
control during power operation. The servo control system is designed to automatically regulate reactor
power in the power range (i.e., I to 100% of full power). Automatic control is achieved with an ion
chamber measuring reactor power, and a closed-loop control system that positions a regulating rod to
maintain the desired power level. There are two complete, independent control channels: one is typically
in standby to minimize downtime due to control system failures. The regulating rod servo control system
automatically regulates reactor power over long periods of time. The regulating rod servo control system
also allows the operator to take manual control of the two regulating rods.


The control power reduction system consists of monitoring channel and actuating circuits that
provide control power reduction and alarms, These functions complement the PPS and enhance the ability
of the reactor operator to maintain reactor conditions within desired limits without invoking PPS action.
The power reduction actions are I) a setback which is a lowering of the regulating rod servo control
system setpoint at a controlled rate and 2) a reverse which is an insertion of all OSCC and withdrawn
neck shim rods at the nominal drive speed. Additionally, all OSCC and withdrawn neck shim rods will
automatically insert after a 25-minute time delay after a PPS scram. Signals resulting in setback and
reverse actions are discussed in Chapter 7 (Instrumentation and Controls).


The control system includes indication of the position of each of the reactivity control elements
(safety rods, OSCC pairs, neck shim rods , and regulating rods ). Both position indication and upper and
lower limit switches are provided . The position indications are used by the reactor operators for reactor
control.


A quadrant is a portion of the core consisting of 10 fuel elements cooled by approximately one fourth of the total core flow.
Core flow is divided into quadrants by the primary coolant system flow path in the reactor vessel. The quadrants are designated
NW, NE, SW, and SE.
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The plant control system interlock and permissive circuits interact with the reactivity control
element drive mechanisms to restrict positive reactivity insertions to safe and controllable rates. Safety
rod, OSCC, and neck shim rod withdrawal is blocked when reactor power < 10-SNF (log-N indication) if
both log count rate channels go off-scale or if a log count rate metering system fission chamber is
moving. When the log-N indication is less than 10'5 NF, safety rod, neck shim rod and OSCC withdrawal
is restricted to intermittent (one out-of-five second timer) and group neck shim rod withdrawal is
permitted. When the log-N indication is greater than 10'5 NF, continuous safety rod, neck shim rod and
OSCC withdrawal is permitted and group neck shim rod withdrawal is inhibited. When the reactor is
above l0'5NF log-N indication, withdrawal is limited to one rod at a time. The greater than 3NL signal is
also sent to the RDAS where it is used to initiate constrained or unconstrained lobe power display. If
either log-N is above 3NL, the lobe power display is constrained to the water power.


4.3.2.3 Reactivity Coefficients. The overall core reactivity coefficient is negative with
respect to power increases providing a stable control environment. Reactivity feedback effects in the
reactor fuel annulus arise from fuel element moderator density variations with temperature and fuel
element thermal expansion. The dominant feedback mechanism is the fuel element moderator feedback
which is strongly negative. Fuel element thermal expansion also results in a negative feedback, but the
magnitude is small. The reactivity feedback from changes in coolant density in many of the experiment
facilities is positive (i.e., positive reactivity inserted for density reductions or temperature increases). The
effects of coolant density changes in the experiment loop facility IPTs are of particular interest since these
facilities have cooling systems that are separate from the PCS. Off-normal conditions in the loop facilities
can result in positive reactivity insertions. The reactivity addition from voiding a loop facility is limited to
values for which the probability of exceeding the limits of the established safety envelope is small. The
reactivity worth and feedback of the experiments are determined by calculation and/or measurement in
ATRC prior to operation of the experiment to ensure compliance with all safety limits and criteria. The
required evaluation of experiments is described in Chapter 10 (Experiment and Irradiation Facilities).


Due to the nature of ATR operation new experiments are occasionally inserted into the reactor.
When new experiments are placed into the reactor, additional analysis is performed to provide assurance
that the reactor response with new experiments meets the established safety envelope.


The preparation of this UFSAR included development of a RELAP5 reactor kinetics model (Judd
and Terry 1992). The development of this model included reviews of experimental and analytical work
used in the development of earlier reactor kinetics models (ANC 1973) and new analytical work (Judd
and Terry 1992). The moderator feedback is dependent on operational variables like lobe power split,
OSCC position, fuel element type and depletion. The model development considered these factors and
resulted in reactivity coefficients that represented several core configurations. As discussed in Chapter 15
(Accident Analyses), application of the kinetics model in the accident analyses included selecting a
conservative set of feedback coefficients for the accident sequence. The same methodology employed in
developing the reactivity coefficients for the detailed reactor kinetics model was applied to develop global
reactivity coefficients for presentation in this chapter.
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The analyses of accident sequences included consideration for positive reactivity insertion from the
experiments both as an initiating event and from positive feedback added during reactor power or PCS
temperature transients (i.e., reactivity insertion accidents and PCS flow coastdown). The positive
reactivity addition during a reactor power transient is called cascading feedback. The experiment facility
reactivity insertions and feedback values used in the accident analyses are assumed values that become
limits or envelopes for the operation. This approach is taken because these reactivities and feedbacks are
complicated functions of various operating conditions. Worst-case conditions do not occur
simultaneously in all experiment facilities so an envelope is established and the planned operation is
compared to the envelope.


The lobe power split , fuel element and experiment facility loadings are routinely changed as
required by the irradiation programs . Because of these varying conditions , reactivity values and
coefficients will vary from cycle to cycle. The experiment loading and planned operating conditions for
each operating cycle are carefully analyzed prior to start-up to ensure that the parameters are within the
prescribed range and that the probability of exceeding established safety envelope limits is small. In
addition , a full-scale critical facility (ATRC) is available for measuring the reactivity worth of
experiments as necessary.


Temperature reactivity coefficients for the fuel and moderatorlcoolant are presented for a set of
three power distributions used in the development of the reactor kinetics model (Judd and Terry 1992).
These power divisions range from a near balanced 60/40 MW split to a limiting 70/30 MW lobe power
split where the lobe power is normalized to a total core power of 250 MW. The reactivity coefficients are
derived from results obtained from a three-dimensional (3-D) PDQ-7 model utilizing thermal-feedback
effects in the fuel element cross sections. The base PDQ-7 model used in this analysis is described in
Section 4.3.3. The resulting reactivity coefficients are listed in Table 4.3-11 for conditions representing all
new 7F fuel elements at full power xenon equilibrium and with OSCC withdrawn. The configuration of
OSCC substantially withdrawn results in minimum reactivity coefficients.


The fuel temperature reactivity coefficients in Table 4.3-11 include increased resonance absorption
from Doppler broadening of the cross sections, but Doppler coefficients are not specifically evaluated.
The Doppler components of the fuel temperature coefficients are small because the fuel elements contain
uranium highly enriched in U-235


Density coefficients of reactivity are derived for the fuel element volume from differences in
PDQ 7 eigen values between a base and a perturbed density case for each of three lobe power split
conditions. These values are listed in Table 4.3-11 under the column heading "Eigenvalue". Global
reactivity coefficients for both moderator density and fuel temperature are also derived for the same set of
cases by applying perturbation theory methods to the perturbed data. These latter values are listed in
Table 4.3-1 1 under the column heading "Perturbation". Perturbations are made in the feedback variables
by modifying the appropriate values in the fuel element cross section model. A delayed neutron fraction
((lcn) of 0.0072 (ANC 1973) is used to convert reactivity in this section from units of "delta rho" to
dollars. This value for Ren is the best-estimate value for BOC conditions. The moderator temperature
coefficients are derived from the density coefficients using the rate-of-change of density with
temperature evaluated at 160°F (average fuel element coolant temperature) as follows:
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of reactivity


Representative reactivity coefficients are obtained by averaging values from the cases listed in
Table 4.3-11. These values are -0.00028 $/°F for the fuel temperature coefficient and
-.0067 + 0.0004 $/°F for the fuel element moderator temperature coefficient . The error assigned to the
moderator coefficient is one standard deviation based on the range of values in Table 4.3-1 1.


The regional reactivity worth of both firel temperature and moderator density changes are functions
of the lobe power splits with larger worth values generally associated with lobes having the higher power
fractions, The range of this variation for the reactivity worth of moderator temperature changes is
illustrated in Table 4.3-11 and given in the form of relative weight factors. The weight factor for a
variable is defined as the ratio of the reactivity worth for the variable in a given lobe to the total core
reactivity worth. As stated above, the weight factors correlated directly with the lobe power fractions
where the larger weight factors are generally associated with lobes having the larger power fractions.


Moderator temperature coefficients for a near balanced 60/40 MW lobe power split condition have
been derived for both BOC and EOC exposures. These coefficients are evaluated from a two-dimensional
(2-D) version of the ATR PDQ-7 model. The resulting coefficients, evaluated at a nominal moderator
temperature of 160°F, are -0.0092 $/°F at the BOC and -0.0069 $/°F at the EOC. The decrease in
magnitude of the moderator temperature coefficient with cycle exposure is consistent with temperature
reactivity response described in the initial safety analysis report (SAR) for the ATR (deBoisblanc and
Cohen 1965). The dominant effect on the reactivity effect over the life of the cycle is the change in core
leakage as the reactivity control elements are withdrawn. Note that the EOC value from the 2D FOC case
is similar in magnitude to the 3D value from Table 4.3-11. The 3D value was calculated at full power
xenon equilibrium conditions with OSCC substantially withdrawn.
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As discussed above, positive reactivity feedback effects may be encountered if coolant density
changes occur in the experiment facilities. Of particular concern are potential reactivity insertions during
off-normal conditions in the pressurized water loop facilities. Potential for abnormal conditions
(e.g., depressurization, loss of flow, and uncontrolled heat up) in these independently controlled facilities
can result in a reactivity insertion accident. These accidents have been analyzed in Chapter 15 (Accident
Analyses) resulting in limitations on the total IPT voiding reactivity and control of loop parameters that
affect the reactivity insertion rate. The magnitude of the void worth in the experiment loops varies by
position because of differences in the loop volumes and the effects of unbalanced lobe power splits. To
determine the range of reactivity potentially available to the system by voiding any one loop, the
reactivity worth of voiding each of the nine experiment loopsa is given at BOC conditions for the same set
of lobe power split cases used for evaluating the reactivity coefficients in Table 4.3-11 (Judd and
Terry 1992). The voided reactivity worth for each experiment loop and lobe power split case is listed in
Table 4.3-12. Values range from 0.24 to 1.11$ and result from differences in the PDQ-7 eigenvalues for
the voided cases relative to the completely flooded case. In general, the voided loop worth from these
calculations correlated directly with the loop power fractions except for the NW and NE loops that
contain the LIPT. The voided worth for these experiment loops in each case are larger than the
corresponding voided worth of the standard SEPT located in the N loop because of their larger volume.
Typical experiment compositions were used in these calculations. In general, the IPT void worth will
depend upon the particular experiment components, the loop facility operating conditions, and the lobe
power split. The IPT void worth is calculated using the specific loading and operating conditions for each
loop facility as part of the operating cycle safety evaluation. The IPT void insertion is considered in the
operating cycle analyses and operating conditions are established to limit the potential void insertion to
the values assumed in the accident analyses. The operating cycle analyses are discussed further in
Chapter 10 (Experiments and Irradiation Facilities).


During the 1994 CIC outage, the core was configured with capsule irradiation facilities in four of
the flux traps and loop facility IPT in five of the flux traps. The configuration has a large capsule facility
in the NE, small capsule irradiation facilities in C, S, and E, an LIPT in NW, the advanced high
temperature loop IPT in the W, and standard IPTs in the remaining flux traps (SW, SE, and N). Capsule
irradiation facilities are cooled by reactor water rather than independent cooling water systems. There is
little potential for these facilities, including those in the flux traps, to initiate local reactor coolant density
changes resulting in a reactivity insertion accident (Hendrickson 1994). Therefore, there are no specific
analyses of capsule facility initiated reactivity insertion accidents in Chapter 15 (Accident Analyses). Any
such events would be addressed in the experiment safety analyses for the capsule facility loading.


During 1997 to support the ongoing test program the northeast flux trap was again reconfigured
and the Irradiation Capsule Experiment (ICE) facilities installed. During 1999, the ICE facility was
replaced with the Multiple Irradiation Capsule Experiment (MICE) facility. As with the capsule
irradiation facilities, there is little potential to initiate reactor coolant density changes which result in a
reactivity insertion accident (Hendrickson 1998b). Any such events would be addressed in the experiment
safety analysis for the MICE facility.


At the time these analyses were completed there were nine pressurized water loop facilities. The NW and NE flux traps had
1,1111 s, the W flux trap had the advanced high temperature loop IPT, and the remaining six flux traps had standard loop facility
IPIs.
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I


I
During 1999 the center flux trap capsule facility was replaced with the Irradiation Test Vehicle


(ITV). This facility allows experiment testing in a gas atmosphere, typically helium and neon. The
experiment facility is cooled by reactor water similar to capsule facilities while the actual test
temperatures are controlled by adjusting the helium/neon gas mixture. As with the capsule irradiation
facilities, there is little potential to initiate reactor coolant density changes that result in a reactivity
insertion accident (Ingram 1999). Any such events would be addressed in the experiment safety analysis
for the ITV facility.


As stated above, a second concern with the experiment facilities is the potential for adding positive
reactivity feedback during a reactor power or PCS temperature transient. The positive reactivity addition
during a power transient is called cascading feedback. Cascading occurs when the reactor power transient
results in increased heat generation in an experiment resulting in further heat up of the experiment cooling
water and additional positive reactivity insertion. Cascading is particularly significant in fueled loop
facility experiments. Cascading is considered in Chapter 15 (Accident Analyses) resulting in limitations
on the potential positive reactivity feedback from the flux trap experiment facilities.


Potential flux trap reactivity insertions during PCS temperature excursions such as a PCS flow
coastdown event were considered in Chapter 15 (Accident Analyses) resulting on the limitations on the
positive reactivity insertion from heat up of the PCS water in the flux traps. These limitations are
considered in the operating cycle analyses as discussed in Chapter 10 (Experiment and Irradiation
Facilities).


4.3.2.4 Control Rod Patterns and Reactivity Worths . The reactivity control elements
include the safety rods, OSCC, regulating rods and neck shim rods. Reactivity control element withdrawal
sequences are used for reactor startup and approach to power. The safety rods are fully withdrawn
(>_ 35 in. and <_ 36.5 in.) first, then the regulating rods are both fully withdrawn. The safety rod upper limit
switches are set such that the bottom of the safety rod hafnium is nominally three in. below the top of the
active core thus providing a reactivity bite upon a scram. The regulating rod and neck shim rod upper
limits are nominally at the top of the active core. If any neck shim rods are specified for withdrawal for
startup, those rods are withdrawn to the upper limits. The neck shim rods are generally left inserted for the
initial startup of an operating cycle after a refueling. Neck shims are typically withdrawn prior to OSCC
for restart of an operating cycle loading after a mid-cycle outage. When withdrawn, the neck shim rods
are fully withdrawn to minimize the perturbation to the axial power profile.


After positioning the other reactivity control elements, the OSCC are withdrawn to establish
criticality. The OSCC are driven in pairs using ganged and balanced withdrawal for startup (all OSCC
withdrawn simultaneously at nominally the same rotational position). Ganged and balanced withdrawal is
maintained until about NF/3 (one-third of full power for the operating cycle). For balanced OSCC
withdrawal, all OSCC positions are maintained within ± 5 degrees of the average position of all 8 pairs of
OSCC. Count rate monitoring is performed during OSCC withdrawal to monitor subcritical multiplication
and to project the OSCC positions at criticality. Control clement positions at criticality are calculated for
each cycle after a core change. Administrative controls require the reactor to be shut down if the absolute
difference between the calculated and actual shim positions at criticality exceeds a specified limit.
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Automatic control by the regulating rod servo control system is established at roughly NL with one
regulating rod providing power level control and the second one on standby as a back-up unit. At roughly
NF/3, the reactivity control elements are adjusted to establish the lobe power split providing the requested
experiment source powers.' The power division is established by unbalancing the OSCC and, in some
cases, withdrawing neck shim rods. When unbalancing the OSCC, the OSCC in each quadrant are
operated as a group and the position of the two OSCC pairs in the group are maintained within ± 5
degrees of the average position of the group. Neck shim rods, when withdrawn, are fully withdrawn.
During power operation, the neck shim rods are withdrawn individually. The normal withdrawal sequence
in each quadrant is to start with the 116 position in the quadrant and progress inward (lower neck shim rod
number) with the *I neck shim rod the last withdrawn in a quadrant. Neck shim rods are normally
withdrawn in the high power quadrant first.


Once low-power experiment verifications are completed, final adjustments are made to the lobe
power split and the total core power is increased to the full power determined to provide the requested
experiment conditions. OSCC and neck shim rod positions are adjusted to maintain the power division
and to maintain the regulating rod within a nominal operating range. At the beginning of the operating
cycle, there are adjustments made for core heatup and the buildup of fission products. Once xenon
equilibrium is reached, OSCC and neck shim rod movements compensate for fuel depletion. After xenon
equilibrium, general neck shim rod withdrawal guidance is to maintain an OSCC excess reactivity for
recovering from power reductions and to maintain the OSCC in the range of 80 to 100 degrees rotation to
provide consistency in cycle-to-cycle experiment conditions. Once the neck shim rods are withdrawn, fuel
burnup is compensated by further OSCC withdrawal. Each operating cycle fuel loading is designed for an
end-of-cycle OSCC excess reactivity of 2$ normally resulting in all neck shim rods withdrawn and
OSCC positioned in the range of 100 to 150 degrees.


If a power reduction occurs and conditions permit recovery, safety rods are withdrawn and then
OSCC are gang withdrawn (all OSCC withdrawn simultaneously) to over-ride xenon poisoning.
OSCC withdrawal is typically stopped when each quadrant set of four OSCC reach 150 degrees to
provide a reactivity bite for turning power transients and to prevent shadowing effects in the nuclear
instrumentation detectors. Xenon over-ride capability is limited to the excess reactivity available in the
OSCC. During a power recovery, power is increased to approximately 0.87 NF (87% of the operating
power level prior to the power reduction) to burn xenon poison. Power is maintained at or below 0.87 NF
until xenon is burned as indicated by a comparison of OSCC position before and after the power
reduction.


The above practices for positioning the reactivity control elements are factored into the operating
cycle calculations for core reactivity, power division, and fuel element power peaking. As discussed
previously, the positions of the reactivity control elements can affect the power distributions in the fuel
elements. Mispositioning of reactivity control elements is addressed as an off-normal condition in
Chapter 15 (Accident Analyses). Certain measurements of the reactivity worth of the control elements
may require deviations from the standard positioning requirements. When performed, the reactivity
control element positions required to support the measurements are specifically considered and shown to
be acceptable in the operating cycle calculations.


a. The term source power is used to define the effective power level that is the source of the neutron flux to an incore component.
The flux trap source power is the power generated at the vicinity of a flux trap. For the inner flux traps (i.e., those inside of the
fuel annu us), the source power is the local lobe power. For the outer flux traps, the source power is the average of the three
adjacent lobe powers. The source power for the # 1 and #2 neck shins rods is the center lobe power. The source power for the
#3 and #4 neck shim rods is the average of the center and adjacent lobe powers. The source power for the #5 and #6 neck slum
rods is the adjacent lobe power.
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The worths of the reactivity control elements are periodically measured. The measurements
determine the integral worth of the safety rods and neck shim rods and the integral worth vs position of
the OSCC and regulating rods. The measurements have shown that the reactivity worth of the reactivity
control elements can depend upon several factors. The core position, fuel element loading (i.e., new or
irradiated fuel elements), lobe power split, depletion of the reactivity control material, and amount of
reflector poisons present are the dominant factors. The loading of the experiment and irradiation facilities
also affects the worth. The OSCC are most affected by these factors and the safety rods the least affected.
These factors result in cycle-dependent variations in some of the control element reactivities. Measured
integral worths of the reactivity control elements are given in Table 4.3-13 for a core loading with all
fresh, 7F fuel elements, new hafnium on the control elements, a new reflector, and a balanced
(50-50-50 MW) power division. The experiment facilities were loaded with dummy fillers or empty.
These are essentially base case conditions established for low-power nuclear testing after each CIC. The
subsections below discuss the significant variations from these nominal conditions. The calculated worth
of the burnable poison (boron-] 0) is also given in Table 4.3-13.


4.3.2.4.1 Neck Shim Rod Reactivities-Twenty-four hafnium shim rods are
located in the narrow neck regions of the four quadrants with six neck shim rods in each quadrant. Any
two of the 44 neck shim rods can be used as regulating rods. With the exception of the operating
regulating rod, the neck shim rods are normally positioned either fully inserted or withdrawn.


The nominal neck shim rod worth given in Table 4.3-13 is the sum of the 22 neck shim rod integral
wort hs from measurements after the 1994 CIC (McCracken et a]. 1994 ). Individual neck shim rod wort hs
from those measurements are listed in Table 4.3-14. The uncertainty is ± 0.01$ for any individual rod
measurement . The neck shim rod wo rt hs are affected by the core position, power division , position of
adjacent neck shim rods, and hafnium depletion . Functional relationships were developed by Tappendorf
(McClure 1991b) for core power division and adjacent neck shim rod position and for hafnium depletion
(McCracken 1994). Effects of the loadings in the adjacent flux trap experiment facilities result in
relatively small differences in the worth of neck shim rods in the different quadrants (McCracken et al.
1994). Such differences are determined analytically or in the ATRC as necessary for the major changes in
the flux trap experiment and irradiation facility loadings. The effect of hafnium depletion as a function of
exposure was determined from differences in neck shim rod reactivities over the lifetime of Reflector IV.


The neck shim rod reactivities are primarily used in operational support calculations (e.g., cycle
loading lifetime projections and prediction of shim positions at criticality for restart) and for evaluation of
the holddown reactivity margin. Nominal reactivities including the effects of hafnium depletion are used
for these applications. The safety analysis considers the neck shim rod reactivities in the analyses of
reactivity control element withdrawal and mispositioning accidents. These safety analyses are based on
conservative assumptions. The neck shim rod reactivity addition rates used in the analyses of control
system faults are derived in Subsection 4.3.2.5.
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4.3.2.4.2 Regulating Rod Reactivities-The nominal position of the regulating
rods during power operation is for the stand-by rod to be fully withdrawn and the active regulating rod
partially inserted. The nominal regulating rod worth (0.26$/rod) given in Table 4.3-13 is from reactivity
measurements after the 1994 CIC (McCracken et al. 1994). The uncertainty is ±0.01$ for any individual
rod measurement. The regulating rod worths are affected by the core position, power division, and
position of adjacent neck shim rods. Functional relationships were developed by Tappendorf for core
power division and adjacent neck shim rod position (McClure 1991a). The regulating rod core position is
established by the installation of the drive mechanisms (any #4 neck shim rod position can be used) and is
typically not changed between CICs. The effect of position is determined by measuring the regulating rod
reactivities.


Because of the operating mode, the hafnium bumup in the regulating rods is greatest in the rod tips.
Measurements of the integral worth of the regulating rods show their total worth to be independent of the
hafnium exposure to at least 30 lobe-gigawatt-days (LGWd). These measurements (McCracken and
Yarbrough 1994) made at various exposures ranging from 0 to 29 LGWd result in an average value
of 024 ± 0.02$, which is within the uncertainty range for the worth of the unirradiated neck shim rods.
The shape of the regulating rod worth versus position curve, however, does depend upon exposure
because the rods are depleted in an axially nonuniform manner with the lower portion of the rods
receiving the greater exposure. This is illustrated by the worth curve in Figure 4.3-40, which shows the
fractional withdrawal worth versus position of regulating rods containing new and depleted (29 LGWd)
hafnium.


The regulating rod reactivities are primarily used in operational support calculations
(e.g., evaluation of movement of driven experiments, cycle loading lifetime projections and prediction of
shim positions at criticality for restart) and evaluation of holddown reactivity. Nominal values are used
for these applications. The only safety analysis application of the regulating rod reactivities is in the
analyses of control element withdrawal accidents. These safety analyses are based on conservative
assumptions. The regulating rod reactivity addition rates used in the analyses of control system faults are
derived in Subsection 4.3.2.5.


4.3.2.4.3 Safety Rod Reactivities-Safety rods provide the mechanism for fast
shutdown of the reactor during abnormal operating conditions. A manual scram of the safety rods is used
for normal reactor shutdown (e.g., end of an operating cycle).


The nominal safety rod worth given in Table 4.3-13 is based on the results of measurements over
the lifetime of Reflector IV and measurements after the installation of Reflector V. The measurement
results, reported in the nuclear test report from the 1994 CIC (McCracken et al. 1994), are listed in
Table 43-15. The measurement uncertainty is shown for the individual safety rods. The uncertainties on
the averages are from statistical combination of the individual rod uncertainties. The measurements show
the safety rod reactivities are not significantly affected by core position, fuel element loading, hafnium
depletion, experiment facility loading or reflector poisons. The initial rate of reactivity insertion during a
scram of the safety rods does depend upon the core power division at the initiation of the scram. The
functional relationship for this effect was developed by Tappendorf and modified by Brown
(McClure 1991b). The safety rod reactivities in Table 4,3-15 have been adjusted to a flat 50-50-50 MW
power division for comparison.
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Table 4.3-15 shows that the minimum safety rod worth requirement of 5.8$ or 6.4$ depending on
the PCS flow rate (Section 4.3.1.5 is easily met by the nominal worth of the six installed safety rods.
These minimum requirements are based on the reactivity insertion rates used in Chapter 15 (Accident
Analyses). The effects of the core power division on the initial safety rod reactivity insertion worth are
evaluated as part of the operating cycle analysis. This evaluation conservatively considers the uncertainty
in the safety rod reactivity and assumes the highest worth safety rod does not insert. Operation with less
than six safety rods typically can be supported as demonstrated in Table 4.3-16 which shows the variation
in safety rod reactivity as a function of the core power division and decreasing number of safety rods. In
each case in Table 4.3-16, the highest worth rods were deleted from the summation of rods worths.


Since the safety rods are withdrawn during reactor operation, safety rod reactivities are not used in
operational reactivity calculations. The safety rod reactivities are used in the evaluation of holddown
reactivity margin for outage core changes. The safety rod reactivities used for holddown reactivity
evaluations are the same conservatively low values used for the scram reactivity evaluation discussed
above. The safety analysis considers the safety rod reactivities in the analyses of reactivity control
element withdrawal and mispositioning accidents. These safety analyses are based on conservative
assumptions (high safety rod reactivities for insertion rate evaluation). The safety rod reactivity addition
rates used in the analyses of control system faults are derived in Subsection 4.3.2.5.


The worth of the safety rods can be derived analytically from differences in the PDQ-7 eigenvalues
calculated with the 3-D model for cases with the rods inserted relative to the initial rod state. A total of
five safety rods are described in the PDQ-7 model resulting in a calculated worth of 13.3$ at the fully
inserted position of 39 in., which is within the uncertainty range of the measured worth for five rods. An
integral rod worth curve as a function of rod position for the five safety rods is shown in Figure 4.3-41 for
a nominal 60140 MW lobe power split condition. The curve in Figure 4.3-41 has been extended to a rod
insertion of 48 in. to show the fully inserted shape. The initial position of the safety rods during operation
is 3 in. into the core providing a more immediate response during a scram than available from the fully
withdrawn position. Actual rod motions are limited to a maximum travel distance of 36 in. resulting in a
maximum insertion position of 39 in. The integral rod worth curve in Figure 4.3-41 is not normalized
with respect to a balanced lobe power split because the model does not determine the worth of individual
rods.


4.3.2.4 .4 Outer Shim Control Cylinder Reactivities-The 16 OSCC provide the
primary control for criticality and maintenance of the lobe power split. The OSCC are identical with
hafnium plates covering a 120-degree sector on the outer surface of each cylinder. The OSCC are
operated in pairs with two pairs per quadrant , adjusting the position of the poison sectors away from or
toward the core to maintain criticality and the lobe power split. The nominal OSCC worth given in
Table 4.3-13 is the sum of the OSCC pair worths from measurements after the 1994 CIC (McCracken
et al. 1994). The uncertainty is ±5% for any OSCC pair reactivity measurement. The OSCC worths are
affected by the core loading, lobe power split, and the reflector poisons. Functional relationships for core
power division were developed by Tappendorf and modified by Brown (McClure 1991b). The effects of
the core loading result from variation of the fuel element loading in the adjacent lobe (e.g., new or
depleted, berated or nonborated fuel elements) and from the variation in the loading in the adjacent lobe
experiment facilities. Such differences are determined from reactor or ATRC measurements as necessary.
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The OSCC reactivities are primarily used in operational support calculations (e.g., cycle loading
lifetime projections and prediction of shim positions at criticality for startup and restart) and for
evaluation of the holddown reactivity margin. Nominal reactivities are used for these applications. Some
of these applications require an integral worth curve (i.e., worth vs. position). The incremental reactivity
worth as a function of rotational position is derived from measurements (McCracken et al. 1994). An
example of a worth curve is shown in Figure 4.3-42. For this curve, the total integral worth of the
OSCC is 12.9$.


4.3.2.4 . 5 Reactivity Addition Rate-The reactivity insertion rate associated with
the failures in the reactivity control systems is determined by the rate of travel or rotation and the worth of
the control elements. Control system failures resulting in uncontrolled withdrawal of various
combinations of the reactivity control elements are considered in Chapter 15 (Accident Analyses). The
insertion rates used in analysis of control system failures are given in Table 4.3-17. The control system
design data (number of elements, withdrawal speed and active travel are from Chapter 3 (Design of
Structures, Components, Equipment, and Systems). Reactivity data are from the summary of control
element reactivity measurements (McCracken et. al. 1994) unless otherwise noted. The reactivities are
based on an 80-50-20 lobe power split to maximize the insertion.


The nominal total safety rod worth in Table 4.3-17 is the average flat-power rod worth from
Table 4.3-15 for all measurements (2.83$/rod) for a total of 17.0$ for six rods. The nominal total neck
shim rod worth is the flat-power total neck shim rod worth from the Cycle 103A measurements reported
in Table 4.3-14 (McCracken, et. al., 1994). Individual neck shim rod worths are summed to obtain the
total. The nominal worth for the most reactive neck shim rod is the average of the four #6 neck shim rod
flat-power worths from Cycle 103A measurements, The nominal flat-power regulating rod worth is from
Cycle 103A measurements. The nominal total outer shim cylinder worth is the total flat-power outer shim
cylinder worth (four sets) from the Cycle 103A measurements (fresh fuel and reflector provide the highest
worth).


The maximum differential worth for the safety rods, neck shim rods, and regulating rods is
expressed as a fractional worth per inch of travel ($/in per $). The value is obtained by taking the
derivative of the flat-power regulating rod integral worth curve derived from Cycle 103A measurements.
Since all of these elements have a uniform cross section and move in the unperturbed axial flux profile,
the shape of the integral worth curve is assumed the same . The maximum differential worth for the outer
shim cylinders is obtained by taking the derivative of the flat-power integral worth curve for each outer
shim cylinder set from the Cycle 103A measurements . The maximum differential worth for each set is
summed to obtain the total for all four sets.


The magnitude of a reactivity insertion is a function of the neutron flux level at the location of the
reactivity insertion relative to the core average neutron flux level. Functional relationships have been
developed for reactivity evaluations. The functional relationships are expressed in terms of relative
power. The functional relationships were developed by Tappendorf and modified by Brown (McClure
1991a and 1991b). The analysis of startup accidents has historically been done assuming an 80-50-20 lobe
power split. This assumption maximizes the rate of reactivity insertion resulting in a conservative
analysis. The 80/20 total worth is determined by adjusting the nominal total worth (flat-power or
50-50-50 lobe power split) by the applicable relative power relationship.
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For the 80/20 safety rod reactivity, the nominal safety rod reactivity of 2.83$/rod plus the one
standard deviation (0.22$) uncertainty from Table 4.3-15, was adjusted for relative power effects using
the rod locations and assuming the 80 MW lobes were on the south side of the core. For the neck shim
rods, an enhancement factor of 1.33 was applied to account for the effect of pulling adjacent rods
(McClure 1991a). This is the same neck shim rod enhancement factor used in the ATR Design Basis
Report (EG&G Idaho 1994). For the regulating rods, the accident analysis has historically
(EG&G Idaho 1994) assumed a maximum total regulating rod worth of 0.57$ which is conservative.


The analysis of startup accidents is based on the response of the RELAP reactor kinetics model to
the input reactivity insertion as a function of time. The input reactivities are based on the insertion rates
for the control element moving at the point of maximum differential reactivity in the 80-50-20 lobe power
split. The 80/20 insertion rate for the safety rods, neck shim rods and regulating rods is the 80/20 total
worth times the maximum fractional differential worth times the element speed. For the outer shim
cylinders, it is the maximum differential worth adjusted by the corner lobe relative power adjustments.


The average single element differential worth, provided for information in Table 4.3-17, is the
nominal total worth divided by the number of elements divided by the active length.


4.3.2.4 . 6 Burnable Poison Reactivity-The 7F fuel elements contain boron (B-10)
in the fuel matrix of the outer fuel plates (plates 1-4 and 16-19) to minimize radial power peaking and to
provide a burnable poison as partial compensation for fuel bumup. The reactivity worth of the B-10
poison in nonirradiated 7F fuel elements, derived from PDQ-7 calculations with and without B-10 in the
fuel plates, results in a reactivity change of -0.078 by or -10.9$ using the best- estimate value of 0.0072
for ]3es (ANC 1973).


4.3.2.4.7 Reflector Poison Reactivity-Irradiation of the beryllium reflector results
in a complicated series of nuclear transmutations. Irradiation products and some decay daughters have
neutron cross-sections that are large enough to result in significant change in core reactivity. The reflector
neutron poisoning phenomenon does not have reactor safety significance but is important to core
reactivity calculations.


The major reaction chains in beryllium are shown in Figure 4.3-43. The dominant reflector poison
isotopes are Li-6 and He-3 (both found in Chain 2 in the figure). For practical purposes, Li-6 is a direct
product of neutron absorption in beryllium. Li-6 is a stable isotope and is only lost through neutron
absorption. The production and loss rates of Li-6 are proportional to neutron flux. The concentration of
Li-6 reaches an equilibrium value after about 100 to 200 EFPD (Equivalent Full Power Days).


He-3 is formed by the decay of H-3 which is a product of neutron capture in Li-6. He-3 builds up
during reactor outages due to decay of H-3 and bums out during reactor operation due to loss by neutron
absorption. Since the half-life of H-3 is long relative to the lifetime of a reflector, the operating
concentrations of the H-3 precursor and, correspondingly, He-3 increase approximately linearly with
reflector exposure after the Li-6 parent isotope equilibrates (after about 100 to 200 EFPD). Afler these
few hundred days, both the He-3 buildup rate during outages and its quasi-equilibrium operating
concentration increase nearly linearly with total operating time. H-3 decay to -He-3 during outages results
in the slow buildup of poison. Since the concentration of H-3 increases with operation, the rate of He-3
poisoning increases over the life of the reflector.
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The reactivity changes due to reflector poisons are manifested by changes in the reactivity worth of
the OSCC. There are two effects. A general poisoning of the reflector and a poisoning of the beryllium
portion of the OSCC making the withdrawal of the hafnium section less effective.


The reflector poisons at full power operating conditions are not significant. Reactivity effects of
poisoning were estimated (Burdick 1971). After the first few hundred days of operation the operating
poisoning level reaches a value around -0.5$. This value slowly increases during the life of the reflector
reaching a value of about -0.6$ at the end of the reflector lifetime. The effect of the shutdown poisoning is
small for the typical 7 and 14-day outage durations. The effect is more significant for longer outages
particularly those occurring late in the reflector lifetime. Longer outages sometimes occur between
CIC outages to support major modifications. The buildup rate for outages is about -0.01$/day at
mid-reflector life and about -0.03$/day at the end of reflector life. Reflector poisoning for a three-month
outage near the end of reflector lifetime can add several dollars of poisoning. The reflector poisoning
effect appears as a decrease in the OSCC worths. The measured total OSCC worth at the end of the
6-month process control upgrade outage near the end of Reflector IV lifetime was 8 3$ compared to the
nominal OSCC worth of 12.9$ (McCracken et al. 1994).


The effects of reflector poisons are conservatively neglected in the holddown reactivity evaluation.
The effects of the reflector poisons are factored into the estimate of shim positions at criticality. The
reflector poison isotope chains are included in the XY core model used for operating cycle analyses
(Smith et al. 1990).


4.3.2.5 Control Requirements. There are four reactivity control systems as described in
Section 4.1. To summarize, the safety rods are reserved for fast reactor shutdown, the OSCC and neck
shim rods are used for maintaining criticality and lobe power distributions during operation and holddown
margin during outages. The servo-controlled regulating rods provide fine power adjustment (one
regulating rod active and one on stand-by). The safety rods are designed to ensure that the reactor can be
safely and rapidly shut down. The OSCC, neck shim rods, and regulating rods are used to establish
criticality and for control of the lobe power split and total core power level. This section describes the
requirements for the core reactivity control. Compensatory measures as defined in procedures and the
Technical Safety Requirements may be taken in the event these requirements are not met.


4.3.2.5.1 Safety Rods-Preoperational analysis to determine the excess reactivity of
each cycle ensures that the reactor cannot become critical from the safety rods alone. During reactor
startup, the plant control system interlock and permissive controls discussed, in Section 4.3.2.2, that
interact with the reactivity control element drive mechanisms to restrict positive reactivity insertions to
safe and controllable rates are required. The control element types and the respective maximum reactivity
insertion rates expected from withdrawal of the each type are summarized in Table 4.3-17. The reactivity
insertion rates are based on the maximum worth but not the effect of the plant control system interlock
and permissive controls.


The safety rods are withdrawn to >_ 35 in. and <_ 36.5 in. except for specifically analyzed cases. The
safety rod position indications, lower limit and seat switches are required. The hafnium sections may be
removed from a safety rod assembly and the assembly left in the inserted position provided the minimum
shutdown reactivity requirement can be met (Clemons 1979; Fillmore 1979).
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Compressed springs aid in the insertion of the safety rods during a scram. Safety rod scrams are
actuated in the reactor by uncoupling the horizontal rod drive shaft from the drive motor, thus allowing
the rods to fall into the core. The rods are accelerated downward by the spring and gravitational forces
under all conditions whether the reactor vessel is depressurized or in full operational status. In addition,
operation at normal power levels where the PCPs are in service generates an additional acceleration from
hydraulic forces on the safety rods du ri ng a scram because the primary coolant flow is in the same
direction as the rod motion. Thus, the insertion time of the safety rods will vary with the coolant flowrate
because the hydraulic force on the rods varies with the flowrate.


Drop times of the safety rods to the 12-in. insertion distance, including a margin for conservatism,
are required to not exceed 150 cosec for three PCP operation and 300 cosec for low pressure (atmospheric)
operations where nominal flow rates of approximately 4500 gal/min are maintained. The core pressure
drop and frictional forces on the safety rods are reduced for two PCP operation resulting in a slightly
longer drop time for the safety rods. Analysis (Chapter 15 [Accident Analyses]) shows that the scram
reactivity worth during 2 PCP operation will equal or exceed that for 3 PCP operation by requiring that
the rod drop time to the 12 in. insertion distance not exceed 170 msec including a margin for
conservatism. Whenever the reactor vessel is opened, safety rod testing for compliance with the drop time
requirements is completed prior to restart of the reactor.


4.3.2.5.2 OSCC, Neck Shim Rods, and Regulating Rods-A unique feature of
the core design is the ability to operate the lobes at different, controllable power levels. Control during a
cycle makes use of the neck shim rods, regulating rods, and OSCC. The strong coupling among the lobes
means that the worth of each control type depends upon the positions of the other types. Over a cycle, the
reactivity control element positions are manually adjusted to maintain a constant lobe power split and,
hence, to maintain the target neutron flux level for experiments. In order to maintain manual control, the
neck shim rod position indications or inner and outer limit indications are required. The position
indications for the operating regulating rod and OSCC are required. The OSCC in each quadrant are
operated as a group and the position of the two OSCC pairs in the group are maintained within ±5 degrees
of the average position of the group except for specifically analyzed cases. The control elements are
required to move on demand from the control room console. Operation with stuck OSCC can continue
provided the position balance can be maintained. Operation can continue with one stuck neck shim or
regulating rod per quadrant (does not include neck shim rods that are stuck and positioned at the inner
limit). Since the OSCC and neck shim rods provide auxiliary means of inserting shutdown reactivity, the
timed automatic insert capability is required.


A typical control pa tt e rn calculated for the nominal 601401E lobe power split case is shown in
Table 4.3-18 covering a 24-day cycle. The lobe power values at each time in the cycle have been
normalized to 250 MW total core power.


4.3.2.6 Criticality of the Reactor During Refueling. Maintaining a sub-critical state
during refueling operations requires that the reactor core, fissile material involved in the transfer process,
and the storage facilities for such material outside the core all be kept in a criticality-safe condition. This
section describes the methods of controlling criticality during transfer of fissile material into and out of
the reactor. Maintaining the reactor core in a safe sub-critical condition during refueling operations
utilizes administrative controls, adequate shut-down margins in the reactivity control system, and
observable signals from the neutron count rate monitoring instrumentation. The nuclear design bases for
maintaining the reactor subcritical is presented in Section 4.3.1.5, and a discussion on the control element
reactivity is given in Sections 4.3.2.4. Additional discussion of the storage and handling processes for
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fissile material is given in Chapter 9 (Auxiliary Systems), Neutron monitoring instrumentation is
described in Section 4.3,2.2.8. Administrative procedures require that ken <_ 0.95 and monitoring
instrumentation is operational during fissile material transfers into and out of the core. Analysis of the
holddown reactivity ensure that adequate shutdown margins are maintained (kea <_ 0.95).


Fissile materials in the reactor and storage facilities include fueled experiment structures and both
fresh and irradiated fuel elements for the reactor. Criticality safety evaluations are required for various
operations involving fissile materials outside the reactor core. These operations include:


• Storage of fissile material in the "in-process" areas such as the in-vessel fuel storage


Storage of irradiated fissile material in underwater racks and containers in the canal


• Handling of fissile material during processing or transfer of fissile material either as fuel elements
or as fueled experiments.


Criticality of fissile materials outside the reactor core is controlled by the physical design of fuel
storage and handling facilities and by administrative control procedures as discussed in Chapter 9
(Auxiliary Systems).


Fuel elements may be temporarily stored in the in-vessel fuel storage racks to facilitate fuel
element transfer operations; no fuel is present in these racks during reactor operation.


Criticality analysis of the in-vessel fuel storage racks (Tingey 1965) shows that the ken is less than
0.90 with the two center positions blocked and the remaining positions containing single elements and
will be lower with fewer elements in the racks.


The design criteria and methods described above satisfy the ATR GDC 62 Chapter 3 (Design of
Structures, Components, Equipment, and Systems) and criticality safety criteria specified in DOE
Order 420.1A (DOE 2002), Facility Safety.


4.3.2.7 Stability. Spatial power oscillations induced by transient spatial xenon concentrations
are possible in PWR, particularly ones having large, loosely coupled core volumes, or smaller ones with
high power densities such as the ATR. The stability of a reactor to oscillations is characterized by the
diminishing or growth of the oscillation amplitude with time. The reactor is stable if the amplitude
decreases with time, unstable if the amplitude increases with time. The xenon-induced power oscillations
can usually be classified in three modes as follows: an intralobe mode where power periodically shifts
radially back and forth in the lobe fuel elements, an interlobe mode where power shifts back and forth
among lobes, and an axial mode where power shifts upward and downward in the core.


The three xenon oscillation modes were studied ( deBoisblane and Cohen 1965) resulting in the
conclusion that the core is stable for all oscillation modes. The current core size and configuration are the
same as for the stability studies and, therefore , the conclusions remain applicable. Interlobe oscillations
are completely suppressed by the tight reactivity coupling among the lobes and the reflector controls
(OSCC), which are designed to maintain steady interlobe power imbalances . The tight reactivity coupling
among lobes is demonstrated by using a single regulating rod for fine reactor power control . A single lobe
is stable against intralobe oscillations because of the combination of lobe size and tight reactivity
coupling. This study concluded that the threshold core length for axial instability is greater than the 48 in.
core height and therefore , the core is stable against axial xenon oscillations.
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Xenon oscillations are most likely to occur in the direction of the longest axis in high-power
density reactors such as the ATR because this dimension provides the greatest possibility for flux-tilt
oscillations. The reactivity control systems do not include specific mechanisms such as part-length control
rods for axial flux till suppression to avoid local flux perturbations. Hence, it is particularly important to
show that the core is stable for axial xenon oscillations. An experimental test in the ATR
(Dumey et al. 1972) confirmed this stability.


The axial stability test consists of establishing an asymmetric equilibrium flux and xenon
distribution with the neck shim rods, changing the rod positions to an axially symmetric configuration
while keeping the power level constant, and monitoring the time-dependent flux shape. The axial flux
shape is represented analytically as a harmonic power series with particular attention given to the
amplitude of the first harmonic. It is assumed in this analysis that if the first harmonic is stable, all
harmonics are stable (Randall and St. John 1958). The test results show that the axial flux shape
oscillations are highly damped, and the flux shape attains the asymptotic distribution characteristic of a
symmetric rod configuration thus demonstrating stability.


Xenon oscillation studies (Ash 1965) indicate that stability is enhanced by having a negative power
coefficient of reactivity, which is the case for the ATR. Measurements of the power coefficient in an
ATR core for BOC conditions (Durney et al. 1972) resulted in a value of -0.0015 ± 0.0001 $1MW,
demonstrating its negative value. This negative coefficient provides an added assurance that the core is
stable for all types of xenon oscillation modes and, likewise, that the immediate response to any power
increase is stable because of the negative power feedback coefficient.


Since reactor startup, power variations with small amplitudes and various frequencies have been
observed. Reactor power variation is routinely monitored by observing peak-to-peak amplitude of high
speed traces from the nuclear instruments and power spectral density analyses of the neutron noise signals
from the nuclear instruments. The baseline power variation is I to 2% peak-to-peak. A baseline neutron
signature is obtained after each CIC. Anomalies in the power variations whether in amplitude or in
frequency are investigated and appropriate corrective actions taken.


4.3.2.8 Vessel Irradiation. The vessel measures 12 ft in diameter and is 2 in. thick at the
elevation of the reactor core. The service life of stainless steel pressure vessels is defined by the fracture
mechanics method of the American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel
Code, Section XI (ASME 1986). This method defines the minimum fracture toughness that must be
available in the vessel material to resist brittle fracture in the presence of measured or assumed flaws. The
fracture toughness of the material in combination with applied stresses and flaws contained in the material
determine the resistance to brittle fracture.


The interaction of high energy (E > I MeV) neutrons with stainless steel causes an increase in
tensile strength and a decrease in ductility. As the ductility decreases, so does the fracture toughness
resulting in a higher probability of brittle fracture. This change to the material properties occurs relatively
slowly and does not become significant until rather large fluences are accumulated. The interaction of low
energy neutrons with stainless steel results in the production of activation products within the steel. This
change to the basic structure of the material can reduce its strength leading to premature failure. The fast
and thermal neutron fluence limits imposed on the reactor vessel as well as a detailed irradiation
surveillance program are discussed in Chapter 5 (Reactor Coolant System).
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The materials that serve to attenuate neutrons originating from the fuel elements are the OSCC,
beryllium reflector blocks, core reflector tank, transition filler, and water located between core reflector
tank and pressure vessel (Dwight 1986). The nearest surface of the vessel wall to the fuel annulus of the
core is the inner surface of the drop tube dimple wall at the elevation of the core horizontal midplane. The
drop tube dimple located at the north side of the reactor is an indentation in the vessel wall that facilitates
the transfer of fuel and experiments between the core and storage canal. Peak neutron fluxes at the inner
vessel wall occur at the location of the drop tube dimple.


The peak fast (E > I MeV) neutron flux levels at selected locations in the core and vessel are
determined by the irradiation of flux monitor wires. The results (Durney et al., 1987) of the fast flux
measurements applicable to the vessel fluence are summarized in Table 4.3-19. The measured flux data
have been normalized to a nominally full power (250 MW), balanced power division, as shown in the last
column. The peak fast flux predicted by curve fitting at the inner surface of the drop tube dimple is
4.29 x 109 neutrons/cm'/sec. One standard deviation on the value from the fit is 33%. The thermal flux
data (Dumey et al., 1987) taken from capsule irradiation files and measurements are shown in Table
4.3-20. The thermal flux predicted at the inner surface of the drop tube dimple is 3.74 x 10 ''
neutrons/cm2/sec. One standard deviation in the flux value is 64%. This study determined that vessel
properties are largely unaffected by the exposure limits. As a result, the margins to failure are
considerable resulting in a very low probability that any failure causing loss of coolant will occur.


Fluences were determined from a data base of neutron flux measurements, the actual operating
history through Reflector Ill (reflector changeout), and a projection of the reactor operating powers
through the year 2014. A reactor operating mode was assumed which conservatively maximized the
fluence to the drop tube thimble. The projected fluence to the vessel from neutrons with energies greater
than I MeV is 1.2 x 10" n/cm2 for base metal and 3.1 x 10" n/cm2 for weld material. The projected
fluence to the vessel from thermal neutrons is 7.6 x 1020 n/cm2 for base metal and 2.3 x 102' n/cm2 for
weld material. The projected fluences cause little change in material properties; the effects can be
reevaluated as the vessel exposure approaches these values.


4.3.3 Analytical Methods


4.3.3.1 Spatial Power Distribution Calculations . The principal analysis tool for
calculating the two-dimensional (2D) and three-dimensional (3D) power distributions, as well as core
reactivity, is the few-group neutron diffusion theory code PDQ-7 (Pfeifer 1971).


Both 2D and 3D PDQ models have been used in the analysis to represent the full core. The 2D
PDQ model is an updated version of the ATR Core Safety Assurance Package (CSAP) full core model
(Brown et al. 1990). The core is modeled in rectangular (XY) geometry using a 280 x 286 mesh. The
planar region description permits a detailed representation of the core cross-sectional configuration. The
3D PDQ model represents the full core in rectangular (XYZ) geometry using the same planar
representation as in the 2D model with axial variation in materials across the 51 axial mesh planes.
Benchmark analyses, performed to validate the 2D and 3D PDQ models with the cross section database,
are described in Section 4.3.2.2.
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The azimuthal power distributions across the fuel plates are calculated from the partition power
profile generated from the 2D (XY) PDQ analysis, which is input into the GOPP (Brown 1976) program
to calculate and plot the azimuthal power distributions of the fuel plates. The fuel plates of interest are
Nos. 1, 2, 3, 5, 8, 11, 15, 16, 17, 18, and 19, where Plate 19 has the maximum radius. The 2D partition
power file contains point-to-average power densities, i.e., the relative power densities for the average
plane, defined by:


relative power density = [power in region/region volume]!


[total reactor power/total fuel volume]
(4.3-3)


The total (XYZ) point-to-average power density for the core midplane is obtained by multiplying
the relative power density at the point of interest in the average plane, by the normalization factor
calculated from the ROSUB program (Smith and Cook 1989). This normalization factor accounts for
uneven axial fuel depletion as well as the power being generated only in the fuel matrix for the PDQ
homogenized fuel cell. The normalization factor calculated from ROSUB is based on the nominal lobe
power division.


Integrated power values from fueled regions are calculated in both 2D and 3D PDQ analyses. The
integration region varies from single homogenized plate volumes to the complete core volume. Axial
power distributions in the elements of interest are obtained from the 3D synthesis PDQ analysis. The
3D PDQ analysis uses the flux synthesis method with discontinuous trial functions in which the 2D PDQ
model is used to generate trial functions. The 2D (XY) trial functions represent flux shapes expected in
the upper reflector, active core with and without safety rods, and the lower reflector regions. The
composition overlay in the safety rod, outer shim, and/or the fuel regions is varied in the 2D runs to
generate the axially discontinuous trial functions. The average axial assembly power factors in the 3D
analyses are integrated over all the plates in a fuel element, and are relative to a total core average of unity
(i.e., an XYZ point-to-average element power factor). The azimuthal power calculational method using
GOPP is not available for 3D data, so the total point-to-average power densities are calculated using
GOPP with 2D PDQ data. Both criticality and target lobe power splits are held constant for the 3D cycle
analysis. The end of cycle is defined as when either of these two criteria fails.


4.3.3.2 Cross Section Generation. The four-group microscopic/macroscopic cross section
sets for 2D and 3D PDQ analyses are generated using COMBINE (Grimesey et al. 1990) and SCRABL
(Judd 1991). COMBINE calculates the spectrum averaged multigroup neutron cross sections using the
data base derived from the ENDFIB-V cross section libraries. The energy range treated is from 0.001 eV
up to 16.905 MeV, spanned by a total of 166 discrete energy points/groups. The equations solved for the
energy-dependent fast and thermal neutron spectra are the B-I or B-3 approximations to the neutron
transport equation. COMBINE has been validated by the applicability of the computed cross sections to
benchmark experiments representative of many applications (Nigg 1990).


SCRABL is a cross section generation code that is a combination of SCAMP (Putnam 1964)
S. transport code, and RABBLE (Kier and Robba 1967) resolved resonance code. It solves the
one-dimensional multigroup transport equation, allowing up to 99 energy groups. RABBLE permits
calculation of resonance effects in one dimension to account for interference effects of resonance
sequences of different isotopes. The resonance calculation uses the COMBINE ENDFIB-V cross section
library. The code also provides a very generalized cross section coalescing option for both macroscopic
and microscopic cross sections.
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A four-group cross section database for fuel elements, reflector, and core structural materials is
generated (Judd and Terry 1992) for input into PDQ. Cross sections for isotopes and materials in the fuel
plates are generated with COMBINE and SCRABL. In the COMBINE unit cell calculation, the fuel meat,
cladding, and coolant/moderator are homogenized. Disadvantage factors are calculated for the different
fuel plates with the SCAMP code in slab geometry for use with the four-group fuel cross sections. An
increase in fuel temperature will increase resonance absorption from Doppler broadening of the cross
sections; however, the Doppler effect for the ATR fuel is not significant because the fuel element contains
uranium fully enriched in U-235.


The cross sections for the reflector materials and structural materials are generated with
COMBINE. Cross sections for experiment loop materials are generated using COMBINE, SCAMP, and
PDQ. In the calculation, the four-group absorption rates by region are extracted from SCAMP output and
made to match with those obtained from PDQ one-dimensional (ID) radial calculations. Iterative I D
PDQ and SCAMP runs are made to generate the cross section set representing the loop regions. First, the
four-group cross sections calculated from SCAMP are input into a I D PDQ model to compare absorption
rates in the loop regions. The PDQ loop material absorption cross sections are then adjusted to match the
SCAMP absorption rates, The ID PDQ and SCAMP runs are repeated until the group-wise PDQ
absorption rates in loop regions match the values calculated by SCAMP within the specified tolerance.
This converged cross section data set is then input to the 2D PDQ model to represent the loop regions.
The hafnium cross sections are generated with COMBINE and SCRABL. An infinite dilution COMBINE
calculation for the hafnium isotopes is performed first, and SCRABL performs detailed resonance
calculations for the specific hafnium-bearing component.


4.3.3.3 Reactivity Coefficients . Reactivity coefficients are calculated from perturbation
theory methods by summing the normalized local perturbation integrals over the core volume. The adjoint
fluxes used in the perturbation integrals are calculated with the 3D PDQ model described above using the
adjoint option. Forward fluxes are calculated for both perturbed and nominal cases with the flux synthesis
method using the thermal feedback model in PDQ with trial functions representative of the respective
cases. Moderator density and fuel temperature reactivity coefficients are obtained from the reactivity
change associated with each perturbation variable.


Table 4.3-1. Reactor core description.
Number of fuel elements in the core 40
Fuel element


Type Parallel curved plates
Number of plates per element 19
Fuel material UAIx dispersed in A]
Nominal UAIx concentration 45% by weight
Meal thickness (in.) 0.020


Fuel cladding material 60610 Al
Clad thickness (in.)


Plate 1 0.030
Plates 2-18 0.015
Plate 19 0.040
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gap between plates (in.) .0780.078
Core loading (kg U-235) Variable (30 kg to 43 kg)
Heat transfer area per element (fie) 33 .8
Equivalent core diameter (in.) 54


Active fuel length (in.) 48


Side plate material 6061 T6 Al


Metal-to-water ratio 0.8


CoolanUmodemtar Demineralized water


Reflector
Material Beryllium


Ifei hi (in.) 51
Reactivity con trol elements


Omer shim control cylind ers


Location Beryllium reflector


Configuration Beryllium cylinders with 120° poison inserts
Poison inserts 1/4-in.-thick hafnium
Active length (in.) 46
Number of cylindersL 16 (4 per quadrant)
Number of drives 8 (2 per quadrant)


Neck shim and regulating rods


Location Necks of corner lobes (4)


Poison section 48-in. long, 7/16 im diameter fluted hafnium hollow rod
Follower section (Shim rods) 48 x 1/4-in. diameter Al rod
Extension rod (Regulating rod) Inconel X
Number of rods 24 (6 per neck)
Number of drives 22 neck shim rod drives


2 regulating rod drives ''.


Safety rods
Location SW, SE, N, W, E, and S flux traps
Poison section 4 80° hafnium sector inserts
Length (in.) 36
Follower section 4 80° Al sector inserts
Number of rods up to 6
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Table 4.3-2. Fuel element loadi ngs.-------------------- -
Type element 7F 7NB YA 7NBH


Fuel loading, U-235 cc
Plates 1,2,18,19 1.0 1 . 0 1.00 1.0


Plates 3 , 4,16,17 1.3 1 . 3 1.3 1.3
Plates 5 through 15 1.6 1.6 1.6 1.6
Burnable poison material B4C None B4C B4C
Boron loading, m nat B/cc
Plates 1,2.18,19 14.2 0.0 14.20 °


Plates 3,4 ,16,17 7.5 0.0 7.5 -


Plates 5 through 15 0.0 0.0 0.0 0.0
a. YA does not have fuel or boron in Plate 19.


b. Type I contains 0.143 gin s B-10 in Plate 19.


Type II contains 0.143 gin s B-I0 in Plate 18.


Type IV contains 0.141 gins B-10 in Plates I and 2.


c. Type III contains 0. 144 gins B-10 in Plates 16 and 17.


Table 4.3-3. Nominal nuclear paramete
Reactivity coefficients


Fuel temperature coefficient' -2.8 x ]0'' $1°r
Moderator temperature coefficient (HOC)' -9.2 x 10-3 $/°F
Moderator temperature coefficient (EOC)' -6.9 x 10-3 Vol'


Power coefficient' I.5 x 1 0'3 $1MW


Nominal delayed neutron fraction (3 ,ff) 0.0072


Reactivity control elements`


Safety rods (nominal worth 6 rods) 17.0$
Stuck safety rod worth (maximum 80 MW relative power) 6 $


Neck shim rods (22) 5.2 $
Outer shim control cylinders


Total worth 12.9S
Shutdown worth from 80 degrees 8.2 $
Burnable poison (BOC)' 11
a. These values were deternuned analytically as described in Section 4.3.2.3.


b. This value was determined experimentally as discussed in Section 4.3.2.7.


c. These values were determined from reactor measurements as discussed in Section 4.3.2.4.


d. This value was determined analytically as discussed in Section 4,324,
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Table 4.3-4. Point-to-average power density for 50/50 lobe power split case '.
Dav Peak values 10% Value 50% Value 90% Value


0 2.53 2.18 1.80 2.13


3 2.36 2.03 1.69 1.99


17 2.03 1.75 1.54 1.77


38 1.66 1.55 1.38 1.50


a. Fuel element position 9 plate 5.


b. Value at left edge of fuel matrix. ',.


c. Relative position from left edge of the fuel matrix .....


Table 4.3-5. Point-to-average power densit for 60/40 lobe power split case'.


Dav Peak values 10% Value` 50% Value 90% Value


0 2.81 2.38 1.95 2.16


3 2.65 2.23 1.90 2.19


17 2.52 2.24 1.94 2.16


31 2.20 2.03 1.86 2.06
a. Fuel element position 23 plate 15.
b. Value at left edge of fuel ma tr ix.


c. Relati ve position from left ed ge of the fuel matri x.


o-aver' density fo envelonin


Dav Peak values 10% Value 50% Value 90% Value


0 3.59 2.88 2,43 '....2.74


1 3.69 2.93 2.42 2.66


3 3.65


-------


2.93 2,45 2.72


10 3.46 2.90 2.47 2.73
17 3.27 2.84 2.43 2.62


a. Fuel element position 18 plate 15.


b. Value at left edge of fuel matri x.


c. Relative position from le ft edge of the fuel matrix.


se.'
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Shim sitions
NW lobe NE lobe SW lobe SE lobe


Time
(days)


Diner shims
(degrees)


Neck shims
inserted


Outer Shims
(degrees)


Neck shims
inserted


Outer shims
(de Lees)


Neck shims
inse rt ed


Outer shims
(degrees)


Neck shims
insert ed


0.0 56.6 123456 56.6 123456 56.6 12356 56.6 12356
1.0 85.4 12345 85.4 12345 85.4 1235 85.4 1235
30 75.0 1234 75.0 1234 75.0 123 75 .0 123


10.0-- 85.4 1234 85.4 1234 85.4 123------
85.4 123


17.0 95.2 1234 95.2 1234 95.2 123 95.2 123- ------
24.0 111.7 1 23 11 1. 7


-----1
23 111.7 1 23 111.7 123


31.0 124.4 1 2 124.4 1 2 124.4 1 2 124.4 1 2
38.0 134.2 134.2 134.2 134.2


Table 4. 3-8 . Summary of shim positions for the 60/40 lobe power split PD
Shim positions


NW lobe NE lobe SW lobe SE lobe
Time
(days)


Outer shims
(degrees)


Neck shims
inserted


Outer shims
(de rees)


Neck shims
inse rt ed


Outer Shims
(degrees)


Neck shims
inse rt ed


Outer shims
(degrees)


Neck shims
inserted


0.0 40.1 123456 46.5 123456 69.7 12356 56.5 12356


1.0 56.6 123 56.6 123 89.8 123 75.2 123


3.0 56.6 123 56.6 123 95.2 123 75.2 123
10.0 46.5 123 51.2 12 85.4 12 69.7 123
17.0 56.6 1 61.0 1 2 9 5.2 12 79 3 12
24 .0 56.6 1 79.3 12 95.2 12 79.3 12
31.0 64.7 1 100.1 1 2 116.4 1 2 104.2 I
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Shim sitions
NW lobe NE lobe S w lobe SE lobe


Time
(days)


Outer shims
(de reel)


Neck shims
inserted


Outer shims
(de ees )


Neck shims
inse rted


Outer shims
(de rees)


Neck shims
insert ed


Outer shims
(degrees)


Neck shims
inse rt ed


0.0 0,0 123456 0,0 123456 89.8 12356 104,2 12356
1.0 40.1 123456 40.1 123456 111,7 1 2356 134,4 12356


3.0 0.0 12345 0.0 12345 104.2 1235 119.6 12356
10.0 13.5 1 234 10,0 1234 104.2 1 23 119.6 1 23


17.0 34,4 1 2 28,8 1 2 124.4 1 2 3 146.5 1 2 3


Table 4.3-10. PDQ result for scram recovery an
Lobe power


(MW) Ap Peak point -to-average power
Reactor scram time NW NE C SW SE Eigenvalue ($) density


0 (reference case ) 23.8 24. 4 47.5 62 . 8 71.5 0.983846 0.00 3.63


10 min 24.6 25 . 2 47.8 62.6 69.8 0.973003 -1.54 3,61


20 min 25 . 4 25.8 48 . 2 62.3 68.4 0 . 963720 -2.87 3.60
40 min 26.9 27 . 1 48.8 61.6 65 . 6 0.946805 -5.33 3.43


60 min 28.3 28 . 3 49.4 60.9 61 2 0.931761 •7,55 3.56
48 hr 27.0 26.9 49.9 61 . 6 65.5 0.974143 -1.37 3.55


54 hr 26 . 0 26.0 48.5 62.1 67 . 3 0.486927 0 43 3.45
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Summary of shim positions for the enveloping 70 MW lobe paver split PDQ analysi S,
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60/40/E


Nominal 30/70


Nominal 40/60


Pe rt urba ti on
($/°F)


-2,70 x 10-4


Lobe moderator reactivity weight factors lobe power normalized to 250


ting 30/70 Core Configuration
SW SIFT voided


Nominal 30/70 Core Configuration Nominal 40/60 Core Configuration
S SIFT voided NW LIPT voided


Power
Weight factor (MW) Wei ht factor (MW)


42 30


Power


0.1284
0.2517


Weight factor


Limiting 30/70


Power


Fuel temperature
coefficient


-2,68 x 10-4


-2.89 x 10-4


-2.76 x 10-4


0.0655 0,2170


0,0740


0.2605
0.3090


Moderator coefficient
Density
($/Ib/ft )


0.329


0.343


0.362


0.35 ± 0.02


0.2335
0.1694


Perturbation
0.343


0.340


0.372


Temperature
($/°F)


-6.45 x 10-3


-6.55 x 10-3


-7,04 x 10-3


(-6,7 ±.4) x 10-3


0,0658


0,0640
0.2359


74 1 0,4168


61 0.2174


Reactor cycle


Reactivity coefficien


0.2912 1 54
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Table 4.3-12. Reactivity worth of voiding experiment loops.`
Nominal 30/70 Core Configuration


Reactivity
Conditions Eigenvalue Delta-rho (S


A ll loons flooded 1 072025 0.00000 0.0000


NW too voided 1,076826 0.00416 0.5776


N loo voided 1,074220 0.00191 0.2647


NE loo voided 1.076805 0.00414 0,5751


W loo voided 1.076524 0.00390 0.5414


C looided 1.076981 0,00429 0.5962
E loop voided 1.076474 0.00386 0.5354


SW loo voided 1079433 0.00640 0,889 1


S loop voided 1.080623 0.00742 1.0308


SE loo voided 1.074314 0.00630 0.8749
Nominal 40/60 Core Configuration
All loops flooded 1,074630 0.00000 0.0000
NW loo voided 1.083960 0.00801 1.1124


N loo voided 1.079015 0,00378 0.5252
NE loop voided 1.083451 0.00758 1.0523
W loo voided 1.080464 0.00502 0.6979
C loo voided 1.079736 0.00440 0.6112
E loop voided 1.079775 0.00443 0.6158
SW loop voided 1.081173 0M563 0.7822
S loop voided 1.081340 0,00577 0,8020
SE loo voided 1.080156 0.00476 0.6612
Liimnn, 0170 Core Cattfiguration
All loo s flooded......................... . . . 1.054867 0.00000 0.0000
NW loop voided 1.059285 0.00395 0.5491
N loop voided 1.056786 0.00172 0.2391
NE loo voi ded 1.05 9168 0.00385 0.5347
W Ioo voided 1.059340 0.00400 0.5559
C loop voided b


E loop voided 1.058669 0.00340 0A729
SW loop voided 1.063063 0.00731 1.0151
S loo voided 1.063042 0.00729 1.0125
SE loop voided 1061061 0.00553 0.7686


k-k0
a. Ap >


kk J
''..... h. Not calculated.


c. The NE, C, E, and S flna traps no longer contain Loop facility IP"]"s.
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Table 4.3-13. Reactivity co 0 e en orth su a


Component
Nominal Worth


M
Neck shim rod? (22 rods) 5.2 (0.24$hod)


Safety rods` (6 rods) 17.0 (283$/rod)
Outer shim control cylinders' ( 16 cylinders)


Total (0 to 160°) 12.9 (3.23$/quadrant)
80-degree position ( 80 to 160°) 4.7 (1.18$/quadrant)


Re Latin Rods° (2 rods) 0.52 (0.26$/rod)
Bu rnable ison b (max 40 7F fuel elements ) 10.9 (0.27$/fuel element)


a. Measured reactivity after the 1994 CIC. All new 7F fuel elements, new reflector, and new hafnium components in core. '.....


b. Calculated value.







Idaho National


AeR


eri ig and Environmental Laboratory


ACTOSRREPORRFOR TFINAL Revision:
9AR5


02iRev


ADVANCED TEST REACTOR page. 4-105 of 4-196
Effective Date: 08/10/04


Table 4.3-14, Neck shim rod reactivity worth.'
Worth


Position ($)


NW-1 0.23
NW-2 0 .21


3 0.20
4 0.21


Fqw-5 0.22
NW-6 0.26


-Total 1.33


E-2 0.23
E-2


�
0.21


NE-3 020
E 4 0.22
E 5


w
0.22


E 6
NE-Total


0.25
1.31


SW-1 0.26
SSW-2 0. 23
SW-3 0.24
SW-4(re rod)
SW-5


(0.26)
0.21


SW-6
'W-Total


0.31
1.31 _


SE-1 0. 25
E-2 0.23
E-3 0.23


SE-4 ( reg rod )
SE-5


(0.26)
0.27


SE-6 0.31
SE-Tot'!


13
1.29


. Measured reactively after the 1994 CIC. Al] new 7F fuel elements, new reflector , and new hafnium components in core.
. Sw and SE totals do not include [he re gulating rod worths.
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Safety Rod Inte ral Reactivitv''h (S) (adjusted to flat relative powers)


Cycle North West East Southwest South Southeast Average
73A 3.067±0.446 2.878±0,316 2.986 ± 0.332 2.700±0.294 3.077±0,388 3.044±0.519 2.959±0.146


77C 2.128 ± 0.400 2.788 ± 0.508 2.612 ± 0.250 2,988 ± 0.465 2.986 ± 0.405 3.127 ± 0.539 2.772 ± 0.363


81B 2.601±0.410 3.409±0.370 2.716±0.328 2.963±0,384 3.359±0.448 3.184±0.373 3.039±0.335


87A 2.058±0.479 - 2.999±0.311 2.891±0.539 3.351±0.415 3.062±0.360 2.872±0486


90A 2.540 ± 0.312 - 2.505 ± 0.176 2.773 ± 0.290 2.717 ± 0.226 2.742 ± 0.240 2.655 ± 0.124


95A 2,448 ± 0.335 - 2.877±0.354 3.207±0.605 3.025±0.264 2.864±0.430 2.884±0.281


97A 2.474±0.338 - 3.196±0.381 2.413±0.258 2.898±0.192 3.035±0,422 2 . 803 ± 0.346
IOTA` 2.715±0.256' - 2.598 ± 0.171 2.711±0.242 2.459±0.123 2.550 ± 0.272 2.607±0.109


10W 2.379±0.179 2.836 ± 0.212 2.891±0.192 2.790±0.2.43 3.396±0.251 2.589±0.239 2.814±0.342


Average 2.490 ± 0.302 2.978 ± 0.290 2.820 ± 0.227 2,764 ± 0.287 3.030 ± 0.314 2.911 ± 0.235 2.834 ± 0.218
a. The uncertainty shown for the individual safety rod reactivities is the standard deviation in the extrapolated values from each insertion point.
b. The uncertainty shown for the average safety rod reactivities is the statistical combination of the standard deviations in the individual safety rod reactivities.


c. The N and SW flux traps were reconfigured from small capsule irradiation facilities to SIPT during the Cycle 103A (CIC) outage. The E and S flux traps were reconfigured
from SEPT to small capsule irradiation facilities during the Cycle 103A outage. There were no statistically significant changes in the safety rod reactivities due to the
reconfigurations.
d. The hafnium plate in the N-2 position was changed.
e. The N and SW flux traps were reconfigured from SEPT to small capsule irradiation facilities during the Cycle 101A (PCU) outage. There were no statistically significant
changes in the safet rod reactivities wa result of the recon fi tgr ratio ns.
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Table 4. 3-16. Minimum shutdown worth for the safety rods.'


Number of rods
80/20 lobe power split


($)
50/50 lobe power split


($)


5 15.1 12.0


4 10.0 9.6


3 5.9 7.2
. Based on the nominal safety rod worth less two standard deviations in the uncertainty in the worth measurement (i.e.,
.39$/rod)
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Table 4.3-17. Maximum reactivity insertion rates of control elemen


Average
Nominal Max. 80/20 total 80/20 single element


Active total worth differential worth insertion rate differential
Control element Number Seed lea h ($) worth ($) ($/see) worth


Safety rods 6 9 in/min 36 in 17.0 0.037 in' 25.78 0,14 0.08 $/in


Neck shim rods 22 6 in/min 48 in 5.23 0.037 in' 6.92 0.026 0.00 5 $/in


Neck shim rod 1 #6 rod 6 in/min 48 in 0.28 0.037 in-' 0.52 0.002 0.005 $/in
(most reactive rod)


Regulating rod 1 6 in/min 48 in 0.26 0.037 in" 0,57' 1.05 0.005 $/in


Outer shim cylinders 16 cylinders 20 deg/min 160 deg 12.9 0.135 S/deg 16.6 0.053 0.02 $/deg
4 per set


a. Maximum worth is assumed to be 0.57$ for the accident analysis. The actual 80/20 enhanced reactivity is 0.41$.
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Table 4.3-18. Typical control element positions during a core cycle.
OSCC position


Core Cycle time Neck shim' relative_Posit on
(days) positions (deg)


Lobe power
(MW)


NW 0 1 1 1 1 1 1 40.1 39,55
I 1 1 1 1 0 0 56.6 39.43
3 111000 51.2 39.07
10 110000 56.6 39.66
17 110000 64.7 39.91
24 100000 69.7 40.54


NE 0 111111 46.5 40.31
1 1 1 1 1 0 0 56 . 6 38.26
3 110000 51 . 2 38.07
10 110000 56.6 38.64
17 110000 64.7 38.83
24 104000 69.7 39.79


SW 0 111011 69.7 60.56
1 1 1 1 0 0 0 89.8 6291
3 110000 89 . 8 61.36


10 110000 95.2 61.55
17 1 10000 111,7 62.97
24 1 0 0 0 0 0 134 .2 60.73


SE 0 111011 56 . 6 51.78
I 1 1 1000 75.2 54.40
3 1 10000 75.2 53.53


10 110000 79.3 53.63
17 110000 89.8 54.35
24 100000 100.1 5427


a. Neck Shim Positions 1-6
1 = Fully inserted
0 = Fully Withdrawn.
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Table 4 MeV).


ocation


Distance fromrom
vessel centercenter


in.)
ycle


number ower division (MW)
ormalization


factor'
easured fast flux
(101n nnem2 see)


Normalized fast
fluxb


(1070 n/cm2 sec)
OS-5 30,5 5A 43.2-43,2-43.2-43.2-43.2 1.16 20.4 23.60
05-10 35.0 5A 43.2-43.2-43.2-43.2-43.2 1.16 6.74 7.80
OS-15 39.5 5A 43.2-43.2-43.2-43.2-43.2 1.16 2.33 2.70
0S-20 44.0 5A 43.2-43.2-43.2-43.2-43,2 1.16 0.710 0.82
Drop tube 54 41D 52.2-21.9-34.0-25.1-22.9 1.35 0,00718 0.00969_______
I-1 22.5 41D 52.2-21.9-34.0-25.1-22.9 1.35 68.0 227.0
1 -6 22.5 42A 52.2-21.9-34.0-25.1-22.9 2.29 135.02 309.0
ON-5 30.5 67B 19,4-20.7-31.1-24.2-38.9 2.49 9.04 22.50
ON-10 35.0 67B 19.4-20.7-31,1-24.2-38.9 2.49 2.93 7.31
OS-5 30.5 67B 19.4-20.7-31,1-24,2-38.9 1.58 19.60 31.10
ON-10 35.0 6713 19.4-20.7-31.1-24.2-38.9 1.58 6,68 10.60
OS-15 39.5 67B 19.4-20.7-31,1-24.2-38.9 1.58 1.99 3,15
OS-20 44.0 6713 19.4-20.7-31.1-24.2-38.9 1.58 0.618 0.979
1-1 22.5 67B 23.0-23.0-28.7-30.9-37.0 2.17 175.0 381.0
ON-5 30.5 76B-1 23.0-23.0-28.7-30.9-37.0 2.17 19.30 41.90
ON-10 35.0 76B-1 23.0-23.0-28.7-30.9-37.0 2.17 6,38 13.80
OS-5 30.5 768-1 23.0-23.0-28.7-30.9-37.0 1.47 35.10 51.60
OS-10 35.0 768-1 23.0-23.0-28.7-30.9-37,0 1.47 11.50 16.90
OS-15 39.5 76B-1 23.0-23.0-28,7-30.9-37,0 1.47 3.89 5,72


44.0 76B-1 23.0-23.0-28.7-30.9-37.0 1.47 1.16 1,71
a Correction Pot' unbalanced lobe power.


L.b. Normalized to 250 MW balanced ower,


9. Summa of fast flux data (E >
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Table 4.3-20. Summa ry of thermal flux data.


Location
(1012 n/cm2 see) Distance from vessel center


Normalized' thermal flux
(in.)


1-6 22.5 38.9


ON-5 30.5 9.69


ON-5 30.5 8.74


ON-10 35 4.53


OS-5 30.5 5.55


OS-5 30.5 7.86


OS-10 35.0 2.69


OS-10 35.0 2.98


OS-15 39.5 1.26


OS-15 39.5 1.24


OS-20 44.0 0.60


OS-20 44.0 0.56
a. Normalized to 50 MW source power (average of the two adjacent comer lobe powers).


412.09(09/0312002 - Rev. 7
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4.3-1. Consumption and buildup of U and Pu isotopes. ( For Information Only)
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I


• 50-50 balanced lobe power
(Total power. 250 MW)


2


7


4


I I I
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0 4 8 12 16 20 24 28 32 36 40 44 48 52


Days of full power operation 093 o+s7


Figure 4.3-2. Reactivity change due to boron in the fuel. (For Information Only)
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Figure 4.3-3. Azimuthal power distribution in Fuel Element 9, 0 days exposure, 50/50 lobe power split,
Plates 1-3. (For Information Only)
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Figure 4.3-4. Azimuthal power distribution in Fuel Element 9, 0 days exposure, 50/50 lobe power split,
Plates 5, 8, 1 1. (For Information Only)
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Figure 4.3-5. Azimuthal power distribution in Fuel Element 9, 0 days exposure, 50150 lobe power split,
Plates 15- 16. (For Information Only)
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Figure 4.3-6. Azimuthal power distribution in Fuel Element 9, 0 days exposure, 50/50 lobe power split,
Plates 17-19. (For Information Only)
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Figure 4.3-7. Azimuthal power distribution in Fuel Element 9, 38 days exposure, 50/50 lobe power split,
Plates 1-3. (For Information Only)


G,
6


0.00 25.00 -50.00 75.00
Percent from Left Edge of Fuel


100.00


Figure 4.3-8. Azimuthal power distribution in Fuel Element 9, 38 days exposure, 50/50 lobe power split,
Plates 5, 8, 11. (For Information Only)
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Figure 4.3-9. Azimuthal power distribution in Fuel Element 9, 38 days exposure, 50/50 lobe power split,
Plates 15- 16. (For Information Only)
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Figure 4.3-10. Azimuthal power distribution in Fuel Element 9, 38 days exposure, 50/50 lobe power split,
Plates 17-19, (For Information Only)
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Figure 4.3-11. Azimuthal power distribution in Fuel Element 23, 0 days exposure, 60/40 lobe power split,
Plates 1-3. (For Information Only)
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Figure 4.3-12. Azimuthal power distribution in Fuel Element 23, 0 days exposure, 60140 lobe power split,
Plates 5, 8, 11. ( For Information Only)
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Figure 4.3-13. Azimuthal power distribution in Fuel Element 23, 0 days exposure, 60/40 lobe power split,
Plates 15-16. (For Information Only)
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Figure 4.3-14, Azimuthal power distribution in Fuel Element 23, 0 days exposure, 60/40 lobe power split,
Plates 17- 19. (For Information Only)
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Figure 4.3-15. Azimuthal power distribution in Fuel Element 23, 31 days exposure, 60140 lobe power
split, Plates 1-3. (For Information Only)
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Figure 4.3-16, Azimuthal power distribution in Fuel Element 23, 31 days exposure, 60/40 lobe power
split, Plates 5, 8, 11. (For Information Only)
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Figure 4.3-17. Azimuthal power distribution in Fuel Element 23, 31 days exposure, 60/40 lobe power
split, Plates 15-16. (For Information Only)
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Figure 4.3-18. Azimuthal power distribution in Fuel Element 23, 31 days exposure, 60/40 lobe power
split, Plates 17 -19. (For Information Only)
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Figure 4.3-19, Azimuthal power distribution in Fuel Element 18, 1 day exposure, Env 70 MW lobe power
split, Plates 1-3. (For Information Only)
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Figure 4.3-20. Azimuthal power distribution in Fuel Element 18, 1 day exposure, Env 70 MW lobe power
split, Plates 5, 8, 11. (For Information Only)
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Figure 4.3-21. Azimuthal power distribution in Fuel Element 18, 1 day exposure, Env 70 MW lobe power
split, Plates 15-16. (For Information Only)
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Figure 4.3-22. Azimuthal power distribution in Fuel Element 18, 1 day exposure, Env 70 MW lobe power
split, Plates 17-19. (For Information Only)
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Figure 4.3-23. Azimuthal power distribution in Fuel Element 18, 17 days exposure, Env 70 MW lobe
power split, Plates 1-3. (For Information Only)
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Figure 4.3-24. Azimuthal power distribution in Fuel Element 18, 17 days exposure, Env 70 MW lobe
power split, Plates 5, 8, 11. (For information Only)
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Figure 4.3-25. Azimuthal power distribution in Fuel Element 18, 17 days exposure, Env 70 MW lobe
power split, Plates 15-16. ( For Information Only)
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Figure 4.3-26. Azimuthal power distribution in Fuel Element 18, 17 days exposure, Env 70 MW lobe
power split, Plates 17-19. (For Information Only)
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Figure 4.3-27. Lobe and fuel element power comparisons at Day 0 for the 50/50 lobe power split.
(For Information Only)
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Figure 4.3-28. Lobe and fuel element power comparisons at Day 38 for the 50/50 lobe power split. (For
Information Only)
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Figure 4.3-29. Lobe and fuel element power comparisons at Day 0 for the 60/40 lobe power split.
(For Information Only)
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Figure 4.3-30. Lobe and fuel element power comparisons at Day 31 for the 60/40 lobe power split.
(For Information Only)
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Figure 4.3-31. Lobe and fuel element power comparisons at Day 0 for the enveloping 70 MW lobe power.
(For Information Only)
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Figure 4.3-32. Lobe and fuel element power comparisons at Day 17 for the enveloping 70 MW lobe
power. ( For Information Only)
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Figure 43-33. Power factors in peak power Fuel Element Numbers 20 [beginning of cycle (BOC)] and 40
[end of cycle (EOC)] for the balanced 50/50 case. (For Information Only)
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Figure 4.3-34. Power factors in peak power Fuel Element Number 23 for beginning of cycle (BOC) and
end of cycle (EOC) for the nominal 60/40 case. (For Information Only)
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Figure 4.3-35. Power factors in peak power Fuel Element Numbers 17 [ end of cycle ( EOC)] and
18 [beginning of cycle (BOC)] and for the enveloping 70 MW case. (For Information Only)
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Figure 4.3-36. Plate 17 fuel temperature in Element Number 18 (100% power). ( For Information Only)
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Figure 43-40. Relative worth of regulating rods versus rod position. (For information Only)
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Figure 43-42. OSCC integral worth versus degrees withdrawn. ( For Information Only)
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Figure 4.3-43. Bery llium poison chains. ( For Information Only)
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4.4 Thermal and Hydraulic Design


4.4.1 Design Bases


The overall objective of the thermal and hydraulic design of the reactor core is to provide adequate
heat transfer, which is compatible with the heat generation distribution in the core such that heat removal
by the reactor coolant system or the emergency core cooling system emergency firewater injection system
(EFIS) (when applicable) ensures that the ATR plant protection criteria of Chapter 15 (Accident
Analyses) are met.


To satisfy these criteria, the following design bases have been established for the thermal and
hydraulic design of the reactor core.


4.4.1.1 Departure from Nucleate Boiling Design Basis


4.4.1.1.1 Basis-There will be at least a 3o margin to DNB during normal operation
and anticipated faults. This corresponds to a 99.7% probability that DNB will not occur on the limiting
fuel plates during Condition I and 2 events.


4.4.1.1.2 Discussion-By preventing DNB, adequate heat transfer is ensured
between the fuel plate cladding and the reactor coolant, thereby preventing cladding damage as a result of
inadequate cooling. Limits provided by the PPS are such that this design basis will be met for all
Condition I and 2 events.


4.4.1.2 Fuel Temperature Design Basis


4.4.1.2.1 Basis-During normal reactor operation, the maximum fuel temperature will
be at least 20 less than 700°F (644 K). Additionally, for any fuel element that has been irradiated in low
power positions and then placed in a high power position, the maximum fuel temperature will be at least
20 less than 500°F (533 K) during irradiation beyond a nominal fission density of 1.5 x 1021 fisstem3. A
low power position is defined as a core position where the fuel element generates less than 5.4 MW
(Fillmore 1976). Fuel temperatures and statistical margins are calculated as described in Sections 4.4.2.11
and 4.4.4.5.


4.4.1.2. 2 Discussion-The fuel temperature limits are based on maintaining
temperatures below those that produced blistering during post-irradiation testing of sample fuel plates
irradiated in the ETR during the INC-16-1/2 experiments (Francis 1971, 1974b). The testing consisted of
incrementally increasing plate temperatures in a furnace until blisters appeared (Brugger et al. 1971). It
should be noted that the above temperature limits are significantly lower than blister temperatures
measured during other post-irradiation tests (see Figure 4.2-15). One difference between INC-16-1 and
other irradiation experiments was that the INC-] 6-1 samples were irradiated at very low temperatures.' It
was concluded that low irradiation temperatures, low initial fuel volume fractions, and high bumups may
result in reduced blister resistance. One plate that was irradiated at low temperature (257°F, 398 K), had a
low initial UA13 concentration (22 vol%), and achieved a high U-235 bumup (71%), blistered at 500°F
(533K). The temperature limit on recycled fuel ensures that fuel elements irradiated in low-power
(i.e., low-temperature) positions do not blister when moved to high-power positions.


' Preliminary investigations also indicated that the oxygen content of the 1NC-16-1 samples may have been high (Francis 1974b).
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2 and 4.2.3.3.


4.4.1.3. 1 Basis-The nonrecoverable pressure drop (AP) across the core with three
primary coolant pumps operating is approximately 100 psid (689 kPa). With two primary coolant pumps
operating, the core pressure drop is approximately 77 psid (531 kPa). The total primary system flow rate
during three-pump operation is approximately 50,000 gpm (3.15 m3/s); during two-pump operation, the
flow rate is approximately 43,500 gpm (2.74 m'/s). PPS limits on minimum core AP have been
established to ensure that the 3a margin to flow instability (discussed below) is not violated during
Condition I and 2 events.


4.4.1.3 . 2 Discussion-Primary system flow is controlled by the butterfly valve to
obtain the desired core pressure drop [? 100 psid (689 kPa) or = 77 psid (531 kPa)(. The core flow
distribution is established by fixed reactor vessel hardware with some very small effects from experiment
loadings. Approximately 56% of the flow passes through the fuel elements; the remainder passes
primarily through the outer shim control cylinders, flux traps, and reflector blocks. A small amount of
coolant bypasses the core because of: (a) flow between the reflector and the reflector tank, (b) flow
through the siphon breakers, and (c) in-vessel leakage, for example, at core support tank penetrations.


4.4.1.4 Hydrodynamic Stability Design Basis


4.4.1.4 . 1 Basis-There will be at least a 3a margin to flow instability during normal
operation and anticipated faults. This corresponds to a 99.7% probability that flow instability will not
occur during Condition I and 2 events,


4.4.1.4 . 2 Discussion-Under normal conditions, the ATR operates in the single-
phase flow regime and is thus always stable to both static and dynamic flow instabilities. Heat transfer
experiments (Croft 1964; Waters 1966) and analyses (Atkinson 1975) have shown that flow instability in
an ATR coolant channel occurs when the coolant enthalpy reaches saturation at the hot track exit
(see Section 4.4.4.6). This can result in a severe reduction in channel flow, leading to burnout of the
adjacent fuel plates. Therefore, the ATR flow instability criterion has always been no saturated (bulk)
boiling.


4.4.1.5 Other Considerations . The above design bases together with the fuel element
structural design bases described in Section 4.2.1 are sufficiently comprehensive that additional limits are
not required. The coolant flow velocity and distribution are not inherently limiting. These parameters are
incorporated into the thermal and hydraulic models used to ensure that the above design criteria are met.


4.4.2 Description of Thermal and Hydraulic Design of the Reactor Core


4.4.2.1 Summary Comparison . The HFIR at ORNL shares similar design characteristics
with the ATR. Both reactors are light-water cooled and moderated, reflected with beryllium, and use fully
enriched (93%) aluminum-clad plate fuel. In both the HFIR and ATR, coolant flow is downward through
the core in contrast to the upward flow in most commercial reactors. Selected design and operating
parameters are compared in Table 4.4-1.
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4.4.2.2 Departure from Nucleate Boiling and Flow Instability Margins. The
minimum DNB and flow instability margins for steady state operation and anticipated transient conditions
are given in Table 4.4-2. The minimum DNB margin in the limiting flow channel occurs downstream of
the peak heat flux location (hot spot) because of the increase in downstream enthalpy. The minimum flow
instability margin occurs at the limiting flow channel exit. DNB and flow instability margins are
calculated using computer codes and models described in Section 4.4.4.5. The RELAP5 computer code is
used to determine the transient behavior of the entire core; local conditions in the hot channel and
statistical margins to DNB and flow instability are calculated with the ATR-SINDA and
SINDA-SAMPLE computer models, respectively.


4.4.2.2. 1 Discussion-Both in-reactor (Hanson, Griebenow, and Wells 1975) and ex-
reactor (Croft 1964; Waters 1966) heat transfer experiments have demonstrated that the limiting heat
transfer mechanism in the fuel element cooling channels is flow instability. Flow instability occurs when
the coolant temperature at the hot track exit reaches saturation? The increased resistance to flow resulting
from boiling causes coolant to be redistributed to other channels; consequently, the affected cooling
channel is starved, and the adjacent fuel plates overheat.


Still, it is necessa ry to have a correlation to predict DNB [i.e., critical heat flux (CHF)] under stable
conditions . Two correlations are used for the ATR. The first, developed by Savannah River Laboratory
and Columbia University (Knoche] et al. 1973 ), is used when the local subcooling (T.„ -Thutk) is greater
than 45°F ( 25 K). The correlation has the form:


9' cNF = 1.88x 105 (1.0+0.0515V) (1.0+0.069A7s„b) (4.4-1)


where


q"cam = critical heat flux (Btu/hr-ft-)


V = coolant velocity (fibs)


AT,„b = local subcooling (°F).


This equation was derived from experimental data obtained with aluminum heaters cooled by light-water.
Its use for ATR applications was evaluated by Ambrosek (1975), who concluded


• The Savannah River DNB correlation satisfactorily predicts the burnout heat flux for a wide range
of equivalent diameters, coolant velocities, pressures, and subcoolings.


• It conservatively predicts burnout (i.e., low CHF) when compared to the aluminum experimental
data of Gambill and Bundy (1964), which were obtained in support of the HFIR program.


• Using the Savannah River DNB correlation for ATR safety evaluations will provide adequate
conservatism.


Both Croft's(] 964) and Waters'(] 966) heat transfer experiments showed that lateral coolant mixing in A"IR cooling channels
is quite small, and that bulk boiling across the entire channel width is not required to initiate flow instability. The hot track is
defined as that portion of the channel over which the maximum enthalpy rise occurs,
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When the local subcooling is less than 45°F (25 K), the following correlation is used
(Atkinson 1976):


9"cxr = 4.08x105(1.0+0.106V)(1.0+0.0028ATS b) (4.4-2)


where the variables are the same as defined above. This correlation was derived from low subcooling
DNB data for stainless steel heaters reported by Knoebel et al. (1973) and Ambrosek (1975). The leading
constant in Equation 4.4-2 (4.08 x 10) includes a multiplier of 1.2 to account for Knoche] et al.'s finding
that the critical heat flux for aluminum heaters was at least 20% higher than that for stainless steel heaters.


4.4.2.2.2 Statistical Uncertainties-As mentioned above, the SINDA-SAMPLE
model is used to calculate statistical margins to DNB and flow instability. Uncertainties in statistical
parameters (e.g., fuel plate dimensions, heat transfer coefficients, and heat generation rates) are discussed
in Section 4.4.2.9.


4.4.2.3 Linear Heat Generation Rate . The power distribution in the core depends on test
requirements. The nominal power distribution would be 50 MW in each of the five lobes, but power
imbalance allows significant variation. As discussed in Chapter 15 (Accident Analyses), the highest lobe
power permitted is 60 MW (although test requirements generally call for less power). Core average and
maximum linear heat generation rates for an enveloping 70 MW lobe power split and a 60/40 lobe power
split (normalized to 250 MW) are given in Table 4,4-1. The methods for determining maximum heat
generation rates are described in Section 4.3.3.1.


4.4.2.4 Void Fraction Distribution . No boiling occurs in the core during normal operation
or anticipated faults (Condition I and 2 events). Adherence to the flow instability limit (Section 4.4.1.4)
ensures that the coolant saturation temperature is not exceeded.


4.4.2.5 Core Coolant Flow Distribution


4.4.2.5.1 Fuel Elements-Normalized coolant mass flux and enthalpy rise
distributions at the core exit calculated with the RELAP5 thermal-hydraulic code are shown in
Figures 4.4-1 and 4.4-2 (Polkinghorne 1991). The distributions in Figure 4.4-1 are for an
enveloping 70 MW lobe power split at BOC (see Figure 4.3-32), while the distributions in Figure 4.4-2
are for a 60/40 lobe power split at BOC (see Figure 4.3-30) normalized to 250 MW. It should be noted
that no orificing is employed in the core design.


4.4.2.5.2 Nonfuel Regions-Nominal flow rates through all regions of the reactor
core and vessel are given in Table 4.4-3, As discussed in Section 4.4.4.2, the reactor flow distribution
changed somewhat when Reflector 111 was installed in 1977 (i.e., flow through the reflector blocks
decreased while flow through the outer shim cylinders increased). These changes are accounted for in
Table 4.4-3.


During the 1994 CIC, the core was configured with pressurized water experiment loop IPT in the
N, NW, W, SW and SE flux traps and capsule irradiation facilities in the NE, C, E, and S flux traps. The
thermal-hydraulic analysis of the core reconfiguration (Pace 1993) indicates a flow rate increase of less
than one percent through the four reconfigured flux traps. The flow distribution given in Table 4,4-3 is
representative of those expected with the reconfiguration.
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During 1997 to support the ongoing test program, the northeast flux trap was again reconfigured
and the Irradiation Capsule Experiment (ICE) facility installed . The thermal-hydraulic analysis of the
northeast flux trap (Hendrickson 1998a) indicates that the total flux trap flow slightly decreases by 38
gpm with the ICE facility installed. Table 4.4-3 is unaffected by this small change.During 1999, the center
capsule irradiation facility was replaced with the Irradiation Test Vehicle (ITV). The hydraulic analysis
(Palmer 1998) determined that the flow through the center flux trap dropped by 13 gpm with the ]TV
installed. During 1999, the ICE facility was replaced with the Multiple Irradiation Capsule Experiment
(MICE) facility. The thermal-hydraulic analysis with this facility (Hendrickson 2001) indictes that the
flow through the northeast flux trap increased by 54 gpm over the ICE facility flows or was 16 gpm more
than the capsule irradiation facility that was originally installed after the CIC. All these changes are small
compared to the total flows and Table 4.4-3 was unaffected by these small changes.


Due to nature of ATR operation new experiments are occasionally inserted into the reactor. When
new experiments are placed into the reactor, additional analysis is performed to provide assurance that the
reactor response with new experiments meets the established safety envelope.


4.4.2.6 Core Pressure Drops and Hydraulic Loads


4.4.2.6 . 7 Core Pressure Drops-The nonrecoverable pressure drop across the core
during reactor operation with either two or three primary coolant pumps is given in Table 4.4-1. As
mentioned previously in Section 4.4.1.3, the primary system flow rate is controlled by a butterfly valve to
obtain the desired core pressure drop. The valve is positioned before reactor start-up, and may be adjusted
during operation to maintain a core AP of>_ 100 psid (689 kPa) during three-pump operation, or >_ 77 psid
(531 kPa) during two-pump operation.


4.4.2.6 . 2 Hydraulic Loads-Because coolant flow is downward through the core, the
holddown capability of fuel elements is not a consideration during normal operation (i.e., the pressure
drop through the core acts to retain the elements in position). The effect of pressures acting across the fuel
plates is discussed in Section 4.2.3.4. Hydraulic loads from high core AP under accident conditions are
discussed in Chapter 15 (Accident Analyses).


4.4.2.7 Correlation and Physical Data


4.4.2.7.9 Heat Transfer-Forced convection heat transfer coefficients in the
ATR-SINDA and RELAP5 computer codes are obtained from the Dittus-Boelter correlation (Dittus and
Boelter 1930) with the properties evaluated at bulk fluid conditions:
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h= 0.023
k


(Re)°8 (Pr) 0.4
D


where


h = heat transfer coefficient (Btu/hr-ft2-°F)


k = thermal conductivity (Btu/hr-ft•°F)


D = hydraulic diameter (fi)


Re Reynolds number = GD/p


G = mass flux (Ibm/hr.fl2)


y = viscosity (lbm/fl-hr)


Pr = Prandt] number = C, /k


C, = specific heat (Btu/lbm °F).


Ex-reactor heat transfer experiments verified that this correlation was valid for ETR fuel elements
(Griebenow 1964). One of the ATR start-up tests (High Power Forced Convection Test) substantiated the
use of the Dittus-Boelter correlation for predicting beat transfer coefficients in ATR fuel elements
(Griebenow and Hanson 1976).


(4.4-3)


The onset of nucleate boiling (ONB) in the ATR-SINDA and RELAP5 computer codes occurs
when the cladding wall temperature reaches the amount of superheat predicted by the Bergles and
Rohsenow correlation (Bergies and Rohsenow 1964):


TRIONB = TW +
9 ONB


)


P0 023A / 2.30
15.60x10 pl 'S6 (4.4-4)


where


Twe1i = cladding surface temperature (°F)


coolant saturation temperature (°F)


surface heat flux at boiling onset (Btu/hnft)


pressure (psia).


Once ONB is predicted, heat transfer coefficients for subcooled nucleate boiling, saturated nucleate
boiling, and film boiling are calculated in ATR-SINDA and RELAPS as described by Wadkins and
Ambrosek (1992) and Dimenna et a]. (1988), respectively.
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4.4.2.7 . 2 Core Pressure Drop-Nonrecoverable pressure losses occur as a result of
viscous drag (friction) and geometry changes (form) in the fluid flow path. Numerous ex-reactor
hydraulic measurements by Idaho Nuclear Corporation have shown the following friction factor
correlation to be valid for single-phase, turbulent flow in ATR fuel elements (Griebenow 1968):


f = 0.0024 +0.
437


(4.4-5)


where


f = Fanning friction coefficient


Re = Reynolds number (defined above).


This friction factor correlation and the entrance and exit form loss coefficients given in
Section 4.4.4.2 are included in the ATR-SINDA model.


The Fanning friction factor, f, is computed in RELAP5 using an engineering approximation to the
Colebrook correlation (Colebrook 1939). Entrance and exit form loss coefficients, input by the user, are
adjusted as necessary to obtain the desired core pressure drop (100 psid (689 kPa) or 77 psid (531 kPa)].


For two-phase flow conditions, "f" is evaluated in ATR-SINDA as described by Merrill (1980).
Two-phase friction and form losses are calculated in RELAP5 as described by Dimenna et al. (1988).


4.4.2.8 Thermal Effects of Anticipated Events . Adherence to the thermal-hydraulic
limits (Section 4.4.1) ensures that adequate margins are provided during anticipated faults (Condition I
and 2 events). The anticipated fault analyses in Chapter 15 (Accident Analyses) demonstrate that the core
is capable of withstanding the thermal effects of anticipated faults that would bound any operational
transients.


4.4.2.9 Uncertainties in Estimates


4.4.2.9 . 1 Uncertainties in Fuel and Clad Temperatures-The fuel and clad
temperatures are a function of oxide, clad, and meat conductances, hydraulic conditions, power
generation, and position relative to the nonfueled portion of the fuel plate. Uncertainties in the fuel
temperature calculation are essentially of two types: (a) fabrication uncertainties such as variations in the
meat and clad dimensions, and fuel density-homogeneity; and (b) model uncertainties such as variations
in the conductivities, oxide thickness, and correlations. These uncertainties have been quantified by three
methods: (a) comparison of the thermal model to test data, (b) measurement of physical properties, and
(c) measurement of the fuel and clad dimensions during fabrication. The uncertainties are then used in all
evaluations to predict fuel plate temperatures.


Another uncertainty that influences the fuel and clad temperatures is the uncertainty in determining
the local power. Local power is determined by density, enrichment, neutron flux, and reactor power.
These uncertainties have also been quantified and are included in temperature evaluations for the fuel
plate.
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Reactor trip setpoints as specified in Chapter 16 (Derivation of Technical Safety Requirements)
include allowance for instrument and measurement uncertainties such as calorimetric error, channel
reproducibility, temperature measurement uncertainties, and beat capacity variations.


The methodology used to predict fuel plate temperatures is a statistical combination of all
identified variables and their associated uncertainties using a Monte Carlo sampling technique. Nominal
values of the variables and their uncertainties are shown in Table 4.4-4.


4.4.2.9 . 2 Uncertainties in Pressure Drops-Core and vessel pressure drops vary
depending upon the use of either three or two primary coolant pumps. The vessel differential pressure
subsystem of the PPS has two functions: prevent damage to the reactor internals from excessive high flow
rates (large AP) and prevent damage to fuel elements from overheating due to low flow rates (small AP).
The uncertainty in the vessel differential pressure is listed in Table 4.4-4.


The pressure drop across the fuel elements is not measured directly but has been analytically
established from fuel element test data (see Section 4.4.4.2). The uncertainty in fuel element AP is
assumed to be the same as the uncertainty in vessel AP.


4.4.2.9. 3 Uncertainty in Departure from Nucleate Boiling Correlation-The
DNB correlation used for ATR is based upon data obtained at Savannah River for various operating
conditions and for aluminum clad. The standard deviation for the data with subcooling >_ 45°F was
calculated to be 10%. The correlation was shown to be conservative for subcooling < 45°F.


A low, subcooling correlation was developed from Savannah River and other experiments with
stainless steel heater data at low subcooling. The resultant constant in the correlation was then increased
by 20% as supported by aluminum heater data from other tests. A statistical evaluation resulted in a
standard deviation of 6.2%.


A standard deviation of 10% was used for both the low and high subcooling data.


4.4.2.9.4 Uncertainties in Departure from Nucleate Boiling Calculations-
The margins to DNB are calculated by the computer code SINDA-SAMPLE. The methodology used to
predict margins to DNB is similar to that used for fuel plate temperature evaluations (i.e., Monte Carlo
sampling).


The energy equations of the ATR-SINDA model are solved at nine axial locations, which represent
an axial strip of the ATR-SINDA thermal network illustrated in Figure 4.4-5. These equations are coupled
with an equivalent number of lumped parameter conduction equations that represent the plate "hot" stripe.
The solution of these equations gives the plate temperatures, and results in bulk heating rates for the
energy equations when combined with the surface heat transfer coefficients. The nominal variables of
bulk pressures, bulk velocities, and lumped parameter plate heating rates are obtained from the
ATR-S IN DA model restart tape, while surface heat transfer coefficients are calculated within the
S INDA-SAMPLE model.


Parameters are randomly selected within the statistical limits, and a steady-state or transient
analysis is completed. This is repeated the specified number of times until the minimum DNB point and
margin is determined. The parameters are the same as previously listed in Table 4.4-4.
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I
4.4.2.9 . 5 Uncertainties in Flow Rates-The ATR is operated with a constant


vessel differential pressure (AP). The total flow may vary as a result of experiment changes. The stated
uncertainty for the vessel AP is listed in Table 4.4-4.


Core thermal performance evaluations are performed with the ATR-SINDA computer model. A AP
across the fuel element is entered, and the code calculates the fluid flow rate, which results from the
input AP. Extensive tests were performed on the fuel elements in test facilities. Instrumented elements
were placed in the reactor during initial start-up testing to characterize the friction factor and to establish
coolant flow characteristics in the fuel elements. The pressure drop is set to provide the correct nominal
velocity for the coolant channels being modeled under steady state conditions. The analyses are then
completed with a deviation of 6.8% at the 90% confidence level for the calculated fluid velocity.


4.4.2.9 . 6 Uncertainties in Hydraulic Loads-The fuel assemblies were tested at a
differential pressure of 150 psid for many years. This represented a reactor flow at least 120 percent of
nominal. These tests are no longer performed. The long term experience with the fabrication process
provides assurance of acceptable mechanical integrity of the fuel elements. Analyses for starting an
additional primary coolant pump, for pump overspeed, and for other transient overflow conditions have
shown that the resultant core differential pressures are no greater than 130 psid. Thus, the fire] assemblies
are mechanically stable for the increased loads caused by overflow transients.


4.4.2.10 Flux Tilt Considerations . The lobe power distribution varies from cycle to cycle
depending upon experimental requirements. A given reactor lobe may operate at powers up to four times
greater (or smaller) than other lobes. Technical Safety Requirement limits on peak-to-average fission
power ratios [see Chapter 16 (Derivation of Technical Safety Requirements)] ensure that fuel element
temperatures during transients do not exceed those analyzed in Chapter 15 (Accident Analyses).


Possible causes of power tilts or peaking beyond the normal operating condition include xenon
oscillations, reactor restart after a scram, or mis-loading of fuel elements. The core is stable against xenon
oscillations as described in Section 4.3.2.7 and analysis has shown (Section 4.3.2.2.5) that lobe power
shifts during recovery from a scram after reaching equilibrium xenon concentrations do not cause power
factors to exceed peak reference values. Analysis has shown that local peaking factors from mis-loading
events can exceed the peak reference values by approximately 10% (Section 4.3.2.2.4). Unexpected high
power peaking due to loading errors is considered a Condition 2 event and has been analyzed in
Chapter 15 (Accident Analyses). As fuel bumup increases, the OSCC are gradually rotated away from the
fuel elements and the neck shim rods withdrawn to maintain criticality and the lobe power split. Power
peaking factors decrease as bumup increases due to the power flattening which occurs, The N-16 power
monitoring system (Section 4.3.2.2) will indicate any unanticipated lobe power shifts that occur during
reactor operation. Periodic comparisons of the quadrant power determined from the N-16 power
monitoring system are made against the quadrant water power system. These checks provide assurance of
correct lobe power indications.


4.4.2.11 Fuel Plate Temperatures . The thermal-hydraulic design and operating controls
ensures that maximum fuel plate temperatures do not exceed the limits of Section 4.4.1.2. Fuel plate
temperatures and statistical margins are evaluated using the ATR-SINDA and SINDA-SAMPLE
computer models, respectively, which are described in Section 4.4.4.5. The temperature distribution is
primarily a function of the local power density, surface heat transfer coefficient, and thermal
conductances of the fuel core, cladding, and corrosion-product film.
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Spatial power distributions in the fuel plates are calculated with the PDQ7 and GOPP codes as


described in Section 4.3.3. Surface heat transfer coefficients are evaluated using the correlations discussed
in Section 4.4.2.7. The thermal conductivity of UAl„ + Al dispersion fuel as a function of temperature and
U-235 concentration is shown in Figure 4.4-3. The curves in this figure were derived from thermal
diffusivity measurements made on sample fuel plates at Pacific Northwest Laboratory (Bates 1966). The
thermal conductivity of 6061 aluminum cladding is shown in Figure 4.4-4 as a function of temperature
(Polkinghome and Lacy 1991). The thermal conductivity of the corrosion-product film that forms on fuel
plates was measured during corrosion experiments performed by ORNL in support of the ATR design
(Griess et al. 1964), The thermal conductivity of the corrosion layer was found to be independent of
temperature and have a value of 1.3 Btuthr•ft•°F (2.2 W/m-K). The thickness of the corrosion layer is
calculated using Equation 4.2-1 with a multiplier of 0.7 (see Section 4.2.3.1).


Uncertainties that affect fuel plate temperatures are discussed in Section 4.4.2.9. Peak nominal and
statistical 20 fuel plate centerline temperatures for steady state operation are given in Table 4.4-5.


4.4.3 Description of the Thermal and Hydraulic Design of the Reactor Coolant System


4.4.3.1 Plant Configuration Data . Plant configuration data for the thermal hydraulic and
fluid systems external to the core are provided in Chapters 5 (Reactor Coolant System), 6 (Engineered
Safety Features), and 9 (Auxiliary Systems). Implementation of the EFIS is discussed in Chapter 15
(Accident Analyses). Some specific areas of interest are the following:


• Total coolant flow rates for the PCS and each support system are provided in Table 4.4-6. Flow
rates employed in the evaluation of the core are presented in Section 4.4.


• Total PCS volume, including surge tank and surge lines, and PCS liquid volume, which involves
surge tank water at steady-state power conditions, are given in Table 4.4-6.


• The flow path length through each volume may be calculated from physical data provided in the
above referenced tables.


• The height of fluid in each component of the PCS may be determined from the physical data
presented in Chapter S (Reactor Coolant System). The components of the PCS are water-filled
during power operation with the surge tank being approximately 95% water-filled.


• Line length and sizes for the EFIS are calculated to guarantee a total system resistance that will
provide, as a minimum, the fluid delivery rates assumed in the safety analyses described in Chapter
15 (Accident Analyses).


• The parameters for components of the PCS are presented in Chapter 5 (Reactor Coolant System).


The steady- state pressure drops and temperature distributions through the PCS are presented in
Table 4.4-6.


4.4.3.2 Operating Restrictions on Pumps. The minimum Net Positive Suction Head
(NPSH) and minimum seal injection flow rate must be established before operating the reactor primary
coolant pumps. With the minimum labyrinth seal injection flow rate established, the operator must verify
that the system pressure satisfies NPSH requirements.


4.4.3.3 Temperature-Power Operating Map. The ATR does not have a detailed
relationship between the PCS temperature and power; therefore, no discussion is presented in this section.
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4.4.3.4 Thermal and Hydraulic Characteristics Summary Table. The thermal and
hydraulic characteristics are given in Table 4.4-6.


4.4.4 Evaluation


4.4.4.1 Critical Heat Flux. The CHF correlations used in the core thermal analysis and their
uncertainties are discussed in Sections 4.4.2.2 and 4.4.2.9, respectively.


4.4.4.2 Core Hydraulics. Primary coolant enters the reactor vessel through two
24-in. (61-cm) nozzles near the bottom of the reactor vessel. Approximately 94% of the coolant flows up
through two annuli, one formed by the pressure vessel and thermal shield and the other formed by the
thermal shield and inlet flow baffle. The remainder (-6%) is diverted into the large space between the
inlet flow baffle and core reflector tank. The coolant recombines in a large plenum above the core,
reverses direction, and flows down through the fuel elements and other internals. Approximately 56% of
the coolant passes through the fuel elements, the remainder passes primarily through the OSCC, flux
traps, and reflector blocks (see Table 4.4-3). A flow distribution tank below the core separates the flow
into quadrants. The coolant exits the reactor vessel through four 16-in. (41-cm) outlet pipes that extend
from the flow distribution tank to the vessel outlet nozzles.


4.4.4.2.1 Fuel Annulus Hydraulic Measurements-In 1967, thirteen dummy fuel
elements were instrumented to measure coolant flow rates and axial and lateral pressure gradients in the
core (Griebenow 1968). The objectives of the tests were: (1) evaluate local flow rates and the dependence
of any observed irregularities on quadrant flow imbalance and intra-quadrant and intra-element flow
restrictions, (2) measure lateral pressures acting across the fuel plates and the change in thickness of
channels 19 and 20 caused by these pressures, and (3) measure entrance, exit, and frictional losses within
the fuel elements. The principal findings were:


• Lateral pressures, acting across the fuel plates, are low and should not adversely affect any fuel
element that is properly constructed.


• Coolant flow rates are not a function of fuel element position in the core.


• The average velocities measured in channels I through 18 [at design 100 psi (689 kPa) core AP]
agreed within 2% of predicted values. However, the average velocities in channels 19 and 20 were
5 and 20% low, respectively. Two standard deviations about the measured mean were 17, 9, 6, 6, 7,
6, 9, and 36% for channels 1, 2, 3, 9, 10, 18, 19, and 20, respectively.


• Fuel element entrance and exit losses differed from those anticipated, resulting in approximately
a 6 psi (41 kPa) increase in pressure at any point in the fuel element (at design core AP).


• A significant pressure loss occurs between the bottom of the fuel elements and the pressure taps in
the flow distribution tank.
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The low coolant velocities in channel 20 appeared to be a result of either a flow resistance term not
accounted for in the design calculations or variations in channel dimensions along the length and width of
the fuel elements.' The external channels (I and 20) are larger than the internal channels and therefore
have greater nominal coolant velocities than the internal channels. This, coupled with the fact that the
external channels are heated from only one side, minimizes the effect of large velocity variations.


On the basis of the measurements, it was concluded that fuel element performance can best be
evaluated using:


Entrance coefficients of 0.2, exit coefficients of 0.7 for channels 2 through 19 and 0.9 for channels
I and 20, and friction factors given by Equation 4.4-5 in Section 4.4.2.7


A full flow core pressure drop during three-pump operation of 94 psid (648 kPa), rather than the
100 psid (689 kPa) measured between the inlet plenum and the flow distribution tank


Coolant velocities in channels 19 and 20 reduced by 5 and 20%, respectively.


These values are used in the ATR-SINDA and MACABRE 11 thermal-hydraulic models discussed in
Section 4.4.4.5.


4.4.4.2.2 Core Internals Hydraulic Measurements-Reactor internals hydraulic
tests were also performed in 1967 (Clemons 1992). The tests generally included all reactor internals flow
paths. except those in the fuel element annulus. The objectives of the tests were: (1) verify that the
hydraulic design requirements of the reactor were met, and (2) obtain basic hydraulic data in sufficient
detail to permit analysis of the reactor as a whole. The principal findings were:


• Quadrant-to-quadrant cross-flow in the flow distribution tank occurred more readily than
anticipated which would tend to compromise quadrant thermal power measurements.
Consequently, orifices were sized, built, and installed in the reactor outlet pipes. Subsequent
measurements indicated that all quadrant discharge pressures were balanced within 0.3 psi (2 kPa)
at the design 100 psi (689 kPa) core pressure drop. This was considered to be an adequate balance.


• Measured system pressure drops agreed well with design values with the exception of the inlet line
loss, which was about 3 psi (21 kPa) below design, and the outlet line loss, which was about 5 psi
(34 kPa) above design because of the addition of the quadrant balancing orifices. These variations
from design were considered to be acceptable.


• There was no movement of reactor internals greater than the accuracy of the instrumentation,
which was ± 0.002 in. (0.05 mm). This amount of movement will not affect fuel element hydraulics
and heat transfer.


• Flux trap flows were fairly close to design and more than adequate for cooling.


• The neck shim rod assemblies had essentially design flow in all channels.


• Beryllium reflector coolant flows were somewhat less than design. However, the flows were
considered satisfactory because thermal stresses in the reflector blocks would still be well below
yield. (As discussed in Section 4.2.3.6, thermal stresses have little effect on reflector service life.)
Flow rates in the channels between the reflector blocks and reflector tank were above design.


a The tilel elements are packed relatively loosely in the fuel annulus to ensure insertion and retrieval. The spaces separating the
feel elements from each other and from adjacent core structures are not precisely defined.
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• Thermal shield coolant velocities and flow distributions agreed well with design values.


• Flows in all irradiation holes were generally satisfactory. However, the H-hole poison insert rod
and sleeve assembly had to be modified to ensure adequate cooling.


The first reflector (i.e., Reflector 1) was installed when the hydraulic measurements discussed
above were made. Beginning with Reflector Ill, which was installed in 1977, horizontal saw cuts were
incorporated in the reflector to delay the buildup of radiation-induced stresses (see Section 4.2.3.6). To
reduce or eliminate cross-flow through the saw cuts, the OSCC were also redesigned so that their vertical
pressure profile matched that of the fuel elements (Mousseau et al. 1973). Other design changes included
reducing the number of cooling holes in the reflector blocks and shim cylinders.


Hydraulic analyses of the saw-cut reflector were performed with the FLOWS code (see
Section 4.4,4.5). Where available, hydraulic test data were used to determine flow resistance coefficients.
Because of Reflector Ill design changes, flow during three-pump operation was predicted to increase
about 3200 gpm (12 m3/min) through the outer shim cylinders and decrease about 1200 gpm (45 m'/min)
through the reflector blocks (Nielsen 1973). Based on hydraulic measurements and analyses performed
during Reflector Ill start-up tests (Nielsen 1977), it was concluded that there was little or no pressure
difference across the saw cuts and that the fuel elements were essentially isolated hydraulically from the
shim cylinders. (The Reflector 111 thermal evaluation is discussed in Section 4.2.3.6.)


lncore hydraulic measurements were also made in 1986 following installation of Reflector IV
(Livingston 1986). Reflector IV included four new 1-1/2-in. (3.8-cm) diameter B-holes and four new
1-1/2-in. (3.8-cm) diameter I-holes as irradiation positions for experiments (Thomas 1985). The gear box
support beams were also redesigned to improve their strength and provide access to the new irradiation
holes. Pressure differentials were found to be similar to values measured in 1977 following installation of
Reflector Ill. Quadrant and total core flow rates with Reflector IV were very close to those with
Reflector 111. The differences, on the order of 2%, were within the range of measurement accuracy.


4.4.4.2.3 Friction Factor Correlations-The friction factor correlations used in
core thermal-hydraulic evaluations are discussed in Section 4.4.2.7.


4.4.4.3 Influence of Power Distribution. The core is designed to operate with
asymmetrical power distributions. As discussed in Section 4.32.2, the overall peak point-to-average
power densities occur near the beginning of an operating cycle typically in fuel plate 19. Because of
nonuniform burnup and flux flattening, the peak point-to-average power densities tend to decrease with
fuel burnup. However, the power generated by the limiting fuel plate (typically fuel plate 15) tends to
increase with burnup due to broadening of the axial power profile (Polkinghorne ]993b). Therefore,
maximum fuel plate temperatures and minimum DNB and flow instability margins occur at or near
end-of-cycle.


For three-pump operation and an enveloping 70 MW lobe power split (see Section 4.3.2.2),
plate 15 in fuel position 18 controls core thermal limits. For two-pump operation and a 60/40 core power
split with a 60 MW lobe, plate 15 in fuel position 23 is limiting (Polkinghorne 1993b).
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4.4.4.4 Core Thermal Response. The steady state thermal-hydraulic design parameters are
summarized in Table 4.4-1. As discussed in Section 4.4.1, the thermal-hydraulic design bases are
intended to prevent CHF and fuel damage during Condition I and 2 events. The protective systems
described in Chapter 7 (instrumentation and Controls) are designed to meet these bases. The response of
the core to Condition 2 transients is given in Chapter 15 (Accident Analyses).


4.4.4.5 Analytical Methods. The computer codes and models used for both steady state and
transient thermal-hydraulic evaluations are discussed in this section.


4.4.4.5.1 RECAPS-The RELAP5 code (Allison et al. 1989) predicts the transient
behavior of the ATR under postulated accident conditions. RELAP5 simulates the coolant system
including the core, reactor vessel, primary pumps, heat exchangers, surge tank, and emergency systems.
The RELAP5 code and the ATR input model are discussed further in Chapter 15 (Accident Analyses).


4.4.4.5 .2 ATR-SINDA-The ATR-SINDA model (Ambrosek, Lichen, and
Merrill 1993, Merrill 1980, 1981) computes three-dimensional temperature distributions in any of the
nineteen fuel plates in a fuel element. The hydrodynamic model developed for the RELAP5 pilot code
(Ransom and 'i'rapp 1976) was interfaced with the SINDA thermal analyzer (Gaski 1987) to give ATR-
SINDA the capability to.


• Simulate heat transfer processes during forced convection, subcooled transition boiling, subcooled
and saturated fully developed boiling, and film boiling.


• Account for the energy associated with material phase change.


• Model steady-state and transient hydraulics in the adjacent cooling channels.


• Predict and simulate hydraulic (flow) instability and flow reversal.


The ATR-SINDA model represents one-half of a fuel plate and a portion of the adjoining side plate
(see Figure 4.4-5). Because azimuthal neutron flux profiles are generally flat over the center portion of the
fuel plate (see Section 4.3.2.2), a half-plate model is adequate to predict thermal behavior. The model is
divided into 9 axial levels, each containing 59 diffusion nodes (nodes with heat capacity), 28 arithmetic
nodes (nodes without heat capacity), and 15 water boundary nodes. All the diffusion nodes are meshed
with a three-dimensional conductor network; arithmetic nodes are linked with diffusion nodes in the
direction of predominant heat flow. Water boundary node temperatures are determined by simultaneously
solving two-phase mass, momentum, and energy equations, written in homogeneous form.


The heat transfer correlations used in the ATR-SINDA model are discussed in Section 4.4.2.7.
Water properties are obtained from the RELAP5 steam tables. Temperature-dependent material properties
(Polkinghornc and Lacy 1991) for the fuel, cladding, side plate, and corrosion-product film are built into
the model. Azimuthal and axial power distributions are obtained from PDQ7 (see Section 4.3.3.1). For
transient calculations, the following time-dependent data are obtained from RELAP5: reactor power,
pressure drop across the flow channels, upper plenum pressure, upper plenum enthalpy, and lower plenum
enthalpy (used only if flow reverses).
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The friction factor correlations and form loss coefficients used in the ATR-SINDA model are
discussed in Sections 4.4.2.7 and 4.4.4.2, respectively. The ATR is designed to operate with a constant
core pressure drop nominally 100 psid (689 kPa) during three-pump operation and 77 psid (531 kPa)
during two-pump operation. Uncertainties in friction factors, cooling channel thicknesses, core pressure
drop, and other parameters that affect coolant velocities are accounted for in the SINDA-SAMPLE
statistical model (discussed below).


The ability of the ATR-SINDA model to predict the thermal-hydraulic behavior of fuel plates
under steady-state and transient conditions has been demonstrated (Polkinghorne 1993a).
Computer-generated results were compared to experimental data obtained during start-up tests. The
calculations simulated natural convection, forced convection, flow reversal, and flow instability in
specially instrumented fuel elements. Calculated results (fuel plate temperatures, coolant temperatures,
and coolant velocities) were in good-lo-excel lent agreement with the test data.


4.4.4.5.3 SINDA-SAMPLE-The SINDA-SAMPLE model (Liebelt 1996) calculates
core thermal-hydraulic margins (i.e., standard deviations to DNB, flow instability, and fuel temperature
limits). The SAMPLE statistical technique was developed circa 1975 for use in the WASH-] 400 Reactor
Safety Study (NRC 1975). SAMPLE uses Monte Carlo sampling to determine the statistical properties of
a specified function (for example, DNB margin) given the statistical properties of each variable in the
function. The code simulates the function a specified number of times (usually 1,200) using a random
combination of input variables. The mean and standard deviation of the function are then calculated from
the resulting distribution of function values.


SAMPLE has been incorporated as a subroutine in the SINDA thermal analyzer (Gaski 1987). The
resulting SINDA-SAMPLE model solves coupled conduction and energy equations at nine axial
elevations coinciding with The hot stripe' of the ATR-SINDA fuel plate model (Merrill 1980, 1981). The
variables used to evaluate thermal margins and their uncertainties are listed in Table 4.4-4. Nominal
values for pressures, velocities, and heating rates are obtained from ATR-SINDA. Surface heat transfer
coefficients are calculated within SINDA-SAMPLE so that transitions between heat transfer regimes are
accounted for in the statistical analysis (the heat transfer correlations are the same as in ATR-SINDA).
Both steady state and transient statistical evaluations can be performed with SINDA-SAMPLE.


4.4.4.5 .4 MACABRE /E-The MACABRE 11 code (Griebenow and Richert 1967) was
developed specifically to predict the thermal-hydraulic behavior of plate-type reactor fuel elements. It has
been used to analyze MTR, ETR, and ATR fuel elements. All of the fuel plates and associated cooling
channels in either rectangular (MTR and ETR) or wedge-shaped (ATR) fuel elements are simulated.
-MACABRE 11 has been used to calculate the oxide film buildup for the steady state SINDA fuel
temperature analysis.


The MACABRE 11 hydraulic model simultaneously solves the continuity equation, energy equation
(assuming single-phase incompressible flow), and Dittus-Boelter forced convection heat transfer
correlation, with the requirement that pressures in all cooling channels equilibrate at side plate vents.
Pressure drops are computed using the friction factor correlation and form loss coefficients given in
Sections 4.4.2.7 and 4.4.4.2, respectively. Heat conduction within the file] plates is assumed to occur only
in the radial direction. Time-dependent heat generation rates are obtained from PDQ7 calculations.
Corrosion of the aluminum cladding is calculated using Equation 4.2-1 with a multiplier of 0.7 (see
Section 4.2.3.1).


As shown in Figure 4A-5, an ATR-SINDA fuel plate is divided into six azimuthal segments or stripes . The hot stripe is
adjacent to the hot track, which is the portion of the coolant channel over which the maximum enthalpy rise occu
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Comparisons to thermal-hydraulic data obtained during start-up tests (Griebenow 1968; Griebenow
and Hanson 1976) have verified MACABRE 11's ability to calculate fuel temperatures, coolant velocities,
and pressure gradients within fuel elements.


4.4.4.5 .5 FLOW33--The FLOW3 code ( Beus and Anderson 1974) simulates steady
state, two-phase flow in three dimensions. It was used for design and analysis of Reflectors III and IV
(Nielsen 1973; Ambrosek, Nielson, and Fillmore 1982; Thomas 1985). Flow networks are constructed
from nodes, which describe the physical properties of the flow field, and links, which carry flow between
nodes. Pressures at boundary nodes and link flow resistances are input by the user. Pressures at internal
nodes and link flow rates are calculated by the code. Conservation equations for mass, energy, and
momentum form the basis of the FLOW3 network.


The FLOWS model of the reflector (Nielsen 1985) simulates one reflector block, three fuel
elements, and two outer shim control cylinders. Experimental verification of the model is based on
comparisons with Reflector III hydraulic test data (see Section 4.4.4.2).


4.4.4.5.6 SIMIR/6-SIMIRI6 (Kraus 1977) is a two-dimensional heat conduction code
used to calculate temperature distributions in the reflector and OSCC (Mousseau et al. 1973).
Temperature- or time-dependent heat transfer coefficients, fluid boundary temperatures, material
properties, and internal heat generation rates are defined in a user subroutine. A finite difference method
is used to solve the heat conduction equation in either cylindrical (r,z) or Cartesian (x,y) coordinates. The
accuracy of the code has been verified by comparing calculated results to exact analytical solutions to
heat conduction problems (Kraus 1977).


4.4.4.6 Flow Instability. The ATR is designed to operate in the single-phase flow regime
and is therefore not normally susceptible to flow instabilities. The core inlet subcooling is nominally
greater than 300°F (170 K). During 250 MW, two-pump operation, the average fuel element outlet
subcooling is greater than 200°F (110 K). As shown in Table 4.4-2, the minimum margin to flow
instability during Condition 2 events is greater than three standard deviations (i.e., greater than 99.7%
probability that flow instability will not occur in the hot track of the limiting cooling channel).


Ex-reactor heat transfer experiments conducted by Croft (1964) and Waters (1966) demonstrated
that flow instability, not boiling burnout, determined heat flux limits in the ATR. The experiments
simulated as closely as possible the operating conditions expected in ATR cooling channels. In general,
both studies showed that flow instability did not occur until the test channel exit temperature reached
saturation. It was also shown that lateral coolant mixing in the test channels was quite small, and that bulk
boiling across the entire channel width was not required to initiate the instability. These experiments
showed that DNB in ATR-like cooling channels is preceded by flow instability, which causes large
reductions in channel flow.
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During ATR commissioning, emergency cooling tests (with 5 to 10% of full flow) were conducted
under atmospheric and pressurized conditions, using an instrumented fuel element located in the highest
power density region of the core (Griebenow and Hanson 1976). Both hot-channel-flow and
hot-plate-temperature sensors were integrated into the reactor scram circuitry. The tests were conducted to
determine: (1) the limiting stable power levels for emergency flows, (2) the power-limiting flow
instability mechanisms, and (3) the rate of recovery from instability. The results of the last test were
analyzed by Hanson, Griebenow, and Wells ( ) 975). The test was conducted by incrementally increasing
reactor power, with a constant flow rate of about 3,600 gpm (13.6 m31min), until the reactor was
scrammed (when low hot-channel flow occurred). The core pressure differential was -1 psi (6.9 kPa), and
the operating pressure was 253 psia (1.74 MPa). Reactor scram occurred as the power level was increased
from 33 to 34 MW. Measured hot plate and exit water temperatures showed that recovery from the flow
instability following reactor scram was fast (< 7 s). The maximum measured temperature increase during
the flow transient was less than 30°F (17 K)_ An analysis of measured fuel plate temperatures indicated
that subcooled nucleate boiling was present in the two hottest cooling channels prior to flow instability.
The analysis also revealed that flow instability occurred when the hot track exit temperature reached
saturation. It was concluded that subcooled nucleate boiling in ATR cooling channels does not result in
flow instability. An analytical study by Atkinson (1975) also showed that flow instability will not occur in
ATR fuel element cooling channels until the coolant enthalpy in the hot track reaches saturation


The start-up test discussed above was simulated using the ATR-SINDA model described in .
Section 4.4 4.5 (Polkingltorne 1993a). The results showed that ATR-SINDA can adequately predict flow
instability in the ATR.


4.4.4.7 Effects of Coolant Flow Blockage . Fuel element flow blockage can occur as a
result of foreign material entering the reactor by means of equipment failure, corrosion during operation,
or items left in the reactor during outages. ATR design requirements, equipment quality, and inspection
procedures minimize the possibility of equipment failure and excessive corrosion. Detailed administrative
procedures have been developed to minimize the potential for extraneous material to be left in the reactor
during outages. These procedures are based on years of successful outage work at the MTR, ETR, and
ATR, and also on several errors that have occurred. The following summarizes three flow blockage
incidents that led to fuel damage in the MTR and ETR:


On December 12, 1961, the flow of cooling water through several ETR fuel elements was
obstructed by a sight glass left inside the reactor vessel after an unscheduled outage (Keller 1962).
The ETR had been operating at a power level of 90 MW (-1/2 full power ) for some 45 minutes
when the prima ry system flow rate began to decrease slowly (- 100 gpmlmin , 0.38 m3/min/min).
The flow rate continued to decrease for approximately 35 to 40 minutes until the reactor was
scrammed . Prior to reactor scram, a spike occurred on the N-16 monitor of su ffi cient magnitude to
cause an automatic power reduction to about 70 MW. However, the N-16 monitor was thought to
be faulty, and the instrument was separated from the power reduction circuitry. The reactor was
brought back to 90 MW and operated about five minutes until progressively worsening conditions
led to a manual scram . Eighteen fuel plates in six different fuel elements were found to have me lt ed
to varying degrees. An estimated 12.4 g of U-235, contained in 134 g of aluminum , was dispersed
in the primary coolant system. There was no evidence that metal-water reaction occurred when the
fire] plates melted . Release of activity to the environment during, and immediately following the
incident was minor; no Overexposures or severe health physics problems were encountered.
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On November 13, 1962, a piece of dislodged gasket material from the MTR primary system caused
a significant flow restriction in at least two flow channels of an MTR fuel element (Dykes, Ford,
and Hoopingamer 1965). Partial melting of one fuel plate resulted in the loss of approximately
10,5 g of metal, containing an estimated 0.7 g of U-235. A fast setback originating with the N-16
monitoring system and a full scram from the fuel element SP (flow) system occurred almost
simultaneously. Contamination of the primary coolant system was not severe, nor were any
personnel overexposures received.


On February 20, 1967, after 13.5 hours at full power (175 MW), an ETR fuel element was partially
blocked by a short section of adhesive tape (commonly called "Tuck Tape") that had been
inadvertently left on a structural member above the core during a scheduled outage (Francis and
Tingey et al, 1967b). An automatic power reduction (to near zero power) was initiated by the
N-16 monitor; the reactor was manually scrammed about 25 minutes later. Nine fuel plates
experienced varying degrees of melting, and approximately 7.4 g of fuel (UA13) was lost during the
accident. Fission product release to the reactor environment was less than expected, indicating
significant fission product retention within the fuel. In addition, metal-water reaction did not occur
to the extent expected.


As a result of these incidents, more stringent administrative procedures were instituted at the
MTR and ETR to account for all materials, tools, and equipment used for work in or around these
reactors. From the ETR sight glass incident, it was concluded that fuel damage and radiation release
would have been reduced if a full scram, initiated by high primary coolant activity, had been part of the
reactor protective circuitry. Although there does not exist a firm quantitative basis for determining at what
radiation level a fission break trip should be set in the ATR, the ETR experience indicates that the trip
should be less than 2000/c of the normal primary system radiation level. The full-power fission break trip
is 150% of the normal radiation level [see Chapter 7 (Instrumentation and Controls)]. In addition, during
reactor start-up, provision is made for an intermediate setting of approximately one-third the full-power
setpoint.


The reactor internals protective cover between the inlet flow baffle and reactor vessel wall will
keep large pieces of debris from being swept into the core from the primary system. This cover is a
stainless-steel expanded metal screen with maximum openings of 9/16 x 1-1 1/16 in. (1 .4 3 x 4.29 cm).
The core geometry (i.e., serpentine fuel annulus and upper end fitting arrangement), is such that blockage
of large areas of the core is unlikely. In the event a flow blockage does occur, the fuel element side plate
vents will provide secondary flow paths to the blocked channel(s). It should be noted that neither
MTR nor ETR fuel elements had vented side plates.


Isothermal flow blockage tests were conducted in the HTF using a fuel element that was
instrumented for pressure and flow measurements (Neder 1971). Azimuthal flow blockages of 30, 50, 70,
80, 90, and 100% were simulated for various core pressure drops. One-hundred percent blockage at 120%
of nominal flow (144 psid, 993 kPa) did not result in plate collapse, indicating there will be no hydraulic
failure propagation as a result of blocking the ends of the cooling channels. Complete blockage also
caused insignificant changes in coolant flow below the first set of side plate vents. Hence, with complete
blockage of two adjacent channels, melting will be limited to the -'7-in. (I8-cm) region above the first set
of side plate vents.
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Complete blockage of channel 20 in a fuel element by a piece of beryllium is highly improbable
but has been evaluated (Ambrosek, Nielsen, and Fillmore 1982). Blockage of channel 20 will
compromise the cooling of plate 19 and cause the temperature of the plate to increase significantly. Flow
through the side plate vents, beryllium saw cuts, and channel 19 will provide partial cooling.
Temperatures and resulting stresses in plate 19 were evaluated using the ATR-MITAS (now
ATR-SINDA) and CAM computer models, respectively.' It was assumed: (1) channel 20 was completely
blocked by a piece of beryllium just below the bottom set of side plate vents [4 in. (10 cm) below the core
midplane), (2) the reactor was operating with two primary coolant pumps, (3) the lobe power level was
48 MW, (4) there was a 1-mil (0.025-mm) corrosion-product layer on plate 19, and (5) there was no
slippage at the side plate swage joints. The maximum calculated plate temperature was 648°F (615 K) and
the statistical 2° temperature was 736°F (664 K). The calculated stress (at the 2° temperature level) over
the entire width of plate 19 at the flow blockage elevation was greater than the yield strength. Axially,
less than 13 in. (33 cm) of the plate was above yield.


The above results are considered conservative because ETR experience has shown that the swage
joints allow axial slippage and thereby relieve thermal stresses. ETR experience has also shown that fuel
plate rippling is a progressive phenomenon in that stresses above yield strength do not produce large
initial deflections (Tomberlin 1989). Small amplitude deflections relieve the stresses and the fuel plates
reach a stable configuration. Thus, complete blockage of channel 20 is not expected to result in fuel plate
failure.


Greater than 80% blockage of a cooling channel in an ATR fuel element is an unlikely
(Condition 3) fault. On the basis of the accidents that occurred in the MTR and ETR, it is concluded that
the PPS fission break subsystem can limit the consequences of such accidents to plate damage, fuel
dispersion, and radiation releases equal to, or less than what occurred in the MTR and ETR. These
accidents demonstrated that the melting remains localized, does not propagate significantly, and the
molten material is readily cooled after reactor scram. The melting will result in release of fission products
to the PCS. The volatile products would reach the exhaust system through the degassing tank. The
exhaust stream is monitored, and the fans are stopped if elevated radiation levels are detected. Gaseous
releases to the outside are therefore limited. Because nongaseous fission products are for the most part
retained in the primary system during a flow blockage accident, and because the radiation releases are not
excessive (with proper operational controls for system cleanup and effluent release), the consequences are
acceptable for a Condition 3 (unlikely) fault.


4.4.5 Testing and Verification


Tests to ensure that the thermal-hydraulic design characteristics of the core have been provided are
summarized below. The initial test program is discussed further in Chapter 14 (Initial Test Program,
Inservice Surveillance and Maintenance).


4.4.5.1 Preoperational Testing. In-reactor hydraulic measurements were made in 1967,
prior to initial criticality, and in 1977 and 1986, following design changes to the reflector (see
Section 4.4.4.2). The measurements verified that flow rates in the core region are adequate to meet heat
transfer requirements. As discussed in Section 4.2.3.4, for many years all new fuel elements underwent
hydraulic testing prior to reactor use to demonstrate capability of withstanding hydraulic conditions in the
reactor. Hydraulic testing has been discontinued as discussed in Section 4.2.3.4.


The AtR-SINDA and CAM computer models are desc ri bed in Sections 4.4.4.5 and 4 .23.4, respectively.
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4.4.5.2 Initial Power Operation Testing. During start-up testing, four loadings of fuel
elements were used. These were designated Cores 0, 1, 11, and III. Core 0 was used for zero-power physics
studies to establish the relationship between the ATRC and the ATR (Henscheid et a). 1967). The Core 0
tests demonstrated good correspondence between the two reactors.


Core 1 was used for intermediate power operation where fuel element performance was evaluated
under a number of thermal-hydraulic conditions, for example, normal operation, emergency pump
operation, and natural convection (Griebenow and Hanson 1976). The Core 1 tests showed that the heat
removal characteristics of the core can be calculated satisfactorily and that the core has good
emergency-flow and natural-convection heat removal capabilities.


The last phase of the start-up program was designed to demonstrate the high-power operational
capabilities of the reactor. Core 11 was used for balanced power demonstration tests. The fuel elements in
this core were operated for 35 full-power days. Core 111 was operated for 27 days at 250 MW while
maintaining an unbalanced power division (i.e., 60/40 lobe power split). The Core 11 and Ill tests
demonstrated that the reactor was capable of operating according to design specifications.


4.4.5.3 Component and Fuel Inspections. Tests and inspections are performed on new
core components to ensure that they meet thermal-hydraulic design requirements (Section 4.2.4). Testing
and Inspection of new fuel elements is discussed in Section 4.2.4. Surveillance and testing of irradiated
core components is discussed in Section 4.2.1.8. Routine surveillance and testing ensures that the
thermal-hydraulic design characteristics of the core remain within required limits throughout core life.


4.4.6 Instrumentation Requirements


The instrumentation used to monitor and measure reactor vessel thermal-hydraulic parameters
important to safety is discussed in this section. Instrumentation for monitoring the neutron flux level is
discussed in Section 4,3.2.2.8.


Unless otherwise noted, the instrumentation discussed in this section is part of the PPS. More
detailed information on reactor instrumentation is given in Chapter ? (Instrumentation and Controls).


4.4.6.1 Pressure Instrumentation . Reactor vessel inlet and outlet pressures are monitored
from pressure taps located in the 36-in. (91-cm) reactor inlet and outlet lines, respectively. Redundant,
low-pressure alarms and reactor trips protect the core against DNB. Redundant, high-pressure alarms and
reactor trips, in conjunction with high-inlet-pressure trips of the pressurizing and gland-seal pumps,
protect the reactor vessel against excessive pressure.


Total reactor vessel AP is monitored from pressure taps located in the 36-in. (91-cm) reactor inlet
and outlet lines. Low AP alarms and a low AP reactor trip protect the core against low coolant flow. High
AP alarms and a high AP reactor trip, in conjunction with the trip of at least one primary coolant pump,
protect the core against excessive flow.


Each of the four reactor quadrants is also instrumented to monitor core quadrant AP. The pressure
taps are located in the 8-in. (20-cm) reactor vessel upper drain pipe and in each quadrant of the flow
distribution tank. Although not part of the PPS, the quadrant AP instrumentation will alert the operators to
potential problems (via high and low AP alarms).







Idaho National Engineering and Environ a borarorv 412 09(09/03/2002 Rem


Ictentltler: SAR-153
CHAPTER 4- REACTOR - UPGRADED FINAL Revision: 9SAFETY ANALYSIS REPORT FOR THE Page: 4-163 of 4-196ADVANCED TEST REACTOR Effective Date: 08/10/04


I


4.4.6.2 Temperature Instrumentation . Reactor vessel inlet and outlet temperatures are
monitored by temperature detectors located in the 36-in. (91 cm) reactor inlet and outlet lines,
respectively. Redundant, high-temperature alarms and reactor trips protect the core against CHF.


Each of the four reactor quadrants is instrumented to monitor quadrant AT. The temperature
detectors are located in the 24-in. (61 -cm) reactor inlet lines and the 18-in. (46-cm) reactor outlet lines.
High quadrant AT alarms and reactor trips protect the core against CHF.


4.4.6.3 Vessel Level Instrumentation . The reactor vessel water level is monitored by
differential-pressure instrumentation located in the upper plenum of the reactor vessel. An alarm and/or
reactor trip, in conjunction with actuation of the EFIS, protect the core against becoming uncovered. As
discussed in Chapter 7 (Instrumentation and Controls), the EFTS is also actuated by low upper-plenum
pressure.


4.4.6.4 Water Power Instrumentation . Two identical water power calculators that are
non-PPS are used to determine the thermal power of each core quadrant and the total thermal power of the
reactor." The water power calculators transfer information to the RDAS, which is discussed in Chapter 7
(Instrumentation and Controls). The RDAS provides the operators with real-time monitoring of several
key reactor parameters, including thermal power.


Both the water power calculators and the N-16 system which also monitors reactor power are
discussed in Section 4.3.2.2.


4.4.6.5 Loose Parts Monitoring System. The ATR does not contain instrumentation to
detect loose parts in the reactor coolant system. A risk analysis was performed in 1989 to assess the
potential improvement in safety if a Loose Pans Monitoring System (LPMS) were installed (Eide 1989).
The analysis showed that a LPMS would result in less than a 0.01 % reduction in the total core damage
frequency. Therefore, installation of a LPMS cannot be justified based on potential risk reduction,


a The N-16 system, which also monitors reactor power, is discussed in Section 4.3,2.2.8.
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Table 4.4-1. Thermal and hydraulic com ariso table
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Design pammetersa ATR HFIRb


General
Reactor type Pressurized light-water cooled and


moderated, beryllium reflected, fully
enriched (93°/u) la te fuel


Pressurized light-water cooled and
moderated, beryllium reflected,
fully enriched (93%) plate fuel


Mission Materials testing, isotope production Materials testing, isotope
production


Fuel material UAI,-Al dispersion U305-A l cermet


Claddin material 6061 aluminum 6061 aluminum


Burnable poison Boron-10 Boron-10


Number of fuel elements 40 2


Tota l number of fuel plates 760 540


Core volume (ft') 9.8] 1.80


T teal core loading (lb U-235) 77.2 to 94.8 207


Normal fuel element lifetime (days
of reactor operation)


45 (effective full power) 21 to 23


Fuel late dimensions


Fuel plate thickness (in.) 0 080 (plate 1)


0050 (plates 2-18)


0.100 (plate 19)


0.050


Cladding thickness (in.) 0.030 (plate 1)


0.015 (plates 2-18)


0.040 (late 19)


0.010


Fuel matrix thickness (in.) 0.020 __ 0.030


Active fuel h e i gh t (in.) 48 __'__'20
Coolant channel thickness (in.) 0.108 (channel 1)


0.078 (channels 2-19)


0.113 (channel 20)


0.050


Core wer


Steady state thermal power (MW) Up to 250 85


Average core volumetric power
(M Wtft3)


25.5 (at 250 MW) 47,2


Avera e core linear power (kW/ft) 82.2 (at 250 MW) 94.4


Peak core linear power (kW/ft) 279 (with enveloping 70 MW lobe) Not available


229 (60/40 lobe power split with 60
MW lobe)


Average core specific power
(MW/lb U-235)


2.64 (at 250 MW and 94.8 lb U-235) 4.11
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I
Table 4.4-1. (continued)


Design parameters- ATR HFIRb


Heat transfer
Active core beat transfer area (fie) 1333 428.8


Average core heat flux (BtuAu12) 6.41 x 10' (at 250 MW 6.60 x 105


Peak core heat fl ux (BtuAu---t`) 1.76 x 106 (with enveloping 70 MW 1.05 x 106
lobe, 3 PCP operation)


1.44 x 106 (60/40 power split with
60 MW lobe. 2 PCP o ration)


Coolant flow
Core flow direction Vertically downward through fuel Vertica ll y downward through fuel


Core fl ow area (112) 1.329 0580


Primary system flow rate (gpm) 50,000 (3 PCP opera tion ) 16,000


43,500 (2 PCP operation)


Core flow rate (gpm) 27,400 (3 PCP operation) 13,000


24,100 (2 PCP o ration )


Average coolant velocity along fuel 46.0 (3 PCP operation) 53.1
plates (ftls) 40. 4 (2 PCP operation)


Pressure


Core inlet pressure ( psig) 11 360 468


Core pressure drop (psid) 100 (3 PCP operation} 77 (2 PCP 110
0peTalton)


Coolant lem ramre


Core inlet temperance (EF) 125 120


Average temperature 36 (at 250 MW and 3 PCP operation) 37


41 (at 250 MW and 2 PCP operation)
rise in vessel (EF)


Fuel plate temperature


Peak cladding surface temperature 358 (with enveloping 70 MW lobe, 3 303
(EF) PCP operation)


345 (60/40 power split with 60 MW
lobe, 2 PCP o ration)


Peak fuel meat temperature (EF) 488 (with enveloping 70 MW lobe, 3 325
PCP operation)


462 (60/40 power split with 60 MW
lobe , 2 PCP operation}


a. All parameters are nominal.


b. HEIR data obtained from Sims and Swanks (1979) a nd Bum (1988)
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Table 4.4-2. Design DNB and flow instability margi


Minimum margin to Minimum margin to
Operating condition DNB' flow instability'


Steady state with enveloping 70 MW lobe, 5.350 5.950
three- um operation
Steady state with 60/40 power split and 60 MW 8310 9.980
lobe, two-pump Operation
Anticipated faults° ? 3a > 30
a. Polkinglmrne 1993b


b. Margins are reported in Chapter 15 (Accident Analyses ). Refinements to SIN1A-SAMPLE for Chapter 15 analyses result
in some difierences relative to Polkinghorne (1993b).


Table 4 . 4-3. Reactor vessel flow distribution.


Region


Flow rate


{°h)


Fuel elements


vM


55.9


Refl ector block s 5.1
Outer shim control cylinders 19.4


Neck shim rod housin 1.2


F]nN traps 1 1 .4
Ga between reflector blocks and reficctor tank 2.5


Capsule irradiation tanks 2.1


Inte rnal seal leakage 1.1
Si hon breakers 1.3


Total 100.0
a. Based on design calculations oCCrnfl and Cneen { 1963artd Nielsen (1973).
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Parameter Mean Value 90% Confidence Factor


I . To of--core ressure 1 . 02" 0.041


2. Core pressure drop 1.0 0.041


3. Core inlet enthal Y 1.0 0.041


4. Reactor power 1.0 0.041


5. Subcooled force convection heat transfer coeff. 1.0 0.10


6. Onset of nucleate boiling temperature 1.0 0.20


7. Transition nucleate boi l i n g heat transfer c ff. 1.0 0.10


8. Coolant velocity 1.0 0.068


9. Local fire ] homogeneity Level I of ATR-SINDA model


8.75" node height


5.50" node height


1.0


1.0


0,12
0.15


Levels 2-8 of ATR-SINDA model 1.0 0,08
Level 9 of ATR-SINDA model


8.75" node height


5.50" node height


1.0


1.0


0.12


0.15


10. Low subcooling CIS 1.0 0 . 1 64


11. Fraction of owergenerated i n fuel 1.0 0.033


12. Claddin solidus tent nature 855 K 22.3 K


13. Cladding licluidus temperat ure 923 K 2.8 k


14. Coola nt channel thickness 1.0 0.0_


15. Aluminum-water ignitio n temperature 1,444 K 00


16. Thermal conductivity of corrosion film 2.25 W/mAK 0.574 W/m/K


17. Corrosion fi lm thickness 2.54 x 10'` m
(or calculated with
MACABRE)


5.92 x ]0.6 m


18. Aluminum density 2647 kg/m' 43.5 kg/m'


19. Pl ate fue led length 1.219 m 1,905 x 10' m
20. Plate half-thickness


Plate 15


Pl ate 19
6.35 x 10'" in
1.27 x 10-3 m


2.54 x 10- 5 to
2 .54 x 10'5 m


21. UA13 mass


Plate 15


Plate 19


Q 1103 kg


0.0760 kg
2.16 x 10 .3


kg


1.49 x 10-'kg
22. 1]A ] 3 density 6322 k m' 353 kglm'
23. Aluminum heat of fusion 3.97 x 105 ](kg 6.51 x 1 0' 1 kg
24. UA ] 3 specific heat 1.0 0 049
25. A I-6061 spec fic 1.0 �.� 0.049
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Table 4.4-4. (continued)
Parameter Mean Value 90% Confidence Factor


26. Al-6061 specific heat 1.0 0 .0 82
27. Plate fueled width


Plate 15


Plate 19
8,054 x 10' in
8,618 x 10' in


1.905 x 10-3 in


1.905 x 10-3 in
28. Liquid-phase film boiling heat transfer coeff. 1.0 0.20
29, Vapor-phase laminar forced convection film boiling


heat transfer coeff.
1.0 0.20


30. Vapor-phase natural convection film boiling heat
transfer coeff.


31. Subcooled natural convection heat tr ansfer coeff.


1.0


1.0


0.20


0.10


32. Fully developed nucleate boiling heat transfer coeff. 1.0 0.20
33. High subcooiing Cl-IF L O 0.164
34. Natural convection CHF I


1


0 0.271


C l I Iore out et ent to py35 l.0 0.041
a. Absolute values of relative v ariables are calculated withi n SINDA SAMPLE or obtained from A`I H-S1NDA.


Table 4.4-5. Peak nominal and statistical fuel plate cent erline temperature s.
Pea k tem eramre (°F)a


Operating condition Nominal Nominal + 20
Steady state with enveloping 70 MW lobe, 488 556
three-pump gyration


Steady slate with 60/40 power split and 60 MW lobe, 462 525
two- um operation
a. Polkin home 1993a.
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Table 4.4-6. Reactor coolant system component thermal and hydraulic data.
i ' Com iietd = bat8


Prima coolants stem
Design flow 54,000 gaUnun
Nominal flow (3 PCP Operation) 50,000 gallmm
Maximum flow 53,200 gal/min
Emergency flow 6.000-7,000 gal/nun
Core inlet pressure 360 psig
Core pressure drop (3 PCP operation) 100 psid
Reactor vessel pressure drop (3 PCP operation) 115 psid
Reactor inlet temperature 125°F
Reactor outlet temperature (3 PCP operation at 250 MW) 160°F (typical)
Demineralizing flow rate (maximum} 600 gaUnun
Conductance 3 to 6 micromhos
Degassing flow rate 300 gal/rnin normal


600 gal/min maximum
Maximum total dissolved gases at primary pump suction (15%
satu ra tion)
Nominal pH 4.8 to 5.4
Pi in ressuxe and tem nature. dess
Primary pump dischar e to first block valve 576 si at 150°F'
First block valve to bmterfly valve 485 si at 1507
Butterfly valve to primary pump suction 390 psig at 150°F


(240°F from reactor outlet to
M inlet)


Volume of system exclusive of the bypass demineralizer 10,865 ft'
B ass demineralizer s stem


Design pressure 390 psig
Operating pressure 360 psig inlet
Design temperature 240°F
Operating temperature 120°F
Maximum flow 600 gal/mm (2 train)
O rating flow 200 aUmin
Influent water conditions 5 ppm
Total dissolved solids 25 Iicromhos


ConductanceXmaximum 2.5 micromhos
ConductanceXminimum
Effluent water conditions I.0 mncroni.ho5
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Table 4.4-6. (continued).


a Gland seal water s stem
Primary gland seal system 35 gallmin
Nominal flow 150 gal/min at 750 ft water head
Pump desi flow
Water su ly Low- ressure demineralized water
Desi n pressure 615 sig


Supply pressure:
Station No. 1-25 psi above reactor inlet pressure
Station No. 2-25 psi above reactor inlet pressure
Station No. 3A, B. and 4-245 prig
Station No. 9-25-25 psi above reactor inlet pressure
Station No. 11-395 psig


Warm seal system
Nominal l orv 60 gal/mm
Pmnp de s ign flow 150 gal/man at 350 ft head


wWater supply Primary Coolant
Supply pressure:


Station No. 5-35 psi above reactor outlet pressure
Station No. 6-35 psi above reactor outlet pressure
Station No. 10-35 psi above reactor outlet pressure
S t ation No. 12-35 psi above reactor outlet pressure


Primary heat exchangers
Quantity 5
Type Vertical U-tube
Effective surface, net each 18,330 ft2
Duty 733,600,(X)0 Btu/hr
Tubes 3/4 in.-No. 18 Bwg, Inconela
Shell Carbon steel
Tube side design pressure and temperature 390 psig-240°F
Shell side design pressure and temperature 125 psig-200°F
Primary coolant side net volume 355 fl3/exchaner


Prima coolant tum a
Quantity 4 (one a spare)
Type Horizontal volute centrifugal
Capacity each 18,000 gal/nun
Total dynamic head 400 It
Suction pressure 215 psig
Motor horsepower 2,000 nominal
Brake horsepower 2,146
Efficiency 85.5%
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Table 4.4-6. (continued).
Com rent e; I�8i8i .


Net water volume per pump 22 fl'
Speed 1,780 rpm
NPSH required 50 psig
Angular moment of inertia of pump and motor rotating clement 2,000 lb-ft2


Eme .:enc coolant um ii ['
Quantity 2
Type Horizontal volute centrifugal
Capacity each 4,700 gal/min
Total dynamic head 22 ft
Suction pressure, each 215 psig
Suction pressure, emergency 24 fi
Motor horsepower 40
Brake horsepower 33.5
Efficiency 78%
Constant bypass flow 250 gal/min
Speed 710 rpm
Net water volume per pump 6 ft'
NPSH 20 ft


Sure tank
Quantity I
Size 8 ft 0 in. ID - 22-1/2 ft overall
Total volume 1,000 ft'
Operatin water volume 950 ft'
Material Type 304 stainless steel clad carbon


steel
Design pressure and temperature 390 psig-240°F
O gratin ressure 2]5 si


Degassing tank
Quantity
Size 5 ft 0 in. OD x 28 ft overall
Material Type 304 stainless steel
Maximum design pressure 65 psia
Minimum design pressure 3 psia
Number of spray nozzles 7
Normal water storage volume 197 ft'
Maximum design liquid spray rate 600 gal/min
Design air flow rate 100 scfm
Normal degassing rate 300 gllnun
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Table 4. 4-6. (continued).
Contpt�i»mt - : ,, _ . _ . Hate


Piimaiy pressurizing pump8i


T
u


orizontal centrifuge
Capacity each
Total dynamic head
Suction pressure
NPSHXdesign
Motor horsepower
Brake horsepower
Efficiency
Speed


2


300 gpm
695 ft
Flooded
8ft
100
88.4
58°10
3,565


Exchanger has 12 tubes that are made of stainless steel. Six are 304 and six are 3
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0.987
0.392


37


1.005
1243


Relative Mass Flux
Relative Enthalpy Rise


0.988
0.405


0.986
0.335


5


1.010
1.529


1.011 I 1.010
1.585 1.556


0.986
0.345


4 1.010
1.526


1.010
1.541


Figure 4.4-1. Normalized mass flux and enthalpy rise distributions with three-pump operation for
beginning of cycle enveloping 70 MW lobe power split. ( For Information Only)
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Position N o.
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Figure 4.4-2. Normalized mass flux and enthalpy rise distributions with two-pump operation for
beginning of cycle 60(40 MW lobe power split. (For Information Only)
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Figure 4,4-1. Thermal conductivity of UAI, + Al fire] (Polkinghorne and Lacy 1991)- (For Information
Only)
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Figure 4.4-4. Thermal conductivity of 6061-0 aluminum cladding (Polkinghorne and Lacy 1991),
(For Information Only)
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Oxide


Channat i


a Diffusion nodes


a Arithmallc nodes


Water boundary codes


1 4,39
2 11.75
3 16.75
4 20.75
5 24.75
6 26.75
7 32.75
8 37.75
9 45.12


M93 0504


Inches from
Axial Level lop a< plate


Figure 4.4-5. Cross section of Advanced Test Reactor SINDA fuel plate model. (For Information Only)
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4.5 Reactor Materials


Materials used in the physical structure of the ATR reactor, fabrication methods for these materials,
and structural surveillance programs are required to meet all applicable standards and regulations to
ensure quality products that maintain the required adequate safety margins. Structural components
relevant to safety include control element drive systems and internal support and flow distribution
structures as well as the reactor pressure vessel and PCS associated with the pressure boundaries.
Principal materials in the control element drive systems and internal structures are described in this
section. Materials in minor parts of components such as pins, nuts, and bolts may differ from the
component's principal material. Any specialty materials in these minor components are identified in the
composition tables, otherwise the minor components are not specifically listed in the tables. Materials in
the PCS and reactor pressure vessel are described in Chapter 5 (Reactor Coolant System).


4.5.1 Control Element Drive System Structural Materials


The reactivity control systems consist of the reactivity control elements and associated drive
mechanisms, which provide the means for positioning the control elements. The four independent
reactivity control systems consist of the safety rods, the OSCC (rotational motion devices), the neck shim
rods, and the regulating rods. The material description of the drive mechanisms includes components
extending from the reactor pressure vessel to the coupling interface with the reactivity control (poison)
elements. The design of the drive mechanisms is described in Chapter 3 (Design of Structures,
Components, Equipment, and Systems) and the nuclear characteristics of the control elements in
Section 4.3.2.4.


4.5.1.1 Materials Specifications . All materials in the drive mechanisms exposed to the
reactor coolant are made of metals that resist the corrosive action of water. The principle types of metals
used for the drive mechanisms include aluminum, austenitic and martensitic stainless steels, and nickel
based alloys. Detailed specifications for type 304 stainless steel are given in Chapter 5 (Reactor Coolant
System).


Materials used in the safety rod drive mechanisms and housing are listed in Table 4. 5-1, in the
outer shim cylinders in Table 4.5-2, and in the neck shim and regulating rod drive mechanisms in
Table 4.5-3. The standards and regulations for materials and fabrication and/or basis for material selection
for the drive mechanisms are contained in Section 3.9.4.


4.5.1.2 Austenitic Stainless Steel Components . The discussions provided in Chapter 5
(Reactor Coolant System) concerning the processes, inspections, and tests on austenitic stainless steel
components to ensure freedom from increased susceptibility to intergranular stress corrosion cracking
(IGSCC) due to sensitization are applicable to the austenitic stainless steel pressure housing components
of the reactivity control system drive mechanisms. Studies of corrosion processes in the reactor materials
in contact with the operating environment in the ATR have shown that the possibility of IGSCC (Dumey
et al. 1987) is kept very low through control of the initiating factors.
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4.5.1.3 Other Materials . Structural materials in the reactivity control system d ri ve
mechanisms identi fi ed in Section 4 . 5.1.1 that have a yield strength greater than 90,000 psi are 17-4 PH
and E4340 type steels and/or Inconel X, and Inconel X-750, These materials are used for machined parts
inside the pressure boundary such as gears , drive rods , control rod guide tubes, and control rod housings
and do not experience pressure induced stresses . The primary coolant water chemist ry is actively
contro ll ed as discussed in Chapter 5 (Reactor Coolant System ) to minimize the possibility of IGSCC.
Thus, the IGSCC probability in these materials is very low.


Stainless steel type E4340 used in the regulating rod drive racks is hardened at 1,500-1,550°F,
I hour per in. of thickness, then tempered at 950°F for 2 hours. Heat treatment (condition H-I 100) for
stainless steel type 17-4PH is aging at 1,100°F for 4 hours and air cooling as per specification
MIL-H-6875.


4.5.1.4 Cleaning and Cleanliness Control. The reactivity control system drive
mechanisms are cleaned prior to packaging and delivery in accordance with ANC-STD-7022, Level B or
Level C, or to RTD-STD-F5-IT specifications.


4.5.2 Reactor Internal Materials


Major reactor components internal to the pressure vessel that are not part of the core or reactivity
control system drive mechanisms include the core support tank, flow distribution tank, reflector support
tank, and core reflector tank as illustrated in Figure 4.5-1. Other components around the core include an
inlet flow baffle, capsule irradiation facilities, spent fuel racks, and instrument tubes.


4.5.2.1 Material Specifications . All materials used in the internal reactor components are
exposed to the primary coolant and are made of metals resistant to the corrosive action of water, These
metals are limited to aluminum, austenitic stainless steel, and nickel based alloys. The principal materials
used for the internal reactor components are listed in Table 4.5-4. The nickel based alloy, ]nconel X-750,
is used in internal parts other than the CRDS only for minor components such as pins and/or bolts.


4.5.2.2 Controls on Welding. The chemical and physical properties of all stainless steel
weld deposits conform with the Specification AWS A 5.9, CLASS ER308L. Chemical and physical
properties of aluminum weld deposits conform to Specification AWS A 5.10, CLASS ER4043. All welds
are inspected with liquid penetrant in accordance with the Contractor's Company Procedure 9.3.
Additional information on fabrication processes is given in Chapter 5 (Reactor Coolant System)
describing reactor vessel materials.


4.5.2.3 Nondestructive Examination of Tubular Products and Fittings . Methods for
nondestructive examination of materials are given in Chapter 5 (Reactor Coolant System) describing
reactor vessel materials. Aluminum castings are radiographed in accordance with formal contractor
procedures.


4.5.2.4 Fabrication and Processing of Austenitic Stainless Steel Components.
The discussion in Section 4.5.1.2 on austenitie stainless steel components is applicable to this section.


4.5.2.5 Contamination Protection and Cleaning of Austenitic Stainless Steel. The
discussion in Section 4.5.1.4 on cleanliness is applicable to this section.
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Material specilication 


L- Component Material specification 
Outer Shim Control Cylinder 


C o l u ~ m  Connectors 


Connecting Bolt 


Cylinder 


Al ipnen l  Cups 


Horizontal Drive Sliafis 


17-4 PH stainless -- steel 


X750 lnconel 


Hafnium, Beryllium, 6061 Aluminum alloy 


347 stainless steel 


Rotary Seal 


Inflatable Seal 


Bearings - 
S l M  Housing 


shaft 


Coupling Sllaf! 17-4 PH stainless steel 


Gear Box Support Beams 


Housing 6061 Aluminum alloy 


Studs 630 stainless sleel 


Upper Aligmnent Cups 304 stainless steel 


Gears 


304 stainless steel, Buna N, Graphilar Grade 67, Stellite" 


304 stainless steel, Buna N 


Cobalt Alloy 198~3, 17-4PH stainless steelb 


304L stainless steel 


304L stainless sled 


Pinion 


Bolts and pins 304 stainless steel 


Vertical Actuator 


Rack Tube 


Bushings 


Guide Tube 


Absorber plates 


Retainer 


Retainer Ring 


Collar 


Sleeve 


Snubber Tubes 


17-4PH stainless sleel 


X750 lnconel 


6 0  


Hafnium 


304L stainless steel 


X750 lnconel 


X750 lnconel 


17-4PH stainless steel 


17-4PH stainless steel 


a .  Stell~tes - cobalt-based alloys. 


b. 17-4PH - manalsitjc stainless steel sinular to AlSl 630. - ~. 
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Colnponent - - Material specificat - ion 


Neck Shim Rods 
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I 
I 


Absorber 


Follower 


Cable Connector 


Cable 


Teflon Condwt 


Housing 


Table 4.5-4. Materials in reactor internal components. 
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Hafnium 


6061 Alunlinum allo?l 


Nltronic 60 


321 stainless steel -- 


304 stainless steel. 25% fiber filled tetraflouroethylene 


Keck shim sleeves 


Ree rod sleeves 


Housing 


Bolts and pins 


6061 Alu~ninuln alloy. X750 lnconel 


X750 lnconel 


6061 Alu~~linuln allov 


Alloy NO7750 Type 2, X750 lnconel 


304 stainless steel 


Cast - alununwn alloy SG 70 A-T7 1 


Regulating Rods 


Component 


Absorber 


Uppcr drive rod 


Estens~on 1 
Center and lower drive rod 


Material specification 


Vertical screens -- I I Alu~ninumplate 6061, T6 I 


Hafnium 


6061 Alumninuln alloy 


X750 lnconel 


304 stainless steel 


Core reflector tank d aluminum 606 1. T652 


Inlet flow baffle and tllernml shield 


[ In-vessel fuel storage ncks  - -  - 


304 slainless steel 


Tank - 
Filler pieces 


Capsule irradiation tank assembly 2 
304 stainless steel 


- 


Aluminum 6061. T6 


Frames 


Fuel element basket inserts 
I -- 


304 stainless steel -- 


Aluminum 606 1, T6 


Ins~niment thimbles 
P 


Internal protective cover 


N16 monitor tube assemblies 


Erper~~nent  loop pressure tube -- 


Aluminum ----- clad cadmium 


304 stainless steel 


304 stainless steel 


Alu~ninum 6061. T6 


Alu~ninum 606 1. T6 - 


347 stainless steel ----- 


! 
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4.6 Functional Design of Reactivity Control Systems


4.6.1 Information for Control Element Drive Systems


The reactivity control elements and the associated drive mechanisms are described in Chapter 3
(Design of Structures, Components, Equipment, and Systems). The associated instrumentation is
described in Section 4.3.2.2 with more detailed provided in Chapter 7 (Instrumentation and Control). The
nuclear characteristics of the reactivity control system are in Section 4.3.2.4. These systems rely entirely
upon mechanical means of operation with the exception that the safety rod insertion during scrams is
aided by gravity at a ll times and by hydraulic forces from the primary coolant flow during pressurized
operation.


4.6.2 Evaluations of the Reactivity Control Systems


The safety function of the reactivity control systems is to insert the safety rods into the core when a
trip signal from the PPS interrupts the electrical power to the electromagnetic clutches connecting the
drive motors to the horizontal drive shafts, which keep the rods in position. The instrumentation and
controls for the PPS are described in Chapter 7 (Instrumentation and Controls). The safety rods operate
independently of one another to ensure that the failure of any one rod to trip would have no effect on the
operability of the remaining rods. The shutdown worth of the safety rods described in Section 4.3.2.4 is
sufficient to safely scram the reactor assuming the failure of one rod to trip. The OSCC and neck shim
rods, while not part of the scram system, may be inserted mechanically to provide additional negative
reactivity to the system. During intervals when the reactor is not being operated, it must remain subcritical
during core changes and changes in fission product inventories. A holddown reactivity margin is specified
to ensure this subcriticality. This holddown reactivity margin is provided by the reactivity control
systems.


The safety rod assemblies surround the pressurized water loop facility or chopped dummy IPT in
selected flux traps. The experiment loops supporting the IPT operate independently, however, so that
even in the highly unlikely event of a failure occurring in one loop, the safety function of the reactivity
control systems will not be compromised. The chopped dummy IPT are passive structures so failure in
more than one component is highly unlikely. The limiting control system failures are evaluated in
Chapter 15 (Accident Analyses). The analysis results demonstrate compliance with the ATR plant
protection criteria.


Reliability analyses have been performed on the PPS and are documented in Chapter 7
(Instrumentation and Controls), These analyses show that the reactivity control systems can perform their
safety function under both normal and accident conditions. The possibility of common mode failures is
kept sufficiently low by employing functional diversity in the system, 2 out of 3 logic in the PPS,
maintaining physical separation of redundant components, maintaining test schedules, and applying
administrative controls.
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I
4.6.3 Testing and Verification


A failure mode and effects analysis of the Reactor Shutdown System was performed (see Chapter 7
(Instrumentation and Controls)). This analysis indicates that the design will accomplish its protective
functions given one failure at any point in the system. A review of the scram frequency and failure rate
(Cadwallader 1989) over a twenty-year period shows that no failures to scram upon demand have
occurred for the safety rods. Testing of the scram system is done on a frequent basis to verify the safely
rod operation. Scram time specifications are listed in Section 4.3.2.5 and the testing and verification to
show that the safety rod control system meets the specifications is described in Section 4.2.4.3 (reactivity
worth) and in Section 4.3.2.5(release and drop times).
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OPP overpressure protection
OSCC outer shim control cylinder


PBD primary bypass demineralizer
PCP primary coolant pump
PCPB primary coolant pressure boundary
PCS primary coolant system
PCV pressure control valve
P&ID piping and instrumentation diagran
PPS plant protective system
PORV power-operated relief valves
PRA probabilistic risk assessment
psia pounds per square inch absolute
psid pounds per square inch differential
psig pounds per square inch gauge
PWR pressurized water reactor


Rad radial
RDAS reactor data acquisition system
RSS reactor shutdown system


SAE Society of Automotive Engineers
SAIC Science Applications International Corporation
scfm standard cubic feet per minute
SE southeast
SRV safety relief valve
SSE safe shutdown earthquake
SW southwest


Tan tangential
TDH total dynamic head


UFSAR Upgraded Final Safety Analysis Report
UPS uninterruptible power supply
USQ unreviewed safety question


VVS Vessel Vent System
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I


PRIMARY COOLANT SYSTEM


5.1 Summary Description


The primary coolant system (PCS) is shown in Figures 5.1-1 through 5.1-14 and consists of one
main coolant loop. The main loop branches into parallel piping runs at the inlets of major components.
The parallel piping runs rejoin the common loop at the outlets of the major components. The PCS consists
of the reactor vessel, heat exchangers, primary coolant pumps, emergency coolant pumps, and associated
piping and valves. In addition, the PCS includes a surge tank and surge line, a degassing and pressurizing
system, pressure relief and safety valves, and instrumentation necessary for operational control and
emergency response.


The entire PCS except for chemical cleaning hookups and sample lines is located inside
confinement. The primary function of the PCS is to remove the energy generated by the reactor. The
energy is transported from the reactor to the heat exchangers, where it is transferred to the secondary
coolant system and then dissipated to the atmosphere in the cooling tower.


The Primary Coolant Pressure Boundary (PCPB) provides a geometry for maintaining the
heat-removal capability of the PCS for any event, and forms a protective barrier against the release of
primary coolant and radioactive material.


The PCS consists of safety-related and nonsafety-related components. Safety-related components
are those components relied upon during or following design-basis events to ensure: (a) the integrity of
the primary coolant pressure boundary, (b) the capability to shut down the reactor and maintain it in a safe
shutdown condition, and (c) the capability to prevent or mitigate the consequences of accidents that result
in potential off-site exposures. The safety analysis [see Chapter 15 (Accident Analyses)] has
demonstrated any break in the PCPB with an equivalent area of a 3-in.-diameter break or less can be
mitigated by plant protective functions such that ATR Plant Protection Criteria are not exceeded. As a
result, any PCS component whose failure could result in a break in the PCPB greater than the area of a
3-in. diameter break is classified as safety-related.


The safety-related boundary is physically defined by the primary coolant pressure boundary,
restricted flow area through orifice plates and pipe branches, normally closed safety-related isolation
valves, and check valves (Atkinson 1995). The isolation valves, the check valves, and the component that
results in the restricted flow area are classified as safety-related. The safety-related-nonsafety-related
boundary is shown in Figures 5.1-1 through 5.1-10. The welds and major components such as pumps and
valves within the safety-related portions of the PCS have been radiographed. As a result, the
safety-related-nonsafety-related boundary is often referred to as the radiographic boundary.


To ensure the integrity of the PCPB, safety-related components are subjected to more rigorous
testing, inspection, and maintenance than nonsafety-related components.
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ng safety-related and nonsafety-related components and


• The reactor vessel, including vessel penetration assemblies that extend the PCPB outside the vessel
(Section 5.3)


• Primary coolant pumps (PCPs) (Section 5.4. 1)


• The primary side of the heat exchangers (Section 5.4.2)


- The piping, valves, and fittings that


- Provide appropriate flow paths between principal components


- Interface with other systems such as the Vessel Vent System (VVS) and Emergency
Firewater Injection System (EFIS)


Provide flow control (Sections 5.4.3 and 5.4.12).


• Emergency coolant pumps (Section 5.4.7.4)


• The surge tank and surge line piping (Section 5.4.10.1)


• The degassing (Section 5.4.10.2) and pressurizing subsystems (Section 5.4.10.3)


• PCS overpressure relief piping and valves (Sections 5.2.2 and 5.4.13)


• Equipment supports (Section 5.4.14).


PCS auxiliary systems` include the following:


• The Primary Bypass Demineralizer (PBD) subsystem


• The Gland Seal Water (GSW) System


• The Low Pressure Demineralized Water (LDW) subsystem


• The compressed air systems.


Additional supporting subsystems include:


• The 1'-I6 subsystem.'


• Instrumentation` required for normal operation, for signals to the Plant Protective System (PPS)4,
and for accident monitoring. PCS instrumentation monitors or controls the following parameters
and components:


- Coolant temperature, pressure, flow, conductivity, and pH


- Water power computation (flow and temperature rise)


'. Refer to Chapter 9 (Auxiliary Systems) for a description of PCS auxiliary subsystems.
b. Refer to Chapter 7 (Instrumentation and Controls) for a description of the N-16 subsystem.


Refer to Chapter 7 (Instrumentation and Controls) for a description of PCS controls.


°. Refer to Chapter 7 (Instrumentation and Controls) for a description of the PPS.
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Emergency coolant flow


Gland seal water flow


Primary degassing tank control valves, high- and low-level alarms, tank pressure, air flow
rate


Bypass demineralizer flow control valves, coolant inlet temperature, differential pressure,
effluent pH, conductivity, and flow


Surge tank level control valves and level indication and alarms


Reactor shielding cooling air and concrete temperatures


Reactor vessel liquid level


Bearing temperatures for the primary coolant, emergency coolant, pressurizing, and warm
seal booster pumps.


The primary sources of reactor-control information and PPS status are analog indicators, chart
recorders, annunciators, and valve position indicators located in the reactor control room. A secondary
source of information is the console video display, a computer-generated display of reactor-control and
PPS variables and RDAS. The Distributed Control System (DCS) is a computer-based system that
monitors and controls primary-system temperatures, pressures, and flows. The DCS has both audible and
visual annunciators.


The primary and secondary sources of information are not generally relied upon to mitigate
design-basis events. As a consequence , the reactor control room indicators , recorders , annunciators, and
console displays are classified as nonsafety-related equipment.


In almost all instances, the design and installation of the primary and auxiliary PCS components
and subsystems were completed as part of the original construction. Some subsystems (or parts of
subsystems), however, have been added or upgraded since the initial operation of the ATR. All
subsystems were designed using standards applicable at the time. Many of the PCS components and
subsystems described in this section are original-equipment design, and may not be designed to current
regulatory standards. The PCS components and subsystems being addressed are mature and have a
considerable operating history that demonstrates reliability consistent with assumptions of the current
safety analysis.


Surveillance, inspection, and maintenance programs for these components and subsystems ensure
that the PCS can continue to accomplish its intended objective reliably and maintain its integrity under
conditions imposed by all foreseeable reactor behavior, under either normal or accident conditions.


5.1.1 Schematic Flow Diagram


Figure 5.1-] is a simplified schematic flow diagram of the ATR PCS, and Figure 5.1-2 is a
simplified schematic of the ATR PCS Degassing and Pressurizing Subsystem. Major radiographic
boundaries are shown on Figures 5.1-1, and 5.1-2 for information only. Refer to the P&lDs in
Section 5.1.2 for a detailed representation of the radiographic boundaries. The valves and 3-in. orifices
that form the radiographic boundary of the PCS piping, taken from Figures 5.1-1 and -2, are listed in
Table 5.1-1.
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The primary coolant pumps, the heat exchangers, surge tank, and associated piping are located
within the radiographic boundary, and are safety-related (House 1992). The safety-related piping for the
PCS also includes the EFIS, the VVS, and the PCS Overpressure Relief System. Emergency coolant
pumps 670-M-10 and 670-M-11 and connecting piping are also located within the radiographic boundary.
The pressurizing and degassing subsystem, and auxiliary subsystems defined in Section 5.1 above are
outside the radiographic boundary and are not safety-related. The pump casing is the pressure boundary
for the primary and emergency pumps. The tubes, tube sheet, channel, and bottomhead make up the
pressure boundary for the primary heat exchangers.


PCS design and performance characteristics, including principal pressures, temperatures, flow
Yates, and coolant volume under normal steady-state, full-power operating conditions, are provided in
Table 5.1-2.


5.1.2 Piping and Instrumentation Diagram (P&ID)


Figures 5.1-3 through 5.1-9 are detailed P&IDs for PCS systems. Figure 5.1-10 is the overall PCS
P&ID. Figure 5.1-11 is a P&ID for the EFIS. P&IDs are presented in this section for information only.
Current P&IDs are maintained under configuration control at the facility.


All PCS components and subsystems shown on Figures 5.1-3 through -10 are located within the
ATR confinement. The heat exchangers of the primary coolant pump's oil system are cooled by the
raw-water system'; the main PCS heat exchangers are cooled by the secondary coolant system.b Except
for the PCS heat exchangers, associated piping and isolation valves, the secondary coolant system is
located outside the confinement and penetrates the confinement as discussed in Chapter 6 (Engineered
Safety Features).


PCS auxiliary subsystems ` located within the confinement are (a ) primary bypass demineralizer
and (b ) gland seal water . PCS auxiliary subsystems that penetrate the confinement are (a ) low pressure
demineralized water and (b) compressed air.


Two separate 8-in. firewater lines supplying firewater to the reactor vessel bottom head and upper
vessel EFTS' penetrate the confinement in two separate locations as discussed in Chapter 6 (Engineered
Safety Features) (see Figure 5.1-1 1).


The points of separation between the PCS and secondary cooling system are the main heat
exchangers (M-2 to M-5, and M-85 shown on Figures 5.1-5 and -10). These and other points of isolation
between the PCS and other fluids or systems, taken from Figures 5.1-3 through 5.1-10, are listed in Table
5.1-3. Points of isolation between radioactive and nonradioactive sections of the system are listed in Table
5.1-3.


'. Refer to Chapter 9 (Auxiliary Systems) for a description of the Raw Water System.


'. Refer to Chapter 9 (Auxiliary Systems) for a description of the Secondary Coolant System.


'. Refer to Chapter 9 (Auxiliary Systems) for a description of PCS auxiliary systems.


° Refer to Chapter 6 (Engineered Safety Features) for a description of the EFIS_
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Elevation Drawing


Principal dimensions of PCS components relative to surrounding concrete structures may be taken
from the PCS Piping Plan, Ebasco Drawing No. ATR-l075-MTR-670-P-17 (120891). (Portions of the
original drawing are illegible; therefore, it is not reproduced in this document.) Figure 5.1-12 is a
simplified sketch of PCS equipment and piping, showing principal component elevations. Figure 5.1-13 is
a PCS main safety relief valves piping isometric layout, and Figure 5.1-14 is a PCS pressurizing pumps
safety relief valves isometric piping layout also showing component elevations.


5.1.4 System Description


The PCS is a forced-flow, closed - loop energy-transport system constructed of ductile material. The
coolant is light water at moderate pressure and low temperature ( i.e., below saturation temperature at
atmospheric pressure). Simpli fi ed isometric and line diagrams of the PCS are shown in Figures 5.1-1
and 5.1-12.


In the PCS, coolant at nominally 125°F and 371.9 psig at PPS vessel inlet pressure tap (M-1 shown
on Figures 5.1-1 and -10) enters the vessel through two 24-in. pipes that are welded to the two vessel inlet
nozzles in the bottom hemispherical head assembly.' The coolant flows up through the annuli formed by
the cylindrical tanks that support and contain the core, the inlet flow baffle, the thermal shield, and the
vessel tank. It then enters an open region above the core, after which it flows down through the core into
the flow-distribution tank. There, the flow is divided into quadrantsb and distributed to four 16-in. outlet
lines.


The outlet lines route the coolant up above the top of the core before exiting the reactor vessel
through the outlet nozzles. The outlet lines are in the annulus formed by the reflector tank and the inlet
flow baffle. The coolant exits the vessel through four 16-in. outlet nozzles.`


For reactor thermal power at 250 MW,, coolant at nominally 167°F and 254 psig leaves the reactor
vessel through four 18-in. outlet pipes that are welded to the four outlet nozzles in the reactor vessel shell.
Within the vessel, four ]-in. siphon-breaker pipes' run from the highest point of each outlet pipe and
terminate near the vessel top head. The siphon breakers are designed to prevent siphoning of the primary
coolant if an outlet pipe should break outside the reactor vessel.


The four 18-in. outlet pipes combine into two 24-in. lines, which then combine into one 36-in.
return header in the shielded pipe space surrounding the rod access room. The coolant flow continues in
this header through a shielded pipe tunnel to five parallel shell-and-tube heat exchangers (M-2 to -5, -85
shown on Figures 5.1-1, -5, and -10). Coolant from the heat exchangers is pumped back to the reactor by
two or three of the four primary coolant pumps (PCPs) (M-6 to -9 shown on Figures 5.1-1, -4, and -10)
that discharge into a header, part of which is 20 in., which connects into a 36-in. supply line.


Refer to Section 5.3.3 for a description of the reactor vessel bottom head assembly.


A portion of the ATR core consisting of 10 fuel elements cooled by approximately one fourth of the flow is called a quadrant.
Quadrant power is measured by one of the quadrant water power channels. The quadrants are designated northwest (NW),
northeast (NE), southwest (SW), and southeast (SE).


Refer to Chapter 4 (Reactor) for details of the reactor vessel internals.


Refer to Chapter 3 (Design of Stmenues, Components, Equipment, and Systems) for a descrip on of he siphon breakers.
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The non-operating pump(s) is normally isolated by closing block valve(s) in the pump discharge(s).
The flow-control butterfly valve is in the 36-in. supply line downstream of the pump discharge header.
Downstream of the flow-control valve, the supply line divides into two 24-in. vessel inlet lines. The PCPs
can be individually isolated from the system, whereas the primary heat exchangers cannot be isolated on
the primary (tube) side.


The emergency coolant pumps are in parallel with the primary coolant pumps taking suction from
the 30-in. header that distributes the flow to the primary coolant pumps. The emergency flow pumps
discharge into the common 36-in, vessel inlet upstream of flow-control valve. The degassing and
pressurizing system take off and return lines are plumbed into the common 36-in. vessel outlet line. The
surge line is connected to an outlet line of one of the heat exchangers (M-2).


Safety relief valves, shown in Figures 5.1-13 and 5.1-14, are connected to the vessel lower drain
line, and the discharge lines of the pressurizing pumps. The vessel vent system (VVS), shown in Figure
5.1-13, is connected to the vessel upper drain line.


Operation with three of the four PCPs generates a combined design capacity of 54,000 gpm.
Operations in the pressurized mode at greater than 3 MW, power are conducted with at least two PCPs
operating to ensure adequate cooling for the fuel cladding.


Primary coolant flow rate is adjusted by a motor-operated butterfly-type flow-control valve
(BF-A-14 shown on Figures 5.1-1, -10) to produce a nominal 100 psid pressure drop across the reactor
core when in the three-pump operation mode (deBoisblanc and Cohen, 1965). The butterfly valve is
positioned before reactor startup by a remote limitorque drive. A mechanical stop on the flow control
valve and six 4.29-in. holes in the valve disc prevent full stoppage of the primary coolant flow. The flow
control valve is adjusted to maintain the pressure loss across the core.


To obtain a 100 psid pressure differential across the core at 250 MW,, a nominal flow rate of
50,000 gpm is required, producing a 5,000 gpm excess cooling capacity with three pumps operating.
When only two pumps are operated, the pressure drop across the core is nominally 77 psid, with a
nominal flow rate of 43,500 gpm. Primary coolant flow is measured by orifice-type flow meters (shown
on Figures 5.1-9 and -10) located in each of four reactor outlet pipes.


The primary coolant pumps are interlocked with instrumentation monitoring the pressure drop
across the reactor core. Depending on pump configuration, one to two pumps may be automatically shut
down during three-pump operation if the reactor core pressure drop maximum limit is reached to prevent
damage to reactor internals.


Primary coolant temperature is controlled by controlling the heat removal rate in the heat
exchangers. The heat removal rate is controlled by adjusting the secondary coolant flow' rate to the heat
exchangers or by adjusting cooling tower fans speeds. PCS pressure control is provided by a surge tank
and the degassing and pressurizing subsystem' (Figure 5.1-2). Primary coolant vessel inlet pressure is
regulated by controlling the coolant inventory by balancing pressurizing and degassing flow. A pressure
control valve (PCV- I shown on Figures 5.1-1, -2, and -10) bleeds a varying amount of coolant from the
36-in. PCS return line upstream of the heat exchangers through a 4-in. pipe to the primary degassing tank


Refer to Chapter 9 (Auxiliary Systems) for a description of the Secondary Cooling System.


Refer to Section 5.4.10 for further discussion of the degassing and pressurizing subsystem and its role in pressure and reactor
inventory control.
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(M-13 shown on Figures 5.1-2, -10). The primary coolant entering the degassing tank is sprayed down
from the top of the tank through spray nozzles as a stream of air passes through the tank to sweep out
excess gasses. Two pressurizing pumps (M-14 and M-15 shown on Figures 5,1-2, -3, and -10), one
normally operating and one in standby, obtain suction from the degassing tank and discharge at a nominal
flow rate of 225 gpm back into the 36-in. PCS return line to the heat exchangers. The flow rate from the
primary pressurizing pumps is preset by flow-control valve FCV-8 (shown on Figures 5.1-1 and -2;
FRCV-8 on Figure 5.1-10).


The surge tank (M-12 shown on Figures 5.1-1, -10) damps minor, rapid pressure fluctuations
without initiating power reductions from high or low pressure. The surge tank is connected to the heat
exchanger outlet piping and is pressurized to maintain primary pump suction pressure. If PCS pressure
increases beyond the damping capability of the surge tank, the pressurizing and gland seal pumps are
automatically shut off by the PPS' to avoid overpressurizing the PCS. However, if the system pressure
decreases, such as in a Loss-of-Coolant Accident (LOCA), the pressurizing pumps continue to operate to
provide makeup. With the primary coolant pumps operating, the inlet pressure at the core top is
established at greater than 360 psig. Rapid and short-duration pressure- and temperature-induced
transients are damped by expansion and compression of the cover air (provided by the compressed-air
system) in the surge tank. Slower and long-duration pressure variations are damped by controlling the
system inventory of coolant- The air-to-water ratio in the surge tank is such that when the pressure in the
tank is reduced to atmospheric, the volume of the expanded air will remain contained in the surge tank.


The gland seal system', in the process of supplying demineralized water to various PCS seals, adds
nominally an additional 60 gpm to the PCS through pump seals and penetration seals.


Primary-coolant pH and purity (which is concerned primarily with radioactivity and dissolved and
suspended solids) are maintained by processing primary coolant through an anion-cation bypass
demineralizer` system before returning to the PCS through a 6-in. pipe. Primary-coolant chemistry is
discussed further in Section 5.2.3.2 and Table 5.1-2, Item (f).


Two 4,700-gpm emergency coolant pumps, M-10 and M-1 1 (normally M-10 operating and M-I I
in standby during reactor operation in the pressurized mode) operate in the closed primary coolant loop
(Figures 5.1-1, -4, and -10), drawing suction from the primary pump suction header. Their capacity is
conservatively based on (a) flow requirements to prevent boiling in the reactor core during operations at
atmospheric pressure when the emergency coolant pumps are used to provide coolant flow instead of the
primary coolant pumps, and (b) reactor flow requirements after loss of electrical power to, or failure of,
all primary coolant pumps. During such loss of all primary coolant pumps, either emergency coolant
pump provides adequate decay-heat removal capacity except for accidents as discussed in Chapter 15.3.
This decay-heat removal (DHR) function is discussed further in Section 5.4.7.


One emergency coolant pump, M-10, is driven by an ac motor supplied with diesel or commercial
power.° The other emergency coolant pump, M-11, is driven by a dc motor supplied with utility dc power.
One pump is operated continuously during reactor operation to ensure the required flow after primary
pump coasidown without reliance on emergency pump start-up. If commercial, diesel, and utility dc
power sources are all lost, the dc motor-driven emergency pump M-1 I is supplied power directly from a
battery bank designed to operate the pump for a minimum of 30 minutes.


'. Refer to Chapter 7 (Instrumentation and Controls) for a description of the PPS.


Refer to Chapter 9 (Auxiliary Systems) for a description of the Gland Seal System.


Refer to Chapter 9 (Auxiliary Systems) for a description of the Primary Bypass Denrineralized Water Subsystem.


', Refer to Chapter 8 (Electric Power) for a description of the Diesel and Commercial Power Subsystem.
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An 8-in. firewater line' is connected to the reactor vessel by four 2-in. connections in the reactor
vessel bottom head closure plate (see Figure 5.1-11). An 8-in. firewater line is also connected to the
vessel lower drain piping by two 4-in. connections. Should a large loss of primary coolant occur,
firewater is automatically admitted to cover the core.


Table 5.1-1. Radiographic boundary components for primary Coolant System.


Component Desc ri ption


GB-23-1, 23-2


CK-1-617, -618


SF-A-71, 72


GT-D-70


GT-D-39


CK-1-77, -78, -79, -80


FE-37


FE-36


Chemical clean connections
CK-B-90
GT-D-37


GT-D-35


GT-D-32.-33


CK-13-89


GT-E-20


Vessel vent valves, Globe valves (GB), normally closed
Upper vessel Emergency Firewater Injection System (EFIS) check valves,
normally closed
Reactor Vessel safety relief valves (SRV), normally closed


Gate valve (GT) on lower vessel drain, normally closed


Gate valve on upper vessel d ra in, normally closed


Vessel bottom head EFTS check valves normally closed


Flow element (FE) orifice in 6-in. line (1-42) from 36-ir supply line to bypass
demineralizer; orifice diameter is 2.5 inches


Flow element orifice in 4-in . line (1-34) at the inlet to GT-E-1-85 isolation valve
to the degassing tank; orifice diameter is 2.50 inches
4-in. connections from emergency pumps, normally isolated with blind flange
Check valve (CK), bypass demineralizer return
Gate valve, bypass demineralizer to drain line. normally closed
Gate valve, primary system to I0-in. drain. normally closed


Gate valves, PCS flushing, normally closed
Check valve in pressurizing line


Gale valve, demineralized water inlet, normally closed


a. Data from Figures 5.1-1 and -2.


'. Refer to Chapter 6 (Engineered Safety Features) for a description of the Emergency Firewater Injection System
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Table 5.1-2. Primary Coolant System design and performance characteristics.'


(a) General:


Nominal system characteristics Data


Design thermal power 250 MW,
Average core power density 0.96 MW/L
Thermal power 8.53 x 108 Btu/h


Reactor core inlet pressure 360 psig
Reactor core quadrant pressure drop 2 100 psid (77 psid for two pumps)


Reactor inlet temperature Z 125°F


Reactor outlet temperature 167°F


Total volume of PCS exclusive of bypass demineralizer (including 10.865 fi3
surge tank and surge lines, and PCS liquid volume which involves
pressurized water at steady-state power conditions).


Primary coolant weight 600,000 lb


Volume of reactor vessel 3,250 fi3


Volume of surge tank 1,000 ft3


(b) Nominal PCS steady state operating pressures and temperatures at 250 MW,:


Pressure(psig) Temperature (°F)
Three Two Three Two


Piping section PIUMS pump uptps mn s
Reactor outlet to heat exchanger inlet 254 272 167 163
Heat exchanger outlet to pump suction 246 253 125 125
Pump discharge to butterfly control valve 400 390 125 125
Butterfly control valve to reactor inlet 374 376 125 125
Relief valve piping-vessel nozzle to 350 361 125 < 125
pressure relief valves


Non-running pump inlet 246 253 80 80
(c) Piping design pressures:


Piping section Design (psig) Safety limit (psig)
Primary pump discharge to first block
valve


576 634


First block valve to butterfly valve
(BF-A-14)


485 533


BF-A-14 to reactor vessel inlet 390 468
Reactor vessel outlet to pump section


(d) Piping design temperatures:
390 429


Pi ping section Design (°F) Safety limit °F
Heat exchanger outlet to reactor inlet 150 240
Reactor outlet to heat exchanger inlet 240 240
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Table 5.1-2. (continued).
(e) PCS flow


Design capacity


Nominal flow


Maximum flow
Emergency flow
Demineralizing flow rate (maximum)


Degassing flow rate
( 1) Nominal operating primary coolant chemistry


Conductivity, reactor power> 3 MW


Conductivity. reactor power < 3 MW


pH, Reactor power > 3 MW


pH. Reactor power < 3 MW


Filterable solids (0,45.20 p) before
exceeding 3 MW and during operation


Filterable solids (>20 p)


Chloride


Radioactivity


Dissolved aluminum


Dissolve iron


Dissolved copper


(g) ATR PCS Safety design features:
Core reflector tank and supporting
st ru cture
Highly subcooled


Moderate pressure


Stainless steel vessel and coolant system


Large coolant inventory


Emergency/backup primary and secondary
flow


High availability/large supply volume
EFIS
Low power and source term
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Rate (gum)
54,000


50,000 (Tluee pumps)
43,500 (Two pumps)


53,200


4,500


600
280 (nominal)


600 (maximum)


2-5 ttmhos/cm


2-8 tttltltos/cm


5.0-5.2


4.9-5.8
< 0.02-0.08 ppm


0.025-0.05 ppm
< 0.025 ppm


0.05-0.29 pCi/mL
(gross/gamma based on 10
min decay after sampling)


1.5-4 ppb


0.5-2 ppb


0.2-1 ppb


a. Data from deBoisblanc and Cohen (1965); Pace (1990); At kinson (1988).
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Table 5.1-3 . Points of isolation between the Primary Coolant System and other fluids ar s stems.
I


System/F1uid
Coordinates P&ID
Fig. No. 5 , 1-1 Type of isolation Radioactive


Acid connection No


Bypass demineralizer Yes
Chemical clean connections Yes
Degassing tank to Warm Waste Yes
Primary coolant recy cl e system'' Yes
Demineralized Water


___
No
No


Disposal Yes


Firewater No
No


Flushing Yes


Flushm ( from glandfwan it seal)
-T...�


Yes
Hi gh-Pressure Air No
Main exhaust plenum ---- Yes
Overpressure relief Yes


Yes
Process Water Lab ''..... Yes


Reactor Vessel lower drain to
'.. Warn Waste


Yes


Reactor Vessel upper drain to
Warm Waste


Yes


Secondary Coolant No
Vessel Ventin Yes
Warm Seal Yes


'...... a Yes: system on both sides of the isolation point may contain radioactive fluid during normal operation.
No the isola ti on point separates systems that may contain radioactive fluid during normal operation from systems that do
not contain radioactive fluid during normal operation.


412.09 0910312002 -Rev


The primary coolant recycle system (P(RS) is located in TRA-689 and tied to TRA-670 by pipe. IRA-689 is not in use at this
time. Lie piping between TRA-689 and TRA-670 is isolated by both MOV-32-1 and MOV-1-909 . Since the piping
connections to IRA-689 are downstream of either a < 3-in , orifice or valve, any break is bounded by the analysis in
Chapter 15.6.



HOILAE

Text Box

FOIA Exemption 3 UCNI, Exemption 7f -- coordinates 
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5.2 Integrity of the Primary Coolant Pressure Boundary (PCPB)


A very high integrity of the PCPB is maintained such that the estimated probability for a significant
PCPB failure sufficient to result in direct core fuel damage is extremely low and beyond design basis. The
integrity of the PCPB is controlled and maintained by the following measures.


• Compliance with applicable design codes and code editions for the PCS and the reactor vessel
(Section 5.2.1)


• Overpressure protection (Section 5.2.2) including:


- Overpressure protection analysis


- ESF functions to shut off pressurizing and gland seal pumps in response to high detected
PCS pressure


- Pressure relief devices.


• Control of PCPB materials, chemistry, and environment to prevent brittle fracture failure modes or
overtemperature (Section 5.2.3 and 5.3 for reactor vessel). Critical parameters are controlled by
TSRs such as those for pressure, temperature, and primary coolant pH.


• lnservice inspection and testing for the PCS and reactor vessel according to Section Xl of the
ASME code (Section 5 .2.4 and 5.3 for the reactor vessel).


• PCPB leakage detection and leakage controls (Section 5.2.5). PCPB leakage is controlled by TSRs
and Abnormal Operating Procedures (AOPs), An important and highly effective element of ATR
PCPB leakage detection and control is the capability for and performance of visual inspection of
the bare, uninsulated PCPB including the vessel inlet nozzles after PCS pressurization before
power operation.


• Control of changes to the safety-related PCPB design configuration and materials by the formal
ATR Facility Change Form (FCF)/Engineering Change Form (ECF) processes and the associated
Unreviewed Safety Question (USQ) determination process. Any significant change from the PCS
design, materials, coolant chemistry control, or inspections, tests, and surveillances described or
important to the safety-related PCPB in the ATR UFSAR need to be evaluated and concluded not
to significantly increase the estimated probability for a significant PCPB failure.


Control and prevention of potential causes of a significant PCPB rupture ( Section 5.2.6).


The following discusses the measures used to provide and maintain the integrity of the PCPB.
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5.2.1.1 Compliance with 10 CFR 50.55a . The following list identifies PCS components
and applicable design codes and code editions.


PCS Component Applicable Desit » C


Piping (Original) Code for Pressure Piping, American Standards Association ASA 531.1-1955
(American Society of Mechanical Engineers ASME 1955)


Piping (Modification) ATR Inservice Inspection (ISl) Plan. (7NEEL 2002)


Vessel ASME Unfired Pressure Vessel Code, Section VIII, 1962 (unfired pressure
vessels)


ASME Unfired Pressure Vessel Code, Section 11, 1962 (mate ri als)


ASME Unfired Pressure Vessel Code, Section IX, 1962 (welding qualifications;


Heat exchangers ASME Unfired Pressure Vessel Code, Section VIII. 1959


Degassing tank ASME Unfired Pressure Vessel Code, Section VIII, 1959


Surge tank ASME Unfired Pressure Vessel Code, Section VIII. 1959


Primary coolant pumps Standards of the Hydraulic Institute. Centrifugal Pumps Section, 10th Ed., 1959


Emergency coolant pumps Standards of the Hydraulic Institute, Centrifugal Pumps Section, 10th Ed., 1959
for M-11. ASME Section 111, Division I Subsections NB 2573. 2575. and 2576,
1989 edition or later for M-10.


Pressurizing pumps Standards of the Hydraulic Institute, Centrifugal Pumps Section , 10th Ed., 1959.


Safety relief valves (SRVs) ASME Boiler and Pressure Vessel Code, (SF-A-71. -72) Section III. 1983 edition,
1984 addenda.


Pressurizing Pump SRVs ASME Boiler and Pressure Vessel Code, (SF-A-75, -76) Section 111, 1993 edition,
1984 addenda.


The ATR PCS subsequently has been analyzed to ASME Section 111, Class 2, 1977 Edition and for
seismic analysis , the ASME Section III, Class 1, 1973 edition rules and found to meet the intent of the
code rules ( Davidson 1979). The phrase "meet the intent" means that the codes were used as analysis
tools, but material was not replaced per codes. Figure 5.2-1 shows the applicable PCS piping codes.


5.2.1.2 Applicable Code Cases. As discussed in deBoisbianc and Cohen (1965), the
following identifies PCS components and corresponding applicable code cases:


PCS Component


Piping


Vessel


Heat Exchangers


Surge Tank


Degassing Tank


Applicable Code Cases


N-1, N-7, N-9, N-10


1270 N-3, 1270 N-5, 1271 N. 1272 N-5, 1274 N-6, 1275 N


1270 N-5. 1270 N


1270 N-5, 1270 N


1270 N-2







Idaho National Engineering and Environmental Laboratory 4 12.09 (09103/2002 - Rev. 7)
Identifier: SAR-153CHAPTER 5 - PRIMARY COOLANT SYSTEM - Revision: 9UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 5-36 of 5-92FOR THE ADVANCED TEST REACTOR Effective Date: 08110104


5.2.2 Overpressure Protection


ATR PCS overpressure protection (OPP) is provided by (a) the Plant Protection System (PPS)
which trips the pressurizing pumps to keep the pressure at all locations from exceeding 110% of its design
pressure, (b) two safety relief valves (SRVs), SF-A-71 and SF-A-72 (shown on Figures 5.1-1, -7, -10,
and -13), mounted on the 8-in. vessel lower drain line (shown on Figure 5.1-13), and (c) two SRVs
(SF-A-75, SF-A-76 shown on Figures 5.1-2,-10, and -14), one mounted on each pressurizing pump
discharge line (M-14 and M-15 shown on Figures 5.1-2, -3, and -10) discharge line to protect the
pressurizing pumps for 15% overspeed operation of an isolated pump. SF-A-71 and SF-A-72 discharge to
the Warm Waste System; SF-A-75 and SF-A-76 discharge to the degassing tank.


Unlike typical pressurized water reactors (PWRs), the ATR pressure relief system does not include
power-operated relief valves (PORVs) and block valves (excluding the vessel vent valves). The present
ATR SRVs are conventional spring-operated SRVs designed to meet ASME Boiler and Pressure Vessel
Code, Section 111, 1983 edition (ASME 1983). They can be locally opened manually.


The PCS OPP analysis (Pace 1990) covers all operating conditions described in Chapter 15
(Accident Analyses) transients, and overpressure sources, except for waterhammer and experiment
facility inpile tube rupture, which are too rapid to protect against with SRVs. SRVs provide OPP for the
two pressurizing pumps as isolatable components. The design-basis waterhammer and the design-basis
inpile-tube rupture events are addressed in Chapter 15 (Accident Analyses), which demonstrates that
neither event results in the loss of PCPB integrity.


The PCS OPP analysis (Pace 1990) shows the adequacy of the OPP devices, the maximum
allowable SRV set pressure, and the required SRV flowrate. A stress analysis (Burr 1978; House 1995)
shows that the ATR PCS piping is within the ASME Code Section 111, 1977 Edition (ASME 1977)
allowable stresses at 120% of its design pressure (Pace 1990). The primary OPP for upset conditions
(Level B) is provided by the PPS.' SRVs Provide OPP for the emergency conditions (Level C), which
assume the PPS is unavailable. The pressure limit for upset conditions is 1.1 times the design pressure,
and >_ 1.2 times the design pressure for emergency conditions. Design pressures for different PCS sections
at 1.0, 1.1, and 1.2 times the PCS design pressures for the various piping sections are listed below.


Des i gn pressure (psig


System segment Times 1 0 Times 1.1 Times 1.2
Primary pumps to isolation valves 576 634 -b


Isolation valves to BF-A-14 485 533


BF-A-14 to reactor vessel inlet 390 429 468
Reactor vessel 390 429 468


Reactor vessel outlet to primary pumps inlet 390 429


Table 5.2-1 lists the SRVs, pressure settings, and certified capacities. Table 5.2-2 lists the sources
of overpressure in the ATR. Refer to Table 5.1-2 for PCS design and performance characteristics;
Figures 5.1-12, -13, and -14 for relative elevations of PCS piping; and Figures 5.1-13 and -14 for
simplified schematics of OPP components.


Refer to Chapter 7 (Instrumentation and Controls) for a description of the PPS.


Not analyzed
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5.2.2.1 Design Bases. Failure to trip pressurizing pumps, loss of PCS heat rejection, and
pump overspeed conditions caused by high power supply frequency are significant overpressure sources,
providing the design bases for the functional design of the overpressure protection system (Pace 1990).


The enveloping overpressure event (excluding waterhammer events) in the PCS pump outlet pipe
sections (pump to isolation valve, and isolation valve to flow control butterfly valve) occurs during pump
start-up (Pace 1990). Per operating procedure, only one pump is started at a time, so the PCS has flow
when the second and third pumps are started.


Loss of instrument air is the enveloping anticipated fault, causing PCV-1-1 (PCV-1 shown on
Figures 5.1-1, -2, and -10) to close, FCV-1-8 (FCV-8 shown on Figures 5.1-1, -2, and -10) to open, and
the standby pressurizing pump to start (Pace 1990). This anticipated fault or upset condition requires the
PPS to mitigate the transient to prevent exceeding 110%of design pressure. The SRVs are not required
for this or any upset condition. The loss of instrument air fault also envelops the unlikely faults or
emergency conditions except for the waterhammer transient and start-up of a primary coolant pump
against a fully closed isolation valve with an abnormally high pump suction pressure.


The startup of a primary coolant pump against a fully closed isolation valve, with an abnormally
high pump suction pressure, is an unlikely event because two off-normal conditions must exist
simultaneously; an abnormally high pump suction pressure, and an operator error or control system
failure in the startup of the primary coolant pump. The event is analyzed for over-pressure protection in
Pace 1990. Analysis of this fault is expanded to include starting the pumps with the butterfly valve
BF-A-14 (shown on Figures 5.1-1, -10) fully closed. The pressurizing pump normal speed shutoff head
and the PPS pressurizing pump(s) trip keep the maximum PCS pump suction pressure below the upset
condition allowable pressure. The PCS SRVs keep the maximum pump suction pressure below the
allowable pressure for emergency conditions.


The extremely unlikely faults include occurrences of all the anticipated and unlikely faults
concurrent with a PPS failure to trip the pressurizing pumps and/or scram the reactor (Pace 1990), The
fault that requires the greatest SRV flowrate is the loss of instrument air with failure to trip the
pressurizing pumps; this fault is the enveloping transient for sizing the main SRVs. The second most
demanding transient for flowrate is the complete loss of heat sink (CLOHS) without reactor scram.
Start-up of the primary coolant pumps with abnormally high suction pressure is the enveloping event for
the two pipe sections between the pumps and the butterfly valve BF-A-14.


5.2.2.2 Design Evaluation


5.2.2.2.1 Primary PCS OPP-Overpressure protection (OPP) from the PCS pump
head is provided by the pressurizing pump design, the written operating procedures, and the PPS with
back up from the SRVs (Pace 1990). The operating procedures limit the pump suction pressure during
pump start-up (when the discharge isolation valves are closed) to between 50 and 230 psig.
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As required by the ASME Code, 1986 Edition (ASME 1986), overpressure protection is provided
for all upset (Level B) conditions by the PPS. The PPS keeps the PCS pressure at all locations from
exceeding I10%of its design pressure. Safety relief valves (SF-A-71 and SF-A-72, Figures 5.1-1, -10) set
at <_ 390 prig provide overpressure protection for emergency (Level C) conditions and prevent the PCS
pressure at all locations from exceeding 120% of its design pressure (Pace 1990). SRVs SF-A-71 and
SF-A-72 are not required for expected conditions, but are required for unexpected conditions where the
PPS is assumed to fail. SRVs SF-A-71 and SF-A-72 each have a 350 gpm certified capacity. A minimum
of two SRVs are required for redundancy with a combined certified capacity of? 688 gpm (344 gpm for
each SRV) (ASME 1986). ATR OPP pressure settings and flow rates therefore meet the ASME Code,
Section 111, 1986 Edition (ASME 1986) requirements. The opening pressure tolerance required by the
code is ± 3% of the set pressure or I 1 psi for the safety relief valves.


The enveloping emergency condition is loss of instrument air with failure of the PPS to trip the
pressurizing pumps (see note on loss of instrument air in 5.2.2.1). The PCS pump discharge pipe sections
can reach high pressures during pump start-up if the isolation valves remain closed. The operating
procedures guide the start-up, and the pressurizing pump design and the PPS limit the pressure in these
sections of piping to <_ 1 10% of their design pressures. The main SRVs ensure these sections of piping do
not exceed 120% of their design pressures in the event the PPS fails to trip the pressurizing pumps.


With the <_ 390 psig SRV set pressure, the maximum PCS pressure would be 453 psig. This
pressure is below the allowable 468 psig pressure (120% of design pressure).


Complete loss of heat sink (CLOHS) with failure of the PPS is the next most severe transient and
requires a 622 gpm relief flow rate (311 gpm for each SRV). The certified capacity of 350 gpm for each
SRV therefore meets this requirement. Primary PCS OPP is therefore adequate for all PCS upset and
emergency conditions,


5.2.2.2.2 Pressurizing Pumps OPP-The design pressure (390 psig) is higher than
the normal speed shutoff head (382 psig) of the pressurizing pumps. The pressurizing pump SRVs are
only needed for 15% overspeed operation of an isolated pump. Each pressurizing-pump discharge has an
SRV (SF-A-75 and -76 shown on Figures 5.1-1 and -10) that protect the pumps and discharge piping. The
SRVs have a set pressure of <_ 390 psig and a certified capacity of 345 gpm (required capacity is
325 gpm) at 10% overpressure. Pressurizing pumps OPP is therefore adequate for the 15% overspeed
condition. SRVs SF-A-75 and -76 are installed in such a way that water remains in their discharge pipes.
A pipe length of 34 ft remains filled with water and provides a 7-fl head of water pressure against the
outlets. This configuration has been tested and found acceptable for this application even though it
deviates from the ASME Code requirements (Pace 1990).


5.2.2.3 Piping and instrument Diagrams . Figure 5.1-13 is a simplified schematic of the
ATR PCS main SRVs SF-A-71 and SF-A-72. Figure 5.1-14 is a simplified schematic of the ATR PCS
pressurizing pumps SRVs SF-A-75 and SF-A-76. The detailed piping layouts may be found in
Figures 5.1-7 and -10 for SF-A-71 and SF-A-72, and Figures 5.1-3 and -10 for SF-A-75 and SF-A-76,
Figures 5.1-13 and -14 also show the relative elevations of the PCS main and pressurizing pump SRVs
respectively.
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5.2.2.4 Equipment and Component Description . The PCS SRVs (SF-A-71 and SF-A-
72 shown on Figures 5.1-7, -10) and the pressurizing pumps SRVs (SF-A-75 and SF-A-76 shown on
Figures 5.1-3, -10) are angle body relief valves equipped with backpressure bellows, an enclosed spring, a
full nozzle, and a bolted bonnet. SRVs SF-A-71 and -72 have 3-in. inlet flanges and 4-in. outlet flanges
discharging to the warm waste; SRVs SF-A-75 and -76 have 2 1/2-in. inlet flanges and 4-in. outlet flanges
discharging to the degassing tank. Design inlet pressure for the SRVs is 390 psig, and design inlet
temperature is 240°F. SRV settings are summarized in Table 5.2-1.


The SRVs are designed to operate with a clean lift action free from detrimental simmering,
chattering, fluttering, vibration, or other adverse effects, followed by full reliable closure. The SRVs are
designed to be capable of operating for 1,000 cycles of opening and closing over a 20-year period
(EG&G Idaho 1987, 1988).


The valves are designed to operate in the following environmental conditions:


External Pressure 12.2 psia


External Temperature 60 to 120°F


Relative Humidity Up to 100%


Radiation Fluence 1.3 x 105 R total integrated dose.


The vessel relief-valve discharge forces and the piping stress analysis considering these forces for
the original piping were reported in 1974 (Burr and Magelby 1973). Under normal operating conditions
the A]R primary coolant is subcooled, even for atmospheric pressure. Therefore, system depressurization
through the relief valves does not expose the relief valves to large temperature variations as in the case of
typical PWRs and BWRs.


5.2.2.5 Mounting of Pressure Relief Devices . The relief valves are mounted by raised
face flanges per American National Standards Institute ANSI B16.5 (ANSI 1981; EG&G Idaho 1987,
1988). The design piping loads imposed on the inlet and outlet flanges are per the alternate design rules of
ASME Section 111, Subsection NB-3512.2 (b)(2), 1983 Edition (ASME 1983; EG&G Idaho 1987, 1988).


5.2.2.6 Applicable Codes and Classification. The SRVs were designed, manufactured,
tested, certified, and marked in accordance with ASME Code, Section 111, 1983 edition with addenda
through summer 1984 (ASME 1983; EG&G Idaho 1987, 1988). The PCS SRVs are Code Class I and the
pressurizing pump SRVs are Code Class 2. Additional conditions are established to ensure that the PCS
pressure boundary component construction is consistent with applicable design requirements
(EG&G Idaho 1987, 1988).


5.2.2.7 Material Specification . Refer to Table 5.2-3 for applicable materials of construction
for the PCS main and pressurizing pump SRVs.


5.2.2.8 Process Instrumentation . Refer to Chapter 7 (Instrumentation and Controls) for a
description of the PCS pressure- sensing and control circuitry.
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5.2.2.9 System Reliability. The SRVs were designed and constructed according to
specification (EG&G Idaho 1987, 1988) for 1000 cycles of opening and closing over a 20-year period.
Preventive and corrective maintenance plus inservice testing and inspection ensure the continued
operability of the SRVs.


Failures associated with the SRVs are (a) failure of both SRVs to open at their set pressure, and
(b) failure of the SRVs to reclose after an overpressure event leading to a small LOCA (0.5 to 3-in.
diameter break). The total opening area for both vessel SRVs is equivalent to only one 2.2-in. diamete
hole, and therefore the analysis for a 3-in. diameter break envelops both SRVs failing to reclose. This
event is discussed in Chapter 15 (Accident Analyses). The failure of the SRVs to open at their set
pressure concurrent with the Condition 4 overpressure event is beyond design basis.


5.2.2.10 Testing and Inspection . Before operation, the SRV inlet portion was
hydrostatically tested to 1.5 times the nominal set pressure and the outlet portion (secondary pressure
zone) to 1.5 times the design outlet pressure in accordance with ASME Section III, Subsection
NB-3531.2(f), 1983 Edition (ASME 1983; EG&G Idaho 1987, ]988). Also before operation, the SRV
seats were tested at 95% of nominal set pressure with air and were "bubble tight" per the methods of API
Standard 527 (EG&G Idaho, 1987, 1988). The flow capacity was verified by test with water per ASME
Section III, Subsection NB-7740, 1983 Edition (ASME 1983; EG&G Idaho'] 987,1988). During their
service life, the SRVs undergo inservice inspection and testing in accordance with the ATR 1S1 Plan.
(INEEL 2002)


5.2.3 PCPB Materials


5.2.3.1 Material Specifications . Table 5.2-3 lists PCS component materials of construction.
Refer to Section 5.3.1 for a discussion of reactor vessel materials. Original PCS material specifications
are in accordance with the ASME Boiler and Pressure Vessel Code, Section 11, 1962 Edition with addenda
and revisions in place at the time of the construction contract (ASME 1962a; deBoisblanc and
Cohen 1965).


5.2.3.2 Compatibility with Primary Coolant. ATR PCS materials in contact with the
primary coolant are austenitic Type 304 stainless steel with additional requirements for limitations on
carbon content (Type 304L) in areas that are inaccessible for maintenance or inspection. Type 304
stainless steel was chosen for its resistance to corrosion. Type 304 stainless meets the requirements of
American Society for Testing and Materials ASTM A-312-61T (deBoisblanc and Cohen 1965). Those
portions of the heat exchanger in contact with both primary and secondary coolant are primarily Inconel
600, with twelve heat exchanger tubes from Type 304 or 304L stainless steel. Inconel 600 is more
resistant to possible chloride stress corrosion from the secondary side.


Table 5.1-2, Item (f) lists nominal operating ranges for the primary coolant chemistry. Limits on
pH, conductivity, dissolved minerals, and filterable solids help ensure that excessive oxide deposition on
the fuel elements or aluminum corrosion does not occur as a result of primary coolant chemistry. Because
high relative coolant conductivity indicates the presence of dissolved salts, conductivity is used as a
parameter in controlling contaminants such as chloride (Beatty 1980) and copper. Filterable solids are
limited because the presence of filterable solids could also contribute to the deposition of foreign
materials on the fuel elements and to corrosion of the PCS (Kimmitt 1976).
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The pH of the primary coolant can be maintained at nominally 5.2 by using the bypass
demineralizer system; however, some variations can occur when a new resin bed is put into service
(Durney 1980, 1982).


The conductivity limits of the primary coolant are based on the pH-to-conductivity relationship of
pure dilute acid. Conductivity readings higher than these values indicate the presence of dissolved salts.
The normal conductivity range for the reactor at power and temperature, and with a pH of 5.2 to 5.4, is
2-5 pmhos/cm. Otherwise, the normal conductivity range is 2-8 pmhos/em.


Limits are imposed on gross beta and gamma activity level to prevent excessive radioactivity of the
primary coolant. These limits (a ) allow maintenance to be performed while staying within acceptable
personnel-exposure guidelines and (b) ensure control of radioactive releases to the environment. The
normal range of gross radioactivity is 0.05 to 0.29 tCi/mL, and it is controlled to be less than 2.0 pCi/mL.


5.2.3.3 Fabrication and Processing of Ferritic Materials. The primary heat exchangers
and the surge tank are constructed of carbon steel; areas that are in contact with the primary coolant are
clad with Type 304 stainless steel, and the heat exchanger tube sheets are clad with Inconel 600. These
vessels were designed and constructed in accordance with the ASME Unfired Pressure Vessel Code,
Section Vlll, 1959 Edition, including latest addenda and revisions in place at the time of the construction
contract and Case 1270 N-5 (ASME 1959). The applicable codes and preservice tests conducted on the
heat exchangers and surge tank are specified in Sections 5.4.2.2 and 5.4.10.1.3, respectively.


5.2.3.4 Fabrication and Processing of Austenitic Stainless Steels . To minimize the
possibility of intergranular corrosion in inaccessible PCS piping and in the reactor vessel, the carbon
content of the material contacting the primary coolant was restricted to C 0.060% by weight. No
additional provisions or special fabrication and processing techniques are required for preventing
corrosion of austenitic stainless steels because of the low temperatures and chloride contents of the ATR
PCS primary loop. No intergranular stress corrosion cracking (IGSCC) is expected for the stainless steel
reactor vessel (Dumey et al. 1987). A review of operational history combined with a review of factors
that influence IGSCC and crevice corrosion in oxidizing water systems indicates that any crevice
corrosion that may have occurred (or will occur) at ATR is expected to be minimal due to the very low
temperatures involved, the water quality, and the time of operation (Dumey et al. 1987). Because the
possibility of IGSCC-induced cracks is remote, chances of encountering cracks exceeding the allowable
sizes is very low, especially in the weld material (Dumey et al. 1987).


Corrosion behavior of Type 304 stainless steel was examined under coolant conditions expected
during ATR operations. The tests were run for a maximum of 4,000 hours. Corrosion rates were
negligible (C I millyr). Tests included welded specimens, specially prepared strips with prior
intergranular attack, and stressed specimens (deBoisblanc and Cohen 1965). Metallographic examinations
of control and test specimens did not reveal any propagation of the intergranular attack.


The radiation field to which the piping is subjected is not of sufficient magnitude to change the
material mechanical properties.


The ATR PCPB components and the reactor vessel are made of Type 304 stainless steel and Type
308 stainless steel weldments; therefore, the methods used for fabrication and processing are similar.
Refer to Section 5.3.1.2 for details on welding, and Section 5.3.1.3 for details on nondestructive
examination techniques for the reactor vessel. Also refer to Section 5.4 for details concerning testing of
individual PCPB components. Table 5.2-4 shows the material properties of Type 304 stainless steel.
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5.2.4 ISI and Testing of the PCPB


An IS) plan (INEEL 2002) is developed, and periodically updated, for the PCS using the ASME
Code, Section Xl, as a guide. The current Section XI edition being used is 1989, no addenda. The ATR
was designed and constructed before Section XI was implemented. Therefore, some limitations in
accessibility are encountered during 1S1 or testing of PCS components. Since not all components are
accessible, the ISI plan includes inspections for welds that are similar to ensure typical aging behavior is
available: The details of the IS] plan including the limitations are internally reviewed and approved by
management. Examination results are submitted to the Contractor's Reactor Programs engineering
organizations for review and approval, Where applicable, original radiographs and previous ultrasonic
examinations are used as baseline data to evaluate inspection results. Unacceptable indications are
resolved by repair, replacement, or analysis.


System leakage tests at nominal operating pressure are conducted before startup of each operating
cycle. A system hydrostatic test has been conducted once each ten-year interval at nominal operating
pressure.


1


5.2.5 Detection of Leakage Through the PCPB


The purposes of leakage monitoring are to (a) detect Pressure Boundary Fault Leakage' and, thus,
incipient failures in that boundary; (b) track abnormalities in overall leakage from the PCS; and
(c) respond promptly to major changes in that leakage. Leakage may occur through vent and drain valves,
gaskets, or fittings. This includes (a) sample flows routed directly to warm waste, and (b) a small amount
of flow past equipment seals to the warm drain collection system. The current method for evaluating
leakage is to determine the net instrumented flows into and out of the PCPB to arrive at a Net PCS
Leak Rate.


Pressure boundary fault leakage is leakage through a fault in a PCS component body, pipe wall, or
vessel wall within the radiographic limit, but not past seals, gaskets, and valve packings. Since the PCS is
a relatively low-temperature, low-pressure system, failures are not expected to propagate quickly.


The accuracy of measurement and normal flow oscillations make it difficult to obtain a meaningful
system leakage and discharge measurement from instantaneous flow meter readings (Klingler and Faller
1988). By estimating average flow over time, however, a more accurate measurement of leakage is
possible. With this accuracy, it is possible to identify day-to-day changes in the net PCS leak rate of less
than 5 gpm.


The limits on leakage from the PCS are established by consideration of the material and leakage
characteristics of the ATR PCPB as evaluated in support of the accident analysis (Section 15.6.2). The
PCS is a low-temperature, highly-subcooled, moderate-pressure system constructed of Type 304 stainless
steel. The operating range of the PCS results in relatively little stored energy. The chemistry of the
coolant has been carefully controlled thereby limiting the potential for degradation of material properties.
The piping and vessel are not exposed to extreme radiation fields, and the materials retain significant
ductility. Under these conditions of limited stored energy, little degradation of ductility, and careful
chemistry control, there is little potential for rapid crack propagation leading to an abrupt failure, and
incipient failures can be detected and corrected.


°. Pressure boundary fault leakage is leakage through a fault in a PCS component body, pipe wall , or vessel wall within the
radiographic lint, bin not past seals, gaskets, and valve packings . Since the PCS is a relatively low-temperature , low-pressure
system, failures are not expected to propagate quickly.
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The reactor is not operated with known leakage through the pressure boundary (the piping within
the radiographic limits). A walkdown of the PCS is completed routinely with the PCS at operating
pressure before reactor operation following an outage and depressurization. The total unidentified leakage
during operation is limited to 50 gpm in accordance with the evaluation for the correspondence of leakage
limits with potential PCS crack size and propagation (Atkinson 1994). An increase in unidentified leakage
over time of 10 gpm or more would be a cause for concern and initiation of actions to identify the cause
of the increased leakage and to evaluate the risk for continued operation (Atkinson 1994). Additionally
unidentified leakage is limited to 10 gpm prior to reactor operation. The significant activity to verify the
PCS integrity is the walkdown of the piping. Sufficient instrumentation is available to detect an increase
in leakage of less than 5 gpm. This same instrumentation will allow trending of the leakage consistent
with good operating practice.


5.2.6 System Controls to Preclude Significant PCPB Rupture


The ATR reactor vessel primary coolant piping systems are high-quality all-stainless steel systems
that are maintained to ensure that the quality does not degrade such that failure might be expected. The
ATR IS] program is based on the requirements of 1989 Edition, no addenda, Section XI of the ASME
Boiler and Pressure Vessel Code. High quality chemistry control of the PCS has been practiced since
initial system operation to maintain a very clean system operated within tight chemistry control bounds.
The chemistry control specifications were established based on many years of operating experience with
similar materials testing reactors and extensive experimentation. The primary concern upon which the
ATR PCS chemistry control specifications were based was prevention of excessive oxide film buildup on
the aluminum clad fuel plates (McCracken 1993). However, these controls have also served to maintain
good water quality for the stainless steel PCS. With these controls, no leakage has been detected from
heat exchanger tubes or other areas of the PCPB (other than for seals and valve seals) in over 30 years of
reactor operation.


All welded joints on PCS pipes larger than 3-in. in diameter, including the first isolation valve on
branch piping for auxiliary systems, were radiographed. All the accessible welds are re-inspected
periodically according to the ATR IS] plan (INEEL 2002). All branches and interfaces to the PCS
radiographic boundary meet one of the following criteria:


The interface is by a valve or orifice with a flow diameter less than or equal to 3-inches, or


ace is by a normally closed block or flow control valve incapable of being inadvertently
and remotely opened, or


In those locations in which the interface is by a single check valve:


- a loss-of-coolant accident (LOCA) analysis shows that the consequences of the interfacing
system rupture and a failed open check valve are within the consequences of the limiting
3-inch LOCA for the UFSAR (Section 15.6.4), or


a probabilistic analysis shows that the mean frequency for a rupture in the interfacing system
and a failure of the check valve to close is sufficiently low that the mean frequency for a
significant PCPB rupture from all sources is not significantly affected.


These criteria have been satisfied for the ATR PCS radiographic boundary interfaces (Table 5.1-1)
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The ATR PCS is a relatively low energy system normally operated at less than 390 psia at the
reactor inlet with cooling water inlet temperature normally not exceeding 125°F. The design is such that
the outlet temperature would be less than 175°F. As a result, there is little stored energy and the system is
significantly subcooled at atmospheric pressure. If a break were to occur in the PCS, the coolant would
not flash to steam. However, the principle significance of the low stored energy in the PCS is in the
manner that the piping might fail. A system such as the ATR PCS is not expected to have catastrophic
failures because the hydraulic energy is released very quickly and there is no driving force to result in
large scale failures.


Although the ATR PCPB design and operating characteristics minimize the potential for a
significant PCPB failure, vigilance and precautionary actions are still necessary to ensure that a
catastrophic failure will not occur. Potential causes of catastrophic ATR PCPB failures are:


• Intergranular stress corrosion cracking (IGSCC)


• Piping erosion


• Excessive piping vibration


• Fatigue Failure


• Extreme system overpressure


• Waterhammer


• Radiation embrittlement leading to brittle fracture


• Seismic events that overstress the components.


These potential PCPB failure modes have been evaluated and technical analyses, inspections, and
preventative actions are taken to preclude their occurrence. The results of the evaluations for the first
seven of these failure modes and actions taken and being taken to preclude these failure modes are
summarized by Smith (1997). The ATR PCS has been analyzed for the Safe Shutdown Earthquake (SSE)
with acceptable results. Additionally, the ATR seismic shutdown function of the RSS ensures that the
reactor is shutdown before a serious seismic event with a potential for causing any significant leakage or
loss of coolant from the PCS may occur.


Table 5.2-1. Primary Coolant System safety relief valves.'


Valve Location
Pressure setting


(psig)
Certified capacity


( pm)
SF-A-71 Vessel, lower drain 379 350
SF-A-72 Vessel, lower drain 379 350
SF-A-75 Pressurizing pump 670-M-14 Discharge 380 345
SF-A-76 Pressurizing pump 670-M-15 discharge 380 345


a. Data from Pace (1990
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Table 5.2-2. Primary Coolant System overpressure sources.a


Source Total dynamic head (prig) Design flow rate (gpm)
Primary coolant pumps 162 ( operating) 18,000 each


251 (shutoff)
Pressu ri zing pumps 382 (shutoff) 360 (maxims


256 (operati
Loss of heat sink 622
Warm sea] booster pumps 180 (shutoff 150 (normal)


270 (maximum)
Gland seal pumps 455 (operating 55


470 (shutoff)


High-pressure air 300
Emergency coola nt pumps 33 4,700
Overvoltage and/or frequency of Overspeed pump head Overspeed capacity ratio 1.15
diesel-generator power supply to ratio 1.32 (-•475 gpm maximum)
pressurizing and/or gland - sea] pumps


a. Data from Pace (1990).
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Table 5.2-3. Primary Coolant System materials of construction.'


Component Mate


Primary Pumps:


Casing
Impellers
Casing rings
Impeller rings
Shall
Shaft sleeves
Shaft seals
Bearings


Emergency and Pressurizing Pumps:


Casing
Impellers
Casing Rings
Impeller Rings
Shafi
Shaft Sleeves
Shaft seals
Bearings


heat exchangers:


Tubes
Tube type
Tube size
Tube sheets
Tube joints
Shells
Tube support plates and baffles
Channels, channel covers, and primary nozzles


Surge t nk:


Shell and heads
Nozzles


Degassing tank:


Shell and heads
Nozzles and internals


PCS piping.


PCS valves:


Safety relief valves:


Body and bonnet


Nozzle and disc


a. Data from deBoisblanc and Cohen 1965.


Austenitic stainless steel
Austenitic stainless steel
12% chrome steel
Austenitic stainless steel
SAE 4140 Steel
Austenitic stainless steel
Mechanical face type
Sleeve (babbit)


Austenitic stainless steel
Austenitic stainless steel
Austenitic stainless steel
Austenitic stainless steel
17-4 pH stainless steel
Austenitic stainless steel
Mechanical face type
Roller type


al


Inconel 600 or 304 stainless steel
U-bend
314 in. OD x 18 BWG
Inconel clad carbon steel
Welded
Carbon steel
Carbon steel
Type 304 stainless steel clad carbon steel


Type 304 stainless steel clad carbon steel
Type 304 stainless steel clad carbon steel


Type 304 stainless steel
Type 304 stainless steel


Type 304 stainless steel


Type 304 stainless steel


ASME SA-182. Grade F316, or
ASME SA-351, Grade CF3M or CF8M


Type 316 stainless steel
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Table 5.2-4, Material properties of 304 stainless steel.'


(a) Young's modulus


70°F
250°F


(b) Minimum unirradiated tensile properties at room temperature


ASME
S cification


SA-240
SA-182
SA-336
SA-376
SA-273


Form


Plate
Forgings
Forgings


Pipe
Tubing


(c) Coefficient of thermal expansion,'


70 - 250°F


(d) Allowable stresses (ksi) (SA-358 or SA-376)`


S, (70°F)
Sn (25°F)


SA
1,2 S6
SA + Sn


Tensile
siren h


si


75,000
75,000
70,000
70,000
75,000


SS 304


16.8
17,2
27,8
20,6
45.0


a. Data from Davidson (1979); de73oisblanc and Cohen (1965).


b.SA=f(1.25S,+0.25Sn),f=1.0.


c, Allowable stresses from ASME Section 111, 1977.


d. Equation numbers from Subanicte NC-3650, ASME Section 1]], 1977.
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28.3 x 106
27.4 x 106


Yield Elongation
sf rength in 2 inches


si 1°


30,000 40
30,000 45
30,000 0
30.000 35
30,000 35


0.0203 in/fl


5S 304L
Equat ion
number'


15.7
15.5 8
23.5 10
18.6 9
39.0 11
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Figure 5.2-1. ATR Primary Coolant System Piping Codes. ( For Information Only)
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5.3 Reactor Vessel


Section 5.3.1 contains pertinent data to demonstrate that the materials, fabrication methods, and
inspection techniques used for the reactor vessel conform to all applicable regulations. Section 5.3.2
describes the bases for setting the operational limits on pressure and temperature for normal, upset, and
test conditions. Section 5.3.3 contains additional information about reactor-vessel design not covered in
other sections.


5.3.1 Reactor Vessel Materials


5.3.1.1 Material Specifications . Original vessel material specifications are in accordance
with ASME Boiler and Pressure Vessel Code, Section 11, Materials Specifications, 1962 Edition with
addenda and revisions in place at the time of the construction contract (ASME 1962a; deBoisblanc and
Cohen 1965).


The pressure vessel is constructed of solid Type 304 stainless steel rather than carbon steel clad
with stainless Solid stainless steel was chosen for low probability of brittle fracture after very long
exposure to intense radiation and for its resistance to corrosion when in contact with ATR primary coolant
(deBoisblanc and Cohen 1965).


5.3.1.2 Special Processes Used for Manufacturing and Fabrication. Fabrication and
assembly procedures, including welding, were reviewed by the ATR design contractors before
commencing vessel manufacture (deBoisblanc and Cohen 1965). Also included were major tests,
inspections, and weld-examination standards. Repair work to the vessel required specific approval.
Certified records for all inspections were provided. All mill test reports, chemical analyses, and
thermal-treatment histories of vessel components were also provided.


ASME Code-qualified welders performed all vessel welding (deBoisblanc and Cohen 1965).
Electrode material provided a deposit containing a maximum carbon content of 0.060 weight percent in
accordance with SA-298 Type E 308 ELC-15 (deBoisblanc and Cohen 1965). The completed welds were
radiographed in accordance with Paragraph UW-51, Section VIIJ of the ASME Unfired Pressure Vessel
Code (ASME 1962b; deBoisblanc and Cohen 1965) and ASTM designation E-94-52T (deBoisbianc and
Cohen 1965) All welded joints on pipes larger than 3 in, in diameter, including the first isolation valve on
branch piping, were radiographed.


5.3.1.3 Special Methods for Nondestructive Examination . As discussed in
deBoisblanc and Cohen (1965), materials used in the reactor vessel, and the tests performed, were as
follows


Stainless steel plate and sheet ASME SA-240, Type 304, 0.06 max % carbon


Ultrasonic inspection for all materials used for pressure containment.


• Stainless steel forgings ASME SA-1 82, Grade F, Type 304 or ASME SA-336, Class F-8


- Macro-etch test


- Ultrasonic inspection for all materials used for pressure containment


- Carbon content procedure in accordance with ASTM E-30.
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• Stainless steel seamless pipe, ASME SA-376, Type 304


- Carbon content procedure in accordance with ASTM E-30


- Supplementary Paragraphs S-2 through S-5


- Ultrasonic and liquid penetrant inspection for all materials used for pressure containment.


• Stainless steel tubing ASME SA-213, Type 304


- Carbon content in accordance with ASTM E-30


- Ultrasonic and liquid-penetrant inspection for all materials used for pressure containment.


• Stainless steel welding electrode ASME SA-298 or ASME SA-371


- Type E-308 ELC except carbon limited to 0.060 weight percent maximum


- Met requirements of SA-298, Section 7.


• Principal bolting materials and fasteners


- Met ASME specification for pressure. temperature conditions and locations


- Ultrasonic inspected


- 100 percent liquid-penetrant inspected.


As discussed in deBoisbianc and Cohen (1965), the following inspection requirements over and
above the ASME Code requirements were imposed on all vessel welds:


Completed weld Liquid-penetrant inspection on both
sides of weld


Adjoining surfaces of the base Liquid-penetrant inspection
metal before welding


After first weld pass Liquid-penetrant inspection on both
sides of weld


After one-half weld thickness Liquid-penetrant inspection


5.3.9.4 Fracture Toughness. The issue of irradiation effects on the ATR reactor vessel has
been defined and evaluated. As plants accumulate more and more service time, neutron irradiation
reduces material fracture toughness and initial safety margins.


An evaluation by analyses of irradiation embrittlement of the reactor vessel has been completed
(Burney et al. 1987). The analyses include calculations which follow procedures in U.S. Nuclear
Regulatory Commission (NRC) Regulatory Guide 1,99 (NRC 1988; Buescher 1993). However, results
from commercial reactor experience do not apply directly to the ATR since the data pertain to low-alloy
carbon steels while the ATR reactor vessel and its welds are stainless-steel based.
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Analysis of the ATR vessel shows that neutron embrittlement is not currently a concern, and will
not be significant for operation through the year 2014 (Durney et al. 1987). This analysis of data,
applicable to Type 304 stainless steel base metal and for Type 308 stainless steel weld material, was
conducted to evaluate the potential for brittle fracture of the ATR vessel at any time up to the year 2014.


Since the ATR began operating in 1968, measurements have been conducted at various locations
during various cycles to determine the fast-neutron fluence (E > I MeV) to which the vessel is exposed.
Because of the desire to evaluate possible irradiation-induced embrittlement, it was necessary to identify
the component experiencing the peak fluence; i.e., the one closest to the core. As mentioned in
Section 5.3.1.5, the drop tube dimple and associated weld are used for estimating the vessel fluence. In
order to calculate the fast fluence, the history of operation was reviewed (Durney et al. 1987). The
accumulated fluences through Reflector 111, which was removed in 1986, were calculated. For purposes of
projecting these fluences into the year 2014, it was assumed conservatively that the reactor operates at
250 MW, balanced power for 80% of the time. The thermal-neutron fluence was estimated using data
taken from capsule irradiation files as well as the history of operation. The fast and thermal fluence for
various ATR components are calculated in the Core Safety Assurance Package (CSAP).


The nearest surface of the vessel wall to the reactor fuel annulus is 32.4 in. at the inner surface of
the drop tube dimple wall at the elevation of the core horizontal midplane (EL 80 ft). The remaining inner
surfaces of the vessel wall at the elevation of the reactor core are at distances ranging from 52.4 in. to
56.5 in. from the nearest fuel elements. A large degree of neutron attenuation is provided by the beryllium
reflector blocks, outer shim control cylinders (OSCCs), core reflector tank, and primary, coolant water.
The nearest weld on the vessel (the weld material behavior is limiting) also occurs on the drop tube
dimple, and is located 15 in. above the core horizontal midplane and 49.7 in. from the axial center of the
vessel.


The maximum projected thermal neutron fluence at the year 2014 was calculated (95% confidence
level) to be 7.62 x 1020 n/em2 and 2.27 x 1022" n/cm2 for the dimple base metal and weld metal,
respectively. The effect of transmutation in the material compositions was evaluated, and it was
concluded that the thermal-neutron fluence would have negligible effect on structural integrity
(Durney et al. 1987). The maximum projected fast-neutron fluence at the year 2014 was calculated
(95% confidence level) to be 1.20 x 1019 n/cm2 and 3.1 x 10" n/cm2 (E> I MeV) for the dimple base
metal and weld metal, respectively (Durney et a]. 1987). It was concluded that exposure to the above fast
fluences will have a negligible effect on the fracture toughness of either the base metal or the weld metal
(Durney et al. 1987). Therefore, this evaluation concluded that changes to the material properties of the
ATR vessel are not significant at fluences projected for operation to 2014. The failure mode for the vessel
is consistent with the analysis for the unirradiated vessel (Mousseau 1987).


The above lifetime values are operational limits on fast- and thermal-neutron fluence to the reactor
vessel established to ensure that an adequate margin is maintained. Additionally, the total fluence to the
reactor vessel is evaluated annually.


An independent review (Buescher 1993) concluded: "The ATR is substantially in agreement with
the functional requirement, with regard to analysis and supporting tests for embrittlement. Consequence
analysis and specific PRA treatment do not appear to be current needs for the ATR."
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5.3.1,5 Material Surveillance . The ATR vessel is made of solid Type 304 stainless steel,
which has a lower susceptibility to neutron-induced embrittlement than carbon steel.
Materials-surveillance specimens were not included with the original installation of the ATR reactor
vessel. However, in 1988 a program was initiated to irradiate fracture-toughness and tensile specimens for
the vessel. Specimens were fabricated that are representative of the vessel base metal, weld metal, and
heat-affected zone. Initial testing on some of these specimens was completed before irradiation to
establish the unirradiated properties of the material (Graham et al. 1989). The remaining specimens were
then irradiated in the ATR outer grids at an accelerated fluence rate. The specimens have since been
removed and tested to determine the irradiated material properties. The data shows (Carlson 2002) that
the assumptions about radiation effects on fracture toughness properties made in the aging assessment
(Durney et al. 1987) are conservative.


5.3.1.6 Reactor Vessel Fasteners , Section 5.3.1.3 discusses reactor vessel fastener
materials and inspection requirements.


Loss of fracture toughness in reactor vessel supports may result in a vulnerability to a transient
stress or shock leading to a rapidly propagating fracture and consequent movement of the reactor vessel.
However, the ATR Aging Evaluation and Life Extension Program (Dwight 1988a, 1988b) indicates that
reactor vessel supports are not vulnerable to radiation embrittlement. The vessel supports are under
compression and are far removed from the beltline region of the vessel. The neutron fluence is well below
the damage threshold (Buescher 1993).


5.3.2 Pressure-Temperature Limits


5.3.2.1 Limit Curves. Operational limits to maintain the PCS operation within design
conditions, are established for (a) PCS pressure at various locations, (b) overall PCS temperature, and
(c) PCS pressure during hydrostatic testing (no flow, ambient temperatures).


5.3.2.2 Operating Procedures. As discussed in Section 5.3.2.1, operational limits are
established for (a) PCS pressure at various locations, (b) overall PCS temperature, and (c) PCS pressure
during hydrostatic testing (no flow, ambient temperatures). Operational procedure? are established to
ensure that (a) the operational safety limits on temperature and pressure are not exceeded during normal
ATR operations (Level A) or any foreseeable upset or emergency conditions (Level B or C), and (b) that
the reactor will not be operated with an insufficient number of PCS components or insufficient flow.
Refer to Table 5.1-2(b) for nominal PCS steady-state operating pressures and temperatures at 250 MW,,
and Table 5.1-2(c) for PCS piping design pressures, temperatures, and safety limits.


No formal cooldown procedure is needed to protect the primary coolant system or the core as in a
commercial reactor. The aluminum-clad metallic-plate fuel elements do not have a pressurized gap, and
there is no requirement to maintain the cladding in compression at elevated temperatures as in a
commercial plant.


°. Refer to Chapter 16 (Derivation of Technical Safety Requirements) for a more detailed discussion of operating procedures.
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5.3.3 Reactor Vessel integrity


The reactor vessel (Figure 5.3-1) is a subsystem of the Primary Coolant System (PCS) and, thus, a
part of the Primary Coolant Pressure Boundary (PCPB). Its function is to provide an PCPB envelope for
the reactor core and internals. As part of the PCPB, the reactor vessel is classified safety-related because
the PCPB maintains the heat-removal capability of the PCS and serves as a primary barrier for
fission-product release (House 1992).


Section 5.3.3 provides references to other Chapter 5 sections where factors important to reactor
vessel integrity have been previously discussed, such as (a) Section 5.2.3, Primary Coolant Pressure
Boundary Materials, (b) Section 5.2.3.4, Fabrication and Processing ofAustenitie Stainless Steels,
(c) Section 5.2.4, Primary Coolant Pressure Boundary 1SI and Testing, (d) Section 5.3.1, Reactor Vessel
Materials, and (e) Section 5.3.2, Pressure-Temperature Limits. The operational limits, as established for
the Technical Safety Requirements, are discussed in Section 5.3.2.2 and in Chapter 16 (Derivation of
Technical Safety Requirements). Section 5.3.3.1 provides a description of basic reactor-vessel design.
Reactor-vessel codes and bases are discussed in Section 52.1.


5.3.3.1 Design . The reactor vessel is a pressurized container constructed entirely of 304
stainless steel, with an ASME design rating of 390 psig at 240°F and an empty weight of about
205,000 lb. The ATR reactor components are housed in a solid stainless steel vessel because stainless
steel can be exposed to intense irradiation over long periods of time with only a small probability of
brittle fracture (deBoisblanc and Cohen 1965). Table 5.3-1 shows the applicable design and performance
characteristics.


The major components of the Reactor Vessel Subsystem (Figures 5 3 -1, 2, -3, and -4) are the
(a) vessel shell assembly, (b) top head assembly, (c) bottom head assembly, (d) drop tube assembly,
(e) various reactor-vessel nozzles and penetrations, (f) miscellaneous reactor-vessel penetration
assemblies, and (g) nuclear instrument thimbles. The major reactor-vessel nozzles and penetrations are
listed in Table 5.3-2, shown in Figures 5.3-1, -2, -3, and -4, and discussed in the subsection corresponding
to the vessel assembly where they are located.


The miscellaneous penetration assemblies provide an PCPB seal for certain nozzles and
penetrations, which attach to mechanisms extending outside the reactor vessel. The penetration
assemblies are (a) the penetration body assembly for N-16 sample tubes, (b) the inpile tube bottom head
seal freeze unit and sea] or bottom head closure plug assembly, (c) the pressure housing for the neck shim
and regulating rod drives, (d) the flanged tubes for the safety rod horizontal drive shaft assemblies, and
(e) the nozzle extension assembly of the OSCC System. Other miscellaneous small nozzles and
penetrations (1/8 to 1-1/2 in. ID), above and below the core, provide venting, sea] water entry, and flush
water line connections.


The shell is closed at the bottom by a welded hemispherical head, and at the top by a flanged and
bolted head of a standard elliptical cross section. Both top and bottom heads have the central opening
closed by flat circular closure plates seated inside the vessel.


Sufficient vessel volume above the core permits coolant to serve as an upper core shield during
reactor operation and outage handling work. The large amount of coolant shielding also minimizes
fast-neutron damage to the reactor vessel.
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Internal thermal shields° reduce gamma heating in the concrete biological shield and vessel wall,
and are supported by brackets welded to the vessel inner wall. The vessel is provided with inlet and outlet
nozzles for the primary coolant. Elevated exit nozzles provide a continuous envelope that keeps the core
covered with coolant.


A drop tube attached to the vessel side is used to transfer fuel, experiments, and small reactor
internals from the vessel directly to an adjacent stainless-steel-lined canal system. Additional design
features include refueling ports, experiment- and reactor-instrument penetrations and nozzles, and
bottom- and top-head penetrations for various functions.


As discussed in deBoisblanc and Cohen (1965), an ASME Code analysis was made during design
for the ATR vessel, including top- and bottom-head closure plates, nozzles, and penetrations. A summary
of the maximum stresses (combined) for principal locations, together with allowable values, is as follows:


Design


Location Materi al
Temp
(°F)


Pressure
(Psi)


Thickness
(in .)


Allowable
Stress
(Psi)


Combined
stress
(psi )


Site]] SA 240 Type 240 390 2 15,990 14.744


Shell SA 240 Type 240 390 5 15,990 6.022


Bottom head SA 240 Type 240 390 2 15,990 7,724


Top ]read SA 182 Type 304 240 390 16 23,985 10.026 Hub
Stainless Steel 15.990 6.329 Tan


15 990 5 807 Rad, ,


Vessel flange SA 182 Type 304 240 390 15.75 23,985 8,610 Hub
Stainless Steel 15,990 5.276 Tan


15,990 5.638 Rad


The design loads imposed on the reactor vessel and nozzles Were included in calculations
determining nozzle reinforcement. The bending moments were computed for the safety-rod drive nozzles,
Piping reactions for all nozzles were computed, and the resulting loads were used in calculating required
nozzle reinforcement.


The results of stress calculations including nozzle reinforcement, weld areas, bolting pipe, and
other external reactions show that the ATR vessel design meets all code requirements. All openings in the
vessel shell for penetrations and nozzles are reinforced in accordance with the rules of the 1962 edition of
Section VIII of the ASME Boiler and Pressure Vessel Code (ASME 1962b; deBoisblanc and Cohen
1965; Burl 1978). As discussed in deBoisblanc and Cohen (1965), the completed vessel is approved
under the provisions for nuclear vessels as stated in ASME Code Case 1270 N-3, and has an ASME Code
Stamp. Other applicable cases are 1273 N-7, 1270 N-5, 1271 N, 1272 N-5, 1274 N-6, and 1275 N.


'. Reter to Chapter 3 (Design of Stmciures, Components, Equipment, and Systems) for a description of the thermal shields.
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In addition, an analysis (Miller 1987) of the ATR drop tube and cylindrical course weldment has
been performed for pressure and thermal loading. The assembly was analyzed for structural adequacy
according to criteria of the ASME Code Section 111 Subsection NB for Class I components. This included
a comparison of calculated stresses with specified limits for pressure and thermal loading. It also included
a fatigue evaluation for all pressure/temperature cycles expected during operation of the ATR. Results
from the analysis indicate that stresses are within limits specified by the ASME Code for Design,
Level A, and Level B conditions. In addition, the results showed that the assembly can sustain 107 cycles
of pressure loading and thermal gradients that could occur as a result of the operation. The number of
cycles experienced for a year is conservatively not more than 50 (Durney et al. 1987). It is apparent from
this evaluation that the fatigue limit for the vessel is not a concern since it would require 2 x 105 years to
accumulate 10' cycles. Thus, the evaluation shows that the drop-tube assembly meets ASME Code
Section III Subsection NB criteria for pressure and temperature loads for the life of the ATR.


As discussed in Miller (1987), the stresses calculated for the drop tube assembly are representative
of the worst pressure and thermal stresses expected anywhere in the ATR vessel. Results from the stress
and fatigue evaluations of this assembly indicate that safety margins were ample. Thus, it is concluded
that all portions of the ATR vessel meet ASME Section 111 Subsection NB criteria for pressure and
temperature loads for any projected service life of the plant (Durney et al. 1987).


5.3.3.1.1 Vessel Shell Assembly-The vessel shell assembly (Figure 5.3-2)
consists of four cylindrical shell sections and the vessel top flange welded together. The vessel shell wall
is 2 in. thick for the bottom and center shell sections. The upper section is 5 in. thick to provide an
attachment for the vessel support skirt, instrumentation, and facility nozzles. The vessel support skin,
mounted to the exterior wall of the vessel by welded clamps approximately 10-1/2 ft above the top of the
core, extends outward and rests on a sole plate in the structural concrete in the nozzle trench
(Figure 5.3-5). The skirt supports the entire weight of the vessel and internals. The vessel shell center
section is composed of two cylindrical shell sections welded together and contains an opening for the
drop-tube assembly, which is welded to the bottom section of the center shell section.


The vessel upper and lower drain nozzles are welded to piping, which together act to reduce and
maintain the reactor water level during outages to simplify maintenance and experiment handling.


The eight safety-rod drive line nozzles provide an attachment point for the flange tube of the
horizontal drive shafl.° The eight OSCC drive line nozzles are welded to the vessel shell I ft above the
core and provide an attachment point for the OSCC nozzle extension assembly."


The twelve 5-in.-ID diagonal nozzles for the nuclear instrument thimbles are welded to the reactor
vessel 13 ft above the core. The nuclear instrument thimbles` are, in turn, welded to the nozzles, and are
sealed forming an PCPB sea]. The safety rod and OSCC drive line nozzles, and nuclear instrument
thimbles are sealed by penetration assemblies. The experiment loop piping penetrations and the
instrumented capsule penetrations are normally covered and sealed with a bolted cover and gasket. The
coolant outlet nozzle and vessel upper and lower drain nozzles are connected to PCS piping to accomplish
their functions during normal operations. The tipper and lower lines attached to the nozzles are closed by
gate valves located in the nozzle trench area.


". Refer to Section 5.3.3.1.5 for a discussion of the flange tube.


h. Refer to Section 5.3.3.1.5 for a discussion of the OSCC nozzle extension assembly.


Refer 10 Sect ion 5.3.3.1.6 for a discussion of the nuclear instrument thimbles.
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5.3.3.1.2 Top Head Assembly-The top head assembly (Figures 5.3-2 and -3)
consists of the top head closure plate, the elliptical top head, the bolting flange, and the refueling port
covers.


The top head closure plate (Figure 5.3-3 and Item 11.2 of Table 5.3-2) is bolted to the top head
closure plate flange with 24 closure bolts and is sealed by two 0-rings. The top head closure plate is
installed from inside the top head. The top head closure plate flange is welded to the top head. The top
head is welded to the top head bolting flange. The top head bolting flange is double grooved to contain
two 0-rings to provide a coolant seal. The top head bolting flange is attached to the reactor vessel top
flange with 62 top head closure studs. The studs are installed using a bolt tensioner since the top head is
not normally removed during outages. Fuel handling is done through the five refueling ports described
below.


The top head closure plate contains nine major penetrations for the inpile tubes or solid metal
closure plugs (Table 5.3-2, Figure 5.3-3). Each penetration is sealed with a gland seal, 0-rings, and
locking rings similar to the bottom head penetration seal, gland seal water connection; and grease fitting.'
A 1-1/2-in. diameter penetration is positioned directly above each of the four regulating rod positions in
the core. These holes are sealed by a stainless steel plug and double 0-rings, They are used only when
installing a new regulating rod.


The five 20 x 40-in. elliptical refueling access ports and coveys (Figure 5.3-2) in the top head are
equally spaced around the top closure plate, and are closed with flat-face flanges containing single
grooves for 0-rings. The groove in the port cover is designed to contain the 0-ring when the cover is
removed. Two ports are provided with individual aluminum air-purge cover plates and aluminum insets to
protect the sealing surfaces during outages. Two port covers typically contain a glass viewing window for
observing the reactor internals during operation.


5.3.3.1.3 Bottom Head Assembly-The bottom head assembly (Figures 5.3-2, -4)
consists of the bottom hemispherical head, bottom closure plate, membrane, 0-ring, and bottom head
flange. The circular bottom head closure plate (Figure 5.3-4 and Item 111-2 of Table 5.3-2) seats on an
offset in the bottom head flange, and is installed from above (i.e., inside the vessel). The closure plate is
grooved to contain an 0-ring on the flat seating surface, In addition to the 0-ring seal, a removable
stainless steel weld membrane provides zero leakage between the bottom head and its closure plate. The
bottom head flange is welded to the bottom hemispherical head, which in turn is welded to the vessel
shell lower section.


The bottom head closure plate nozzles and penetrations (Table 5.3-2, Figure 5.3-4) include nine
major penetrations for the in-pile tubes or solid metal closure plugs. The bottom head closure plugs are
bolted to the bottom of the snubber tubes. For each position in which an inpile tube is installed, the inpile
tube penetration is sealed with a gland seal, 0-rings and locking rings, a warm seal water connection`, and
a grease fitting. The plate also contains the four neck shim and regulating rod penetration assembly


°. Refer to Chapter 9 (Auxiliary Systems) for a description of the Gland Seal Water System.
Refer to Section 5.3.3.1.5 for description of the in-pile tube penetration assembly.


°. Refer to Chapter 9 (Auxiliary Systems) for a description of the Wane Seal System.
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nozzles', four emergency firewater inlet line nozzles, eight penetrations for the N-i 6 monitor assemblies,
and four flush water line connections.


The center flux trapa baffle assembly penetrates the bottom head closure plate through the center
penetration, and extends to a point 5-1/2 in, below the plate. The penetration is sealed by two 0-rings and
a chevron packing sea] to prevent primary coolant leakage.


The bottom flange of the core support tank' is bolted to the bottom head closure plate.


The bottom head injection subsystem of the Emergency Firewater Injection System (EFIS)° is
ed to the reactor vessel with welds at four 2-in. pipe stubs in the bottom head closure plate.


5.3.3.1.4 Drop Tube Assembly-Reactor internal components may be transferred
underwater to the working canal through the drop tube assembly (Figure 5.3-1, -2, -5, -6). The drop tube
connects to a 15-3/4-in. ID penetration in the drop tube assembly about 6 in. above the core. The drop
tube assembly is welded to an opening in the vessel shell (Figure 5.3-2).


The penetration is closed during reactor operation by the drop-tube cover. The cover has a double
0-ring seal and is held in place by two cam-lock, hold-down lugs.


5.3.3.1. 5 Vessel Penetration Assemblies-The major reactor vessel penetration
assemblies include (a) the penetration body assembly for N-16 sample tubes, (b) the inpile tube bottom
head sea] freeze unit and seal or bottom head closure plug assembly, (c) the pressure housing for the
regulating rod and neck shim drives, (d) the flanged tubes for the horizontal drive shaft assemblies of the
Safety Rod System, and (e) the nozzle extension assembly of the OSCC.


Penetration Body Assembly (for N-I 6 Tubes)`-The N- 16 tube penetration body assemblies use an
0-ring seal and gasket to prevent leakage of primary coolant through the eight N-16 penetrations of
the bottom head closure plate. If seal maintenance is required, the N-16 assembly must be removed
and the sleeve plugged at the bottom head closure plate before the penetration body assembly can
be loosened. The N-I 6 tube assembly is positioned by the penetration body assembly and by a bow
in the tube as it passes through the core region. Flow enters the N-I 6 assembly through the top port
in the side of the penetration body assembly and travels up through the outer tube. The flow then
returns through the bottom port in the penetration body assembly.


The center N-16 assembly is part of the center flux trap assembly and thus considered a part of the
Reactor Internals.`


'. Refer to Section 5.3.3.1.5 for a description of the neck shim and regulating rod penetration assemblies, and N-16 tube
penetration assemblies.


Refer to Chapter 3 (Design of Structures, Components, Equipment, and Systems) for a description of the center flux trap.


Refer to Chapter 3 (Design of Structures, Components, Equipment, and Systems) for a description of the Core Support and
Flow Distribution System-


Refer to Chirpier 6 (Engineered Safely Features) for a description of the EFTS System.


Refer to Chapter 9 (Auxiliary Systems) for a description of the N- 16 system.


Refer 10 Chapter 3 (Design of Structures, Components, Equipment, and Systems) for a description of the center flux trap and N-
16 assembly.
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Inpile Tube Bottom Head Seal-The Freeze Units attach to the penetrations for the inpile tubes in
the bottom head closure plate. Where inpile tubes are not installed, the inpile tube penetrations are
sealed by bolting stainless steel closure plug assemblies to the bottom head closure plate. The
closure plug assemblies have four 0-ring seals and bolt against the snubber tubes.


The inner edge of the safety rod' inner snubber tube is sealed against the inpile tube with the upper
and lower gland caps, packings, and 0-rings. The lower gland cap and all packing ring sets are
attached by bolts screwed to the upper gland cap. The upper gland cap is bolted to the freeze unit.
The freeze unit and seal rings are attached by bolts screwed to the bottom wall of safety rod inner
snubber tube forming a coolant seal. The freeze unit allows replacing the packings with inpile tubes
installed. A second packing ring set is installed in the freeze unit.


The Pressure Housing Assembly (for Neck Shim and Regulating Rod Drive Systems)-The
pressure housing assembly is made up of an outer pressure housing, and both an upper and lower
extension assembly. The assembly extends from the neck shim rod housingb vertically downward
through the subpile room into the rod access room where the drive units are located, terminating at
a point just below the ceiling (Figure 5.3-5).


The pressure housing assembly serves as a guide path for the shim control drive cables and
regulating rod drive rods`, and extends the primary coolant pressure boundary to a point where the
drive rods and drives are accessible for maintenance.


A closure cap , which is fastened to the pressure housing by a lower ring attached to an upper ring
on the pressure housing, serv es as a watert ight seal for the pressure housing. Tube fitt ings welded
concentrically to the cap provide a means of neck shim drive cable exit.


The regulating rod drive rod seal assembly is a labyrinth type seal, consisting of a series of
bushings and a lantern ring. The seal is held in place by a special nut fitted with an 0-ring seal, The
seal permits the regulating rod drive rod to extend to the rod access room without breaking the
watertight integrity of the pressure housing section. Gland seal water' is introduced at the seal
assembly to prevent primary coolant from contacting the surfaces.


Flange Tube Assemblies for the Horizontal Drive Shaft Assemb li es of the Safety Rod System-
The safety rod horizontal drive shaft penetrates the reactor vessel through a flange tube
(Figure 5.3 -7) and is supported by ball bearings . The outer wall of the flange tube is welded to the
reactor nozzle as shown in Figure 5.3-7. A rotary face seal , serviced by the warm seal water
system` attached to the flange , provides a seal surface to contain the primary coolant . An inflatable
seal permits normal maintenance involving removal of the horizontal drive shaft assembly without
draining the reactor vessel.


'. Refer to Chapter 3 (Design of Structures, Components, Equipment, and Systems) for a description of the Safety Rod System.


Refer to Chapter 3 (Design of Structures, Components, Equipment, and Systems) for a description of the Neck Shim Rod
System.


`. Refer to Chapter 3 (Design of Structures, Components, Equipment, and Systems) for a description of the Regulating Rod
Systern.


Refer to Chapter 9 (Auxiliary Systems) for a description of the Gland Seal Water System.


Refer to Chapter 9 (Auxiliary Systems) for a description of the Wann Seal Water System.
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• OSCC Reactor Nozzle Extension Assemblys-The OSCC nozzle extension (Figure 5.3-8) is
welded to the reactor vessel OSCC drive line nozzle. It extends the PCPB to the OSCC drive
access area, and supports the external portions of the OSCC drive mechanisms. The drive shaft
housing assembly is installed in the nozzle extension assembly. The seal between the OSCC drive
shaft housing assembly outside diameter and the nozzle extension is provided by three preformed
packings in grooves on the outside diameter of the drive shaft housing. The OSCC outer gearbox
assembly bolts to the outer end of the nozzle extension assembly.


5.3.3.1. 6 Nuclear Instrument Thimbles-The ion and fission chambers for nuclear
instrumentation detectors' are contained in 5-in.-ID stainless steel instrument thimbles welded at the
upper end to the 12 diagonal 5-in. nozzles in the reactor tank wall (see Figure 5.3-1). (See Figure 5.3-9 for
a radial location of these thimbles.) Radiation streaming from these air-filled tubes is shielded by a shield
plug which is bolted to the thimble flange. This shield plug also defines the air flow path (purge system)`
out of the instrument thimble.


An adjustable sliding seal closure is installed in the instrument thimbles. The components consist
of two flanged tubes designed to slide one inside the other with O-ring seals. One flanged tube fits inside
the instrument thimble, suspending the shield plug and seal on the top flange of the thimble. The second
flanged tube will slide inside the first flanged tube and will provide for nine individual seals around the
instrument leads from the chambers inside the thimble. The sliding closure allows for adjusting the height
of the ionization chambers 11.25 in. without breaking the nine seals.


&13.2 Materials of Construction . Refer to Section 5.3.1 and Table 5.3-1 for reactor
vessel materials of construction.


5.3.3.3 Fabrication Methods . Refer to Section 5,23.4 for reactor vessel fabrication
methods.


5.3.3.4 Inspection Requirements . Refer to Section 5.2.4 for reactor vessel inspection
requirements.


5.3.3.5 Shipment and Installation. The maturity and considerable operating history of the
reactor vessel demonstrates that its as-manufactured integrity was maintained during shipment and
installation. Shipping and installation were done in accordance with procedures that would result in
avoiding damage to the vessel and preclude application of loads to components.


5.3.3.6 Operating Conditions . Refer to Section 5.3.2.2 for reactor vessel operatin
conditions.


5.3.3.7 Inservice Inspection. Refer to Section 5.2.4 for reactor vessel IS].


a. Refer to Chapter 3 (Design of St ru ctures, Components, Equipment , and Systems ) for a discussion of the OSCC System.


Refer to Chapter 7 (lnstnunentation and Con trols ) for a description of The ATR nuclear instru mentation.


`. The thimble purge system is considered a subsystem for the plant air system described in Chapter 9 ( Auxiliary Systetns







Idaho Notional Engineering and Environ mental Laboratory 412.09(09/0312002 -Rev, '7)


Identifier SAR-153
CHAPTER 5 - PRIMARY COOLANT SYSTEM - .


Revision: 9UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 5-60 of 5-92FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


Table 5.3-1 - Reactor vessel design and performance characteri
Parameters Data


Materials


Vessel SA-240 304 stainless steel (< 0.06% carbon)
Pressure housing upper extension, and lower extension guide
tube


lnconel


Vessel flanges SA-336, SA-182, 304 stainless steel


Bolts SA-193- GR.814 stainless steel
Pi SA-376, stainless steel
Tubing SA-213, stainless steel


Design pressure 390 si


Desi n temperature 240°F


Outside diameter 12 ft
Overall height 35 ft
Total volume 3,250 fi r


Operating pressure (reactor core ) 260-360 sig


Operating temperature 125-170°F


Empty weightht 205,000 lb
a. Data from defoisblanc and Cohen (1965}.
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Table 5.3-2. Reactor vessel nozzles and penetrations.


Nozzle or penetration


1. Reactor- vessel shell


I.
2.
3.


4.


5.


Upper drain nozzle
Experiment loop piping (LI through L-4)
Instrument thimble nozzles (35°from vertical)
(TI through T-12)
Experiment loop piping penetrations
(L-5 through L-13)
Instrumented capsule penetrations
(C-l through C-16)


6. Lower drain nozzle
7. Coolant outlet nozzles
8. Outer shim con tr ol drive line
9. Drop tube (24 ° from vertical)
10. Safety rod drive line nozzles


11. Reactor vessel top head assembly


1. Elliptical refueling ports
a. Air purge Pon


2. Top head closure plate opening
a. Loop inpile Tube penetrations
b. Regulating rod penetrations


III. Reactor bottom head assembly


1. Bottom hemispherical head
a. Coolant inlet nozzles


2. Bottom head closure plate opening
a. Loop in pile tube penet ra tions
b. Neck shim drive line nozzle
c. Flush-water line penetrations
d. N-l6 assembly pene tr ations
e. Emerge ncy firewater injection inlet


Quantity


Nominal
size ID
(in.)


Plant
elevation


1 8 96 ft 3in.
4 12 96ft3in.
12 5 94 ft 9 in.
9 10 94ft7in.
16 3-1/16 93 ft 6 in.
1 8 91 It 2in.
4 15-1/4 85 ft 10 in.
8 3 82fi7in.
1 16 82ft4in.
8 6-3/4 72 IT 5 in.


5 20x40 100 fl 5in.
5 9-3/4 100 It 5 in.


1 38 100 It 5 in.
9 6-9/16 100 ft 5 in.
4 1-1/2 100 ft 5 in.


2 23-1/4 69 ft 5 in.


1 52-7/8 66 fi 10 in.
9 5-1/4 6611 10 in.
4 2 66 IT ]Oin.
4 1-7/8 66 IT 10 in.
8 3/4 66 It 10in.
4 2 66 fi 10 in.
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Figure 5.3-3. Top head closure plate. ( For Information Only)
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Figure 5.3-4. Bottom head closure plate. ( For Information Only)
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Figure 5.3-6. Reactor vessel drop tube assembly. ( For Information Only)
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Figure 53-7. Safety rod horizontal shaft. ( For Information Only)
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Figure 5.3-8. Outer shim control drive. (For Information Only)
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5.4 Component and Subsystem Design


The PCS components described in this section are (a) the PCS primary coolant pumps, (b) the heat
exchangers, (c) PCS pipes and valves, (d) the emergency coolant pumps, (e) the surge tank, (f) the
degassing tank and pressurizing pumps, and (g) equipment supports. Table 5.4-1 tabulates important
design and performance characteristics of the PCS components described in this section.


For future modifications within the PCS radiographic limits, Section XI of the ASME Code as
implemented by the ATR IS] Plan (HEEL 2002) shall apply.


Due to the low radioactivity of the fluid in the PCS, there is a negligible effect on the material
properties of PCS piping and components.


As previously mentioned in Section 5.2.3.2, radioactivity-level limits allow maintenance to be
performed while staying within the acceptable exposure guidelines, and ensure control of radioactive
releases to the environment. If necessary, PCS coolant is circulated and cleaned through bypass
demineralizer ion-exchange columns before release via the liquid waste effluent discharge system. Refer
to Chapter 12 (Radiation Protection) for a summary of calculated dose rates.


Shielding for certain areas has been provided for limited access during particular periods of the
overall operation. It is uneconomical to provide shielding in all areas to all unrestricted access
(deBoisblanc and Cohen 1965). The non-shielded areas are placed under administrative control with
respect to entry procedures and time of access (deBoisblanc and Cohen 1965). Refer to Chapter 12
(Radiation Protection) for a discussion of these areas together with possible radiation sources.


5.4.1 Prima ry Coolant Pumps


The primary coolant pumps are horizontal, double suction, volute centrifugal-type pumps driven by
2,000 hp electric motors. Each primary coolant pump (M-6, M-7, M-8, M-9 in Figures 5.1-1, -10) was
designed for, and will exceed, 18,000 gpm at a total dynamic head (TDH) of 400 ft (171 psi when
pumping 130°F primary coolant). The primary pumps start and stop manually with controllers on the
Distributed Control System. Pump discharge check valves prevent reverse flow through a standby, or
inoperative pump. Following loss and subsequent restoration of power, the pumps require a manual
restart


The four primary coolant pumps, arranged in parallel, are located in the first basement south of the
heat exchangers. Each pump is in a shielded cubicle, and is provided with pump casing vent valves and
piping drain valves. Refer to Chapter 12 (Radiation Protection) for a discussion of shielding and dose
rates in the pump motor area. Hatch covers in the main floor permit servicing individual cubicles.


Primary coolant pumps M-8 and M-9 are powered' from the 4160V commercial bus section A
(670-E-1), and primary coolant pumps M-6 and M-7 are powered from the 4160V commercial bus
section B (670-E-2). Due to the relatively low pressure of the ATR PCS, specific systems to preclude
rotor overspeeding of the primary coolant pumps in the event of a design-basis Loss of Coolant Accident
(LOCA) do not exist. In addition, rotor overspeeding is not expected because of the unsaturated condition
of the primary coolant and the low frequency of operation of the primary pump motors.


'. Refer to Chapter 8 (Electric Power) for a description of the electrical power sys
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I


5.4.1.1 Pump Flywheel Integrity. ATR prima
therefore, this section is not applicable.


coolant pumps do not have flywheels;


5.4.1.2 Design Characteristics . Refer to Table 5.4-1 for the primary coolant pump design
characteristics. PCS head curves with one-, two-, three-, and four-pump operation are shown in
Figure 5.4-1.


5.4.9.3 Materials of Construction. The materials of construction are given in Table 5.2-3
and discussed in Section 5.2.3.


5.4.1.4 Codes and Tests. As discussed in deBoisblanc and Cohen (1965), the primary
coolant pumps were designed and constructed in accordance with the Centrifugal Pumps Section of the
Standards of the Hydraulic Institute, 10th edition, and tested and inspected as follows:


• All four pumps were shop tested with cold water at rated speed from the shutoff head to 120% of
design capacity. The following data were recorded:


- Head versus capacity


- Overall efficiency versus capacity


- kW input versus capacity


Results of sea] leakage tests.


• All pump casings were hydrostatically tested at 585 psig.


• All pump tests were in accordance with ASME Power Test Code for Centrifugal Pumps, PTC 8.1
1954 edition.


The status of programs to protect against passive mechanical failures in components such as
standby pumps is addressed in Chapter 3 (Design of Structures, Components, Equipment, and Systems),


5.4.2 Heat Exchangers


The five parallel primary heat exchangers (M-2, -3, -4, -5, -85 in Figures 5.1-1, -10) are vertical,
head-down, U-tube type heat exchangers. Flanges are provided at the heat exchanger inlets and outlets.
The primary side of each heat exchanger may be isolated with blind flanges for maintenance and/or
chemical cleaning. The secondary side of each heat exchanger may be isolated using existing block
valves. Heat exchanger primary-side drain and blowdown connections permit individual heat exchanger
blowdown and removal of debris, such as broken flux wires.


Access to the tube sheet is by removal of the heat exchanger bottom head or manways in the
bottom head. Access platforms permit tube bundle inspection through shell inspection ports.


Refer to Table 5.4-1 for design characteristics of the heat exchanger.


5.4.2.1 Materials of Construction . The materials of construction are given in Table 5.2-3
and discussed in Section 5.2.3.







Idaho National Engineering and Environmental Laboratory 412.09(09/0312002 -Rev. 7


Identifier: SAR-153
CHAPTER 5 - PRIMARY COOLANT SYSTEM - Revision: 9
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 5-73 of 5-92


FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


5.4.2.2 Codes and Tests. The primary heat exchangers are designed and constructed in
accordance with the ASME Unfired Pressure Vessel Code, Section VIII, 1959 Edition; and General
Requirement for Nuclear Vessels, Special Ruling Case 1270 N-5 (deBoisblanc and Cohen 1965), As
discussed in deBoisblane and Cohen (1965), they were tested and inspected as follows:


• Shell and tube side of each heat exchanger were hydrostatically tested in accordance with
Paragraph UG-99 of the ASME Unfired Pressure Vessel Code, 1959.


• All shell and channel pressure welds were fully radiographed in accordance with Paragraph UW-51
and Code Case 1270 N of the ASME Unfired Pressure Vessel Code, 1959.


• All tubes were completely liquid-penetrant tested before bending. After bending, the bent area was
liquid-penetrant tested in accordance with the Commercial Dye Penetrant Test Procedure of the
Huntington Alloy Products Division of the International Nickel Company, Inc.


• All welded joints, tube-to-tube sheets, were liquid-penetrant tested in accordance with the
manufacturer's standard.


• Clad-tube sheet plates and all tubes were examined by ultrasonic test (immersion Technique) in
accordance with the applicable Nondestructive Testing Method described in MIL-STD-271
(deBoisblanc and Cohen 1965).


5.4.3 Prima ry Coolant Piping


5.4.3.1 General Arrangement. Refer to Figures 5.1-1, -2, and Figures 5.1-3 through -10 for
the general arrangement of PCS piping and components . The main PCS piping ranges in size from 6- to
36-in.-nominal diameter.


5.4.3.2 Design Characteristics . The PCS piping was constructed in accordance with rules
of the Code for Pressure Piping, ASA B31.1-1955 (deBoisblanc and Cohen 1965). Analyses are on record
that the piping satisfied the requirements of that code (Burr 1978).


All welded joints on pipes larger than 3 in, in diameter, including the first isolation valve on branch
piping for auxiliary systems, were radiographed. A sampling of accessible welds is inspected periodically.
All branches and interfaces of the main PCS connect with a normally closed valve or orifice with a 3-in.
or less diameter. As previously described in Section 5.1.1, these interfaces establish the radiographic
boundary.


Stainless steel pipe welding was performed by the tungsten inert gas process, or by the combined
tungsten men gas and shielded metal are process. All welding operators were qualified under the
applicable code requirements, and all welds are marked with the welding operators' identification. Socket
welds, fillet welds, and hanger attachment welds were not radiographed. All socket, fillet, and groove
welds were inspected for surface defects by a liquid penetrant method, and all pressure-retaining welds
that could not be radiographed were inspected by the liquid-penetrant method after completion of each
half inch of weld thickness. All repair welding of defects was reinspected.


PCS piping is designed to operate with a water chemistry as identified in Table 5.1-2. The radiation
field to which the piping is subjected is not of sufficient magnitude to change the material mechanical
properties. No provisions need be made for corrosion of austenitic stainless steels.
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The PCS was designed, according to construction code ASA B31.1-1955 (ASME 1955), for
pressures and temperatures of (a) 390 psig and 240°F (from butterfly valve to pump suction); and
(b) 485 psig and 150°F (pump discharge to butterfly valve) (deBoisblanc and Cohen 1965; Hope 1976).
Further analysis (Macek 1976; Morton 1983) established that the section from the pump discharge to the
first block valve downstream of the pump has a design pressure of 576 psig according to ASME
Section 111, Class I (the most recent evaluation is based on the 1980 version of the code), which is
equivalent to the original design code. See Table 5.1-2(c) and (d).


The pressure limits provide an allowance of 10% transient overpressure above design according to
the code rules except for the piping section from the butterfly valve to the vessel outlet that has an
allowance of 20% transient overpressure (Burr 1978). Periodic hydrostatic testing to demonstrate
continued integrity of the PCS is done at 10% above nominal operating pressures.


Additional analysis (Macek 1975) established that the piping between discharge and butterfly valve
meets the requirements of ASME, Section Ill, Subsection NB for emergency temperature conditions of
240°F. The analysis also shows that a safety limit of 468 psig (585 psig when under hydrostatic testing) is
acceptable in the ATR vessel and PCS piping downstream of the main butterfly control valve BF-A-14
(Macek 1975).


Nominal PCS steady state operating conditions for two- and three-pump operation are listed in
Table 5.1-2(b).


All piping modifications require that nondestructive examinations such as radiography, ultrasonic
examination, magnetic particle inspection, liquid penetrant examination, and leak testing are performed
and evaluated in accordance with the requirements of the ATR IS] Plan (1NEEL 2002).


The only dynamic loads to be considered are those due to earthquake motion. Seismic restraints
and snubbers have been incorporated into the PCS design (Davidson and Thinnes 1974). The PCS has
been operated since 1967 with no visually observable system vibration.


A design analysis of the ATR PCS piping was completed in 1979 (Davidson 1979), updating the
stress analysis from the original safety analysis (deBoisblanc and Cohen 1965). All PCS piping was
analyzed except for the reactor vessel drain, relief valve piping, and firewater piping. The calculated
stresses were then compared with allowable stresses from ASME Code Section 111, 1977, shown in
Table 5.2-4. The various hangers and supports were checked for compliance with Subsection NF-3200
and XVII-2000 of the 1977 ASME Code. Overstressed components were identified, and components that
did not meet the design criteria were noted. With those exceptions, the report found that the PCS satisfied
the 1977 ASME Section Ill, Division 1, code requirements (ASME 1977).


Among the components of the PCS are nonstandard piping components that do not qualify for the
simplified analysis procedures (NB-3650) of the ASME Code, Section 111 Division 1, Subsection NB.
These components have undergone detailed stress analyses for pressure, deadweight, thermal, and seismic
loading. They have been successfully evaluated for acceptability for these loads according to the criteria
of the code (House 1995).
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The nonstandard components include several different configurations:


(a) elbow-branch connections, (b) stub-in branch connections, (c) eccentric reducers, (d) short
radius elbows, (e) Y-laterals, and (f) a pipe cap with stub-in pipe. The Y-lateral is constructed of a section
of piping that is welded to the PCS piping system at both ends to form a straight run, and a
smaller-diameter branch section that intersects the run at a 45-degree angle. The other end of the branch
pipe is welded to a short spool piece of piping that, in turn, is welded to a 45-degree elbow.


Refer to Chapter 12 (Radiation Protection) for a discussion of PCS piping shielding and dose rates.


5.4.3.3 Testing Conditions . All piping was hydrostatically tested at 150% of design
pressure. In accordance with the ATR ISI Plan (INEEL 2002), the piping is periodically pressure tested.


5.4.3.4 Materials of Construction . The materials of construction are given in Table 5.2-3,
and discussed in Section 5.2.3. PCS piping was constructed of materials that provide the least possible
amount of contaminants to the PCS. All piping and flange materials for the PCS are 300 series austenitic
stainless steel. Type 304L stainless steel piping meets the chemical requirements of ASTM A-312-61T
(deBoisblanc and Cohen 1965). Buried and embedded piping is 304L, either seamless per ASTM
A376-60T or welded per ASTM A358-60T as stated in ASA 831.1-1955 Code for Pressure Piping Case
N-7 (deBoisblanc and Cohen 1965). Dimensions for nominal wall pipe are in accordance with ASA
836.19-1957 (deBoisblanc and Cohen 1965).


5.4.4 Main Steam Line Flow Restrictions


Not applicable in the ATR.


5.4.5 Main Steam Line Isolation System


Not applicable in the ATR.


5.4.6 Reactor Core Isolation Cooling System


Not applicable in the ATR.


5.4.7 Decay Heat Removal


ATR has multiple means for performing the decay beat removal (DHR) function, as shown in
Table 5.4-2 and Figure 5.4-2. The first two decay heat removal methods involve closed-loop heat transfe
paths from the PCS to the atmosphere via the ATR cooling tower (i.e., the ATR normal heat sink).


The next three DHR methods in Table 5.4-2 involve heat transfer paths in which makeup is
provided to the PCS and heat is removed by draining water from the PCS. The final decay heat removal
method involves passive heat transfer from the reactor vessel to the building structures. Passive heat
transfer is a short-term method. Long-term DHR is accomplished by the methods listed above.


5.4.7.1 Design Bases . Table 5.4-2 lists the UFSAR chapters in which the design basis for
the various DHR means are described.
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5.4.7.2 System Design. Figure 5.4-2 is a simplified schematic for the various DHR means
referenced in Table 5.4-2. The dedicated means for providing DHR, i.e., the emergency coolant pumps, is
described in this section under 5.4.7.4. Refer to Chapter 6 (Engineered Safety Features) for a schematic
piping and instrumentation diagram (P&ID) of the EFIS, and to Chapter 9 (Auxiliary Systems) for
schematics of the Secondary Coolant System, the Low Pressure Demineralized Water System, and the
Raw Water and Fire Water Supply Systems.


5.4.7.3 Performance Evaluations.


5.4.7.3.1 General Design Criterion 34: Redundancy-As required by ATR
General Design Criterion (GDC) 34' for decay heat removal systems, "suitable redundancy in
components and features, and suitable interconnections, leak detection, isolation and confinement
capabilities shall be provided to ensure that for onsite electric power system operation (assuming offsite
power is not available) and for offsite power system operation (assuming onsite power is not available),
the system safety function can be accomplished assuming a single failure."


Physical separation of redundant systems is particularly important from the standpoint of reducing
the potential for common mode failure caused by external events such as earthquake, flooding, tornados,
and fire. Redundancy and related requirements for DHR systems were reviewed (Buescher 1993) as part
of a broader evaluation of physical and electrical separation of ATR cooling water systems. As shown in
Table 5.4-2, redundant and diverse systems are available for accomplishing the DHR function. These
functions can be accomplished by means that do not depend upon the ATR electric power (i.e., passive
DHR, or firewater injection for DHR). In addition, physical separation of redundant systems is provided
since the firewater storage tanks and pumps are not located in, or in the immediate vicinity of, the ATR
reactor building. The review concluded that while the DHR systems are quite different in design from
systems performing these functions in commercial nuclear power plants and may not be uniformly
designed as safety class systems, the ATR systems substantially meet the same functional requirements.
Additionally, the reliability of the emergency flow function was evaluated in Chapter 15 (Accident
Analyses).


5.4.7.4 Emergency Coolant Pumps. Two emergency coolant pumps (M-10 and M-l I in
Figures 5.1-1, -10), each having a capacity of 4,700 gpm at 22 ft Total Dynamic Head (TDH), provide
reactor decay-heat removal capability. The emergency coolant pumps are horizontal, double suction,
volute centrifugal type with 40-hp electric motors.


Emergency coolant pump M-10 is ac motor-driven from the 480V diesel-commercial
bus 670-E-15. The second pump, M-11, is dc motor-driven from the utility dc power control center,
250 Vdc bus 670-E-23.


The operating emergency coolant pump normally discharges 250 gpm through a recirculation line
to the primary pump suction header. On loss of primary coolant pressure, the check valve on the
emergency coolant pump discharge (normally closed by primary pump pressure) opens, enabling the
emergency coolant pump to circulate approximately 4,500 gpm in the primary coolant loop.


Refer to Chapter 3 (Design of Structures , Components, Equipment, and Systems ) for development of ATR General Design
Criteria.
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When the ac pump M-10 is the operating emergency coolant pump, the dc pump M-l I is placed in
standby condition. The dc-driven emergency coolant pump M-11 can be automatically started and reach
full speed within seven seconds (deBoisblanc and Cohen 1965). Automatic starting of the M-1 1 pump
backs up the operating ac-driven M-10 pump, should any of the following events (which result in reactor
scram) occur (deBoisblanc and Cohen 1965):


• Mechanical or electrical failure of the ac-driven M-I0 pump or low M-10 recirculation flow,
sensed by means of orifice/transmitter in the recirculation line


• Loss of diesel power or diesel undervoltage sensed by low phase voltage switches


• Loss of commercial power (indirectly by loss of all primary pumps).


Should a scram occur for reasons other than loss of either diesel or commercial power or both, the
dc pump is not started because the primary pumps and the ac emergency coolant pump remain in
operation (deBoisblanc and Cohen 1965).


When the dc pump M-1I is the operating pump, the ac pump M-10 will start automatically when
any of the following occur:


• Low recirculation flow on the operating dc pump M-11.


• All four primary pumps off.


• Undervoltage on the diesel bus.


• Loss of power to pump M-1 I due to loss of the 250V de bus.


If the standby emergency coolant pump does not start in 10 seconds, the PPS scrams the reactor.
For operations at atmospheric pressure, the reactor scrams as soon as the operating emergency coolant
pump fails.


Operation of emergency coolant pump(s), in addition to the safety limits on core thermal
performance parameters, protects the fuel element cladding from adverse effects resulting from low PCS
flow. Operation with a minimum of 3,600 gpm flow, as supplied by one emergency coolant pump, is
adequate to protect fuel element cladding from overheating for total power levels up to 9 W.TJte
reliability of the emergency flow system is increased by supplying M-1 I with battery-backed power. In
addition, the overload protection is bypassed when pump M-l0 is not running. M-11 is effectively
designed to run to destruction in order to supply emergency coolant as long as possible.


During reactor outages, the emergency coolant pumps are needed to ensure that cooling capability
is maintained when there is significant decay heat to be removed. This typically occurs following reactor
operation at significant power, and is controlled by the time limit for cooling before fuel elements are
moved to the canal. During other times, the emergency coolant pumps are not required.


5.4.7.4.1 Design Characteristics-Refer to Table 5.4-1 for the emergency coolant
pump design characteristics.


5A,7.4.2 Materials of Construction-The materials of construction are as given in
Table 5.2-3.
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5.4.7.4.3 Codes and Tests-The Ml I emergency coolant pump was designed and
constructed in accordance with the Centrifugal Pumps Section of the Standards of the Hydraulic Institute,
10th edition. The M-10 pump was designed and constructed in accordance with ASME Section Ill,
Division I Subsections NB 2573, 2575, and 2576, 1989 edition or later. The pumps were tested and
inspected as follows:


• Both pumps were shop tested with cold water at rated speed from shutoff head to 120% of design
capacity. The following data were recorded:


- Head versus capacity


- Overall efficiency versus capacity


- kW input versus capacity


- Results of seal leakage tests


- Pump vibration amplitude


- Amplitude, peak to peak


- Amplitude, maximum displacement from normal.


• Both pumps were shop tested at a capacity of 250 gpm for six hours duration to check performance
at the recirculation operating condition.


• Both pump casings were hydrostatically tested at 585 psig.


• The M-l I tests were in accordance with ASME Power Test Code for Centrifugal Pumps, PTC 8.1,
1954 edition. The M-10 tests were in accordance with ASME PTC 8.2, 1989 edition.


• Performance curves for the emergency coolant pumps are shown in Figure 5,4-3.


5.4.8 Reactor Water Cleanup System


Not applicable in the ATR.


5.4.9 Main Steam Line and Feedwater Piping


Not applicable in the ATR.


5.4.10 Surge Tank, Primary Degassing and Pressurizing Subsystem


PCS pressure control is provided by the surge tank and the degassing and pressurizing subsystem.
Reactor inlet pressure is controlled by automatic adjustment of the system outflow to the degassing tank,
through pressure control valve PCV-1 (Figures 5.1-1, -2), to balance the preset flow from the pressurizing
pumps and in-leakage from various seals.


5.4.10.1 Surge Tank. The surge tank (M-l2 on Figures 5.1-1, -2) was designed to
accommodate primary coolant volume changes during start-up and shutdown pressure transients without
initiating power reductions due to high or low pressure. About 50 ft3 of air at 235 to 245 psig (255 to
265 psig for two-pump operation) is normally contained in the 1,000 ft3 surge tank, which is connected to
the primary loop near the primary heat exchanger outlet in the heat exchanger room.
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Compressed air° is admitted periodically to the surge tank to restore air inventory lost through
absorption in primary coolant or to initially pressurize the tank after draining and refilling. All admission
or discharge of air is under manual control. Double control valves and a check valve are used for
admitting 285-prig compressed air to the surge tank. Double control valves are also used for air discharge.
In addition, a surge tank low-level switch will automatically close the air admission valves. This prevents
an excessive air inventory, which could overflow from the surge tank into the primary circulating system
if coolant volume is reduced by contraction, leakage, and/or depressurization.


5.4.10. 1.1 Design Characteristics-Refer to Table 5.4-1 for surge tank design
characteristics.


Table 5.2-3
5.4.10. 1.2 Materials of Construction-The materials of construction are given in


5.4.10. 1.3 Codes and Tests-The surge tank was designed and constructed in
accordance with the ASME Unfired Pressure Vessel Code, Section VIII, 1959, latest addenda
(ASME 1959), and General Requirements for Nuclear Vessels, Special Ruling Case 1270 N-5
(deBoisblanc and Cohen 1965).


The surge tank was tested and inspected as follows (deBoisblanc and Cohen 1965):


• The tank was hydrostatically tested in accordance with Paragraph UG-99 of the ASME Unfired
Pressure Vessel Code, 1959.


• All welds were fully radiographed in accordance with Paragraph UW-51 and Code Case 1270 N of
the ASME Unfired Pressure Vessel Code, 1959.


5.4.10. 2 Degassing Tank. The degassing tank (M-13 in Figures 5.1-1, and 5.1-10) removes
gases so that bubbles will not form in any pan of the primary system (deBoisblanc and Cohen 1965). The
degassing tank also serves as a reservoir for the operating pressurizing pump so a fixed volume of water
can he forced back into the PCS loop on the suction side of the primary pumps.


The gas concentration in the coolant is maintained in dynamic equilibrium by continuously
spraying a preset quantity of primary coolant at reactor exit temperature and pressure into the tank, which
is maintained at slightly less than atmospheric pressure.


The primary coolant entering the degassing tank is sprayed down from the top of the tank through
spray nozzles. Air from the sweep line, which is open to the atmosphere through check valve VR-A-1-52
(shown on Figure 5.1-3), enters the degassing tank at a level slightly higher than the tank overflow level.
This air passes up through the water as it is sprayed from the nozzles, sweeps out the gasses that have
been released from the depressurized coolant, and carries them through the separator SP-A-1-51 (shown
on Figure 5.1-3), to the blower 670-HVE-18 (shown on Figure 5.1-3), which provides the negative
pressure on the degassing tank and discharges the sweep air and gases to the ventilation exhaust plenum."


Refer to Chapter 9 (Auxiliary Systems) for a description of the compressed air system.


Refer to Chapter 9 (Auxiliary Systems) for a description of the Heating and Ventilation System.
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The separator removes any water that has been swept out of the air and diverts this water back to
the degassing tank overflow line. A goose-neck in the overflow line prevents spray from the nozzles from
running down the overflow line to the warm waste tank. The overflow level is approximately 86%, as
read on LRC-1-3 (the degassing tank level).


The gas removal design and capacity is based upon the following calculated gas production rates
(deBoisbianc and Cohen 1965):


cm3 (STP)/min
Radiolytie decomposition 1,800


I12 from corrosion 100


Air from the surge tank 4,870


Air in seal and makeup water 3,410
Krypton and xenon (0.5% gas in one fuel plate) Kr-0.441 x 10-5


Xe-2.38 x 10-5


With the above gas production rates and available degassing flow rate, the maximum equilibriu
gas concentrations in the primary coolant will be as follows (deBoisblane and Cohen 1965):


H2 - 1.15 cm3/L


07 - 5.62 cm3/L


N2 - 11.7 cm3/L.


5.4.10.2. 1 Design Characteristics-Refer to Table 5.4-1 for degassing tank design
characteristics.


Table 5.2-3.
5.4.10. 2.2 Materials of Construction-The materials of construction are Riven in


5.4,10. 2.3 Codes and Tests-The degassing tank was designed and constructed in
accordance with the ASME Unfired Pressure Vessel Code, Section VIII, 1959 Edition, and the General
Requirement for Nuclear Vessels, Special Ruling Case 1270 N-2.


As described in deBoisblanc and Cohen (1965), the degassing tank was inspected and tested as
follows


The tank was inspected and stamped in accordance with the ASME Code for Unfired
Pressure Vessels, Section Vlll, 1959 Edition, Paragraphs UG-90 through UG-120, UW-46
through UW-52, UCL-50 through UCL-55, and the General Requirements for Nuclear
Vessels, Special Ruling Case 1270 N-2 (deBoisbianc and Cohen 1965).


The completed tank and internals were hydrostatically tested at 1.5 times the maximum
design pressure, and vacuum tested at 3 psia.
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5.4.10 . 3 Primary Pressurizing Pumps. Two primary pressurizing pumps (one standby) are
horizontal, volute, centrifugal type pumps driven by 100-hp electric motors. Each pump (M-14, M-15 in
Figure 5.1-1, -10) was designed for a capacity of 300 gpm at a total dynamic head (TDH) of 695 ft. The
two pressurizing pumps, arranged in parallel, are located west of the heat exchangers in the second
basement. Each pressurizing pump can be powered from either a diesel or a commercial bus."


5.4.10 . 3.1 Design Characteristics-Refer to Table 5.4-1 for the pressurizing pump
design characteristics.


5.4.10. 3.2 Materials of Construction-The materials of construction are as given in
Table 5.2-3.


5.4.10.3.3 Codes and Tests-The primary pressurizing pumps were designed and
constructed in accordance with the Centrifugal Pumps Section of the Standards of the Hydraulic Institute,
I Oth edition (deBoisblanc and Cohen 1965).


As described in deBoisblanc and Cohen (1965), the primary pressurizing pumps were tested and
inspected as follows:


• Both pumps were shop tested with cold water at rated speed from the shutoff head to 120% of
design capacity. The following data were recorded:


- Head versus capacity


- Overall efficiency versus capacity


- kW input versus capacity.


• All pump casings were hydrostatically tested at 585 psig.


• Al] pump tests were in accordance with ASME Power Test Code for Centrifugal Pumps, PTC 8.1,
1954 edition.


• Pressurizing pump performance curves are shown in Figure 5.4-3.


5.4.10 . 3.4 Performance Evaluation - General Design Criterion 44:
Redundancy-As required by ATR General Design Criterion (GDC) 44° for cooling water systems,
"suitable redundancy in components and features, and suitable interconnections, leak detection, and
isolation capabilities shall be provided to ensure that for onsite electric power system operation (assuming
offsite power is not available) and for offsite electric power system operation (assuming onsite power is
not available) the system safety function can be accomplished, assuming a single failure."


Fluid systems generally are important to the function of primary coolant inventory control.
Physical separation of redundant systems is particularly important from the standpoint of reducing the
potential for common-mode failure caused by external events such as earthquake, flooding, tornadoes,
and fire.


`. Refer to Chapter 8 (Electric Power) for a discussion of the Electrical Power ys


Refer to Chapter 3 (Design of Structures, Components, Equipment, and Systems) for development of ATR General Design
Criteria.
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ry coolant inventory control normally is performed in ATR by the primary degassing and
pressurizing subsystem (see Figure 5.1-2). Emergency makeup can be provided by any of the open-loop
DHR methods in Table 5.4-2 (Items 3, 4, and 5). That table shows that redundant and diverse systems are
available for accomplishing the primary coolant inventory control function. The function can be
accomplished by means that do not depend on the ATR electric power (i.e., firewater injection for
primary coolant inventory control). In addition, physical separation of redundant systems is provided
since the firewater storage tanks and pumps are not located inside, or in the immediate vicinity of, the
ATR reactor building.


5.4.11 Pressurizer Relief Discharge System


Not applicable for the ATR.


5.4.12 Valves


The PCS valves perform the fimction(s) of flow and/or pressure control of the primary coolant. The
PCS contains 283 valves; of these 61 are 4-in. nominal pipe size or greater.


A mechanical stop on the butterfly valve (BF-A- 14 on Figure 5.1-1) is provided to prevent full
stoppage of coolant flow and to prevent the primary coolant pumps from operating against a shutoff head.
Should the mechanical stop fail, six 4.29-in. holes in the butterfly valve disc will allow adequate coolant
flow to prevent exceeding any reactor protection criteria.


5.4,12. 1 Materials of Construction . All valves in contact with primary coolant are
300-pound Standard ASA, Type 304 stainless steel , forged, cast, or fabricated per ASTM A182-61T or
ASTM A296-60T, Grade CF-81 (deBoisblanc and Cohen 1965).


5.4.12 . 2 Tests and Codes. All primary system valves were hydrostatically tested at 585 psig,
and all valves 4 inches and larger, up to and including the first isolation valve on branch piping for
auxiliary systems , were radiographed (deBoisblane and Cohen 1965).


5.4.13 Safety and Relief Valves


Refer to Section 5.2.2 for a description of the PCS safety relief valves.


5.4.14 Equipment Supports


The piping system and connected equipment are supported, restrained, and guided so as to limit
pipe stresses. The PCS piping loads are carried by a combination of adjustable spring hangers, rod
hangers (rigid), snubbers, and pedestal supports.


Methods of PCS piping and equipment support are shown on Ebasco drawings (not included in this
report) of Primary Coolant System Pipe Hangers and Details (8 sheets), Miscellaneous Systems Pipe
Hangers and Details (4 sheets), and various equipment drawings,


PCS structural integrity support and methods of analysis are discussed in Chapter 3 (Design of
Structures, Components, Equipment, and Systems).
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Table 5.4-1 - Primary Coolant System component design and performance characteristics.'


Component Data
Primary Coolant Pumps (M-6, M-7, M-8, M-9)


Quantity 4 (one or two spares)


Type Horizontal, double suction, volute centrifugal


Design capacity each 18,000 glint


Total dynamic head (TDH) 400 ft
Design pressure 485 psi
Suction pressurehemperature each 215 psig/125°F
Motor horsepower 2,190


Brake horsepower 2,000 nominal


Efficiency 85.5%


Net water volume per pump 22 ft3


Speed 1,750 rpm


Net Positive Suction Head (NPSH) required 50 it
Angular moment of inertia of pump and motor rotaun 200 lb-ft''
element


Emergency Coolant Pumps (M-10, M-11)


Quantity 2 (one on standby)


Type Horizontal, double suction, volute centrifugal
Capacity each 4,700 gpn
Total dynamic head 22 ft
Design pressure 485 psi
Suction pressure/temperature 215 psigJI25°F


Suction pressure, emergency 200 psig (at start)
Atmospheric with flooded suction (30 min


Motor horsepower
after start)


40


Motor types One ac and one dc
Brake horsepower 39
Efficiency 78%
Constant bypass flow 250 gpm


Speed 690 rpm
Net water volume per pump 6 ft 3
NPSH 20 fi
Exchangers


Quantity 5


Type Vertical U-tube
Effective surface, net each 18,330 ff
Duty 7.336 x 10' But/h
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Table 5.4-1. (continued).


Component


Tubes


Tube side design pressure/temperature


Shell side design pressure/temperature


Primary coolant side net volume


Total primary coolant flow


Total heat transfer


Temperature Wool


Pressure drop


Tube side


Shell side


Surge Tank (M-12)


Quantity


Size


Heads


Total volume


Operating water volume


Design pressure/emperature


Operating pressure


Degassing Tank (M-13)


Quantity
Type


Size


Heads


Maximum design pressure/temperature


Minimum design pressure
Number of spray nozzles
Normal water storage volume
Maximum design liquid spray rate
Design air flow rate
Normal degassing rate


Primary Pressurizing Pumps (M-15, M-14)


Quantity


Type


Capacity each


Total dynamic head


Shutoff head


Suction pressure/temperature


Data


3/4-in. No. 18 BWG, lnconel'


390 psig/240°F


125 psig/200°F


355 ft3 per exchanger
2.35 x 10' lb/h
9.17 x 108 Btu/h
167°F/124°F


13 psi


22 psi


1
8 ft 0 in. ID x 22 ft 6 in. (1 8 It tangent to tangent)
Elliptical
1,000 ft3


950 ft'
390 psig/240°F


215 prig


1


Ve rt ical spray


5 fl 0in.OD x28ft


Elliptical


65 psia/240°F


3 psia
7


197 ft3


600 gpm


100 scfm


300 gpm


2 (one on standby)


Horizontal, volute centrifugal
300 gpm (at 256 psig, 598 ft of head)
695 fi
382 psig (895 ft including 25 It maximmn suction
head)


Flooded/169°F
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Table 5.4-1. (continued).


Component
NPSH-design


Motor horsepower


Brake horsepower


Efficiency


Speed


Primary coolant system relief valves (SF-A-71, SF-A-72)


Quantity


Size


Discharge pressure


Discharge flow


Design temperature


Pressurizing pump relief valves (SF-A-75, SF-A-76)


Quantity


Size


Discharge pressure


Discharge flow


Design Temperature
a The M-3 Heat Exchanger has 12 tubes that are made of staniles;


b. Dama from deBoisblanc and Cohen (1965); Pace (1990).


100


88.4


58%


3,565 rpm


Data


2


3 in.


379 psig (nominal ), 390 psig ( design)


Variable to 570 gpm (test ), 350 gpm (certified)
240°F


2


2-1/2 in.


379 psig (nominal ), 390 prig (design)


345 gpm ( certified)


240°F


I Six are 304 and six are 304L.
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Table 5.4-2. Advanced Test Reactor multiple means of decay h eat removal.'


Core heat
T_


I UFSAR Chapter!
No. removal Power sources Removal to heat sink Power sources Figure No.
I Primary coolant 4,160 Vac commercial power Secondary coolant pumps (any I of 4,160 Vac Commercial Power Chapter 5 Figs 5.1-1,


pumps (any I of (Bus E-1 or E-2) 4): or Utility cooling water pumps (Bus E-I and E-2) 4,160 Vac -10 Fig 5.4-2
a ----4) ,_...----- (any I of 2) diesel power (Bus E-3)


2 Primary r Secondary coolant pumps (any I of Chapter 5 Figs 5.1-1,
emergency 4); or Utility cooling water pumps -10 Fig 5,4-2
coolant pumps (any I of 2); or natural circulation to
(any I of 2)` air and thermal radiation to


surroundings from uninsulated vessel
and i in (short term)'


3 Firewater ravityflow (initi al Reactor vessel drain to reactor Vessel drain or relief valves can Chapter 6 Figs 5.1-1,
injection (any I injection), diesel engine (two building be opened manually.` Vessel - 1 0 ,- 1 1 Fig 5.4-2
of 3 pumps) pumps), commercial power or vent valves each on independent


diesel power (one pump) nitrogen-backed instrument air,
PPS battery-backed power


4 Lou, pressure Commercial power or diesel Reactor vessel drain to reactor Vessel drain or relief valves can Chapter 9 Figs 5.1-1,
demineralized power building be opened manually.` Vessel -10 Fig 5.4-2
water pure vent valves (see above)


5 Pressurizing Commercial power or diesel Reactor vessel drain to reactor Vessel drain or relief valves can Chapter 5 Figs 5,1-1,
system feed and power via dual feeds to building be opened manually` -2, -10 Figs 5.4-2
bleed pressurizing pumps motors


6 Natural None needed Natural circulation to air and thermal None needed
{ circulation in radiation to surroundings from
reactor vessel
(sho rt term)


uninsulated vessel


a Data from Buescher (1993), Table 4.4.1.
b Any one pump of the possible four primary coolant pumps.
c. Any one pump of the possible two emergency coolant pumps.
d. Any one pump of the possible three firewater supply pumps.
e. Refer to Chapter 7 (Instrumentation and Controls) for a discussion of the justification of manual versus automati actions.
f. Natural circulation will successfully remove decay heat for a short term (one or two hours). Other DW2 methods « 11 then be used to maintain primary coolant temperature less
than design temperature (Chapter 15 2). .
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Figure 5.4-1, Primary Coolant System pump head curves. ( For Information Only)
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Emergency Coolant Pumps
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Emergency coolant and pressurizing pump performance curves. (For Information Only)
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ACRONYMSIABBREVIATIONS


ANSI American National Standards Institute
ASA American Standards Association
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Mate ri als
ATR Advanced Test Reactor


CFR Code of Federal Regulations
CIS Confinement Isolation System
CLOFA complete loss of flow accident


DBA Design Basis Accident
dc direct current


ECCS Emergency Core Cooling System
EDF engineering design file
EFIS emergency firewater injection system
ESF engineered safety features


FMEA failure modes and effects analysis


GDC general design criterion


H&V heating and vent il ating


LCV level control valve
LOCA loss of coolant accident


NRC U. S. Nuclear Regulato ry Commission


OD outside diameter


P&ID piping and instrumentation diagram
PALM powered axial locating mechanism
PCRS primary coolant recycle system
PCS primary coolant system
PPS plant protective system
PRA probabilistic risk assessment
psia Pounds per square inch absolute
psig pounds per square inch gauge
PWR pressurized water reactor


RDAS reactor data acquisition system
RMS radiation monitoring system
RMSS radiation monitoring and seal system
RSS reactor shutdown system


SAR Safety Analysis Report







Idaho National Engineering and Environmental Laboratory 412.09 (09/03 (2002 - Rev.1


Identifier: SAR-153CHAPTER 6 - ENGINEERING SAFETY FEATURES Revision: 9- UPGRADED FINAL SAFETY ANALYSIS Page: 6-6 of 6-50REPORT FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


SDD system design description
SFA single failure analysis
SR Safety Rod System
SSE safe shutdown earthquake
SV solenoid valve


TRA Test Reactor Area


UFSAR Upgraded Final Safety Analysis Report


VVS Vessel Vent System
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6. ENGINEERED SAFETY FEATURES


The Advanced Test Reactor (ATR) Plant Protective System (PPS) consists of those active devices
and associated equipment initiating their action, which function with passive structures of the plant to
prevent the unacceptable release or spread of radioactive materials by preventing plant variables or
conditions from reaching their respective safety limits, or by mitigating the consequences of exceeding
safety limits.


The PPS includes the Reactor Shutdown System (RSS) and the Engineered Safety Features (ESF).
This chapter provides information about the ESF. The original construction of the ATR included the
design and installation of some of the ESF systems. Other ESF systems (or parts of systems) have been
added or upgraded since initial operation of the facility. In all cases, the systems were designed using
standards applicable at the time to address safety concerns of the facility. The following systems are
defined as ESF systems at the ATR.


• The Radiation Monitoring and Seal System (RMSS) provides ATR confinement isolation to limit
the release of airborne radioactivity to the environment. The RMSS is composed of three channels
of instrumentation that monitor the inlet to the exhaust gas stack and an actuation system that
provides a signal to stop fans and shut dampers in the heating and ventilating system based on
measurements of radiation levels in the main exhaust stream. This system is discussed in
Section 6.2.2.5 and in Chapter 7 (Instrumentation and Controls).


• The Emergency Firewater Injection System (EFTS) provides emergency reactor core cooling and
flooding of the reactor vessel in the event of a major break in the Primary Coolant System (PCS)
piping or in an event that results in loss of primary coolant. This ESF is designed to activate at a
predetermined low pressure, or when the water level falls to a predetermined height above the top
of the core. The EFTS is composed of. the upper vessel EFTS subsystem, the bottom head EFIS
subsystem, and the EFTS actuation system. The upper vessel and bottom head EFTS piping systems
are discussed in Section 6.2.3. The EFIS actuation system is discussed in Chapter 7
(Instrumentation and Controls).


The Vessel Vent System (VVS) provides the capability to depressurize the ATR vessel. It is
needed to mitigate high pressure events such as the long-term complete loss of flow accident
(CLOFA). During a CLOFA, the core decay heat produces steam and causes a pressure increase in
the vessel in excess of the supply pressure of the EFIS. Venting the vessel under such conditions is
required to allow the EFIS coolant to flow into the ATR vessel and keep the core covered. The
VVS is manually actuated by an operator rather than automatically actuated. The VVS is discussed
in Section 6.6 and Chapter 7 (Instrumentation and Controls).


• The Primary Pump Shutoff System actuation is an ESF function provided by the inputs from the
RSS Vessel Differential Pressure Subsystem. The purpose of the Primary Pump Shutoff System
actuation is to shut off two primary pumps if a high flow condition occurs in three pump operation.
This actuation protects the reactor core components including fuel plates from damage caused by
excessive differential pressure across the core. This ESF is discussed in Section 6.7 and Chapter 7
(instrumentation and Controls).
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• The Pressurizing and Gland-Seal -Pump Shutoff System actuation is an ESF function provided by
inputs from the RSS Vessel Inlet Pressure Subsystem . The purpose of the Pressurizing and
Gland-Seal-Pump Shutoff System is to protect the PCS from exceeding the system design pressure.
Upon receiving an overpressure trip signal , the Pressurizing and Gland -Seal-Pump Shutoff System
initiates a reactor trip and shuts down the primary pressurizing pumps and the gland -seal pumps.
This ESF is discussed in Section 6.8 and Chapter 7 (Instrumentation and Controls).


• The Primary Reliefs or safety relief valves (SRV) protect the PCS from extreme overpressure
conditions . It consists of two spring -loaded safety relief valves mounted on the 8-in. reactor vessel
lower drain line. This ESF is discussed in Chapter 5 (Primary Coolant System).


• The Vessel Level Alarm System actuation is an ESF function provided by the inputs from the RSS
Reactor Vessel Water Level Subsystem or by the reactor vessel water level channels of the EFIS.
The purpose of the Vessel Level Alarm System actuation is to alert the operators of low vessel
liquid level for potential actuation of the Emergency Firewater Injection System (EFTS). The vessel
level alarm is used to alert against low -probability events that result in a loss of PCS inventory
during depressurized and outage operations when irradiated fuel elements are in the reactor vessel,
This ESF is discussed in Section 6.9.


The LOCA Primary Coolant Pump (PCP) Shutoff System is an ESF function provided by the
inputs from the RSS Vessel Inlet and Outlet Pressure Subsystems. The purpose of the LOCA
Primary Coolant Pump Shutoff System is to shutoff all operating primary coolant pumps in the
event of a loss-of-coolant-accident (LOCA). Shutoff of the primary coolant pumps needs to occur
prior to air being drawn from the surge tank into the primary cooling system (PCS). Air in the PCS
could cause a degradation of emergency pump flow. This ESF is discussed in Section 6.10 and
Chapter 7 (Instrumentation and Controls).


Materials used in the ESFs are discussed in Section 6.1. Each of the following systems is normally
an ESF at power reactors, but is not an ESF at the ATR,


Containment System (Confinement System)-The ATR has a confinement system rather than a
containment system. The confinement is designed to provide resistance to releases of radioactive
material at low pressure when the RMSS (an ESF) is activated.


The confinement has historically at ATR not been classified as an ESF since it was not cons
an active device. It is needed along with the RMSS to control the release of fission products
following an accident at ATR, and has been classified as safety-related. The confinement is
discussed in Section 6.2.


ered


Habitability System--The control room at ATR is inside the confinement. Unlike commercial
power reactors where post-accident control room habitability is required, the design basis events
requiring operator action in the control room are (a) high-pressure and high-temperature events
which require actuation of the VVS, and (b) events which require manually opening valves outside
the control room. The ATR control room can be evacuated after inserting control rods and after
performing required operator actions following design basis events. Control room habitability is
discussed in Section 6.4.
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• Fission Product Removal and Control Systems-The ATR does not use any ventilation filters in
the ESF Confinement System. The building spray system, which functions in place of the normal
power reactor containment spray system, is not an ESF. Credit is not taken for its use in an accident
analysis. Fission product removal and control system including the confinement spray system are
discussed in Section 6.5.
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6.1 Engineered Safety Feature Materials


This section discusses materials used in ESF components and the material interactions that could
potentially impair operation of the ESF.


61.1 Metallic Materials


6.1.1.1 Materials Selection and Fabrication . Materials used in the EST are selected for
their compatibility with the PCS.


All pressure-retaining materials in ESF system's components comply with corresponding material
specifications permitted by American Society of Mechanical Engineers (ASME) Section III, Division 1,
and American Standards Association ASA B3 1.1 Boiler and Pressure Vessel Codes (ASME 1955, 1980,
1986a). Table 6.1-I lists principal specifications for pressure-retaining materials used in the ESF.


Table 6.1-2 lists the principal specifications of materials used in EST components within the
con fi nement that would be exposed to core cooling water in the event of a loss of coolant accident
(LOCA). Untreated well water is used for fi rewater in the EFIS . The ESF components are compatible
with the raw untreated water.


All components of the ESF were cleaned before shipment from the vendor. Protective caps were
placed on the open ends of pipes or other openings. Components were inspected before installation, and
were cleaned if necessary. During construction, open ends of pipes were covered to prevent entrance of
foreign material. Grinding wheels or brushes used to prepare joints for welding had not been used on any
material other than stainless steel. The ESF components are not insulated, so chloride leaching from
nonmetallic insulation does not exist.


6.1.1.2 Composition , Compatibility, and Stability of Emergency Coolant. The
following information provides the composition, compatibility, and stability of the EFIS water,


The supply for the EFIS is drawn from the TRA firewater loop [discussed in Chapter 9 (Auxiliary
Systems)]. This firewater is untreated raw water, which is compatible with ESF components.


The firewater is stored in a 150,000-gal, carbon steel overhead, raw-water storage tank and three
500,000-gal, carbon steel, ground-level, raw-water storage tanks, The internal surface of each tank has
been coated with a corrosion-resistant coating; therefore, the water can be stored for extended periods
without significantly corroding the storage vessels.


61.2 Organic Materials


Organic materials used inside the ATR confinement in significant amounts are identified in
Tables 6.1-3 and 6.1-4. These tables also identify the types, locations, and estimated amounts of material.


The stability of organic materials is of importance since there is the potential for decomposition
under accident conditions. The design basis events in Chapter 15 (Accident Analyses) do not result in fuel
melting with a large release of radiation to the confinement, and no significant hydrogen formation is
expected to occur under Design Basis Accident (DBA) conditions. However, the information has been
included for the evaluation of potential hydrogen formation during a severe beyond design basis event.
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Paint and coatings are identified in Table 6.1-3. Three different types of paint or coatings have been used,
Oil-based enamel was used on the walls inside confinement except those walls inside potentially
high-radiation zones ar areas expected to require frequent decontamination. Epoxy was used on the walls
and floors of the experimental cubicles and around the reactor and primary piping areas; latex was used
on wooden objects such as boxes for shoecovers, and anti-contamination clothing.


The amounts of material were determined from a walkdown and visual inspection of accessible
areas. The walkdown and visual inspection provided an estimate of the surface areas covered by the
various paints and coatings. The thickness of the paint and coating was determined from the number of
coats of paint or coatings applied since the reactor went into operation. The volume of material present in
the areas of the ATR accessible for the walkdown was calculated from the surface areas and thicknesses.
After reviewing the areas not accessible for the walkdown, a corrected total volume was estimated for the
various paints or coatings present within confinement.


Table 6.1-4 identifies organic materials other than paint inside the ATR confinement. The estimated
volumes were based on inspections made within the ATR confinement area. The total volume and
accuracy were determined by the same method as that used in Table 6.1-3.


Table 6.1-1. Speci fi cations of principal Engineered Safety Feature pressure-retaining materials.'


Component Material


Piping/tubing Seamless per ASTM A376-60T TP304 and TP304L or welded per ASTM
A-358-60T TP304 and TP304L.
Instrument tubing in accordance with ASTM-A269-60, 112-in. OD and sma ll er
0,035 wall.
ASME SA-312 TP304 and Grade TP-304L.
0.375-in, GradeTP304 ASTM A269, 1961


Fillings/flanges ASTM A358-60TTP304 and TP304L
ASTM A376-60T TP304 AND TP304L
ASTM A-240-61T
ASTM A 181-61 T Grade 11
Flareless fillings. 316 Stainless Steel
ASTM A 182-58T type F304 or F304L
ASME SA-403 Grade WP-304L Class I
ASME-SA-182 F304.


Bolting/nuts/studs ASTMA-193-59TGrB?
ASTM A-194-59T Gr 2H


Castings ASTM A351-61T TP304
ASME-SA-351


Forgings ASTM A403-60T WP304 and WP304L,


Weld rod


ASME SA-182 Grade F 304,


Type 308-AWS-ASTM ER308-ASTM A371-53T
Type 308L-AWS-ASTM ER308L-ASTM A371-53T
E308-15 AWS-ASTM A-298-55T


412P9109/03/2002 -Rev. 7)


a. EG&G Idaho 1988; WEEL 2001.
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Table 6 . 1-2. Specifications of principal Engineered Safety Feature materials exposed to reactor coolant


Component Mate ri al


Piping/tubing


Fittings/flanges


Plate


Shapes


Bo Itsinut s/si uds/pins


Weld rod


Forgings


Castings


Seamless Per ASTM A376-60T TP304 and TP304L or welded per ASTM A-
358-60T TP304 and TP304L.
Instrument tubing in accordance with ASTM-A269.60, 112-in. OD and
smaller 0.035 wall.
ASME SA-312 Grade TP304 and TP304L.
0.375-in. Grade TP304 ASTM A269,1961


ASTM A358-60T TP304 and TP304L
ASTM A376-60T TP304 AND TP304L
ASTM A-240-61T
ASTM A181-61T Grade 11
Flareless fillings, 316 stainless steel
ASTM A182-58T type F304 Or F304L
ASME SA-403 Grade WP-304L Class I
ASME-SA-182 F304.


ASME-SA240 TP304
ASTM-A36


ASME-SA240 TP304
ASME SA36


ASTM A-193-59T Gr B7
ASTM A-194-59T Gr 213
ASTM-A307


Type 308-AWS -ASTM ER308 -ASTM A371-53T
Type 30%L-AWS-ASTM ER308L-ASTM A371 -53T
E308-15 AWS-ASTM A-298-55T


ASTM A403-60T WP304 and WP304L.
ASME SA-182 Grade F 304.


ASTM A351-61T TP304.
ASME-SA-351


a. EG&G Idaho 1988, INEEL 2001.
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Table 6.1-3. Organic protective coatings inside the Advanced Test Reactor confinement.


Walkdown


Surface
area from
walkdown Thickness Volume


Type location (ft2) (ft)' (filp
Oil-based enamel First floor 31,330 0.00075 23.5


First basement 12,420 0.00075 9.3


Second basement 10,150 0.00075 7.6


Corrected total volume = 2 (walkdown volume ) with an estimated accuracy of 350% 80.8


Epoxy First floor 7,200 0.01667 120.0


First basement
Floor 19,900 0.01667 331.7
Cubicles 21,200 0,00833 176.6


Second Basement
Floor 20,750 0.01667 345.9
Cubicles 31.340 0.00833 261.1


Primary FIX 3,560 0.00750 26,7
Secondary piping 2,880 0.00750 21.6


Corrected total volume = 1.5 (walkdown volume) with an estimated accuracy of ±50% 1,925.4


Latex First floor 2,197 0,00750 16.5
First basement 655 0.00750 4.9


Second basement 1,960 0.00750 14.7


Total volume = 1.25 (walkdown volume) with an estimated
accuracy of ±25%


45.0


a. The thickness was detemtined by the number of coals of paint or coating applied since the reactor went into operation.
b. The corrected total volume and accuracy are based on areas available for inspection corrected for areas not accessible
during the walkdown.
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Table 6. 1-4. Other organic materials within the Advanced Test Reactor confinement.


Mater Location
Volume


(fit


Plywood First floor 62.2
First basement 29.2
Second basement 60.6


Corrected total volume = 1.10 (walkdown volume) with an estimated accuracy of ± 10% 167.2


Asphalt tile Control room area 9.0
First basement 2.1


Corrected total volume = 1.10 (walkdown volume) with an estimated accuracy of ± 10% 12.2


Formica Second basement 58.3
Corrected total volume = 1 . 10 (walkdown volume) with an estimated accuracy of ± 10% 64.1


Carpel Control room area 4.6
Corrected total volume = 1.10 (Walkdown volume) with an estimated accuracy of ± 10% 5.0


Wiring insulation First basement 1,505.3


Second basement 904 4
Corrected total volume = 2.0 (walkdown volume accuracy of ± 50% 4,819.0


Oil Second basement


Corrected total volume = 1.20 (walkdown volume) with an estimated accuracy of ± 20°1 13.8


Pipe insulation First basement 173.1


Second basement 680.8
Corrected total volume = 1.20 (walkdown volume) with an estimated accuracy of ± 20% 1,024.7


a. Estimates of total volume and accuracy for areas that were not accessible dining the walkdown are based upon values from
a ccessible areas.







Idaho National Engineering and Environmental Laborato 412.09 (09/03 12 002 - Rev. 4


Identifier : SAR-153
CHAPTER 6 - ENGINEERING SAFETY FEATURES Revision: 9


- UPGRADED FINAL SAFETY ANALYSIS Page: 6-15 of 6-50
REPORT FOR THE ADVANCED TEST REACTOR Effective Date : 08/10/04


6.2 Confinement Systems


The ATR confinement systems include the building confinement structure and the RMSS. The
confinement is classified as safety-related (House 1992), and the RMSS is categorized as an ESF. The
reactor building structure is described in Chapter 3 (Design of Structures, Components, Equipment, and
Systems). Although the confinement has not been categorized as an ESF, it is included in this chapter
because the building confinement structure is needed for the RMSS to perform its function, and in the
current format, the discussion of the confinement falls most logically in this chapter.


6.2.1 Confinement and RMSS Functional Design Basis


The reactor building is divided into confinement and areas outside of confinement. The
confinement is designed to act as a final barrier to delay the release of airborne radioactive contamination
resulting from an accidental release of radioactivity from the reactor or irradiation facilities. Confinement
has been selected to include all areas where an accidental contaminated release from the reactor or
irradiation facilities must be controlled, or where sealed penetrations from such an area to an otherwise
"clean" area would be difficult to maintain during normal operation.


The RMSS is an ESF that actuates to shut off the ventilation supply and exhaust fans and to sea]
the building ventilation ducts when radiation readings in the ventilation offgas reach a predetermined
setpoint.


The ATR is a moderate-pressure, low-temperature facility, and its confinement has no energy-
removal systems. The energy released to the confinement during design basis accidents, which include
little or no steam generation, is included in the evaluation of confinement performance.


The design basis event considered for the confinement and RMSS is the design basis 3-i m break
loss of coolant accident (COCA) that occurs during pressurized operation . During this event, the pressure
inside the confinement increases because air in the confinement is displaced by water discharging from
the break. The peak pressure occurs during initial depressurization of the primary system. The
confinement leakage during this event relieves the pressure buildup at an inte rnal pressure below building
yield. For the design basis accident , there is a high (greater than one confi nement volume per day) leak
rate for approximately two minutes , followed by approximately one hour or possibly more of leakage at
the same volume rate as the firewater injection . When firewater injection is shut off, the building's
internal pressure (gage ) goes to near zero and the leak rate drops to under 51.4% (Lucas 2000) of the
confi nement volume per day.


6.2.2 System Description


6.2.2.1 Confinement Structure. The ATR reactor building is a complex of enclosed areas
approximately 200 ft by 200 ft, extending a maximum of 60 ft both above and below grade. The first floor
is located at grade and is divided into the following areas: reactor area, storage-canal area, utility area
(including the diesel generator pit), general storage and laydown area, critical facility area, control room,
and offices. The first and second mezzanine floors are devoted to offices and heating-and-ventilating
(H&V) equipment rooms. The first and second basements are used for experiment cubicles and
equipment, electrical equipment, heat exchangers, demineralizer equipment, H&V equipment, and other
associated items. The Primary Coolant System is located in the first and second basements except for the
top head of the reactor which extends into the first floor reactor area.







Idaho National Engineering and Environmental Laboratory 412.09(09/03/2002 -Rev-7


Identifier: SAR-153
CHAPTER 6 - ENGINEERING SAFETY FEATURES Revision: 9


- UPGRADED FINAL SAFETY ANALYSIS Page: 6-16 of 6-50
REPORT FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


The building is divided into confinement and areas outside of confinement. The confinement is
designed to act as a final barrier to delay release of radioactive contamination resulting from an accidental
release of radioactivity. The confinement volumes have been selected to include all areas where an
accidental contaminated release from the reactor or irradiation facilities must be contained, or where
sealed penetrations from such an area to an otherwise "clean" area would be difficult to maintain during
normal operation.


All fixed penetrations of confinement are sealed, and ventilation penetrations are equipped with
gasketed dampers. The RMSS, upon detection of high radiation in the ATR building exhaust, will initiate
a confinement seal by closing the penetration dampers and shutting off the ventilation supply and exhaust
fans.


The confinement volume of 1.64 x 106 ft3, which represents approximately 62% of the total
building volume, includes the following: reactor area, including freight and passenger elevators; reactor
control room (Room 100); instrument-repair room (Room 112); Reactor Data Acquisition System
(RDAS) area (Rooms 110 & 111); a lunch room (located north of the reactor control room); first
basement, including the ATR Warm Waste Treatment Facility cubicle (located on the first basement level,
but outside the basement wall near the SW corner); and the second basement. The doors and the canal
structure make up pan of the confinement boundary-


The substructure portions of confinement (below grade), encompassing 1,122,900 ft3, include all
first- and second-basement areas (except Stairwell No. 3), the Warm Waste Treatment Facility cubicle,
and the reactor exhaust-gas duct out to the isolation damper near the stack. Stairwell No. 3 has been
excluded from the confinement area to permit first-floor access to the process-utility control room on the
first floor without entry into the confinement area.


The building substructure is of heavily reinforced concrete construction, either resting directly on
and keyed into the subsurface lava or supported by concrete piers that extend to the lava level. Shielding
requirements are used wherever possible to meet pan of the structural requirements of the building. While
all load-carrying frames are of reinforced concrete, many partition walls and some shielding walls are of
masonry (concrete block) construction. Where required, all masonry walls below grade are reinforced to
resist seismic loads.


The superstructure portion of confinement (above grade), encompassing 517,000 ft3, includes the
reactor area, reactor control room (Room 100) with attached lunch room, instrument-repair room
(Room 112), the RDAS area (Rooms 110 and 111), freight elevator, passenger elevator, and Stairwell
Nos. 1, 2, and 4. The truck airlock (45,760 ft) is also part of the confinement superstructure.


In general, the building above grade is of steel frame construction with exterior walls of insulated
aluminum sandwich panels supported by steel girders and a reinforced masonry base wall, 3 ft 4 in, high,
around the building perimeter.


Roof construction consists of steel decking covered with a vapor barrier, insulation, roofing, and
gravel. Generous slopes are provided over the entire area to internally located drains to handle
precipitation


Confinement areas of the superstructure are of seal-welded steel plate, reinforced masonry, or
concrete construction. Special provisions have been made to maintain the integrity of the confinement
perimeter's penetrations and doors.
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Windows, used as a part of the confinement boundary, are located in instrument-repair room
(Room 112), RDAS area Rooms 110 and I11, and the offices in the southeast corner of the building.
Generally, swing doors are hollow metal, and truck doors bounding the confinement area are of reinforced
steel-sheet construction. The two truck doors in the south end of the reactor area are vertical-lift doors of
reinforced steel-sheet construction, and the truck access door in the north wall of the reactor area is a
horizontal sliding door of reinforced steel-sheet construction. The horizontal sliding truck door at the
south end of the truck airlock is reinforced plate-steel construction. A large vertical-lift door made of steel
plate is located over the working canal in the north wall of the reactor area. This door is furnished with a
stainless-steel bulkhead, mounted on its south face and so arranged that the bulkhead extends to the
working canal floor when the door is shut.


Penetrations through the confinement boundary have been minimized. All penetrations are
designed to be zero- or low-leakage, and are sealed either by caulking or gasketing.


Table 6.2-1 gives the general types of penetrations and scaling techniques employed for
aining confinement.


Most confinement leakage is through functional penetrations such as doors and hatch covers. All
hatches are caulked and/or gasketed. All swing doors are gasketed and provided with automatic closers.
The following ATR confinement doors, which are all located on the first floor of the reactor building, are
provided with wedged or inflatable gaskets. Inflatable seals inflate automatically on door closure.


• Truck overhead doors (D-13 and D-15)


• Truck sliding door (D-441)


• Sliding door (D-52)


• Canal overhead door (D-51).


6.2.2.2 Truck Airlock. The ATR truck airlock allows semi-trucks and smaller vehicular
traffic to enter or exit the ATR main floor without breaching confinement, and also provides a
weather-protected enclosure for transferring resin.


The airlock is 80 ft long x 26 ft wide x 22 ft high, and extends south of the original main building's
west overhead truck door D-15. The two truck doors on the airlock, overhead truck door D-l5 and sliding
truck door D-441, are controlled from a single station immediately west of door D-15. The truck door to
be operated is selected using a key-operated selector switch.


The two airlock truck doors are interlocked to prevent both from being open at the same time.
Overhead truck door D-15 must be shut and the seal pressurized before sliding truck door D-441 can be
opened. Likewise, sliding truck door D-441 must be shut and the seal pressurized before overhead truck
door D-15 can be opened.


Overhead truck door D-15 and sliding truck door D-441 are interlocked with ventilation fans
670 M-539 and 670-M-433, supply damper 670-M-434, and exhaust damper 670-M-435. Selecting
"OPEN" on the controller for either truck door D-15 or D-441 will automatically turn off the ventilation
fans, shut both dampers, and depressurize the seal on the selected door before the door will open.
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The interlock between the two airlock truck doors can be bypassed to allow both doors to open
simultaneously. This can be done using a key- operated bypass on the controller. The key bypass will
prevent operation of all interlocks associated with the truck doors and ventilation system. Key access is
specified by Contractor procedures.


6.2.2.3 Instrument AirlNitrogen Gas System. Instrument air is the source of air for door
seals D-13, D-15, D-51, D-52, and D-441. Two cylinders of nitrogen gas, located on the west wall of the
main reactor room floor and connected to the instrument air tubing, provide a redundant gas supply for
the door seals D-l3, D-15, D-51, D-52, and D-441.


Each door is equipped with an isolation valve, a check valve, a pressure regulating valve, and a
solenoid valve. The pressure regulating valves are normally adjusted as follows:


Door
Pressure
(PSIG)


D-13 8-12
D-15 8-12
D-51 25 - 30
D-52 15 - 20
D-441 20 - 30


The backup gas bottles are in parallel to the instrument air supply to the doors ( isolation from the
remainder of the instrument air system is provided by CK-6-969). The backup gas pressure is regulated
below the instrument air pressure to prevent usage of gas when instrument air is in se rv ice. The typical
se tt ing for this regulator is about 50 psig.


6.2.2.4 Fluid System Penetrations . Fluid systems that penetrate the confinement boundary
include:


• Firewater


• Potable water


• Secondary cooling water


• Plant air


• Warm waste water


• Primary coolant recycle system (PCRS)a


• Heating and Ventilating (H&V) System supply & exhaust


• Raw water


• Demineralized water


The primary coolant recycle system (PCRS) is located in TRA-689 and tied to IRA-670 by pipe. TRA-689 is not in use at this
time. The piping between TRA-689 and TRA-670 is isolated by both MOV-32-1 and MOV-1-909. Since the piping
connections to TRA-689 are downstream of either a c3-in. orifice or valve, any break is bounded by the analysis in
Chapter 75.6.
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• Utility cooling water


• Instrument air


• Hot waste water


• Steam (disconnected)
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• Cold waste water


• High pressure air.


All of the above systems, except plant air, instrument air, high pressure air, warm waste, hot waste,
primary coolant recycle system', and the H&V system's supply and exhaust ducts, are closed systems that
do not connect directly to the confinement atmosphere. Plant air and instrument air penetrate the
confinement area and can be opened into the confinement when in use. These systems do not provide a
pathway from the confinement to the environment. The compressors for these systems are screw-type air
compressors, and the systems are equipped with check valves to prevent back flow. Manual isolation
valves are located inside and outside of confinement The RMSS isolates the H&V duct penetrations.
Because of the location of dampers in the ducting, the duct may become a pan of the confinement
boundary. However, the amount of ducting involved is small relative to the total confinement boundary;
the ducting that is pan of the boundary is tested during the normal surveillance. All of the water systems
maintain the confinement boundary with a water seal at a low point in the system, and manual and
remotely operated isolation valves.


6.2.2.5 Radiation Monitoring and Seal System (RMSS). The ESF that provides ATR
confinement isolation is the RMSS. The RMSS consists of the RMSS actuation system and the isolation
dampers and fan controls used to actuate a confinement seal. The RMSS actuation system includes
3-channel radiation monitoring at the inlet to the exhaust gas stack, and an electronic auctioneering
system that outputs to isolation dampers and fan controls in the H&V systems. The RMSS actuation
system is shown schematically in Figures 6.2-1 through 6.2-3 and is discussed in detail in Chapter 7
(Instrumentation and Controls).


6.2.2.6 Isolation Dampers. The H&V system penetrations associated with the RMSS are
equipped with both primary and backup dampers with gaskets. The RMSS dampers are listed in Table
6.2-2 and are shown schematically in Figure 6.2-4. Additional information and more complete figures of
the H&V system can be found in Chapter 9 (Auxiliary Systems). During normal operation, the isolation
dampers are maintained open using instrument air. Upon an RMS-I shutdown, the solenoid valves
associated with all dampers except stack dampers BDM-l-5 and BDM-1-5A vent the instrument air,
allowing the spring-loaded dampers to shut. Dampers BDM-1-5 and BDM I-5A require instrument air to
open or shut. The instrument air has a nitrogen supply backup and a safety feature consisting of a pressure
switch that actuates closure of the dampers on low pressure of the instrument air supply. Installed pressure
switches on BDM-l-5 and BDM-1-5A actuate at 75 psig decreasing to reposition the solenoids so the
valve will shut, therefore, BDM-1-5 and BDM-I-5A fail shut on loss of air and nitrogen pressure. All
dampers except BDM-I-5 and BDM-I-5A are designed to fail shut upon loss of power to the solenoid or
upon loss of instrument air. The ventilation system containing damper BDM-l-4 is not in operation.


The primary coolant recycle system (PCRS ) is located in TRA-689 and tied to TRA-670 by pipe. TRA-689 is not in use at this
time. The piping between'7RA-689 and TRA-670 is isolated by both MOV-32-1 and MOV-1-909. Since the piping
connections to TRA-689 are downstream of either a< 3-in, orifice or valve, any break is bounded by the analysis in
Chapter 15.6.
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Damper BDM-1-4 is disabled in the shut position to prevent exhaust of air from the reactor room directly
to the atmosphere without passing a radiation detector (the stack exhaust is routinely monitored for
radioactivity).


The exhaust duct for BDM-l-4 has been covered with a sealed aluminum plate to ensure the
damper does not leak by. The butterfly valves in the Argon Delay Line System are also activated on an
RMS-1 shutdown. The Argon Delay Line System supply, return, and condensate return lines will shut,
and the bypass valve will open, upon an RMS-1 shutdown. Most of the Argon Delay Line System piping
is outside of confinement and is not safety-related.


6.2.2.7 Fan Circuit Breakers. The RMS-1 shutdown deenergizes the relays in the Health
Physics Monitoring Panel. The circuit on this panel directly shuts the gasketed dampers and de-energizes
fans HVS-1, HVS-5, HVE-4, HVE-9, HVE-17A or HVE-17B, and HVA-2. Due to interlocks with fan
HVS-l, the fans HVE-2, HVE-5, HVE-6, and LIVE-1 6 also shut off. The remaining fans HVE-I A,
HVE I B, HVE-7, HVE-8, FIVE-18, and HVE-22 shut off due to interlocks with either FIVE-17A or
HVE 17B.


The fan circuit breakers are part of the ATR original design and do not meet current ESF design
requirements. However, these circuit breakers have a history of acceptable performance. Periodic testing
and maintenance ensure reliability consistent with the design , and ensure that these components can be
relied upon to mitigate the consequences of the release of fission products within the confinement.


6.2.2.8 Power Sources . Four independent PPS dc battery-backed power sources, charged
from diesel and commercial sources, supply power to all detectors, signal conditioning, comparators, and
logic power supplies. The loss of power to or in a channel is designed to cause the channel to go into a
tripped state. Control-room recorders and check-source power supplies are powered from instrument
battery-backed power. The actuators for closing dampers and shutting off fans are designed to be fail-safe
upon loss of power or instrument air. The actuators to open the dampers do not use the same power source
as the channels and logic.


6.2.2.9 Failure Analysis. A failure analysis of the confinement and the RMSS has been
performed as documented for the Level 2 ATR probabilistic risk assessment (Thatcher et al. 1994). A fault
tree analysis for the confinement isolation system (CIS), the confinement and RMSS considered together
as one system, calculated a mean CIS unavailability on demand of 33 x 102, or about three in a hundred.
This CIS unavailability is dominated by many potential single failures of confinement seal dampers and
their controls (84% of the CIS unavailability) and personnel doors (15% of CIS unavailability). The
backup confinement seal dampers were conservatively neglected in this analysis since, at the time of the
analysis, the backup dampers had not been successfully qualified and preliminary Level 2 and Level 3
PRA analysis results were indicating that CIS failure was not going to be a significant contributor to risk.
The backup dampers have been successfully qualified since the PRA analysis was completed. Although
most personnel door failures are unlikely to greatly increase con fi nement leak rate, any failure was treated
as if it resulted in a fully open door. This conservative treatment was also retained when it became known
that CIS failure was not a significant contributor to total risk. ATR severe fuel damage accident sequences
including CIS failure contribute less than 2%to the total public risk. The greater portion of the public risk
is associated with higher probability sequences with an intact and successfully sealed confinement, but
with the still significant maximum 100% per day leak rate. The remainder of the risk is associated with
severe accident confinement failure scenarios (resulting in hydrogen generation and deflagration),
sequences associated with open confinement conditions during shutdown operations, or radionuclide
releases from the canal area outside confinement.
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The confinement failure analysis thus defined the confinement dampers as the principal potential
source of CIS failure. Successful operation of the backup dampers will significantly reduce the potential
for CIS failure. A truck door airlock has also been added to the confinement since the performance of the
failure analysis. However, potential sea] failure or inadvertent operation of the truck doors contributed
less than I% to the CIS unavailability. The addition of the truck door airlock is of principal importance for
allowing truck ingress and egress during reactor operation without compromising confinement integrity.
The confinement serves to limit the rate of radionuclide release and the consequences for the most
probable severe ATR fuel damage events (which are beyond design basis severe accident events), but
significant releases would still occur even with successful confinement operation. However, the risk to the
public or INEEL workers is minimal (see the risk results of the ATR probabilistic risk analysis (Thatcher
et al. 1994)).


6.2.3 System Pe rformance Evaluation


6.2.3.1 System Actuation . For confinement of ATR reactor radiation releases, the RMSS is
capable of actuating a building seal by shutting off all supply and exhaust fans and closing the gasketed
butterfly dampers in the confinement boundary upon detection of high radiation levels in the ATR
building exhaust to the stack.


6.2.3.2 System Performance. The effects on confinement of the design basis LOCA are
bounded by an evaluation of the confinement response , described as follows. The confinement air
volume displaced by the water can be inferred from the building characteristic curves given in the leak
rate EDF (Lucas 2000). This rate rapidly falls off after the initial depressurization during the LBLOCA.


An extrapolation of data from the upper bound data fit (Lucas 2000) for the confinement building
characteristic cu rve indicates the leak rate would be 31607 cfm at 7.5 in. of water. Based on a yield
pressure of 9.0 in. of water (Close 1988) the building can easily relieve the air displacement pressure due
to a LBLOCA (Bayless 1992) volumetric flow of < 5530 cfm, This volumetric flow is the sum of the peak
break flow (< 5000 cfm) from Figure 2-2 in Bayless plus the maximum EFIS flow of 530 cfm (-4000
gpm) used in (Lucas 2000). Hence, the building can easily relieve a maximum 5530 cfm volume
displacement due to a LBLOCA and EFIS flow.


The design basis LOCA discussed in Chapter 15 (Accident Analyses) does not result in fuel
damage and the release of fission products from the fuel to the primary coolant and confinement. Severe
beyond-design-basis accidents which do result in fission product release are also discussed in Chapter 15.
The analysis was done for a direct damage LOCA resulting in 100% core melt. U.S. Nuclear Regulatory
Commission (NRC) Regulatory Guide 1.4 release fractions were used for all fission products but iodine
(NRC 1974). Iodine release fractions are based on ATR confinement conditions. Limiting the confinement
leakage to 100% per day provides adequate protection to allow evacuation of onsite personnel, and will
keep the site-boundary doses within 10 CFR 100 limits.


The confinement building can be threatened by both external and internal floods. In both cases, the
floods can be detected early enough to take protective actions (including shutting down the reactor if
necessary) so that a radiological release coincident with the flood can be avoided.


The potential for missiles threatening confinement has been evaluated and found not to be a hazard.
The refueling port shield blocks are shut during operation. Missile shields are provided above the inpile
tubes and the powered axial-locator mechanism (PALM) units. Any other missile event (e.g., diesel
flywheel disassembly, planes, tornadoes, etc.) would be independent of a breach of the Primary Coolant
System, and protective actions such as shutting down the reactor could be taken.
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Some external events, that might threaten confinement, are independent of a breach of the PCS. An
external-events analysis for the ATR Probabilistic Risk Assessment (PRA) has shown the probability to be
very low for confinement failure by these events (Eide, Khericha, and Thatcher 1991;
Thatcher et al. 1994).


6.2.4 Confinement Leakage Testing


Air leakage from the confinement area of the building is a function of the pressure differential
between the confined air volume and the surrounding atmosphere. Factors initially considered to affect
leakage include changes in barometric pressure, atmospheric temperature changes, and wind pressure
acting on the building. A new leak rate measurement system (Lucas and Wagoner 2001) has been installed
in the confinement building. This system is independent of the ventilation system in the confinement
building. The system uses a fan to pressurize the confinement building. When steady state conditions on
the pressure and inflow are obtained the out-leakage is equivalent to the inflow. The analysis discussed in
the previous section shows that building over-pressure following an accident decays rapidly. Once water
addition in the building is shut off, meteorological conditions are the major contribution to leakage.


Original calculations based on a maximum 24-hour barometric pressure change of 0.5 in. Hg
showed a resulting release of 34,000 fr3 in 24 hours, or 2.1% of the confinement volume, to maintain the
differential pressure at zero.


Calculations based on a maximum 24-hour temperature range of 58°F showed a corresponding
confined air temperature range (due to heat conduction through the walls) of 24°F in the building. This
temperature change then would require a release of 75,000 ft33 in 24 hours or 4.6% of the confined volume
to maintain the differential pressure at zero.


The combined effect of temperature and pressure changes acting concurrently would then require a
release of 109,000 ft3 or 6.7% of the confined volume to maintain a differential pressure of zero.


A new approach (Lucas 2000) for the analysis of the confinement leak rate is used. The new
method develops a bounding analysis curve based on the building air-exchange rate characteristic curve
of flow versus building differential pressure. The bounding analysis curve is an approximate limit of
100% per day of the confinement volume for the air-exchange rate. This bounding curve is used to
calculate the maximum air exchange rate for a maximum leakage area ratio for the building. The results
are used for the dose analysis.


The new approach also uses the traditional 11.7 miles per hour maximum seasonal average wind
speed. The leakage is computed with the combined effects of pressure and temperature changes, wind,
EFTS flow and additional uncertainties due to instrumentation and damper leakage. This results in a
confinement building air exchange rate of < 100% per day.


The initial test procedure has been revised to fit the new leak rate measurement. The acceptance
criteria is that the measured flow rate in cubic feet per minute be less than the corresponding calculated
flow rate based on the pressure change as (Lucas 2000),


I


Leak Rate (cfm) = 6050 AP _ 1
N 0.65


(6.2-1)


Where AP is the difference between the wind pressure at the face of the building and the building
pressure.
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Table 6.2-1. General types of confinement area penetrations.


Location Type of penetration


Substructure


First floor


Superstructure


Electrical duct banks containing multiple cables. Each duct is sealed with
sealing-finings for each cable.


Pipes welded to embedded steel plates.
Pipes through gasketed sleeves.
Gasketed hollow metal doors with caulked frames.


One gasketed H&V exhaust duct scaled by rubber-lined, quick-closing
dampers.
Gasketed hatch covers.


Gasketed neoprene panels for tubing and cable seals.


Steam pipes sealed by expansion joints, capped, and abandoned.


Gasketed H&V ducts sealed by rubber-lined, quick-closing butterfly
dampers.


Miscellaneous tubes, rods, pipes, and conduits, sealed by fittings, or packed
as required.


Electrical bus ducts sealed by sealing fittings.


Removable floor plugs.


Gasketed hollow metal doors with caulked frames.


Caulked windows with fixed sash-


Steel truck doors with inflatable gaskets.
One vertical-lift door in the north wall of the reactor room over canal. This
door is of solid steel plate with inflatable gaskets around the perimeter except
for the bottom edge, which extends two fi below canal water level.


Gasketed H&V ducts and registers sealed by rubber-lined, quick-closing
butterfly dampers.


Steam pipes sealed by expansion joints.


Four hundred linear feet of gasketed and caulked intersection of steel plate
liner with concrete and masonry surfaces.


Building Leak Rate test system outlet box sealed by a gasketed covey plate.
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Table 6. 2-2. Radiation Monitoring and Seal System Dampers.


DaTj?u
Butterfly damper


Butterfly Valve


Equipment


number


BDM-1-1°


BDM-I-IA


BDM-1-2


BDM-1-2A


BDM-1-3


BDM-1-3A


BDM-1 4


BDM-1-5


BDM-1-5A


BDM-5-8


BDM-5-8A


BDM-5-9


BDM-5-9A


BDM-5-10


BDM-5-10A


BDM-4-8
BDM-4-8A


BDM-1


BDM-1 A


BDM-2


BDM-2A


BF-29.1


BF-29-2


BF-29-5


BF-29-6


BF-29-12


BF-29-7


Function


HVS- I reactor operating area supply
BDM-I-1 backup damper
HVS-1 basement area supply
BDM-1-2 backup damper
"VS-1 reactor operating area return
BDM-1-3 backup damper
HVR-1 reactor operating area exhaust
HVE-I 7A and HVE-17B stack breech
BDM-1-5 backup damper
HVS-5 basement area supply


BDM-5-8 backup damper


HVS-5 basement area return


BDM-5-9 backup damper


IIVE-9 exhaust


BDM-5-10 backup damper


Office 110 return to HVS-4
BDM-4-S backup damper
HVA-2 supply


BDM-I backup damper
HVA-2 return


BDM-2 backup damper
Argon delay line supply
Argon delay line supply
Argon delay line return


Argon delay line return


Argon delay line condensate return
Argon delay line bypass
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The "MM"' designation includes both the damearand the damper actuator.
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Key
RX = Radiation


Detector
RPA = Preamplifier
RA = Amplifier
RC = Comparator


Ref drawing
412888


M94 0372


Figure 6.2-1. Stack exhaust radiation logic diagram . (For Information Only)
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Batte ry
E11A


Abbreviations:


AMP = Ampl if ier Rat drawing
CKT = Circuit 412888
HS = Hand Switch
ISO = Isolation Device(s)
RA = Radiation Annunciator
RABu = Radiation Analog Butter Un it
RACu = Radiation Analog Comparator Unit
RA = Radiation Recorder


Power
supply


9P53-3A
E14A
CKT 2


Clear areas : ESF SATS = Surveillance and Test System
Shaded areas : non-ESF M94 0361


Figure 6.2-2. Radiation Monitoring and Seal System: Pan 1. (For Information Only)


IS Chan
Trip on h


igh
h


j
nChannel failure


ISO ISO







Idaho National Eneiaeerin2 and Envlronrnental Gab 412 09 (0910312002 - Rev. 7)


CHAPTER 6 -ENGINEERING SAFETY , -ATURES
Identifier:
Revision:


S
9


- UPGRADED FINAL SAFETY ANALYSIS Page: 6-27 of 6-50
REPORT FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04I


Clear area: ESF
Cross -hatched area : non-ESF


Abbreviations:
HPMP = Health Physics Monitoring Panel
IA = Instrument Air
RMS = Radiation Monitoring System
S = Solenoid
RACu = Radiation Analog Comparator Unit
S.S. = Solid State


Ref drawing
412888 M94 0360


Figure 6.2-3. Radiation Monitoring and Seal System: Part 2. (For Information Only)
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Control and
ROM Room
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Gas Tight Boundary
Nonsafety Related


BDM-1-3A


151 Basement


Ref drawing
120281


dLH9F-9


RUN 801-3-1041A`±AM)E-9A


BDM-5.10


GD-17


A 17A


M96 0284


Figure 6.2-4. Radiation Monitoring and Seal System: Dampers. (For Information Only)
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6.3 Emergency Core Cooling System
(Emergency Firewater Injection System)


The EF1S provides emergency reactor core cooling and flooding of the reactor vessel in the evi
of a major break in the PCS piping. This ESE is designed to activate when the water level lowers to a
predetermined height above the top of the reactor core, or at low pressure.


The EFIS is composed of the upper vessel subsystem, the bottom-head subsystem, and the EFIS
actuation system (discussed in Chapter 7 (Instrumentation and Controls)). Figure 6.3-1 shows the ESF
portion of the EFIS that is discussed in detail in this chapter.


6.3.1 Design Bases


• The EFIS actuation system provides the required redundancy to ensure that the EFIS is actuated
after a LOCA.


• The minimum supply from either the bottom head injection system or the upper head injection
system must be adequate to keep the reactor core covered and to mitigate core damage after a
design basis LOCA.


• The EFTS is designed so that inadvertent opening of the control valves will not result in
depressurization of the Primary Coolant System.


• The design pressure and temperature from the inlet to the reactor vessel (upper vessel and bottom -
head) to the control valves is 390 psig and 240°F.


• The ATR confinement penetrations for the upper vessel and bottom-head EFTS are sealed such that
the confinement gaseous leak rate is not compromised. Penetrations in the ATR shielding are
constructed so that the radiation protection is not decreased (INEEL 2003).


• The following external environmental conditions are considered in the design of valves.


- Normal ambient pressure: 12.3 psia. Maximum accident ambient pressure increase is the
pressure head for water to a depth of 3 fl.


- Ambient temperature: Normal ambient temperature does not exceed 120°F. Accident
ambient temperature does not exceed 300°F.


- Ambient Atmosphere: Normal ambient atmosphere is air. Accident ambient atmosphere:
water (flooded). Humidity: 100%.


• The upper vessel EFTS firewater piping is designed and constructed to ASME Section III Class I
Code, 1980 Edition with Winter 1980 Addenda (ASME 1980), between the level control valves
and the reactor vessel (Miller and Yuan 1986), The ESF piping (between the level control valves
and the reactor vessel) is designed to withstand the safe shutdown earthquake (SSE), which meets
the requirements of ATR General Design Criterion (GDC) No. 2. The ATR GDCs are presented in
Chapter 3 (Design of Structures, Components, Equipment, and Systems). The bottom head EFIS
firewater piping is designed and constructed to the Code for Pressure Piping, ASA B31.1-1955
(ASME 1955). The ESF portion of the piping (that portion within the PCS boundary) has been
shown to meet the requirements of ASME Section 111 Division 1. This includes the effects of the
safe shutdown earthquake (SSE) (Snow and Hendrickson 1996), which meets the requirements of
GDC No. 2.
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6.3.2 System Description


The ATR EFTS is composed of: (a) the upper vessel subsystem, (b) the bottom head subsystem, and
(c) the EFIS actuation system {discussed in Chapter 7 (instrumentation and Controls)].


The ATR EFTS differs from a commercial pressurized water reactor's (PWR's) emergency core
cooling system (ECCS) in that it does not use berated water, The supply to the ATR EF1S is untreated,
raw water obtained from the TRA firewater system, which supplies firewater to the general area, This
firewater system is discussed in Chapter 9 (Auxiliary Systems). The VVS (discussed in Section 6.6) vents
the reactor vessel so that the EFIS firewater pressure is sufficient to inject firewater into the ATR vessel
a fter transients that do not result in primary system depressurization.


The bottom head EFIS was original ATR equipment installed in 1962. The EFTS piping,
instrumentation, and controls were modified in 1983 to include the upper vessel EF1S as a redundant
firewater supply.


The upper vessel EFTS can inject emergency firewater coolant through the reactor vessel lower
drain piping, while the bottom head EFTS can inject emergency firewater coolant through the reactor
vessel bottom head.


From the firewater supply, the upper vessel EFTS piping and the bottom-head EFTS piping penetrate
the ATR building concrete through the south and east outside walls of the first basement , respectively. The
building wall penetrations are sealed around the pipe to prevent gas leakage . To reach the reactor vessel,
the upper vessel EFTS system penetrates the biological shielding surrounding the nozzle trench , and the
bottom head EFTS system penetrates the reactor vessel at the bottom head in the subpile room
(INEEL 2003).


6.3.2.1 Upper Vessel EFIS . The upper vessel EFIS is an 8 - in. firewater line that divides into
two 4-in, pipes that are connected to the lower drain for the reactor vessel . The upper vessel EFTS has two
actuation valves (LCV-1-615, LCV-1-616 ), two gate valves (GT-1-619, GT-1-620), and two check valves
(CK-1-617, CK-1-618).


The upper vessel EFTS line taps the underground firewater supply line near the southwest corner of
the ATR building. The line is routed at an incline to allow it to enter the TRA-670 Building between the
freight elevator and the stairs on the first basement level. The line runs north between the IC cubicle and
the pump test loops, and then splits into the two 4-in. lines, These lines continue north through the
biological shielding into the nozzle trench corridor, where they connect with the 8-in. vessel lower drain
line.


6.3.2.2 Bottom Head EFIS. The bottom head EFTS is an 8-in. firewater line that injects
water through four 2-in. nozzles in the bottom head of the reactor vessel . It has two actuation valves
(LCV-I-7A, -713), four check valves (CK-B-1-77, -78, -79, -80), and four gate valves (GT-J-I-150, -151,
-152,-153).
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The bottom head EFIS line taps the underground firewater supply line east of the ATR building.
The line is routed through a penetration in the TRA-670 building first basement near the H&V platform,
runs west to the primary pump motor area, then drops vertically to the second basement. The line
continues west along the PCS valve corridor, then south into the Second Basement experiment cubicle
access area, where it follows the cubicle perimeters south and then east to a position west of the 2C
cubicle. It then finally runs north down a stairwell into the rod-access entrance area, and turns west to the
primary pipe corridor. There, it rises vertically into an area surrounding the subpile room, and connects to
the four 2-in. distribution lines leading into the reactor vessel bottom head.


6.3. 2.3 EFIS Components . The EFIS Components are listed in Table 6.3-1.


6.3.2.4 EFIS Actuation System. The EFIS Actuation System (discussed in Chapter 7
(Instrumentation and Controls)] controls the air-operated control valves in the EFIS, allowing emergency
cooling water to be injected into the reactor vessel. Air pressure to each of the control valves is supplied
through separate solenoid valves. The solenoid valves supply air to the control valves, keeping the control
valves shut when the solenoid valves are in the energized condition. A trip to the EFTS actuation system
deenergizes the solenoid valves, which dumps the air pressure from the control valves, causing them to
open.


6.3.2.5 Instrument Air/Nitrogen Gas System. The instrument air is normally used to
maintain the control valves shut, The instrument air is supplied from the plant instrument-air system
discussed in Chapter 9 (Auxiliary Systems) in separate lines for each control valve. Two independent
bottled nitrogen gas backup systems are provided.


6.3.2.6 Firewater Supply System . The TRA firewater system (discussed in Chapter 9,
Auxiliary Systems) supplies raw water to the EFIS. The water and static head for the firewater system are
provided by an open supply to a 150,000-gal overhead tank . This supply is supplemented by water from
three 375,000-gal ground-level storage tanks. A 500,000-gal minimum supply of water is maintained in
the overhead tank and three ground-level tanks. The water level in the overhead tank is maintained by
electrically driven feedwater pumps. A backup supply is provided by one safety-related electric
motor-driven firewater pump and two safety-related, self-starting diesel-operated firewater pumps. The
firewater pumps start automatically on low pressure in the firewater system. The firewater supply piping
is arranged with separate paths of delivery so that a failure in one supply line can be isolated without
interrupting the normal flow rate of the alternate line (INEEL 2003).


The 1,000,000-gallon firewater storage tank and pumphouse provide a redundant firewater supply.
This tank and pumphouse have not been incorporated into the safety-related EF1S.


6.3.2.7 Power Sources . Power is supplied to the EFIS actuation system from the 32-volt
PPS battery bank. Commercial/diesel power supplies the electric pump in the TRA firewater supply
system.


6.3.3 System Performance Evaluation


6.3.3.1 EFIS Actuation. Automatic and manual actuation of the EFIS is provided by the
EFIS actuation system. This system is discussed in Chapter 7 (Instrumentation and Controls).
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6.3.3.2 System Performance . Either system can supply sufficient water for credible design
basis accidents. With the minimum supply pressure of 43 psig at the upper vessel actuation valves or
60 psig at the bottom head actuation valves, the LOCA analysis performed for Chapter 15 (Accident
Analyses) shows that the supply from either system is adequate to flood the reactor vessel and mitigate
core damage.


I Each 4-in. EFIS piping header in the upper vessel system, and each 2-in. EFIS distribution line in
the bottom head system has a check valve between the reactor vessel and the level control valves (LCVs).
The check valves prevent the primary coolant from backing up into the firewater system in the event of an
inadvertent opening of the LCVs while the reactor is pressurized.


The EFIS piping between the LCVs and the check valves just upstream of the reactor vessel inlet
ports in both upper vessel and bottom head systems should normally remain filled with water. Sight glass
level indicators are installed on the high points in each of the systems to detect leakage into or out of the
filled EFIS piping. LDW tubing is installed to provide makeup, if water leaks out of the EFIS piping.
Each makeup and drain path is equipped with double isolation valves to prevent leakage. As a design
feature to detect leakage of either firewater through an LCV, or PCS water through a check valve, each
EFIS piping header is provided with a pressure alarm and instrumentation. In addition, just upstream of
the upper vessel LCVs, a radiation monitor is installed to sense radioactive reactor coolant in the line
(INEEL 2003). Monitoring of the bottom head firewater piping is completed on an as needed basis using
portable monitors.


Both EFIS piping systems are equipped with fail-safe valving. Deenergizing the solenoid valves or
losing instrument-air and nitrogen-gas pressure will result in opening of the control valves.


Each control valve in each circuit has separate valve controls and is operated separately so that
failure of one valve control system will not prevent at least one line from operating.


6.3.3.3 Equipment Qualification. Equipment qualification is discussed in Chapter 3
(Design of Structures, Components, Equipment, and Systems).


6.3.3.4 Single Failure Evaluation . The EFIS actuation system includes three independent
water-level and three independent pressure channels, and two-out-of-three actuation logic. The EFIS
actuation system employs redundancy such that no single failure in the actuation system will result in the
failure to deenergize any of the solenoid valves. The upper vessel EFIS and the bottom head EFIS
individually provide adequate protection from a design-basis LOCA. No single active failure in the EFIS
will result in the loss of safety function, which meets the requirements of GDCs No. 21 and 35.


6.3.4 Tests and Inspection


To the extent practical, all instrumentation and control components are located in areas that are
accessible during reactor operation. This configuration meets the requirements of GDC No. 36 with
respect to permitting periodic inspection of important components of the system (see Chapter 3, "Design
of Structures, Components, Equipment, and Systems").


The EFIS valving and controls are capable of being tested through the control range without
injecting firewater into the ATR vessel. A demineralized water line tees with the EFIS piping in each
system, allowing flow and valve operation testing by injecting demineralized water into the reactor vessel
at a low rate (INEEL 2003). This testing meets the requirements of GDC No. 37.
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I The ATR Inservice Inspection Plan (INEEL 2002) includes requirements for periodic
nondestructive examination, functional testing, and pressure testing of the EFIS.


6.3.5 Instrumentation


See Chapter 7 (Instrumentation and Controls).


Table 6.3-1. Components of the Emer enc Firewater Inject


Equipment
Upper Vessel EFIS components
Piping


Type 4-in Schedule 40
Grade TP-304L stainless steel


Fittings
Type


Stainless -steel butt-weld type, Schedule 40S seamless


Valves


Control valves LCV-1-615 and -616
Type 4-in, carbon steel
Valve operators Pneumatic diaphragm, single acting with spring return


Fail open
Safe Mode


Check valves CK-1-617 and -618
Type 4-in. horizontal swing-type check
Flanged ends Forged or rolled alloy steel


Gate valves GT-I-619 and -620
Type 4-in. outside screw and yoke, stainless steel


Solenoid valves SV-1-626 and 627
Type 518-in. or fice, 3-way, normally shut


Bottom Head EFIS components
Piping


Type 8-in. Schedule 20 304 Stainless Steel, 2-in. Schedule 40S 304L
Fillings


T e Butt-weld


Flanges
Type Carbon steel serrated-face lap joint, lap joint stub ends


Valves


Control valves LCV-1-7A and -7B
Type 8-in. self-contained, air-operated diaphragm
Material Carbon steel body, 316 stainless steel plug
Safe Mode Fail open


Check valves CK-B-1-77, -78, -79, and -80
Type 3-in., tilting disk type


3-in., swing check (spare valve)


Gate valves GT-J-1-150, -151, -152, and -153
Type 2-in., outside screw and yoke


Solenoid valves SV-1-624 and -625
Type 518-in. ori fi ce, 3-way, normally shut


on S stem.
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6.4 Habitability Systems


The ATR control room is located inside the ATR confinement. The air treatment unit HVA-2 system
supplies the reactor control room with 7,000 ft3lmin of air (5,600 ft3Jmin recirculated, and 1,400 fi3tmin of
fresh air). In the event that high radioactivity is indicated by the stack monitoring system (RMS-T ), the
ventilation system to the ATR control room is shut down. This is done automatically by closing the
I-TVA-2 butterfly dampers on the control room's air-supply and -return ducts, and the HVA-2 fan is
stopped. The habitability of the control room is maintained during normal operation and during incidents
when levels of airborne activity are low enough to not require evacuation. In the event of an evacuation,
the reactor would be scrammed and the control room evacuated.


The accident sequences requiring operator action are discussed in Chapter 18 (Human Factors
Engineering). The limiting events are complete loss of flow accident (CLOFA), complete loss of
secondary, large crack or other failure of the storage canal, and shutdown LOCA with irradiated fuel in
the core. Successful termination of these events requires that the plant status is correctly identified and
successful terminating actions are performed. The first two events require operator actuation of the Vessel
Vent System (VVS). The second two events are mitigated by manually opening valves outside the control
room. These events do not result in fuel damage, and evacuation would not be required prior to required
operator action. Except for the events requiring operator action, the ATR was designed to allow operators
to accomplish rapid reactor shutdown and then to leave the control room in an emergency.
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6.5 Fission Product Removal and Control Systems


6.5.1 Engineered Safety Feature Filter Systems


The ATR has no ESF filter systems, so this topic is not applicable to the ATR.


6.5.2 Containment Spray System


A spray system is provided in the ATR reactor area. This system is arranged to wash down the
walls and air in the reactor area to reduce the concentration of fission products in the event of a severe
beyond design basis accident. No credit for this system is taken in the safety analysis of design basis
events, and the spray system is not classified as an ESF or safety related system.


Water is supplied to this system by a 3-in. line from the ATR fire water supply. The system is
operator-actuated from the reactor control room, or TRA-658, The ATR spray system key is required to
actuate the system from TRA-658.


6.5.3 Fission Product Control Systems


The ATR does not have a primary containment , but it does have a confi nement equipped with an
RMSS designed to detect radiation release and seal the confinement. The confinement and RMSS are
covered in Section 6.2.
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6.6 Vessel Vent System


The VVS is an ESF that provides depressurization capability for the PCS. Depressurizing the PCS
ensures that the EFIS (discussed in Section 6.3) can maintain water over the ATR core during a long-term
CLOFA. The mechanical portion of the VVS (including the ESF portion of the supporting bottled
nitrogen backup system) is discussed below. The supporting instrument air system is discussed in
Chapter 9 (Auxiliary Systems), and the instrument and electrical actuation system is discussed in
Chapter 7 (Instrumentation and Controls).


6.6.1 Design Bases


• The VVS is designed to remove steam from the ATR vessel at a design flow rate of 9,140 lbs
steam/In at 43 psig (Wilson 1987a). For redundancy, each of the two VVS system vent valves is
capable of venting the required steam flow (Wilson 1988).


The VVS piping design pressure is 390 prig from the upper vessel drain line to and including the
vent valves, and 150 psig from the vent valves to the 8-in. warm-waste drain line. The design
temperature is 240°F (Harris 1988).


The combined flow rate through both vent valves does not exceed the 3-in. equivalent break
discussed in Chapter 15 (Accident Analyses).


The VVS provides the redundancy necessa ry to ensure that the vent valves can be actuated for
reactor core protection (Haroldsen 1989).


The VVS is designed so that failure results in a fail - safe configuration that does not depressurize
the PCS (Golden 1988).


The VVS piping is designed to withstand the ATR safe shutdown earthquake (SSE) (Harris 1988).


• The VVS piping within the ATR PCS radiographic limits (from the ATR vessel to and including
the vent valves) is designed to the ASME Boiler and Pressure Vessel Code, Section III, Division 1,
Class I Components, "Rules for Construction of Nuclear Power Plant Components," 1986 Edition
including 1986 Winter Addenda (ASME 1986a).


The piping for the bottled nitrogen backup system is designed to the requirements of the American
National Standards Institute (ANSI) B3 1.1 "Power Piping," 1986 Edition without addenda
(EG&G Idaho 1988; ASME 1986b).


6.6.2 System Description


The VVS is a system of piping and valves designed to remove decay-heat-generated steam from
the upper part of the ATR vessel and exhaust the steam into the reactor's warm-waste system (discussed
in Chapter 11, Radioactive and Hazardous Material Waste Management) to reduce the vessel pressure to
below 43 psig in the upper plenum (EG&G Idaho 1988). The VVS is manually actuated by causing the
opening of two parallel vent valves located in the reactor vessel upper drain line.
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The normal procedure for preventing a pressure buildup in the ATR vessel is to establish a purge
from the reactor vessel through the reactor vessel's upper drain. However, if the reactor vessel's upper
drain valve, GT-D-1-39, is inaccessible or cannot be opened due to mechanical problems, then the VVS
would be used to prevent the pressure buildup.


As shown in the system piping and instrumentation diagram (P&ID), (Figure 6.6-1) and piping
isometric (Figure 6.6-2), the VVS extends from the reactor vessel flange in the ATR upper vessel drain
line downstream to the upper drain valve GT-D-1-39. Upstream of this gate valve, the line tees and goes
through vent valves GB-23-1 and GB-23-2, and from there to the ATR Warm Waste System. The ESF
boundaries for the VVS are the reactor vessel flange, the outlet of GB-23-1 and GB-23-2, and the inlet to,
but not including, GT-D-1-39.


The accident analysis in Chapter 15 shows that the requirement to use the VVS during a long-term
CLOFA develops slowly. The operator has ample time to make a conscious and rational decision to
activate the system. Therefore, manual activation is used with electrical switches located in both the
reactor control room and the Senior Reactor Auxiliary Operator work station.


These switches, one for each vent valve, are located adjacent to each other in the control room. The
two switches in the reactor control room are connected by a bar so that if one switch is activated, both
switches move in the same direction. The work station has one push-button switch to open both valves
and one push-button switch to shut both valves. These switches provide electrical power to solenoid
valves. The solenoid valves allow instrument air or backup nitrogen to operate pneumatic actuators that
open or shut the vent valves. The electrical power supply, described in Chapter 8 (Electric Power), is a
safety-related system. Once the solenoid valves are opened, they remain open even upon loss of electrical
power. The vent-valve actuators are spring-loaded (to shut the valves), and the valves fail shut upon loss
of air and nitrogen gas.


Plant instrument air is the primary supply for operating the vent valve pneumatic actuators. The
ent air is backed up by an independent bottled nitrogen gas supply system for each actuator.


6.6.2.1 Component Description . ESF components, shown on Figure 6.6-1 as ESF, are
described in this section.


6.6.2.1 . 1 Vessel-Vent Valves--Vessel-vent valves GB-23-1 and GB-23-2 are globe
valves with air-operated piston-type actuators. When air is ported to the underside of the actuator piston,
the valve opens. Dual springs in the actuator keep the plug down and shut against system pressure. The
valves are "N" stamp certified.


Vent-valve data include:


• Inlet: 3-in., 300 psi integral flange.


• Outlet: 4-in., 150 psi integral flange.


• Valve plug is quick-open type with flow under the plug.


• Stroke is 2 in, to full open.


• Plug seat is 2-5/8 in. in diameter (5.41 in.2 area).
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• Rated Cv: 123. Calculated steam flow rate capacity for each valve is approximately 11,000 lbsthr at
40 psi system pressure.


• Valve-actuator data include:


• Air-operated piston, air to open, with 100 in.2 piston.


• Dual springs over the piston holds the valve plug shut.


• Spring rate: 850 lb/in.


• Initial spring force: 3,670 lbs, sufficient to hold the valve shut against a system pressure of
650 psig.


6.6.2.1.2 Valve Limit Switches-Each vessel-vent valve has two limit switches.
These switches have contacts that are used to provide information about the position of the valve plug.
One limit switch signals when the valve plug is in its most downward position (the plug is seated), and
the other switch signals when the valve plug is in its most upward position (the valve is fully open).


6.6.2.1.3 Metering Valves-The plug-seat areas of the vent valves are large enough
that fluid transient forces could cause excessive stresses in the vent-valve piping if the valves were to be
opened quickly while the upstream piping is at normal reactor operating pressures. Therefore, a metering
valve and filter in each line leading to each vent-valve actuator ensures that each vent valve's opening is
gradual. Each metering valve is lock-wired so that its setting cannot be changed without breaking the
lock-wire.


6.6.2.9 .4 Solenoid Valves-The solenoid valves, which provide pneumatic actuation
of the vent valves , are pilot-operated , four -way valves with one port plugged . Two coils are on each
solenoid valve . When one coil is energized , a port will open to direct air/nitrogen to the vessel - vent valve
actuator . The solenoid valve remains open (even if power to the solenoid should fail) until the second coil
is energized to open the exhaust port .


Solenoid valve SV-23-10, which opens valve GB-23 - 1, is located on the reactor main floor near the
instrument air connection and nitrogen gas backup supply. Solenoid valve SV-23-11, which opens valve
GB-23-2, is located in the ATR first basement near the instrument air connection and nitrogen gas backup
supply.


6.6.2.2 Instrument AirlNitrogen Gas System. The instrument air used to actuate
the vent-valve operators comes from the plant instrument air system discussed in Chapter 9 (Auxiliary
Systems). Separate lines from the plant instrument air system are brought to the instrument air nitrogen
gas system for each vent valve. The instrument air supply for each vent valve has a pressure regulator,
check valve, and strainer within the ESF boundary.


Two independent bottled nitrogen gas backup systems are used. Each nitrogen gas system has a
pressure regulator and check valve within the ESF boundary. Pressure relief valves set at 125 prig provide
the overpressure protection to prevent the system downstream from the regulator from exceeding
the 150 psig design pressure (Pace 1988).
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Instrument air is the normal source of power to operate the vent-valve operators. The instrument air
pressure regulator is set to provide air at 100 psig while the bottled nitrogen backup system regulator is
set at 90 prig. If the instrument air system were to fail, or if the pressure were to drop below 90 psig, then
the bottled nitrogen backup system would take over and supply the operating power for the vent-valve
operators.


6.6.2.3 Power Sources. Electric power to actuate each of the solenoid valves comes from
independent safety-grade PPS battery sources described in Chapter 8 (Electric Power).


6.6.3 System Performance Evaluation


6.6.3.1 System Actuation . Manual activation of the VVS was chosen for two reasons:
(1) the required response time to actuate the VVS is calculated as greater than two hours
(Ambrosek J986), and (2) actuation of the VVS depressurizes the PCS. The system design minimizes the
likelihood of inadvertent actuation. The solenoid valves will fail in place in the case of loss of electric
power. The vent valves will not open in the case of single or multiple failures in the an/nitrogen gas
systems. The manual activation switches are placed under a locked plastic cover to prevent accidental
bumping. The activation switches are also located on their respective panel boards so as to prevent
confusion with other switches.


6.6.3.2 VVS Discharge. Under CLOFA conditions, steam would be vented by the VVS to
the ATR warm-waste system, which is capable of handling the amount of steam that would be vented by
the VVS (Wit-on 1988). In the worst case, steam would escape the warm-waste system through open
H&V duct work in the reactor rod access entrance area. This area is within the reactor confinement area,
and such venting would be acceptable under accident conditions.


6.6.3.3 Design Evaluation . The VVS piping, and supports for the nitrogen gas bott les, are
attached to the ATR building structure to satisfy SSE requirements.


Piping from the reactor pressure vessel through the vent valves meets the seismic requirements of
the ASME Boiler and Pressure Vessel Code, Section DI, for Class I components, 1986 Edition including
Winter 1986 Addenda (Harris 1988; ASME 1986a).


Electrical power required to energize the two solenoid valves in the VVS is provided by
independent safety-grade PPS power supplies. If one channel fails, the VVS will still function since each
vent valve has the capacity to vent the required steam flow rate.


The actuator of each vent valve is operated with ATR instrument air. If the instrument air supply is
lost, each vent valve has an independent bottled nitrogen supply for backup.


6.6.3.4 Equipment Qualification . Equipment qualification is discussed in Chapter 3
(Design of Structures, Components, Equipment, and Systems).


6.6.3.5 Failure Modes and Effects Analysis . Single Failure Analysis (SFA) and Failure
Modes and Effects Analysis (FMEA) have been performed for the VVS to evaluate defenses against
internal random failures, common-mode failures, and external single events. The analyses demonstrate
that the VVS can sustain a single active failure and retain its capability to depressurize the ATR's PCS
(Golden 1988). This meets the requirements of GDC No. 21.
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6.6.4 Testing and Inspection


The ATR Inservice Inspection Plan includes requirements for periodic nondestructive examination
functional testing, and pressure testing of the VVS.


6.6.5 Instrumentation


Instrumentation is discussed in Chapter 7 (Instrumentation and Controls).
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6.7 Reactor Shutdown System Primary Pump Shutoff System


Fluid flow in the ATR PCS is provided by four primary coolant pumps connected in parallel. There
are either two or three pumps on line during normal operation, with the other pumps as spares. Pressure
drop across the reactor vessel and the reactor core is controlled by adjusting the opening of a butterfly
valve located between the pumps and the reactor vessel. The Primary Pump Shutoff System is a
subsystem of the RSS and is categorized as an ESF. The purpose of the Primary Pump Shutoff System is
to protect the reactor core and internals by providing a limit on high differential pressure (op) as a result
of high flow.


The Primary Pump Shutoff System consists primarily of the actuation system, which is described in
detail in Chapter 7 (Instrumentation and Controls).


6.7.1 Design Bases


The reactor core dp stresses the core support structure, the gear box support beams, and the core
reflector tank. If these structures fail or strain excessively, the proper action of movable core components,
including the safety rods, may be inhibited. Also, excessive core/fuel element Ap can cause damage to the
fuel elements. The Primary Pump Shutoff System is designed to shut down two primary pumps in the
event of a high flow condition during three-pump operation to prevent overstressing the ATR vessel
components or fire] elements from high flow, which meets the requirements of GDC No. 20. The design
basis events that establishes the Primary Pump Shutoff System requirements is the butterfly-valve
opening incident during three-pump operation, and the accidental starting of a third pump during
two-pump operation.


6.7.2 System Description


The only components in this system other than the actuation system are the circuit breakers for the
motors powering primary pumps 670-M-6, 670-M-7, 670-M-8, and 670-M-9. Surveillance testing and
maintenance of these circuit breakers ensure the high probability that ESF performance will be achieved.
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6.8 RSS Pressurizing and Gland Seal Pump Shutoff System


The Pressurizing and Gland Seal Pump Shutoff System is a subsystem of the RSS and is
categorized as an ESF. The purpose of this system is to protect the PCS by providing a limit on high
pressure. The PCS provides a barrier against uncontrolled release of primary coolant and radioactive
material to the confinement, and also provides core cooling. The Pressurizing and Gland Seal Pump
Shutoff System protects the PCS from undergoing pressure beyond 110% of design pressure (Pace 1990)
This protection is provided by sensing the reactor vessel inlet pressure and, if the setpoint pressure is
exceeded, the reactor is scrammed and the following pumps are shut down: pressurizing pumps M-14,
M- 15, and gland-seat pumps M-40 and M-41.


The RSS Pressurizing and Gland Seal Pump Shutoff System is described in detail in Chapter 7
(Instrumentation and Controls).


6.8.1 Design Bases


This subsystem protects the PCS from high pressure by sensing a reactor vessel inlet pressure and
providing a pump trip, which meets the requirements of GDC No. 20. The PCS design pressure is
discussed in Chapter 5 (Primary Coolant System). A high inlet pressure causes a reactor scram and also
trips both pressurizing pumps and both gland-seal pumps.


The design basis event that establishes the pressurizing and gland sea] pump shutdown
requirements is the loss of instrument air incident.


6.8.2 System Description


The only components in this system other than the actuation system are the circuit breakers for
pressurizing pumps 670-M-14 and 670-M-15 and gland-seal-pumps 670-M-40 and 670-M-41.
Surveillance testing and maintenance of these circuit breakers ensure the high probability that
ESF performance will be achieved.
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6.9 Vessel Level Alarm System


The Vessel Level Alarm System actuation is an ESF function provided by the inputs from the RSS
Reactor Vessel Water Level Subsytem or by the reactor water level channels of the EFIS. The purpose of
the Vessel Level Alarm System actuation is to alert the operators of low vessel liquid level for potential
actuation of the EFIS. The RSS Reactor Vessel Water Level Subsystem and the EF1S are described in
Chapter 7.


6.9.1 Design Bases


The failure of a bottom head plate penetration during depressurized operation is the limiting
accident for the Vessel Level Alarm System. This failure is a maintenance induced event that results in
relatively rapid draining of the reactor vessel with elevation head as the driving force. Mitigation for the
loss of inventory is the injection of firewater into the reactor vessel.


6.9.2 System Description


The Vessel Level Alarm System alarm is generated on low reactor vessel water level by the RSS
Reactor Vessel Water Level Subsystem or by the reactor vessel water level portion of the EFTS.


There are three identical channels of reactor vessel water level indication for the RSS Reactor
Vessel Water Level Subsytem. Pressure taps in the upper plenum of the reactor vessel are sensed by the
channels transmitters and a signal is sent to the RSS comparator logic. When the signal reaches the pre-set
value for the comparator, a window on an annunciator panel in the reactor control room is actuated by the
Sequence of Events Recorder (SER). The annunciator panel provides an audible alarm and the lit window
provides a visual indication. This actuation of the window/audible alarm is the vessel level alarm. The
alarm function is not designed in a two-out-of-three or one-out-of-two logic but will respond to a single
comparator tripping. Successive signals for the RSS Reactor Vessel Water Level Subsystem are not
separately indicated.


Like the RSS Reactor Vessel Water Level Subsystem, the reactor vessel water level portion of the
EF1S has three identical channels of level instrumentation and actuates a separate window of and
annunciator panel in the reactor control room. The EFIS level alarm is redundant to the RSS Reactor
Vessel Water Level Alarm System.


During reactor shutdown and depressurized operation with irradiated fuel in the reactor vessel, the
EF1S is placed in manual. The upper vessel and bottom head injection manual isolation values are shut
and are required to be opened manually to cause the injection of firewater into the reactor vessel to
replace any loss of inventory. The alarm coupled with the controls on outage activities ensure adequate
time to mitigate a loss of inventory.
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6.10 COCA Primary Coolant Pump Shutoff System


The LOCA Primary Coolant Pump (PCP) Shutoff System is an ESF function provided by the
inputs from the RSS Vessel Inlet and Outlet Pressure Subsystems. The purpose of the LOCA Primary
Coolant Pump Shutoff System is to shutoff all operating primary coolant pumps in the event of a
loss-of-coolant-accident (LOCA). Shutoff of the primary coolant pumps needs to occur prior to air being
drawn from the surge tank into the primary cooling system (PCS). Air in the PCS could cause a
degradation of emergency pump flow.


The LOCA PCP Shutoff System consists of the actuation system described in detail in Chapter 7
(Instrumentation and Controls).


6.10.1 Design Bases


The LOCA Primary Coolant Pump (PCP) Shutoff System actuation ensures adequate thermal
margins are maintained following the design basis LOCA by preventing air entering the PCS from the
surge tank thereby preventing the degradation of emergency pump flow.


6.10.2 System Description


The LOCA Primary Coolant Pump (PCP) Shutoff System has been designed to trip primary coolant
pumps following a loss-of-coolant-accident (LOCA). The LOCA ESF feature is designed to shutoff all
running primary cooling pumps on low primary coolant pressure; however, failure of one pump to trip has
been analyzed and is tolerated.


The actuation system for the LOCA Primary Coolant Pump (PCP) Shutoff System has components
in common with the RSS Vessel Inlet and Outlet Pressure Subsystems. The actuation system utilizes low
pressure trip signals from the channel comparators of these subsystems to actuate ESF 2:3 Logic
Modules.'I-he inlet pressure and outlet pressure subsystem each have two 2:3 logic devices, LOCA ESF-1
located in PPS Room A and LOCA ESF-4 located in PPS Room D.


When a low pressure condition from either the RSS Vessel Inlet Pressure or Outlet Pressure
Subsystem satisfies the 2:3 logic requirements, signals are sent from the ESF 2:3 logic modules to the
actuation logic circuits. There are four actuation logic circuits, one for each primary cooling pump. Each
actuation logic circuit consists of a time delay circuit and relays configured in a 2:4 relay logic, bypass
switches, reset switches, pump test switches and indicators. When two time delay circuits have tripped,
the 2:4 relay circuit provides the final actuation of tripping the primary pump breaker.


The actuation system can be bypassed using bypass switches located on panel TMR-LOCA-ESF-1
located in PPS Room A, on panel TMR-LOCA-ESF-4 located in PPS Room D, and on Panel PI 1 located
in the reactor control room. The status of the LOCA PCP Shutoff System is monitored by the process
DCS and indicator lights on panels in the PPS rooms and on Panel P1 I in the reactor control room.


Surveillance testing and maintenance of these circuits along with those performed on the primary
pump breakers ensure high probability that the LOCA ESF performance will be achieved.



BURTDC

Text Box
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ACRONYMSIABBREVIATIONS


ac alternating current
AEC U.S. Atomic Energy Commission
ASME American Society of Mechanical Engineers
ANSI American National Standards Institute
ATR Advanced Test Reactor


BBPS battery-backed power system


CDS Console Display System
CFR Code of Federal Regulations
CHF critical heat flux
CLLC contact-to-logic-level converter
CLOFA complete loss of flow accident
CLOHS complete loss of heat sink
CPRS Control Power Reduction System
cps counts per second


DAC data acquisition computer
DAN data analysis computer
dc direct current
DCS distributed control system
DNB departure from nucleate boiling
DOE U. S. Department of Energy


EBR emergency backup reverse
EBS emergency backup scram
EFTS emergency firewater injection system
ESF engineered safety features
ESFAS Engineered Safety Features Actuation Subsystem


FIS firewater injection system
FMEA failure mode and effects analysis


GDC general design criterion
gpm gallons per minute


IEEE Institute of Electrical and Electronics Engineers


LCO limiting condition for operation
LCRM log count rate metering
LOCA loss of coolant accident


megawatt
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NF The reactor operating steady power level (pressurized operation, up to and including 250
MW). The power level NF represents may change, not only for each reactor operating cycle
but also during an operating cycle. During a scheduled startup, NF is the projected/anticipated
full operating power level. Actual experiment requirements or operational considerations may
necessitate small deviations from the projected value. The neutron level and wide range
neutron subsystems are adjusted such that upon reaching NF the indication is equal to or
greater than 100%.


NL For power operation and low power operation, a power level which corresponds to 1% NF.
For depressurized operation, the maximum allowed reactor power level (500 kW).


NBS National Bureau of Standards
NE U.S. Department of Energy Nuclear Energy Programs
NFPA National Fire Protection Association
NRC U.S. Nuclear Regulatory Commission


O&MM Operating and Maintenance Manual
OSCC outer shim control cylinder


PCP primary coolant pump
PCS primary coolant system
PPS plant protective system
PRA probabilistic risk assessment
Asia pounds per square inch absolute
psid pounds per square inch differential


RCCC rod clutch coil controllers
RCR reactor control room
RDAS reactor data acquisition system
RDT Reactor Development and Technology
RMS radiation monitoring system
RMSS radiation monitoring and seal system
RSS reactor shutdown system


SATS Surveillance and Test System
SDD system design description
SFA single failure analysis
SSE safe shutdown earthquake


UPS uninterruptible power supply


VVS Vessel Vent System


WC water column
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DEFINITIONS


Accuracy. A number defining the specified allowable or observed limit of error (maximum error through
the span of the instrumentation measurement). This error may be expressed as instrument scale units,
units of the measured variable, the ratio (expressed as a percentage) of error to the instrument range, the
instrument span, or full scale.


Administrative Control. Rules, orders, instructions, procedures, policies, practices, and designations of
authority and responsibility.


Analog Accuracy. The difference between the measured buffered data system output of the channel and
the desired buffered data system output based on the actual value of the variable at design center
conditions.


Bypass:


Maintenance Bypass. Removal of the capability of a channel, component, or piece of equipment
to perform a protective action due to a requirement for replacement, repair, test, or calibration.


Operational Bypass. Inhibition of the capability to accomplish a safety function that could
otherwise occur in response to a particular set of generating conditions.


Condition 1, 2, 3, or 4: The American Nuclear Society accident-frequency categories. The American
Nuclear Society categories and the assumed correspondence to the Design Basis Report classification are
listed below. The accident frequency classification used in the Design Basis Report are based on the
guidelines contained in RDT C 16-IT. These accident frequency classifications were: anticipated,
unlikely, and extremely unlikely.


Condition 1. Normal operation and operational transients: Normal Operation


Condition 2. Faults of moderate frequency: Anticipated


Condition 3. Infrequent faults: Unlikely


Condition 4. Limiting faults: Extremely unlikely.


Design Basis Events. Postulated events used in the design to establish the acceptable performance
requirements for the structures, systems, and components.


Error. A number expressing the difference between the indicated or observed value of a measured
variable and the true value of that variable.


Essential Performance Requirements. Those requirements that must be met by the device, assembly, or
module if it is to carry out its part in accomplishing a protective fimction.
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Failure. The inability of a device to meet one or more of its essential performance requirements . Failures
are of two types:


Unsafe failure. A failure that precludes the device from providing an immediate trip.


Safe failure. A failure that results in an immediate trip.


Instrument Span. The interval between the lower and upper limits of a variable in which an instrument
provides a continuous indication or measurement , a protective function , or both.


Plant Protective System (PPS). Those active devices , with the associated equipment that initiates their
action , whose function in conjunction with passive structures of the plant is necessa ry to prevent
unacceptable release or spread of radioactive materi als by preventing plant variables or conditions from
reaching their respective safety limits, or mitigating the consequences of exceeding safety limits. The PPS
also prevents unacceptable plant damage in accordance with limits specified by the contractor. The PPS
includes the Reactor Shutdown System (RSS) which cause the release of the safety rods and the
Engineered Safety Features (ESF). The RSS subsystems are identified in Section 7.2. The ESFs are
identified in Section 7,3.


Redundant Equipment or System. A piece of equipment or a system that duplicates the essential function
of another piece of equipment or system to the extent that either may perform the required function
regardless of the state of operation or failure of the other. Redundancy can be accomplished by the use of
identical equipment, equipment diversity, or functional diversity.


Resolution. The smallest discernible change in the channel output or setpoint value, expressed in the same
terms as accuracy . For an analog channel output , the smallest discern ible change will be defined as 3 dB
above average channel noise level with zero signal input within the analog bandwidth. For a digital
channel output , the sma ll est disce rn ible change will be defined as a unit change in the least significant bit.
For a setpoint value, the smallest discernible change will be defined as the smallest value by which a
setpoint may be changed. All these changes are referenced to the measured variable. This requirement
does not apply to indicators and recorders.


Response Time:


Channel. The time between the occurrence of an unacceptable value of the measured variable at
the channel sensor and the occurrence of the tripped (abnormal) state of the channel comparator
output . An unacceptable value of the measured variable is defined as a value that exceeds ( i.e., is
above or below, depending on type of setpoint) the channel setpoint. The time required for
response by the sensor (and its enclosure or housing, where appropriate) is included in the value
of channel response time. Unless stated otherwise , the change of the measured variable to an
unacceptable value is assumed to occur in zero time (i.e ., is a step change).


Logic. The time between the occurrence of a sufficient number of channel trip signals and the
occurrence of the tripped condition of the logic output to the appropriate Reactor Shutdown
System (RSS) actuator controllers. Logic response time shall include any delays incorporated into
the logic.


Actuator Controller, The time between the occurrence of the logic trip at the input to an actuator
controller and the de-energization or energization of the actuator circuitry.







Idaho National Engineering and Environmental Laboratory


CHAPTER 7 - INSTRUMENTATION AND
CONTROLS - UPGRADED FINAL SAFETY


ANALYSIS REPORT FOR THE ADVANCED TEST
REACTOR


412-09(09/03/2002 - Rev. 7


Identifier : SAR-153
Revision: 12
Page : 7-11 of 7-140
Effective Date : 01/22/05


Actuator- The time between the occurrence of the de-energization or energization of the actuator
circuit and the start of actuator action; e.g., start of safety-rod motion or start of pump coastdown.


Total RSS Response Time. The sum of the appropriate channel, logic actuator controller, and
actuator response times for a given event.


Saturation. The limit at which a further change in the input signal no longer produces a change in the
output.


Seal-In. Retention of a device in the tripped condition regardless of the value of the variable that
originally initiated the tripped condition.


Sensitivity. The ratio of the instrument channel output change to the specified or observed change in the
input variable.
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7. INSTRUMENTATION AND CONTROLS


7.1 Introduction


This chapter presents the various plant instrumentation and control systems by relating the
functional performance requirements, design basis, system descriptions, design evaluations, and tests for
each.


The primary purpose of the instrumentation and control system is to provide automatic protection
and exercise proper control against unsafe and improper reactor operation during steady-state and
transient power operations, and to provide initiation signals to mitigate the consequences of faulted
conditions. Consequently, the information presented in this chapter emphasizes those instrumentation and
control systems that are central to operating the Advanced Test Reactor (ATR) in a manner that ensures
no undue risk to the health and safety of the public.


7.1.1 Identification of Safety-Related Systems


Safety-related instrumentation and control systems and their supporting systems must ensure the
following conditions:


• The integrity of the primary coolant pressure boundary.


• The capability to shut down the reactor and maintain it in a safe shutdown condition,


• The capability to prevent or mitigate the consequences of accidents that could result in potential
o$§ite exposure comparable to the guidelines exposure of 10 CFR Part 100 guidelines.


"Safety-related" is a broad designation, and includes significant subcategories of structures,
systems, and components with respect to the ATR Facility. There are two subcategories for safety-related
systems: (a) Plant Protective System (PPS) and (b) non-Plant Protective System (non-PPS). The master
list of safety-related structures, systems, and components is presented in Appendix A of Chapter 3
(Design of Structures, Components, Equipment, and Systems). The safety-related instrumentation and
controls are listed under the subheadings (a) Control Complex, (b) Emergency Firewater Injection
System, (c) Fuel Storage and Handling, (d) Radiation Monitoring and Seal System, (e) Reactor Shutdown
Systems, (f) Vessel Vent System, and (g) LOCA Primary Coolant Pump Shutoff System.


7.1.1.1 Plant Protective System. The Plant Protective System (PPS) consists of the
Reactor Shutdown System (RSS) and the Engineered Safety Features (ESF). The RSS comprises
instrument subsystems and logic that cause the release of the safety rods and RSS actuation of some ESF
pump shutoff actions. The safety rod system comprises the safety rod drive assembly, the horizontal drive
assembly, and the safety rod assembly. The safety rod system is a mechanical system, and is discussed
further in Chapter 3. The EST comprises six systems that include both instrumentation and mechanical
components and equipment. Only the instrumentation required to actuate the equipment and systems of
the ESF, the ESF Actuation Subsystem, is discussed in this chapter. Although Vessel Level Alarm
System is considered an ESF system, it is not pan of the ESE Actuation System.
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The RSS is described in Section 7 . 2. Design bases for the RSS are desc ribed in Section 7.1.2.1.


The Engineered Safety Features Actuation Subsystem (ESFAS) is described in Section 7.3. The
design basis for the ESFAS is described in Section 7.1.2.1.


The ESFAS comprises those instrumentation systems required to actuate the equipment and
systems that mitigate the consequences of postulated design basis accidents. As described in Section 7.3,
the engineered safety features requiring actuation are:


• Primary Pump Shutoff System


• Pressurizing-Pump and Gland-Seal-Pumps Shutoff System


• Emergency Firewater Injection System


• Radiation Monitoring and Seal System


• Vessel Vent System


• LOCA Primary Coolant Pump Shutoff System.


7.1.1.2 Systems Required for Safe Shutdown . The systems required for safe shutdown,
and the corresponding design bases for those systems, are described in Section 7.4.


7.1.1.3 Safety-Related Display Instrumentation . The safety-related display
instrumentation, and the corresponding design bases for those systems, are described in Section 7.5.


7.1.1.4 All Other Instrument Systems Safety-Related or Important to Safety. All
other instrument systems safety-related or important to safety, and the corresponding design bases for
those systems, are described in Section 7.6.


7.1.1.5 Systems Not Required for Safety. Systems not required for safety (i.e., systems
not relied upon in the safety analysis to mitigate design-basis events), and the corresponding design bases
for those systems, are described in Section 7.7.


7.1.1.6 Comparison with Other Plants. The ATR is an experimental reactor, not a power
reactor, and differs from a power reactor in many ways . Some of the more significant differences related
to plant safety are:


• The function of the secondary coolant system is that of a heat sink. Under normal operating
conditions , long-term heat removal takes place by primary circulation by primary coolant pumps or
emergency coolant pumps, and secondary circulation by secondary coolant pumps or utility coolant
water pumps . This coolant water is backed by emergency heat removal using the Emergency
Firewater Injection System (EFIS).


• The Primary Coolant System ( PCS) operates at much lower temperatures and pressures.


• There is a confinement structure instead of a containment structure.
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No boron is injected in the ATR primary coolant, and the reactor can be shut down in one of two
ways:


- Inserting the safety rods.


- Rotating the outer shim control cylinders (OSCCs) in toward the core.


• The Vessel Vent System (VVS), which provides primary system depressurization capability, is
operator actuated.


• Raw water is used in the EFIS, and is not recirculated.


• The maximum authorized thermal power is 250 megawatts.


• The fission product inventory is much smaller than in commercial nuclear power plants.


7.1.2 Identification of Safety Criteria


The following section gives design bases for the PPS and other safety-related systems.
Conservative considerations for instrument errors are included in the accident analyses presented in
Chapter 15 (Accident Analyses).


The general design criteria discussed in Section 7.1.2.3 were considered in the design of the
systems given in Identification of Safety-Related Systems (Section 7.1.1). In general, the scope of the
design criteria documents is given in the document itself, and determines the systems or parts of systems
to which the document is applicable.


7.9.2.1 Design Bases. ATR went critical and initially operated at fall power in 1969. The
design developed was consistent with the standard building practices, codes, and standards in place at that
time. In 1983, the RSS was updated to Reactor Development Technology" (RDT) standards for that time.
The ESFAS and the control room have been updated in recent years consistent with the codes and
standards in place at those times. The applicable standards, codes, and practices are listed in the Design
Basis Section for each system discussed.


7.1.2.1.1 Reactor Shutdown System-The RSS ensures that reactor safety limits
are not exceeded during Condition 2 events (faults of moderate frequency: Anticipated) and that these
events can be accommodated without developing into more severe conditions. Reactor trip setpoints are
given in Chapter 16 (Derivation of Technical Safety Requirements).


The design requirements for the RSS are derived from analyses of plant operating and fault
conditions where automatic rapid safety rod insertion is necessary to prevent or limit core or primary
coolant boundary damage. Design basis requirements are addressed in Section 7.2.


7.1.2.1 . 2 Engineered Safety Features Actuation Subsystem-The ESFAS acts
to limit the consequences of Condition 2 events (off-normal; Anticipated), Condition 3 events (Infrequent
faults; Unlikely) and Condition 4 events (Limiting faults: Extremely unlikely).


". US. Department of Energy Nuclear Energy (NE) Programs' Nuclear Standard is the current title for the RDT standards.
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The design bases for the ESFAS are derived from the design bases given in Chapter 6 (Engineered
Safety Features). Design basis requirements are addressed in Section 7.3. General design requirements are
given below.


• Automatic Actuation Requirements:


The primary requirements of the ESFAS, with the exception of the Vessel Vent System (VVS), are
to receive input signals from the various ongoing processes within the reactor plant and to
automatically provide, as output, timely and effective signals to actuate the various components
and subsystems comprising the ESF. All systems are automatic with the exception of the VVS.


• Manual Actuation Requirements:


For the VVS only, the control room and Room 121 have provisions for manually initiating the
ESFAS. See Section 7 3 for additional information.


7.1.2.1.3 Normal Electrical Power-The normal electrical power for the ATR is
provided by the ATR Power distribution System, This system is designed to provide continuous, reliable
ac and dc power to the electrical equipment and instrumentation and controls systems at ATR. Details of
this system are provided in Chapter 8 (Electrical Power).


7.1.2.1 .4 Emergency Power-The ATR Power dist ribution System is designed to
provide emergency power in the event of normal commercial or diesel power failures . This is
accomplished with the Diesel-Commercial System , emergency diesels, and Battery-backed Power
Systems . Design bases and a description of these are provided in Chapter 8 (Electric Power).


7.1.2.1 . 5 Interlocks-Interlocks are discussed in Sections 7.2, 7.3, 7.4, and 7.7.


7.1.2.1 .6 Bypasses-Bypasses are discussed in Sections 7.2, 7.3, 7.4, 7.5, and 7.6.


7.1.2.1 .7 Diversity-Diversity is provided, where practicable, for the protective
systems to ensure adequate mitigation of identified accidents . Diversity will consist of using two or more
protective subsystems, each of which monitors a different plant variable or uses a different type of
equipment, or both, to provide for protection against a given incident.
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y is provided in the Reactor Shutdown System (RSS) as follows:


For this Primary RSS Chapter 15
Diverse RSS subsystem subsystem For these accidents reference


Vessel Inlet Pressure (low) Vessel Differential Pressure Decrease in reactor primary 15.3.1.1
(low) coolant flow rate


Vessel Outlet Pressure Vessel Inlet Pressure (high) Increase in reactor coolant 15.5.1.2
(high) inventory


Vessel Outlet Pressure Vessel Inlet Pressure (low) Decrease in reactor coolant 15.6
(low) inventory


Outlet Temperature Inlet Temperature Decrease in heal removal by the 15.2.1.1
secondary


Emergency Coolant Pump Emergency Coolant Flow Low flow, open head operation 15.9.1.1
Recirculation Flow Discharge
Neutron Level Wide-Ran e Neutron Ramp reactivity inse rt ion 15.4.2.1


Quadrant Differential Neutron Level or Wide Lobe power balance shift 15.4.12
Tent rature Range Neutron


''.... Wide Range Neutron Neutron Level Fast ramp reactivity insertion or 15.4.4,
step reactivity insertion 15.4.5, ] 5 4 .6


Diversity for the mitigation of over-pressurization of the primary coolant system is provided by the
primary coolant system safety relief valves should the RSS Pressurizing Pumps and Gland Seal Pumps
Shutoff System fail to mitigate the over pressure before pressure increases to the trip level of the relief
valves ( see Section 15.5.1.2).


7.1.2.1 .8 Bistable Trip Setpoints-The setpoint for the RSS and the ESFAS is the
limiting control setting. The setpoint is established in the accident analysis to preclude exceeding the
safety limit. The limiting control setting accounts for the instrument error in the setpoint and the response
time of the subsystem. The specific setpoints are shown in Chapter 16 (Derivation of Technical Safety
Requirements).


7.1.2.1. 9 Fire Protection-Mitigation of consequences of a local fire is provided by
electrical isolation of redundant channels, by the physical separation in separate rooms of redundant sets
of equipment, and by enclosing the equipment in cabinets that are physically separated by metallic walls
or metallic walls and distance. Additionally, a local automatic Halon fi re protection system is provided
for the RSS equipment rooms, and water sprinkler systems are available for other equipment.


7.1.2.2 Physical Identification of Safety-Related Equipment. ATR has a program in
place for labeling equipment and wiring. The program is described in the Operations manual.


7,1.2.3 General Design Criteria. The following list is the set of ATR General Design
Criteria (GDC) that applies to the instrumentation and control systems. Chapter 3 (Design of Structures,
Components, Equipment, and Structures) discusses the application of the GDC to the ATR.


• GDC 1, Quality Standards and Records


• GDC 2, Design Basis for Protection Against Natural Phenomena
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• GDC 3, Fire Protection


• GDC 4, Environmental and Dynamic Effects Design Basis


• GDC 10, Reactor Design


• GDC 12, Suppression of Reactor Power Oscillations


• GDC 13, Instrumentation and Control


• GDC 15, Primary coolant System Design


• GDC 16, Confinement


• GDC 19, Control Room


• GDC 20, Protection System Functions


• GDC 21, Protection System Reliability and Testability


• GDC 22, Protection System Independence


• GDC 23, Protection System Failure Modes


• GDC 24, Separation of Protection and Control System


• GDC 25, Protection System Requirements for Reactivity Control Malfunctions


• GDC 26, Reactivity Control Systems Redundancy and Capability


• GDC 27, Combined Reactivity Control System Capability


• GDC 29, Protection Against Anticipated Operational Occurrences


• GDC 33, Primary coolant Makeup


• GDC 35, Emergency Core Cooling


• GDC 37, Testing of Emergency Core Cooling System


• GDC 50, Confinement Design Basis.


7.2 Reactor Shutdown System


7.2.1 Description


7.2.1.1 System Description . The Advanced Test Reactor (ATR) Reactor Shutdown System
(RSS) is designed and maintained to shut down the ATR before design basis limits are exceeded. Design
limits are set by equipment limitations such as mechanical, hydraulic, temperature, and heat transfer.
Therefore, the RSS monitors variables that are directly related to equipment limitations such as pressure,
flow rates, temperatures, and neutron flux. Whenever a variable monitored by the RSS reaches a limiting
control setting, the ATR will be shut down to prevent damage to the fuel, the reactor structure, or primary
system, or to prevent the release of fission products into the environment.
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Figure 7,2-1 shows a block diagram of the overall ATR RSS . Figures 7.2-2 through 7.2-16 show
the more detailed subsystems within the RSS . Cross hatching on figures indicates the boundary between
safety-related and nonsafety -related equipment or components.


The signal path starting from the sensors (as shown in Figure 7 . 2-1), which monitor the plant
variables related to the limiting safety system sett ing, goes to an analog comparator or to a
contact -to-logic-level -converter (CLLC) which converts the signal to a logic level compatible with the
two-out -of-three logic modules . Each analog comparator and CLLC has four identical outputs. Each
analog comparator and CLLC output is sent to a two-out -of-three logic module. If any two of the three
inputs exceed the trip point , the comparator is tripped and the rod clutch controllers release the safety
rods, causing the reactor to shut down . From the outputs of the two-out-of-three logic modules to the rod
clutch coil controllers , the RSS is configured as a two-out-of-four system (INEEL 2000 , Section 2.2).


7.2.1.1 . 1 Functional Performance Requirements-The RSS automatically
initiates reactors trips:


+ To prevent fuel damage for an operational transient


• To limit core damage for infrequent faults


• To protect the primary coolant pressure boundary


• To shut down the reactor and maintain it in a safe shutdown condition.


The RSS provides for manual initiation of reactor trip by operator action.


7.2.1.1.2 Reactor Trips-For a full discussion of the protective requirements for the
reactor trips provided by the subsystems listed in Section 7.2.1.1.2.1 through 7.2. 1.1 .2.15 refer to
Chapter 16 (Derivation of Technical Safety Requirements) of this UFSAR.


7.2.1.1. 2.1 Vessel Differential Pressure-(See Figure 7.2-2.) A signal
proportional to the difference between the reactor vessel primary coolant inlet and outlet pressure trips the
reactor on either low or high differential pressure. The differential pressure across the reactor vessel is
proportional to the flow rate through the reactor core. The purpose of the low differential pressure reactor
trip is to prevent overheating the fuel elements when the coolant flow rate through the reactor core falls
below the design limit. The low differential pressure is a diverse subsystem for low inlet coolant pressure
for low coolant flow rate events.
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The primary purpose of the high differential pressure trip is to shut down predetermined primary
coolant pumps (PCPs) before high flow rates through the reactor core cause damage to the reactor
internals. Two reactor primary coolant pumps are shut down for three-pump operation and, depending on
the pump selection for two-pump operation, either zero, one, or two pumps will be shut down when the
vessel differential pressure reaches the high differential pressure limit. Two primary coolant pumps would
shutdown if a third pump was started during two PCP operation and the ESF setpoint was reached.
Shutting down the primary pumps can cause the coolant flow rate through the reactor core to fall below
the low design limit, and the reactor is tripped as a precaution whenever the vessel differential pressure
approaches the high design limit (EG&G Idaho 1994, Section 1.1.5).


The low vessel differential pressure signal is inhibited from tripping the reactor during
depressurized plant operation (INEEL 2000, Section 2.3.2.1-1).


7.2.1.1 . 2.2 Vessel Inlet Pressure-(See Figure 7.2-3.) A signal proportional
to the reactor vessel primary coolant inlet pressure trips the reactor on either low or high inlet pressure.
Low pressure is a diverse subsystem for low vessel differential pressure (low flow ). The purpose of the
high inlet pressure reactor t ri p is to protect the Primary Coolant System ( PCS) from over pressure. The
primary method used for terminating high pressure transients is to trip the primary pressurizing pumps
and the gland seat pumps in addition to the reactor shutdown. (See Chapter 15 (Accident Analyses) or the
Design Basis Report Sections 2.1.5 and 2.2.5 (EG&G Idaho 1994). The low and high inlet pressure
reactor trips are diverse to the low and high outlet pressure trips.]


The purpose of the low inlet pressure trip is to protect the fuel from critical heat flux (CHF)
following a three (3) in. loss-of-coolant-accident (LOCA) resulting from a rupture outside the radiologic
boundary. This is done by causing a reactor shutdown in addition to shutting off the primary coolant
pumps after a predetermined time delay. Shutting off the primary coolant pumps prevents air from being
drawn into the primary cooling system from the surge tank. Air in the PCS could cause a degradation of
the emergency pump flow. This ESF functions in conjunction with the low outlet pressure subsystem and
is described in greater detail in Section 7.3.5. Low pressure is a diverse subsystem for low flow.


The low inlet pressure signal is inhibited from causing a trip during depressurized plant operation
(INEEL 2000, Sections 2 .3.2.1-3).


7.2.1.1. 2.3 Vessel Outlet Pressure-(See Figure 7.2-4.) A signal
proportional to reactor vessel primary coolant outlet pressure trips the reactor on either low or high outlet
pressure. The low and high outlet pressure reactor trips are diverse to the low and high inlet pressure
reactor trips (EG&G Idaho 1994, Sections 2.1.5 and 2.2.5). In addition to causing a reactor trip, a low
outlet pressure trip actuates the ESF function to shutoff the operating primary coolant pumps after a
pre-set time delay. This ESF function in conjunction with the low inlet pressure subsystem ESF is
described in greater detail in Section 7.3.5.


The low outlet pressure signal is inhibited from causing a trip during depressu rized plant operation
(INEEL 2000, Section 2.3.2.1-2).
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7.2.1.1 . 2.4 Emergency Coolant Flow Discharge-(See Figure 7.2-5) A
signal proportional to the flow delivered to the reactor core by the emergency coolant pumps during
depressurized plant operation trips the reactor on low flow. The primary purpose of the low emergency
coolant flow reactor trip is to prevent overheating the fuel elements during depressurized plant operation.'


The low emergency coolant flow signal is inhibited from tripping the reactor during pressurized
plant operation (INEEL 2000, Section 2.3.2.1-4).


7.2.1.1 . 2.5 Emergency Coolant Pump Recirculation Flow-(See
Figure 7.2-16.) Two emergency coolant pumps provide emergency coolant flow for the removal of decay
heat from the reactor core when all the PCPs fail. The primary purpose of the Emergency Coolant Pump
Recirculation low flow trip is to prevent an unprotected loss of flow from the loss of the PCPs. During
normal operation, one emergency coolant pump is continually running, and the other emergency coolant
pump will automatically start and reach full speed within 10 seconds of the operating emergency coolant
pump failing. Each emergency coolant pump has adequate capacity by itself for removing decay heat
from the reactor core. During normal operation, the output of the running emergency coolant pump flows
through a high resistance recirculation line, not through the reactor core. Upon loss of primary coolant
pump head, a check valve will open to allow the emergency coolant pumps to run their output through the
reactor core.


Failure of the emergency coolant pump automatically starts the back-up emergency coolant pump
within 10 seconds. If the flow delivered by the backup emergency coolant pump does not exceed the low
flow limit within 10 seconds of the running emergency coolant pump failing, a reactor trip signal will be
generated. Failure of all primary coolant pumps automatically starts both emergency coolant pumps.


A block diagram of the emergency coolant pumps recirculation flow subsystem is shown in
Figure 7.2-16. The special logic shown in the block diagram performs the following function when the
reactor is in the pressurized mode:


Transmits an emergency coolant pump recirculation flow reactor trip signal to the two-out-of-three
logic when the recirculation flows from the emergency coolant pumps are less than their low
recirculation flow setpoints, and the 10-second time delay relay has timed out.


When the reactor is in the depressurized mode, the special logic shown in Figure 7.2-16 transmits
an emergency coolant pump recirculation flow reactor trip signal to the two-out-of-three logic when the
recirculation flows from both the emergency coolant pumps are less than their low recirculation flow
setpoints. The 10 second delay relay shown in the block diagram does not affect operation of the
emergency coolant pump recirculation flow reactor trip signal when the reactor is in the depressurized
mode' (1NEEL 2000, Section 2.3.2.1-5; EG&G Idaho 1978; EG&G Idaho 1977a). The emergency coolant
pump recirculation flow reactor trip is a diverse subsystem for low emergency coolant pump discharge
flow during operation in the depressurized mode.


The terns "emergency coolant flow" in this mode should be clarified because reactor operation is pennitted with only one
emergency coolant pump operating and no primary coolant pumps operating, In this case, an emergency coolant pump is
supplying the cooling water required for depressurized reactor operation.


The 10-second time delay relay shown in Figure 7.2-16 stans to time out when the recirculation flow from either emergency
coolant pump falls below its recirculation flow setpoint.
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7.2.1.1.2. 6 Quadrant Numbers 1 , 2, 3, and 4 Differential Temperature-
(See Figure 7.2-6.) A signal proportional to the difference between the temperature of the outlet and inlet
cooling water to an ATR reactor quadrant is used to trip the reactor on high differential temperature.
There are four quadrant high differential temperature reactor trip signals. The primary purpose of a
quadrant high differential temperature reactor trip is to prevent the power in a reactor quadrant from
exceeding design basis limits to protect fuel from CHF (INEEL 2000, Section 2.3.2.1-6). For lobe power
balance shift events the quadrant differential temperature reactor trip is a diverse subsystem for a high
neutron level reactor trip.


7.2.1.1.2.7 Inlet Temperature-(See Figure 7.2-7.) A signal proportional to
the temperature of the primary coolant water at the inlet to the reactor core trips the reactor on high
temperature. The primary purpose of this reactor trip is to prevent the coolant temperature from exceeding
design temperature limits and to protect fuel from CHF (INEEL 2000, Section 2.3.2.1-7).


7.2.1.1. 2.8 Outlet Temperature-(See Figure 7.2-8.) A signal proportional to
the temperature of the primary coolant water at the outlet of the reactor core trips the reactor on high
temperature. The primary purpose of this reactor trip is to prevent the coolant temperature from exceeding
design temperature limits and protect fuel from CHF. This reactor trip is diverse to the high inlet
temperature reactor trip (]NEEL 2000, Section 2.3.2.1-8).


7.2.1.1.2.9 Vessel Level-(See Figure 7.2-9.) A signal proportional to the level
of the cooling water in the reactor vessel trips the reactor on low water level. The purpose of this reactor
trip is to protect the reactor fuel against a loss of coolant accident during depressurized operation
(INEEL 2000, Section 2.3.2.1-10). An annunciator alerts the operator to low vessel inventory. This alarm
is classified as an ESF and called the Vessel Level Alarm System. See Chapter 6.


7.2.1.1.2.10 Neutron Level-(See Figure 7.2-10.) A signal proportional to the
thermal neutron flux level of the reactor trips the reactor on high thermal neutron flux level. The purpose
of this reactor trip is to protect the fuel from CHF caused by either a step reactivity insertion or a
slow-ramp reactivity insertion occurring near requested reactor power. Although this reactor trip is
diverse to the wide-range neutron reactor trip and the high quadrant differential temperature trip, it is not
fully independent of the wide-range neutron reactor trip and the high quadrant differential temperature
trip. The channel neutron level detector (uncompensated ion chamber) and the channel wide-range
neutron level detector (compensated ion chamber) are banded together and share the same instrument
thimbles.


The neutron level reactor trip is operational in both the pressurized and depressurized plant
operating modes. The channels incorporated an adjustable intermediate gain step with a minimum gain
range of I to 2 nominal full-power. This intermediate gain step will be initiated following a power
reduction to the range change selpoint while operating in the nominal full power range. The neutron level
channels incorporate a 100 gain step (100 times nominal full-power gain) used for depressurized
operation. This 100 gain change for depressurized operation is accomplished by the channel mode select
switch when placed in the DEPRESSURIZED position. This subsystem continuously monitors the
thermal neutron flux level of the core from approximately 0.01 to 150% full power (INEEL 2000,
Section 2.3.2.1-11).
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7.2.1.1.2.11 Fission Break-(See Figure 7.2-11.) A signal proportional to the
gamma radiation level of the primary coolant water in the reactor outlet trips the reactor on high gamma
radiation level. The purpose of this reactor trip is to shut the reactor down whenever damage to a fuel
element causes a significant fission product release to the PCS (INEEL 2000, Section 2.3.2.1-9).


7.2.1.1. 2.12 Wide-Range Neutron-(See Figure 7.2-12.) A signal proportional
to the thermal neutron flux trips the reactor when the reactor period is less than a preset limit and the
reactor has a high thermal neutron flux level. The purpose of this trip is to protect the fuel from CHF
caused by a slow ramp reactivity insertion. Although this reactor trip is diverse to the neutron level
reactor trip, it is not fully independent of the neutron level reactor trip. The channel wide-range neutron
level detector (compensated ion chamber) and the channel neutron level detector (uncompensated ion
chamber) are banded together and share the same instrument thimbles.


The wide-range neutron reactor trip is operational in both pressurized and depressurized plant
operating modes. In the depressurized plant operating mode, the reactor mode switch scales the
wide-range neutron amplifiers by a factor of 1/100. This limitation decreases the wide-range neutron's
high-level reactor trip point to 1/100 of the equivalent pressurized plant operating mode trip value.


The wide-range neutron amplifiers detect a rate of change of reactor power that approaches the
limiting control setting by limiting the maximum rate at which the automatic range changing wide-range
neutron amplifiers can change from a lower to a higher full scale range (INEEL 2000, Section 2.3.21-12
and Table 1-18).


Table 3.1.1-1 of the TSR specifies a ± 0.3 second accuracy for the Wide Range Neutron Level
Period (rate of change). This specific trip accuracy is based on the TSR trip setting of 1.15 NF with the
period timer of 0.95 N and a 250 millisecond time delay (Atkinson 1994). A 250 millisecond time delay
on the timer before reranging provides a period trip of 1.3085 seconds, A 1.3085 second period minus an
accuracy uncertainty in the period of no more than 0.3 seconds gives a worst case setpoint of
1.01 seconds. This 1.01 second period is an equivalent minimum steady period of the Wide Range
Neutron Level period timer setting. The transient period may be less than l second at the end of the
rerange delay time. The accuracy of the period trip and its accuracy uncertainty are an inverse function of
the ratio of the trip point setting over the timer start point. Presently, the period trip is set at 1.7 seconds
based on a timer start at 0.95N and a trip at 1.lN with a 250 millisecond time delay before rerange is
allowed. The worst case setpoint is then 1.28 seconds (1.7-0.42 seconds) which is greater than I second,
therefore, satisfying the accident analysis with a trip value that is more conservative than the worst cast
setpoint setting specified in Table 3.1.1-1 of the TSR,


7.2.1.1. 2.13 Seismic Levet-(See Figure 7.2-13.) A signal proportional to the
seismic activity in the ATR building trips the reactor on high seismic activity. The purpose of this reactor
trip is to insert the safety rods into the core before the earthquake ground acceleration reaches the Safe
Shutdown Earthquake (SSE) for ATR (INEEL 2000, Section 2.3.2.2-1 and Table 1-19).


7.2.1.1.2.14 Manual Scram-(See Figure 7.2-14.) A reactor operator can
generate a manual scram reactor trip signal using manually operated switches in the reactor control room.
The manual scram switches interface to the safety rods via the same type of logic modules that are used
by process variables. The manual scram is diverse to all the automatic trips. The purpose of this reactor
trip is to give the reactor operator the capability to shut the reactor down when the reactor operator judges
any event or condition to be unsafe or adverse to continue reactor operation (INEEL 2000,
Section 2.3.2.2-3 and Table 1-21). The manual scram is initiated in a normal mode of operation to
shutdown the reactor.







Idaho National Engineering and Environmental Laboratory 412.09(09/03/2002 - Rev, 7
CHAPTER 7 - IN STRUMENTATION AND Identi fi er : SAR-153
CONTROLS - UPGRADED FINAL SAFETY Revision: 12


ANALYSIS REPORT FOR THE ADVANCED TEST Page : 7-24 of 7-140
REACTOR lEffective Date : 01/22/05


7.2.1.1.2.15 Experimental Loops- (See Figure 7.2-15.) An ATR loop
protection system monitors process variables in the ATR experiment loops. When a monitored variable
exceeds a limiting programmatic system setting, the ATR loop protection system will send a trip signal to
the ATR RSS to prevent damage to an experiment loop. Although an experiment loop can send a trip
signal to the RSS (INEEL 2000, Section 2.2.2.15), the loop inpile tubes, loop piping, loop components,
and loop instrumentation are classified as being nonsafety-related and are therefore not part of the RSS.
[See Chapters 3 (Design of Structures, Components, Equipment, and Systems), and 10 (Experiment and
Irradiation Facilities).]


7.2.1.1 . 3 RSS Instrumentation


7.2.1.1 . 3.1 Sensors and Transmitters-A sensor and transmitter, or a
combination sensor/transmitter, measures a reactor process variable and emits an analog electrical output
signal proport ional to the variable being monitored (INEEL 2000 , Section 2.3.1.1-1).


7.2.1.1 . 3.2 Analog Comparator-An analog comparator monitors an analog
signal coming from a sensor and transmi tt er, or a combination sensor/transmitter. When a signal reaches
or exceeds preset limits , the comparator sends a trip signal to the two-out -of-three logic modules
(INEEL 2000, Section 2.3.1.1-2).


7.2.1.1 . 3.3 Contact-to-Logic-Level Converter-The
Contact-to -Logic -Level Convert er (CLLC) monitors contacts and conve rt s a contact signal to a logic level
compatible with the two-out-of-three logic modules (INEEL 2000 , Section 2.3.1,1-2).


7.2.1.1 . 3.4 Two- Out-of- Three Logic Modules-The two-out -of-three logic
modules consist of four identical modules for each subsystem that are physically and electrically
separated from each other . (See RSS Block Diagram , Figure 7.2-1.) Each subsystem logic module
interprets the input signals using a two-out-of-three combinational logic system to send an output trip.
Either an analog comparator of an analog subsystem , or a CLLC, sends an input signal for each trip
function to a two-out-of-three logic module associated with an instrument subsystem . Each of the trip
functions has four sets of combinational logic. Each set of four subsystem two-out -of-three logic modules
for each trip function provides an output to one of four associated division logic modules (INEEL 2000,
Section 2 .2.1.2-1).


7.2.1.1 . 3.5 Division Logic Modules-The division logic system consists of
four identical modules that are physically and electrically separated. (See RSS Block Diagram,
Figure 7.2-1.) Each division logic module receives inputs from the subsystem logic, two-out-of-three
logic modules, to send a trip signal to two Rod Clutch Coil Controllers (RCCC), A division logic module
undergoes a trip by receiving a trip signal from a related two-out-of-three logic module, Once the module
is tripped, it stays in a latched state regardless of the input level until it is manually reset. The
Surveillance and Test System (SATS) actively tests the seal-in feature of the division logic. A reset
command from SATS resets the tested division logic module after the seal-in test, provided an input to
the division logic module has not tripped during the test cycle (INEEL 2000, Section 2.4.2). (See
Section 7.7 for additional information on SATS.)


7.2.1.1. 3.6 Rod Clutch Coil Controllers (RCCCJ-The RCCC logic module
is a matrix of eight switching circuits arranged in a dual 1:2 x 2 configuration. (See Reactor Shutdown
Block Diagram, Figure 7.2-1,) The circuits interrupt rod clutch coil current when any two of the four
division logic modules are tripped. Each division logic module drives two controllers through isolated
inputs. The switching function of the individual controllers is verified by the SATS. (See Section 7.7.4 for
additional information,)
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The two controllers driven by a division logic module are mounted in adjacent cabinets . Each pair
of controllers is mounted on a wall of the electronic room , which contains the division logic
(INEEL 2000, Section 2.4.3).


The rod clutch coils are powered from two independent dc power supplies through an auctioneer
circuit. The auctioneer selects the higher of the two outputs for use. The independent de power supplies
are powered from separate ac buses through separate transformers: one supply is powered from the
480-volt commercial bus and the other is powered from the 480-volt diesel bus. The auctioneer is
provided with over-and-under-voltage annunciators. Total loss of both of these power sources would
result in a reactor scram due to loss of rod clutch coil power (INEEL 2000, Section 5.3.1.1.2).


7.2.1.1.3.7 Analog Buffer-Analog buffers isolate RSS signals, which are used
by non-RSS equipment for indication, recording, and SATS input (INEEL 2000, Section 2.3.1.1-6).


7.2.1.1. 3.8 Nuclear Instrumentation-The ATR routinely operates with
substantial core flux tilts and requested full power (NF), which are specific to an operating cycle. To
accommodate the flux tilt, the neutron level and wide-range neutron trip channels use variable-gain
amplifiers, which can be manually adjusted from the reactor control room by the reactor operator. The
analog comparator's trip point is set to a fixed percentage of the full-scale output voltage of the variable
gain amplifiers. The initial position of the chambers is critical in assuring that the nuclear instrumentation
readings are maintained on scale. Chamber position can be manually adjusted to establish proper
operating conditions for the nuclear instrumentation. Prior to and during operation the overall range adjust
(ORA) settings for the nuclear instrumentation are made to ensure proper operation of the nuclear
instrumentation trip functions. The ORA settings are administratively controlled in operating procedures.
The reactor power level required to generate a trip signal for a specific neutron level channel is decreased
by increasing the gain of the variable gain amplifier and increased by decreasing the gain of the variable
gain amplifier (INEEL 2000, Section 1.2.8; EG&G Idaho 1977b; EG&G Idaho 1977c).
(See Figure 7.2-10, Typical RSS Neutron Level Subsystem.)


7.2.1.1.3.8.1 Neutron Level Channel-The neutron level
instrumentation continuously monitors the reactor core's thermal neutron flux level from approximately
I x 10' NF to 1.5 x 10-2 Nr in the depressurized plant operating mode, and from approximately 0.005 NF
to 1.5 NF in the plant pressurized operating mode, where 1.0 NF is equal to the maximum power for which
the reactor is qualified to operate for a given cycle (EG&(3 Idaho 1977c). The neutron level channels
incorporated an adjustable intermediate gain step with a minimum gain range of I to 2 nominal
full power. This intermediate gain step will be initiated following a power reduction to the range change
setpoint while operating in the nominal full-power range.


7.2.1.1.3.8.2 Fission Break Channel-The fission break channels
provide a linear signal proportional to primary coolant background radiation. Five selectable signal ranges
with square-root-of 10 ranging are provided to cover a total range of 2-1/2 decades. A startup range
amplifier provides an additional gain of 3 for increased amplification during reactor startup and other
operations at low power levels. Provision is made for an intermediate setpoint at approximately one-third
the nominal full power radiation level.


7.2.1.1. 3.8.3 Wide-Range Neutron Channel-The wide-range
neutron instrumentation continuously monitors the reactor core's thermal-neutron flux level and rate of
change over a six-decade range, approximately I x 10" NF to 1.5 NF.
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The wide-range instrumentation uses an amplifier with 12 linear gain ranges and automatic range
switching to cover a six-decade range during sta rt up and shutdown . The full-scale ranges of the
wide-range neutron instrumentation for pressurized operation are:


Range Number Ran ge (Fraction ofN r)


1


010


0"4 7 x 10`


2 O to 1.50 x 30'5


3 0 to 0.47 x 10'


4 0 to 1.50 x l0-'


5 0 to 0.47 x 10-3


6 O to 1.50 x 10"


7 0to0.47x 10
8 0 to 1 .50 x 10 2


9 0to 0.47x 10'


10 0 to 1.50 x 10'


11 O to 0.47


12 O to 1.50


The following inhibitors are used to prevent a wide-range neutron amplifier from automatically
switching to a higher full-scale range when the reactor power level is increasing.


• A preset time-delay circuit has not timed out. The time delay provides period protection.


• The output of a wide-range neutron amplifier is less than a preset level.


• The reactor mode switch is in the depressurized plant operating mode position, and the wide-range
neutron amplifier is on Range 8.


• The wide-range neutron amplifier is on Range 12.


• A reactor trip has occurred for a wide-range channel.


A wide-range neutron amplifier automatically switches to a lower full-scale range whenever its
output falls below a preset limit.


Each wide-range neutron amplifier has mounted in the reactor control room a variable gain control
for adjusting the gain of the amplifier plus or minus 20% to accommodate flux tilts (INEEL 2000,
Section 2.3.2.1-12; EG&G Idaho 1977b).
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7.2.1.1.4 Pressurized and Depressurized Operation-The ATR RSS provides
the means to operate the reactor safely in either the depressurized (flux run) mode, or in the pressurized
mode. Operation in these modes is controlled by the three manually operated, keyed reactor mode
switches located in PPS Rooms A, B, and C. These switches are a three-position switch with the positions
being SHUTDOWN, DEPRESSURIZED, and PRESSURIZED. The SHUTDOWN position provides for
maximum shutdown testing, the DEPRESSURIZED position inhibits or modifies operation of selected
subsystems during depressurized operation, and the PRESSURIZED position inhibits or modifies
operation of selected subsystems during pressurized operation. Selection of the depressurized and
shutdown operating mode automatically activates an annunciator.


7.2.1.1. 5 RSS Interlocks and Blocks-In pressurized operation, the following
functions occur:


+ Low emergency coolant flow discharge reactor trip is inhibited.


• After the occurrence of an emergency coolant pump recirculation flow reactor trip signal, the trip
signal is first inhibited for 10 seconds, and then is either blocked if the backup emergency coolant
pump has come up to operating speed, or is allowed to trip the reactor if both emergency coolant
pumps are shut down.


In the depressurized mode, the following changes are made to the RSS:


The gain of the neutron level amplifiers is increased by a factor of 100 over that in the pressurized
mode.


• The wide-range neutron amplifiers are inhibited from up-ranging to Ranges 9, 10, 11, and 12. See
Section 7.2.1.1.3.8.3 fora definition of the ranges.


• The following reactor trip functions are blocked:


- Low vessel differential pressure


- Low vessel outlet pressure


- Low vessel inlet pressure.


• After the occurrence of an emergency coolant pump recirculation flow reactor trip signal, the trip
signal is not inhibited for the 10 seconds.


7.2.1.1. 6 Power Escalation Permissive-The Wide Range Neutron
Instrumentation System (see Section 7.2.1.1.3.8.3) provides period as well as neutron-level protection.
Continuation of startup or power increases requires the reactor period to be greater than a preset value.


7.2.1.1. 7 System Configuration and Essential Features-The ATR RSS
instrument subsystems, logic modules, actuator controllers, and surveillance readout instrumentation are
comprised of modules, drawers, and other equipment that are housed in appropriate racks, cabinets, and
panels. The equipment is interconnected with wiring and cabling in cable trays and conduit that is routed
throughout the ATR plant with separation and isolation in accordance with the Class I E criteria stated in
Section 6.1, Specific Separation Criteria, Cables and Raceways, of Institute of Electrical and Electronics
Engineers (IEEE) Standard 384-1981.
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The ATR RSS instrument subsystems, logic modules, and surveillance readout instrumentation are
powered from the ATR Battery-backed PPS Power System and the Battery-backed Power Instrument and
Utility Systems. (See Chapter 8 (Electric Power] for additional information.)


The auxiliary structures and systems (equipment rooms, heating and ventilation, fire protection,
lighting, etc.) house and service the RSS equipment.


7.2.1.1. 8 Seismic Operating Conditions-The RSS, including all subsystems and
components, is designed and constructed to remain operational and meet all functional requirements as
defined in the equipment design specifications during and after an earthquake with an intensity no greater
than the safe shutdown earthquake (SSE) (INEEL 2000, Section 2.2.5).


7.2.1.1. 9 Coolant Temperature Sensor Arrangement-The PCPs discharge into
a common 36-in. supply line that splits into two 24-in. reactor vessel inlet lines entering near the bottom
of the reactor vessel. The coolant flows upward outside of the core reflector tank. Above the reactor core,
flow reverses to a downward direction, through the core area into the flow-distribution tank. The
distribution tank is divided into quadrants with an outlet line from each quadrant. The four outlets rise to
above the core, exit from the vessel, and terminate into one 36-in. return line to the heat exchangers and
hack to the primary pumps.


Each of the four Quadrant Differential Temperatures is measured from thermowells placed in one
of the 24-in. inlet pipes to a thermowell placed in each one of four outlet pipes.


The Inlet Temperature is measured in a thermowell placed in the 36-in. inlet pipe before it splits
into two 24-in. pipes.


The Outlet Temperature is measured in a thermowell that is placed in the 36-in. outlet pipe after the
four outlet pipes conic together (Phillips Petroleum 1965).


7.2.1.1. 10 Reactor Vessel Water Level-The design of the reactor vessel water level
instrumentation employs the usual tank level arrangement using differential pressure between an upper
and a lower tap on a column of water.


7.2.1.1 . 11 Power Supply and Environmental Variations-The power systems
that provide the power for the RSS are described in Chapter 8 Sections 8.1.5 and 8.1.6, The
environmental conditions under which the RSS must perform its function are listed in Table 7.2-2.


7.2.1.2 Setpoints-The setpoints that require reactor trip are given in Technical Safety
Requirements.
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7.2.1.3. 1 Applicable Codes and Standards-The RSS complies with the
applicable portions of the following U.S. Department of Energy Nuclear Energy (NE) Programs, formerly
RDT standards with exceptions stated in the following section. The version of each standard most current
as of January 1, 1975, was used for the instrumentation.


NE(RUT) Standards:


C ]-IT Instrumentation and Control Equipment Groundingand Shielding Practices, January 1973


C 7-17T Platinum Resistance Thennometer, April 1975


C 7-18T Thermowell Systems for Liquid Metal Serv ice, August 197 2


C 14-1Ta Ventilation Exhaust Radiation Monitoring System,April 1974


C 14-2Tb Area Radiation Monitoring System, April 1974


C 15-ST Direct Current Power Range Neutron Flux Monitoring System, July 1971


C 16-IT Supplementary Criteria and Requirements for RDT Reactor Plant Protective Systems,
December 1969


C 16-2T Protection System Logic, Apri l 1972


C 16-3T PPS Buffers, October 1971


C 16-4T Protection System Comparator, April 1972


C 17-IT High Temperature Elec tr ical Connectors and Hermetic Seals, March 1970


C 17-4T General Instrumentation, May 1973


F 2-2T Quality Assurance Program Requirements, August 1973


F 2-4T Quality Verification Program Requirements, December 1 974


F 2-91' Reliability Assu rance, June 1974


F 3-2T Calibration Program Requirements, February 1973


F 4-20T


F 7-2T


Operational and Maintenance Manuals. October 1971


Packaging, Packing, and Marking of Components for Shipping and Storage, September
1975


F 7-3T Markin of Coin nents and Parts, June 1975.


OtherCodesand Standards:
U.S. Nuclear Regulatory Commission (NRC) Regulatory Guides (To the extent they augment the
requirements of System Design Description {SDD)-7,7.2 and applicable NE standards},


The Contractor's Standards ( installation onl )


ANC-STD-7017 Electrical and Elec tr onic Fab ri cation


Ameri can National stand ards Institute (ANS1)INafonal Fire Protection Association (NFPA)
ANSIINFPA 70-1951 National Electrical Code


a Under the direction of DOE-ID any reference to this standard can be eliminated. 71re standard is just listed to note that it
was used in the procurement of the RSS.


Lb. U.S. Department of Energy Nuclea r Energy (NE) Programs, formerly RDT standards.







Idaho National Engineering and Environmental Laboratory
CHAPTER 7 - INSTRUMENTATION AND
CONTROLS - UPGRADED FINAL SAFETY


ANALYSIS REPORT FOR THE ADVANCED TEST
REACTOR


.7412.09 ( 09/03 12002 -Rev


Identifier: SAR-153
Revision: 12
Page : 7-30 of 7-140
Effective Date: 01/22/05


7.2.7.3. 2 Exceptions to Standards-(INEEL 2000, Appendix A)


In the design of the RSS by Kaman Science, Inc., the following exceptions to the NE (RDT)
Standards requirements were identified by Kaman Science, Inc. and granted by the contractor.


RDT C l-1T Inswmentation and Control Equipment Grounding and Shielding Practices


Pam h 3.3,2.2
The requirement to run all PPS cables in conduit is probably excessive. Enclosed metal cable trays may also
be an acceptable alternative depending upon the specific application. In low-noise areas with adequate
physical se aration, open metal cable trays may be completely adequate.


Paragraph 3.4.7
The requirement to run all PPS neutron monitoring cables in conduit has been changed. Conduit is required
from the neutron sensors to the signal conditioning equipment. Cable trays may be used in other pans of the
neutron subsystem.


RDT C 7-18T Tlrennowell Systems for Liquid Metal Service


Not applicable to ATR.


RDT C 14-IT Ventilation Exhaust Radiation Monitoring System
Paragraph 3.2 .4
The 20-year design life was reduced to 10 years to conform with the ATR PPS.


RDT C 14-IT Ventilation Exhaust Radiation Monitoring System


Paragraph 3.2.6
The 54- to 66-Hz range of line frequency seems excessive. A 57- to 63-Hz range is used.


RDT C 14-2T Area Radiation Mor itoring System


Paragraph 3.2.5


The 20-year design life was reduced to 10 years to conform with the ATR PPS.


Paragraph 3.7.5


The 54- to 66-Hz range of line frequency seems excessive. A 57- to 63-Hz range is used.


RDT C 15-8T Direct Curent Power Range Neutron Flue Monitoring System


This standard should be used as a guide and basis for the procurement specification, but its use is not a
requireme nt.


RDT C 16-1 T Supplementary_ Criteria and Requirements for RDT Reactor Plant Protective Systems
Paragraph 2.32


The phrase enclosed in commas,' to a channel sensor," is very unclear. The ATR SDD-7.7.2 (INEEL 2000)
states in Paragraph 1.2.9.1 that the test signal should be inserted as close as practical during reactor operation
for most subsystems. Therefore, it is felt that this paragraph does not include the channel sensor in the
measurement of protective channel response time. Manipulation of the measured variable for test purposes is
not considered practical duri ng reactor operations for most ATR subsystems.
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Parag raph 4.2.4


The requirement that diverse protective subsystems , to the extent pra ctical , use both functional and
equipment diversity is in conflict with the diversity requirements listed in ATR PPS SDD-7.7.2 (INEEL
2000 ), Paragraph 1.2.3.2. Equipment diversity within a subsystem that has no diverse subsystem backup is
not practical , particul arly with three channels arranged in two-out-of-three coincidence , Similarly, equipment
diversi m the l ogic portions of a protective subsystem is not considered pmaicai.


Paragraph 4.3.2 .c


Isolation adequacy based upon a "means to enable detection of failures in buffer circuits" is not pra ctical.
This implies a requirement to requalify the buffer circuit periodically in situ. Other PPS devices are not
normally subject to an in situ requalification of all their essential performance requirements; therefore, this
requirement for isolation devices is probably excessive.


Paragraph 4.4


Reference to MIL-N-52334 should be deleted,
Paragraph 4.5.7.a ''...


The "means" provided to limit the numbe r of concurrent instrument channel bypasses shall be through
administrative control.


Paragraph 4.5 .9
PPS sta tu s indicators cannot provide complete information pertinent to plant conditions requi ring protective
action; however , they do provide information for those variables monitored by the PPS.


Paragraph 4.5.9.c-


Where status- indication devices are provided with the ATR PPS actuators, these indication devices will not
be classified as PPS input since they do not ful fi ll the monito ring and initiation of protective trips required of
PPS inputs to protective subsystems.


Paragraph 4.6.2.1 .b
On-line testing will not involve perturbation of the monitored reactor v ar iable so as to be consistent with the
ATR PPS SDD Paragraph 1.2.9.1_


Paragra h 4.6.2.1.f


The injected analog test signal will simulate the magnitude of the measured variable, but may not simulate its
Ltransient. or rate of change, character sties.


Paragraph 4 .63.1.b
When two channels of a subsystem contain detected unsafe failures , the proposed initiation will be through a
procedural manual reactor trip . In this case, the controll ed action will be as rapid as the automatic reactor
trip. An automatic means of initiating reactor trip upon detection of these two unsafe failures is not intended.


RDT C 16-2T Protect ion System Logic...............
Pa ra graph 3.2.1.1
The final sentence, "each logic train shall output a separate logic trip signal to a final trip device" is not
applicable to the ATR PPS due to the chosen dual one-out -of-two-twice actuator train logic for reactor trip.


Pa ragraph 3.2.8.1


The meaning of the word "ground " is interpreted to be ea rt h ground rather than circuit ground_


Parag ra ph 3.2.10.4
The need for relay devices to d ri ve exte rnal annunciators is unclear . Suitably isolated solid-state interfaces to


F ilicaminincratot- are recommended to reduce electri cal noise gene ra ted within the logic cabinet and to provide
higher reliability for annunciator signals.
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Paragraph 3.3.1


The need for two redundant auctioneered dc power supplies within each logic train is unclear. The ATR PPS
logic trains may be supplied from independent battery sources whose reliability has been taken into account
in the overall system availability calculations. Primary ac power sources are needed only for the dc battery
chargers, and are not needed for ac to dc logic train power supplies.


Paragraph 3.3.2
The logic train auxiliary voltage source for the specified loads has not yet been determined; however,
additional power su lies are not ex tied to be re aired. (Additional power su lies were not re aired.)


Paragraph 3.4.1


Logic train power supplies may be better located at the bottom of the cabinet for improved seismic tolerance
rather than at the top for improved temperature-rise tolerance. Adequate temperature-rise protection will be
provided to the logic train tom nenis if dte bosom location is chosen. (Power supplies were located in to .)


Para h 3.5.1


Exception is taken to military specifications for individual component pans. Exception is taken to MIL-N-
52334 (MO).


Paragraph 3.9 _


Exception is taken to the maximum drawing size of 34 x 44 in.


Paragraph 3.11
The spare parts list recommendation is kept current up to tyre time of formal turnover of the installed PPS
equipment. _


Paragra h 4.1


The basis for requiring that test equipment be qualified in accordance with IEEE 323 is unclear. Portable test
equipment, which is used with the PPS imermittently, will not be qualified beyond commercial requirements.
Permanently installed test equipment within the PPS cabinets will be designed to appropriate industry
standards taking into consideration the sequences of its failure of the PPS itself, however, qualification to
IEEE 323 is not expected to be a requirement.


Pa ra graph 4.3 .5


Exception is taken to Mili tary Specification MIL-N-52334 (MO).


RDT C 16-4T Protection System Comparator


Paragraph 2.2
Exception is taken to Military Specification MIL-N-52334 (MO).


Pam h 3.2.1.2.6


Automatic removal of a comparator operating bypass or automatic prevention of a manual comparator
operating bypass is probably not fully feasible. The use of administrative control is recommended to
preclude the necessity of complex automatic permissive or inhibit functions for each comparator. If bypasses
are provided, however, they must meet all requirements of this Paragraph.


Paragraph 3.2.1.3.B and 3.2.10.6


The need for a relay device to place the logic output in a tripped state is unclear. Solid-state components may
be best for improved noise inunuruty and improved reliability and should be rmitted.
Paragraph 3.2.10.8


The need for a relay device for comparator trip alarm outputs is unclear. Solid-state components are
recommended as the best for this application and shoul d be permitted.
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Paragraph 3.3.1
The comparator power source may be from independent dc batteries rather than from an ac to dc power
sup lv.


Pa ragraph 3.5.1


Exception is taken to military s cifications for con Went s. Exce Lion is taken to MIL-N-52334 (MO).


Paragraph 3.9


Exception is taken to the maximum drawing size of 34 x 44 in.


Paragraph 4.3.5


Exception is taken to MIL-N-52334 (MO).


RDT C 17-1T High Temperature Electrical Connectors and Hermetic Seals


Not applicable to ATR.


RDT C 17-4T General Instrumentation


Paragraph 3.6.6


Battery power sources may be used for the ATR PPS,


7.2.1.3. 3 Minimum Performance Requirements


Protection System Ranges:


Ran e selec ti on for the instrumentation covers the ex ected range of the var abler dur ng power o eration.


RSS Response Time:


The maximum allowable response times are discussed in Cho ter I5 (Accident Analyses).


Reactor Tri Point Accuracy:


Maximmn allowable tri Dint er ors are tabulated in Table 7.2-1.


Environmental:


Environmental data are in Table 7.2-2.


7.2.1.3. 3.1 Trip Variables and Corresponding Protective Actions-
Section 7.2.1.1.2 (Reactor Trips).


7.2.1.3. 3.2 Plant Variables-


• Monitored variable; see Section 7.2.1.1.2.


• Analytical limits; see Chapter 15 (Accident Analyses).


7.2.1.3.3.3 Credible Single Events-The malfunctions, accidents, or other
unusual events that have the potential to physically damage the RSS or cause environmental changes are:


• Earthquakes


• Fire


• Explosion - hydrogen buildup within the confinement area


• Missiles
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Evaluation of these events was performed in the Level 1 External Events Probabilistic Risk
Assessment (PRA). This study shows that any external events that may damage multiple RSS channels
will result in a reactor scram. Therefore, the ATR RSS will perform satisfactorily under these conditions
(Eide, Khericha, and Thatcher 1991).


7.2.7.3.3.4 Operating Bypasses-The ATR RSS reactor mode selector
switches are operating bypasses. Selected safety function capabilities are inhibited for the
DEPRESSURIZED and PRESSURIZED mode position. Refer to Section 7.2.1.1.4.


7.2.1.3. 3.5 Tables-The RSS instrument channel subsystem overall accuracy is
stated in Table 7.2-1. The RSS environmental specifications are stated in Table 7.2-2.


7.2.1.3.3.6 Block Diagrams-Block diagrams of the RSS systems are shown
in Figures 7.2-1 through 7.2-16.


7.2.2 Analysis


7.2.2.1 Single Random Internal Failure Mode and Effects Analysis . A qualitative
analysis has been made of the consequences of postulated single random failures within the system. This
analysis uses a Failure Mode and Effects Analysis (FMEA) presentation to examine the consequences of
the primary failure modes of each module taken one at a time. Each postulated failure has then been
ranked according to six consequence classifications, ranging from a very serious failure to an
inconsequential one. This analysis demonstrates that the PPS will continue to accomplish its required
protective functions given that a single random failure exists within the system (INEEL 2000,
Appendix B).
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7.2.2.2 Probabilistic Risk Assessment. A PRA has been completed for the ATR (Eide,
Khericha, and Thatcher 1991). The results of the assessment of system failure probabilities that pertain to
the RSS are listed below.


Probability


Failure of ESF ressurizin pump trip 1.2E-3


Failure of emergency coolant flow given ac recovery 7.8E-4


Failure to insert at least 3 safety rods into the core 6.5E-7


Failure to shut down reactor on loss of commercial power 1.8E-5


Failure to shut down reactor on loss of diesel power 1.8E-5


Failure to shut down reactor on high quadrant differential temperature 1.8E-5


Failure to shut down reactor on fast ramp from high range 1.8E-5


Failure to shut down reactor on high PCS pressure 1.8E-5


::d


Failure to shut down reactor on loss of heat sird 1.8E-5


Failure to shut down reactor on low flow 1.8E-5


Failure to shut down reactor on low range loop ram 1.8E-5


Failure to shut down reactor on low PCS pressure 1,8E-5


Failure to shut down reactor by manual scram 2.8E-3


Failure to shut down reactor on slow ramp 2.2E-5


7.2.2.3 Single-Failure Analysis for the PPS Response to Postulated Single
Credible Events. As part of the reliability assessment of the ATR PPS, a qualitative analysis has been
made of the consequences of postulated single failures resulting from credible single events within the
plant. This analysis uses a FMEA presentation to examine the consequences of each postulated credible
single event one at a time. Each postulated credible single event has then been ranked according to six
consequence classifications, ranging from a very serious failure to an inconsequential one.


Two sets of results are obtained for each postulated credible single event. The first result is the
most likely outcome, and is generally a spurious reactor trip because of the fail-safe design of the PPS.
The second result is the worst-case outcome given that all direct and consequential failures occur in the
worst possible manner. These two outcomes serve to bound the lower and upper consequence limits for
each postulated credible single event, and permit them to be ranked according to their predicted severity
(INEEL 2000, Appendix B)'.


7.2.2.4 General Functional Requirements. The ATR RSS maintains ATR plant
parameters within limits for the design-basis events and for the environmental conditions listed in
Table 7.2-2. The design-basis events analyzed and listed in Chapter 15 (Accident Analyses) are the
limiting or enveloping events for the RSS. The RSS has a manual scram to insert the safety rods.


'The FMEA was performed on the proposed design, not in the as-built construction. The as-built design has been revie
regard to the fire events with the results reported in'Thatcher 2000 and Thatcher 2001.
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7.2.2.5 Classification of PPS Equipment. The PPS includes only the equipment
necessary for implementing the protective functions determined by NE Standard C 16-] T, Paragraphs 3.2
and 3.4. The other equipment is not part of the PPS. PPS equipment is used to automatically initiate
protective action (e.g., release safety rods, trip primary coolant pumps , or trip pressurizing-pumps and
gland-seal-pumps).


7.2.2.6 Defense Against Failure. The RSS is designed to concurrently achieve high system
reliability, high system availability, and a low probability of spurious reactor trip. The analog and switch
contact subsystems each have three redundant channels including separate power supplies. The
two-out-ofthree logic subsystems, the division logic subsystem, and the rod clutch coil controllers each
have four redundant channels. See Figure 7.2-1. The redundant channels are electrically isolated and
physically separated.


In the analog and switch contact subsystems, a single failure will not cause a loss of the protective
function. In the two-out-of-three logic, and the division logic subsystems, double failures will not cause a
loss of the protective function, and double-safe failures will initiate a spurious reactor trip. In the rod
clutch coil controller actuator logic, double failures will not cause a loss of the protective function, and
many combinations of double failures will not produce a spurious reactor trip (INEEL 2000,
Section 2.2.3).


Whenever practical, equipment and components that exhibit a fail-safe characteristic have been
selected for use.


The RSS meets the intent of ATR General Design Criteria (GDC) Nos. 21 and 22. Diversity is
provided for the RSS as described in Section 7.1.2.1.7.


above.
The RSS complies with NE Standard C 16-IT, Section 4.2, except as noted in Section 7.2.1.3.2


7.2.2.7 Quality of Components and Modules. See Chapter 17 (Quality Assurance) for
information on the quality of the equipment, components, and modules used in the RSS. The
quality-assurance requirements applied to the RSS conform to the intent of ATR GDC 1.


7.2.2.8 Equipment Qualification . Qualification of the RSS was addressed by the ATR
Equipment Qualification Program. Because the RSS is designed with redundancy (that is, components
performing similar functions located in physically separate areas ), reactor scram is assumed to have been
completed before the RSS or safety-rod components experienced accident environments.


7.2.2.9 Channel Independence. The redundant channels and divisions of the RSS are
designed to be independent. Failures in a channel or a division caused by unsafe environmental
conditions, electrical transients, external malfunctions, internal failures, and maintenance operations will
not propagate to other channels or divisions.


Physical independence is accomplished by mounting redundant sensors in separate cabinets; by
installing the Wiring for redundant sensors in separate wireways, cable trays, and conduit runs; by locating
redundant channels in separate rooms; and by locating redundant divisions in separate rooms.
Power-supply independence is accomplished by using separate power supplies for both redundant
channels and redundant divisions. External-malfunction independence is obtained by physical separation
and electrical isolation.
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Functional i ndependence for the RSS is provided by diversity as described in Section 7 .1.2.1.7.


Electrical isolation is provided between safety-related and nonsafety - related equipment . Electrical
isolation is provided between both redundant channels and redundant divisions (INEEL 2000,
Section 2.2.3.4).


7.2.2.10 Control and Protection System Interaction . The protection system is designed
to be independent and isolated from other systems. Isolation amplifiers are used to buffer RSS signals
used by the annunciator system, the Reactor Data Acquisition System (RDAS), and the Surveillance and
Test System (SATS). The isolation amplifiers are also used for system monitoring. They are classified as
part of the protection system and are located in the analog protection racks. The isolation amplifiers are
designed to ensure that the protective side of the circuit will not be affected by a short circuit, open
circuit, or the application of credible fault voltages from within the cabinets on the isolated nonprotective
side of the circuit. The signals obtained through the isolation amplifiers are never returned to the
protection racks (EG&G Idaho 1990). This design meets the intent of ATR GDC 24.


7.2.2.11 Capability for Test and Calibration . The testing and surveillance of the RSS meet
the applicable requirements of NE Standard C 16-IT. The SATS is used to periodically check the RSS
during reactor operation. These checks confirm system operability, monitor setpoint values, and verify
system calibration by interchannel comparison. If SATS is inoperable, the functions of SATS must be
performed manually.


7.2.2.12 Multiple Setpoints. ATR Technical Safety Requirements Section 314. 1, Table 3.1.1
specifies the selpoints for the parameters affected by different operating conditions (reactor startup,
depressurized, two-pump and three-pump operation).


7.2.2.13 Completion of Protective Action Once Initiated. After initiation, the reactor
trip protective function carries through to completion. The RSS must be manually reset to the non-trip
state following a reactor trip.


7.2.2.14 Manual Initiation. Switches are provided in the reactor control room for manual
initiation of the protective action. A failure in the automatic protective system does not prevent manual
actuation of the protective function. Manual actuation relies on a minimum of equipment.


7,2.2,1 5 Access to Setpoint Adjustments . Access to all setpoint adjustments, module
calibration adjustments, and test points is administratively controlled.


7.2.2.16 Indication of Protective Actions. Four annunciator windows in the reactor control
room are used for indicating when protective actions occur and for identifying which channels caused the
protective action. The annunciator windows are labeled "Channel A," "Channel B," "Channel C," and
"Channel D." A Channel A, B, C, or D annunciator window will alarm whenever the monitored analog or
switch contact channel, or logic division, is in the trip state. The simultaneous occurrence of two or more
channel alarms indicates a protective action. Each process or switch contact variable monitored by the
R5S also has an annunciator window in the reactor control room. These annunciator windows indicate
which process or switch contact variable instrumentation was the source of the trip.


7.2.2.17 Identification . ATR has a program in place for labeling equipment and wiring in the
Operations manual.
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Table 7.2-1. RSS performance re uirements for full-sca le....
Maximum allowable trip-poin t error


F Percent full-scale
Subsystem Fu ll -scale Error°


Vessel dill. ressure 0-200 sid 6.3 sid 3.15


du ll er pressure 0-400 si 11.9 psi 2 .97


Inlet ressure 0-500 sip t 18 siT Y 3.60
Emergency flow 0-7,000 in 231 m 3.30`
Emer ene um reci rculation 0-300 gpm m 2.3`
uadrmt


AT
{1,2,3,4} 0-75 F° 2 F° 2.7


I rdet temperature 50-200°F 6°F 4.0
Outlet temperature _ 50-250°F 6°F 3.0
Vessel level 98-0 in. 5 in. 5.1
rseismic 0 .005-0.05 ge 0.00058 N/A
Neutron level` 0-1.5 Nr 0.05 N', 3.3
Wide range`'t 0-1.5 NF 0 . 051 r 3.31


Fission break 0-50 R/h ± 5%of normal NIA
indication at NF


a. INEEL 2000, Table 2-2.
h.'fhe maximum allowable trip-point error values incorporate the overall system accuracy to ensure that the parameter trips
within the limits specified in the safety analysis.
c. Does not include accuracy of orifice plate.
d. For Seismic, the accuracy is defined as the setpoint setting accuracy for the field calibrator.
e. NF is the reactor operating steady state power level (up to and including 250 MW). The neutron level and wide range
subsystems are adjusted to indicate 1(10°1° at NF.
I The Wide range also provides period protection. The Limiting Control Setting for the period protection is governed by
Table 3.3.1-1 of the TSR for the ATR. Since the masinmm allowable trip point error is setpoint dependent specific accuracy
values aze not placed in t is table. See Section 7.2.1.1.2.1 2.
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Table 7.2-2. RSS environmental specifications!


L System), areas Temperature Numiditv Pressure Radiation Vibration


Reactor Priman Ss s 1 em° 125° to 170°F c 0-370 si 0-50 RJhr 0-0.25 g and 0-10 mil
Inaccessible areas ' 75° to 105°F 0-90 Atmo, at 5,000 It 0-50 RAtr 0 0.05 g and 00.1 mil
Accessible areas' 70° to 105°F 0-90 Atmo . at 5,000 ft 0-10 mR/hr 0-0.05 Rand 0-0.1 mil
Nuclear instrument thimbles 80° to 250°F 0-99 Alma. at 5,000 fl 102 to 4 . 5 x I09 nv and 0 to 3.5 x 106


RJiv
0-0,05 g and 0-0.1 mil


Abnormala
Reactor Primarv System 40° to 300°F c 0-1 ,000 psig, 0-1,000 R/hr e
Inaccessible areas ' 40° to 140°F ' 0-100, 10-15 si 0-500 R/hr e
Accessible areas ' 1 4 0° to 125 ° F 0 95 10-15 si 0-20 mR/hr e
Nuclear instrument thimbles 40° to 400°F 1-100, 0-100 psig 0 to 4 .5 x 10'" nv and 0 to 2 x 10' e


a. INEEL 2000,


b. Vibration values applicable to pri mary piping structures.


c. Water-filled system


d. For abnormal pressure and temperature conditions , the equipment shall be capable of operating in the abnormal range for one hour ( INEEL 2000 , Section 1.2.2.)


e. No abnormal vibration conditions that would cause values in excess of the normal ranges have been identi fi ed ,
f Inaccessible areas are those for which personnel access is prohibited du ri ng full-power rea ctor operation with the exception of the storage canal.


g. The 100% humi dity is nancondensating.
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Figure 7.2-1. Reactor Shutdown System block diagram. ( For Information Only)
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Figure 7.2-2. Typical Reactor Shutdown System vessel differential pressure subsystem.
(For Information Only)
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Figure 7.2-3. Typical Reactor Shutdown System vessel inlet pressure subsystem.
(For Information Only)
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Figure 7.2-4. Typical Reactor Shutdown System vessel outlet pressure subsystem.
(For Information Only)
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Figure 7.2-5. Typical Reactor Shutdown System emergency flow discharge subsystem . (For Information
Only)
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Figure 7.2-6. Typical Reactor Shutdown System quadrant Nos. 1, 2, 3, and 4 differential temperature
subsystem. ( For Information Only)
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Figure 7.2-7. Typical Reactor Shutdown System inlet temperature subsystem. ( For Information Only)
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Figure 7.2-8. Typical Reactor Shutdown System outlet temperature subsystem. (For Information Only)
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Figure 7.2-9. Typical Reactor Shutdown System vessel level subsystem. ( For Information Only)
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Typical Reactor Shutdown System neutron level subsystem. ( For Information Only)
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Figure 7.2-11. Typical Reactor Shutdown System fission break subsystem. ( For Information Only)
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Figure 7.2-14. Typical Reactor Shutdown System manual scram subsystem. (For Information Only)
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Figure 7.2-15. Typical Reactor Shutdown System experimental loops scram subsystem.
(For Information Only)
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Figure 7.2-16. Typical Reactor Shutdown System emergency pumps recirculation flow subsystem. (For
Information Only)
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7.3 Engineered Safety Features Actuation Subsystems
The Engineered Safety Feature Actuation Subsystems (ESFASs) are control systems that initiate


operation of Engineered Safety Features (ESF) after sensing abnormal transients in accident conditions.
The systems that comprise the ESF are: Reactor Shutdown System (RSS) Primary Pump Shutoff System,
RSS Pressurizing and Gland Seal Pump Shutoff System, Emergency Firewater Injection System (EFIS),
Radiation Monitoring and Seal System (RMSS), Vessel Vent System (VVS), LOCA Primary Coolant
Pump Shutoff System, and the Over-Pressure Relief System. The Over-Pressure Relief System is
non-electrical and will not be discussed in Chapter 7. The Primary Pump Shutoff System, the Pressurizing
and Gland Seal Pump Shutoff System, and the LOCA Primary Coolant Pump Shutoff System share
instrument signals with the RSS, and are generally referred to as RSS pump shutoff systems.


7.3.1 RSS Primary Pump Shutoff System and RSS Pressurizing and Gland Seal Pump
Shutoff System


7.3.1.1 RSS Primary Pump Shutoff System. During three-pump operation, the Primary
Pump Shutoff System shuts down two primary coolant pumps before high flow rates through the reactor
core can cause damage to the reactor internals. Due to the system logic, the pump shutoff system can also
trip operating pumps during two-pump operation: however, no pump trip is required to protect the ATR
during two-pump operation. Depending on the pumps selected for two-pump operation, either zero, one
or two pumps will be shut offwhen the vessel differential pressure reaches the high differential pressure
limit. A signal proportional to the difference between the reactor vessel's primary coolant inlet and outlet
pressure is used as a trip. However, shutdown of one or more primary coolant pumps causes the coolant
flow rate through the reactor core to fall below the design limit. The reactor is tripped whenever the
vessel differential pressure exceeds the high design limit (EG&G Idaho 1994, Section I.1).


7.3.1.1. 1 Functional Performance Requirements-The Primary Pump Shutoff
System automatically initiates a reactor trip and shuts down two primary coolant pumps during three-
pump operation to prevent damage to the reactor internals.


7.3.1.2 RSS Pressurizing and Gland Seal Pump Shutoff System . The purpose of the
Pressurizing and Gland Seal Pump Shutoff System is to protect the Primary Coolant System (PCS) from
exceeding the system design pressure. Sensors monitoring the reactor vessel primary coolant inlet
pressure provide a trip at high inlet pressure.


7.3.1.2. 1 Functional Performance Requirements-The RSS Pressurizing and
Gland Seal Pump Shutoff System prevents the PCS from exceeding design pressure by automatically
initiating a reactor trip and shutting down both the primary pressurizing pumps and the gland seal pumps.


7.3.1.3 System Description, RSS Primary Pump Shutoff System and RSS
Pressurizing and Gland Seat Pump Shutoff System


7.3.1.3. 1 instrumentation, RSS Primary Pump Shutoff System and RSS
Pressurizing and Gland-Seal-Pump Shutoff System-The RSS Primary Pump Shutoff System
block diagram is shown in Figure 7.3-1, and the RSS Pressurizing and Gland Seal Pump Shutoff System
is shown in Figure 7.3-2. The analog differential pressure subsystems A, B, and C are shown in
Figure 7.2-2 Cross hatching on figures indicates boundary between safety-related and nonsafety-related
equipment. The PCS pressure boundary which includes the primary coolant pumps' pressure boundary is
safety-related.
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7.3.1.3.1 . 1 Sensors and Transmitters-A sensor and transmitter, or
combination sensor/transmitter, measure a reactor process variable and provide an analog electrical output
signal proportional to the variable being monitored. The RSS Primary Pump Shutoff System and RSS
Pressurizing and Gland Seat Pump Shutoff System use common transmitters with the RSS.


7.3.1.3. 1.2 Analog Comparator-Analog comparators monitor an analog
signal from a sensor and transmitter, or a combination sensor/transmitter. When a signal reaches or
exceeds preset limits, the comparator sends a trip signal to the two-out-of-three ESF logic modules. The
RSS Primary Pump Shutoff System and RSS Pressurizing and Gland Seal Pump Shutoff System use
common comparators with the RSS.


7.3.1.3.2 RSS Primary Pump Shutoff System Logic, and RSS Pressurizing
and Gland Seal Pump Shutoff System Logic-Two sets of ESF logic are provided: one set for the
high-high differential pressure trip to shut off two (during three-pump operations) of the primary coolant
pumps, and one set for high-high vessel inlet pressure trip to shut off the pressurizing pumps and gland
seal pumps. Each ESF logic comprises two ESF two-out-of-three logic modules and two ESF relay logic
to interface with the pump trip circuitry. The ESF relays are mounted in two cabinets, each providing a set
of relays for the primary pump trip circuitry. Relay logic for the gland seal pump is the same as for the
pressurizing pump trip (INEEL 2000, Tables 1-3 and 1-7).


7.3.1.3.2.1 Logic Input Signals-Input signals to the ESF two-out-of-three
logic modules are isolated analog comparator unit outputs which are separate from the analog comparator
outputs that provide input to the subsystem logic. The input signals to the ESF logic can assume only two
logic levels: untripped and tripped conditions. The tripped condition is provided to preclude a pump trip
and resultant shutdown of the reactor upon module removal.


Input signals to the ESF relay logic are through optical isolators and provide for relay
deenergization on untripped , and relay energization on tripped conditions (INEEL 2000, Section 2.4.4).


7.3.1.3.2.2 Logic Output Signals-The output signals of the ESF
two-out-of-three logic modules can assume only two stable states: untripped and tripped conditions. The
output of the ESF relay logic can assume only two stable conditions: (a) output relay contact open on
untripped, and (b) output relay contact closed on tripped condition. The optical isolators in the ESF
two-out-of-three logic modules and the relays selected for use in the ESF relay logic are sized to provide
the appropriate interface between the low-level CMOS logic in the ESF two-out-of-three logic modules
and the very-high-level voltages available in the pump trip circuitry. The ESF two-out-of-three logic
modules are tested by the Surveillance and Test System (SATS). The ESF logic and test logic
components are mounted on a single card. The test logic components in the ESF two-out-of-three logic
modules are safety-related and appropriately qualified. All ESF two-out-of-three logic modules are
interchangeable. Module connectors are designed to prevent interchanging any ESF two-out-of-three
logic module with subsystem logic, division logic, or other modules. The ESF two-out-of-three logic
modules are manufactured using integrated circuits of CMOS gates.


The ESF relay logic is not capable of being tested by the SATS because of a possible spurious
pump trip and resultant reactor shutdown. However, the relay coil voltage is monitored with a low voltage
alarm circuit to provide the operator with annunciators on loss of relay energization potential (]HEEL
2000, Section 2.4.4.2).
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7.3.1.3.3 RSS Primary Pump Shutoff System Logic-Figure 7.3-1 shows the
output of the ESF two-out-of-three logic and Table 7.3-1 shows the output conditions. Under the
conditions listed in Table 7.3-1, Pumps 7 and 9 are prevented from being tripped when they are the two
pumps that are running.


7.3.1.3.4 RSS Pressurizing and Pump Shutoff System Logic-As shown in
Figure 7.3-2, this system is a two-out-of-three logic system. If any two of the three input systems are
tripped, both pressurizing pumps and both gland sea] pumps will be shut down.


7.3.1.3. 5 Operation-The ATR RSS provides for two modes of reactor critical
operation: pressurized and depressurized operation. These two operating modes are distinguished by
separate requirements for the number of RSS subsystems in operation for each mode and the required
setpoints for each subsystem. The Primary Pump Shutoff System and the Pressurizing and Gland Seal
Pump Shutoff System operate in each mode,


7.3.1.3. 6 Interlocks and Blocks-The RSS Primary Pump Shutoff System and the
RSS Pressurizing and Gland Seal Pump Shutoff System do not have interlocks or blocks.


7.3.1.3 . 7 System Configuration and Essential Features-See Section 7.2.1.1.7.


7.3.1.3.8 Redundancy and Diversity-Each system (RSS Primary Pump Shutoff
System and the R5S Pressurizing and Gland Seal Pump Shutoff System) has two redundant ESF
two-out-of-three logic channels. Sufficient redundancy ensures that the failure of any single channel or
component will not constitute a failure of the system. Inlet pressure is diverse to vessel differential
pressure, and outlet pressure is diverse to inlet pressure.


7.3.1.3. 9 Seismic Operating Conditions-The RSS Primary Pump Shutoff System
and the RSS Pressurizing and Gland Seal Pump Shutoff System are designed and constructed to remain
operational and meet all functional requirements, as defined in the equipment design specifications,
during and after an earthquake with an intensity no greater than the safe shutdown earthquake (SSE)
(INEEL 2000, Section 2.2.5).


7.3.1.3.10 Power Supply and Environmental Variations-The power supplies for
the RSS Primary Pump Shutoff System and the RSS Pressurizing and Gland Seal Pump Shutoff System
are described in Chapter 8 (Electric Power). The environmental conditions in which these systems must
function are given in Table 7.2.2.


7.3.1.3.11 Limits, Margins, and Setpoints-The parameter values that require
pump trips are given in Chapter 15 (Accident Analyses)


7.3.1.4 Design Basis Information , RSS Primary Pump Shutoff System, and RSS
Pressurizing and Gland Seal Pump Shutoff System


7.3.1.4 . 1 Applicable Codes and Standards-The RSS Primary Pump Shutoff
System and RSS Pressurizing and Gland Seal Pump Shutoff System comply with the applicable po rt ions
ofthe standards listed in Section 7.2.1.3.1, with the exceptions stated in Section 7.2.1.3.2.
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7.3.1.4 .2 Trip Variable Functions and Corresponding Protective Actions-
See Chapter 15 (Accident Analyses) for the following design basis events: butterfly valve opening
incident and instrument air failure.


7.3.1.4 .3 Operating Bypass Permissive Conditions-See Section 7.3.13.6.


7.3.1.4.4 Plant Variables-Monitored plant variables are the following:


• RSS Primary Pump Shutoff System


• Primary coolant pressure within the 36-in. inlet piping


• RSS Pressurizing and Gland Seal Pump Shutoff System


• Differential pressure across the reactor vessel.


7.3.1.4 . 5 Manual Control-Both systems use automatic operation, but both systems
can be manually initiated.


7.3.1.4. 6 Minimum Performance Requirements-Range selection for the
instrumentation covers the expected range of the variables during power operation. Limiting safety
system trip points are at least 5% from the end of an instrument span.


System Response Time:


The maximum allowable response times are:


RSS Primary Pump Shutoff System 0.6 se


RSS Pressurizing and Gland Seal Pump Shutoff System


Trip Accuracies:


The maximum allowable trip point error is:


0.5 sec.


RSS Primary Pump Shutoff System 6.3 psid


RSS Pressurizing and Gland Seal Pump Shutoff System 18 prig.


Environmental:


Environmental specification data are in Table 7.2.2.


7.3.1.4 . 7 Credible Single Events-Same as RSS ; see Section 7.2.1.3.3.3.


7.3.1.4.8 Tables-Table 7.2-1 shows the overall accuracy of the RSS Instrument
Channel Subsystems. Table 7.2-2 lists the RSS Environmental Specifications. The condition for PCS
pumps shutoff with high vessel differential pressure is stated in Table 7.3-].
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7.3.1.4. 9 Block Diagrams-Block diagrams of the RSS Primary Pump Shutoff
System are shown in Figure 7.3-1. Block diagrams of the RSS Pressurizing and Gland Seal Pump Shutoff
System are shown in Figure 7.3-2.


7.3.1.5 Analysis, RSS Primary Pump Shutoff System, and RSS Pressurizing and
Gland Seat Pump Shutoff System. See the analysis in Section 7.2.2, as it applies to the Differential
Pressure Subsystem for the RSS Primary Pump Shutoff System, and Vessel Inlet Pressure Subsystem for
the RSS Pressurizing and Gland Seal Pump Shutoff System.


7.3.2 Emergency Firewater Injection Actuation Subsystem


7.3.2.1 System Description . The Emergency Firewater Injection System (EFTS) provides
emergency reactor core cooling and flooding of the reactor vessel in the event of a major break in the PCS
piping. It also provides makeup for the long-term Complete Loss of Flow Accident (CLOFA) if other
means are not available. This engineered safeguard is designed to activate at low pressure or at low water
level in the reactor vessel.


The EFTS consists of three subsystems : Upper Vessel EFIS Piping, Bottom Head EFTS Piping, and
EFTS Actuation. Only the EFIS Actuation Subsystem is discussed in this section . The other subsystems
are discussed in Chapter 6 (Engineered Safety Features).


The EFTS Actuation Subsystem functions to control the valves that inject emergency cooling water
nto the reactor vessel to ensure that the reactor core will remain covered.


The EFTS Actuation Subsystem can be actuated by two different variables: pressure and vessel
water level. Low pressure or low vessel water level activates both piping systems.


7.3.2.1. 1 Transmitters-There are three level transmitters and three absolute pressure
transmitters. Level transmitter output signals are sent to two comparators. Pressure transmitter output
signals are sent to a single comparator.


7.3.2.1. 2 Analog Comparators-Each comparator has an adjustable trip point, a
setpoint for resetting actuation of valves, and four buffered trip outputs. When the trip point is exceeded,
the comparator transmits a trip signal to four two-out-of-three logic modules. Each pair of comparators is
located in a different RSS room. The comparator also provides an analog signal to a buffer unit. There are
two comparators with each level channel, one each for the bottom head injection and for the upper vessel
injection. There is also one comparator with each pressure transmitter that activates both the bottom head
and upper vessel injections. The comparator has a momentary manual trip button for test. When the
pressure comparator trips, the output remains in the tripped state until the comparator is manually reset by
an operator.


7.3.2.1.3 Buffer Modules-The buffer is used to take an analog signal from the
comparator and to provide outputs to the SATS, Reactor Data Acquisition System (RDAS), and the level
indicators. The buffer provides electrical isolation between the RSS instrument channels and non-RSS
equipment.
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7.3.2.1.4 Two-Out-of-Three Logic Modules-The EFIS Actuation Subsystem
comprises three sets of four two-out-of three logic modules. One set is used for the bottom head actuation,
a second set is used for upper vessel actuation, and a third set actuates both the bottom head and the upper
vessel when the vessel pressure reaches the low setpoint. Each two-out-of-three logic module takes
signals from the Channel A, B, and C comparators and gives a trip output when two of the three
comparator signals are in a tripped condition. Each two-out-of-three pressure logic module controls a
relay with two sets of contacts. These relay contacts may bejumpered (bypassed) when the Primary
Coolant System (PCS) is depressurized to prevent actuation of valves during normal shutdown periods
with the vessel level at the upper drain. A trip condition from any two modules will cause a valve
actuation signal. A module can be removed from the system for maintenance without tripping the system.


7.3.2.1. 5 Relay Logic Panel-Each set of bottom head or upper vessel level control
valves is actuated by two-out-of-four relay logics. These relays are located in panels in each RSS room.
Logic sets are isolated from each other. Each level control valve actuation signal is routed from a different
RSS room. Also located on the door of each of these four panels is a bypass switch (for bypassing the low
pressure actuation) and lights to indicate the status of switch.


7.3.2.1. 6 Power-The 30 We power to drive the transmitters is supplied by the
comparator's PPS 24 Vdc power supply via a dc-dc converter. The 32 We power to drive the logic relays
and the dump valves is supplied by the 32 We distribution in RSS Rooms A and C. See Chapter 8
(Electric Power) for additional information.


7.3.2.1. 7 Instrument Air-Instrument air [Chapter 9, (Auxiliary Systems)) holds the
solenoid EFIS valves closed, and is backed up by bottled nitrogen gas. Activation of the dump valves
results in depressurization of the solenoid chamber, causing the valves to open.


7.3.2.1. 8 Manual Trip-A manual trip is provided so a reactor operator has the
capability to actuate the EFIS whenever the actuation is judged necessary.


7.3.2.2 Design-Basis Information , Emergency Firewater Injection System (EFTS)


7.3.2.2.1 Applicable Codes and Standards-The EF1S was designed and built to
the following standards, and complies with the applicable portions of the following standards. The
version of each standard most current as of January 1, 1983 was used for the instrumentation.


NE (RDT) standards:


C I-IT Instrumentation and Control Equipment Grounding and Shielding Pra ctices


C 16-IT Supplementary Crite ri a and Requirements for RDT Reactor Plant Protective Systems


F 2-9T Reliability Assurance


F 4-20T Operation and Maintenance Manuals


F 7-2T Packaging, Packing, and Marking of Components for Shipment and Storage


F 7-3T Marking of Components and Part s
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Other Codes and Standards:
NRC Regulatory Guides (To the extent they augment the requirements of SDD 7.7.1, ATR Emergency
Firewater Injection System, and applicable NE Standards.)


10 CFR 50, Quality Assurance Criteria for Nuclear Power


Appendix B Plants and Fuel Reprocessing


Department of Defense
MIL-HDBK-217 Reliability Prediction of Electronic Equipment


Department of Energy (Idaho Operations Office)
Operational Standard Operational Safety
Safety Standards, Requirements
ID Appendix 0550


IDO-12044 Operational Safety Design Criteria Manual


The Contractor
STD-7027 Electrical and Electronic Fabrication (Installation only)


STD-7022A Cleanliness Acceptance Levels for Nuclear and Nonnuclear Service Components


National Fire Protection Association (NFPA)


ANSI/NFPA National Electrical Code


Institute of Electrical and Electronic Engineers


IEEE 279-1971 Criteria for Protection Systems for Nuclear Power Generating Stations


American National Standards Institute (ANSI)
ANSI N45.2 Quality Assurance Program Requirements for Nuclear Facilities


7.3.2.2. 2 Plant Conditions-The design basis event is a Loss of Coolant Accident
(LOCA), and the purpose of the EFTS is to prevent or mitigate damage to the reactor core in the event of a
LOCA during operation or shutdown.


It is undesirable to operate the EFTS in automatic mode when the PCS is depressurized because a
single failure could automatically actuate the EFTS and thereby flood the pressure vessel with raw water at
any PCS pressure below the EFIS pressure. The EFTS is therefore operated manually (by controlling the
isolation valve) during depressurized or shutdown operation. During shutdown conditions the pressure
portion of actuation system is bypassed to prevent actuation of the valves during normal conditions with
the vessel level at the upper drain.


7.3.2.2.3 Safety Functions and Corresponding Protective Actions-For a
LOCA, the EFIS monitors the reactor vessel pressure and water level and actuates the firewater valves
causing firewater addition for decay heat removal.


Under some break conditions where the PCS drops below atmospheric pressure, water would flash
in the impulse lines to the water level sensor for the EFIS. In this case, the water level may not initiate
EFIS injection, but the vessel pressure will initiate EFTS injection.


7.3.2.2.4 EFIS Variables-The monitored variables are vessel level and vessel
pressure.
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7.3.2.2.5 Manual Control-All EFTS operations are automatic except for the manual
trip and opening the isolation valve during depressurized operation. A separate manual actuator is
provided in the reactor control room for each set of the bottom head level control valves, and the upper
vessel level control valves. Provisions are made for the reactor operator to manually open the control
valves for any event or condition in which the reactor operator believes the firewater should be injected
into the reactor core.


All EFIS variables are displayed for the operator' s use in taking manual action.


7.12.2.6 Abnormal Events-The malfimctions, accidents, or other unusual events
that could physically damage the EFIS or cause environmental changes are as follows:


• Earthquakes [See Chapters 2 (Site Characteristics) and 3 (Design of Structures, Components,
Equipment, and Systems).]


• Fire [See Chapter 9 (Auxiliary Systems).]


• Explosion - hydrogen buildup within the confinement area [See Chapter 6 (Engineered Safety
Features).]


• Missiles [See Chapter 3 (Design of Structures, Components, Equipment, and Systems).]


• Flood [See Chapters 2 (Site Characteristics) and 3 (Design of Structures, Components, Equipment,
and Systems).]


• Wind and tornadoes. [See Chapter 3 (Design of Structures, Components, Equipment, and
Systems).]


7.3.2.2.7 Plant Conditions and Safety Functions-The setpoints for initiation
and termination to the level and pressure systems do not overlap. Reset of either actuation system will not
terminate EFIS injection if the other actuation system is still in the tripped state. The pressure trip will
lock-in and must be manually reset with operator action. EFIS injection will continue until this trip is
manually reset.


7.3.2.2.8 Tables-EFTS performance requirements are shown in Table 7.3-2. ATR
environmental specifications for the EFTS are shown in Table 73-3_ ATR Emergency Firewater Injection
Actuation Subsystem protective functions are shown in Table 7.3-4.


7.3.2.2. 9 Block Diagrams-The EFIS Detector and Logic Diagram is shown in
Figure 7.3-3. The EFIS Actuation Subsystem Logic Diagram is shown in Figure 7.3-4. The Instrument
Air and the N2 Backup are not safety-related. Cross hatching on figures indicates boundary between
safety-related and nonsafety-related components.


7.3.2.3 Emergency Firewater Injection Actuation Subsystem Analysis. A detailed
fault-tree model was developed and quantified as pan of the ATR Probabilistic Risk Assessment (PRA).
The level of detail represented components such as relay modules, logic modules, comparators, and level
transmitters. Probabilistically significant failure modes for all the components were identified. In
addition, internal flooding and fire events were investigated as part of the external events analysis for the
ATR PRA. No flooding events such as pipe rupture, inadvertent fire suppression system actuation, or fire
events were found to cause single failure events that would fail the Emergency Firewater Injection
Actuation Subsystem.
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The fault-tree model demonstrates the reliability of the system design to perform its intended
function and shows that the Emergency Firewater Injection Actuation Subsystem complies with the intent
of the single failure criteria of IEEE 279-1971. No single failure was found that could prevent the
Emergency Firewater Injection Actuation Subsystem from generating the proper actuation signal on
demand. Failures are either in the safe direction, or a redundant channel or train ensures the necessary
actuation capability.


7.3.2.3. 1 Evaluation of Compliance to Applicable Codes and Standards-
The EFTS Actuation Subsystem meets the intent of GDC Nos. 2, 4, 13, 19, 20, 21, 22, 23, 24, 29, and
IEEE 279-1971 as indicated below.


7.3.2.3.1.1 Single Failure Criterion-The PPS is designed to concurrently
achieve high system reliability, high system availability, and a low probability of spurious EFIS trips. The
system uses three separate pressure and level channels. The two-out-of-three logic gives a trip output
when two of the three comparator signals are in a tripped condition. Each two-out-of-three module takes
signals from separate channels and comparators, and then gives a trip output when two of the three
comparator signals are in a tripped condition. Each two-out-of-three logic module controls a relay with
two sets of normally open contacts. A trip condition from any two modules will cause a valve actuation
signal. A module can be removed from the system for maintenance without tripping the system. Each set
of bottom head or upper vessel level control valves is actuated by two-out-of-four relay logics. Logic sets
are isolated from each other. Each level control valve actuation signal is routed from a different RSS
room. These redundant channels are electrically isolated, physically separated, and functionally diverse.
Thus, any single failure within a channel or logic train will not prevent protection at the system level
when required. Loss of input power to a channel will result in that channel being tripped. This design
meets the intent of GDC 23.


To prevent the occurrence of common mode failures, additional measures are employed, such as
functional diversity, physical separation, and testing, as well as administrative control during design,
production, installation, and operation (EG&G Idaho 1994).


This design meets the intent of GDC 21 and 22.


7.3.2.3. 1.2 Equipment Qualification-ATR Equipment Qualificatio
addressed in Chapter 3.


7.3.2.3. 1.3 Channel Independence-Channel independence is carried
throughout the system, extending from sensor to activating device. Physical separation achieves
separation of redundancy and is accomplished by using separate wire ways, cable trays, and conduit runs
for each redundant channel. Redundant equipment is separated by locating equipment in different
protection cabinets. Each redundant system is isolated from the other redundant systems by a separate
power supply [Chapter 8, (Electric Power)].


Electrical isolation is provided between safety-related and nonsafety-related EFIS equipment.
Electrical isolation is also provided between redundant channels of safety-related EFTS equipment, and
between safety-related equipment in different EFIS separation groups.


Physical separation is maintained between redundant equipment in different separation groups, and
between safety - related and nonsafety -related EFIS equipment (INEEL 2003).


This design meets the intent of GDC Nos. 21 and 24.
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7.3.2.3.1 .4 Redundancy-The EFIS design employs redundancy in each
portion of the system to achieve high system availability concurrently with a low probability of spuri ous
trips. In each subsystem , a single failure can be tolerated without loss of the protective function.
(INEEL 2003)


The design meets the intent of GDC Nos. 21 and 22


I


7.3.2.3 . 1.5 Control and Protection System Interaction-The protection
system is designed to be independent and isolated from other systems. In certain applications , signals
derived from individual protective channel isolation amplifiers are used in the annunciator system,
computer recording , SATS, and system monitoring , The isolation amplifiers are classified as part of the
protection system and are located in the analog protection racks. The isolation amplifiers are designed
such that short circuit , open circuit , or the application of credible fault voltages from within the cabinets
on the isolated nonprotective side of the circuit will not affect the protective side of the circuit. The
signals obtained through the isolation amplifiers are never retu rned to the protection racks (INEEL 2003)


This design meets the intent ofGDC No. 24 and Section 4.7 of IEEE 279-1971.


7.3.2.3. 1.6 Derivation of System Inputs-To the extent feasible and
practical, protection system inputs are derived from signals that are direct measures of the desired
variables. Monitored variables for the EFIS are listed in Section 7.3.2.2.4.


7.3.2.3.1.7 Capability for Sensor Checks-A method is available for
checking with a high degree of confidence the operational availability of each system input sensor during
reactor operation and shutdown. The Surveillance and Test System (SATS) provides cross checking
between channels that bear a known relationship to each other during reactor operating and shutdown
conditions.


7.3.2.3.1. 8 Periodic Testing and Inspection-The SATS provides real-time
online testing for surveillance and fault diagnosis of the EFIS to ensure safe operation of the AIR. All the
EFIS instrument systems and logic are tested periodically to determine whether the EFIS is operable. If
not operable, faulty EFTS modules are identified for quick replacement. The SATS injects programmed
analog and binary voltages into selected EFIS test points to monitor responses to the stimuli. The SATS
also monitors status to observe actual levels and logic states, temporarily storing the values of all
monitored parameters (EG&G Idaho 1977d).


In addition to the SATS, each module and instrument has manual test features to enable locally
testing the module for operation.


Preventive maintenance involves periodic inspection, cleaning, lubrication, and parts replacement
to maintain component and system performance levels. These tasks are conducted by following the
procedures and recommendations provided by the manufacturers' instruction manuals, the Facilities and
Maintenance Manual, and the ATR Detailed Operating Procedures.


This design meets the intent of GDC 21 and IEEE Std. 279, Sections 4.21 and 5.7.
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7.3.2.3. 1.9 Channel Bypass or Removal from Operation-The system is
designed to allow any one channel to be maintained as required during power operation. One channel can
be tested or calibrated without initiating a protective action at the system level, and the EFIS can continue
to meet the single failure criterion (INEEL 2003).


Actuation from the pressure portion of the actuation system may be bypassed through the use of
switches located on the relay logic panel in each of the four PPS rooms. The TSR allows the switch to be
in the bypassed condition during certain PCS shutdown/startup conditions. Status of the switch is
provided by indicating lights near each switch. Additionally, an alarm is provided in the reactor control
room on Panel P-I I if any of the four switches is in the bypass position.


7.3.2.3.1. 10 Operational Bypass-The TSR allows the EFIS to be made
operable in the manual mode by closing the isolation valve. The isolation valves are manual block valves.
It is undesirable to valve in the EFIS (open the isolation valve) when the PCS is depressurized because a
single failure could automatically actuate the EFTS, thereby flooding the pressure vessel with raw water at
any PCS pressure below the EFTS pressure. This action only inhibits flooding the core; the rest of the
EFIS, including the annunciator system, is still operable. Administrative control is used to control this
bypass, and both isolation valves of both systems are locked open during pressurized operation.


7.3.2.3.1 . 11 Indication of Bypass-Both isolation valves on both EFISs are
alarmed to indicate that the valves are other than fully open and are monitored in The control room.


7.3.2.3.1 . 12 Completion of Protective Action-The EF1S is designed to
activate when the water level lowers to a predetermined height above the top of the reactor core or on low
vessel pressure. During certain loss of coolant accidents (LOCA), local saturation conditions in the vessel
may occur and may cause the vessel level measurement to malfunction. The low pressure setpoint is
designed to actuate the EFTS during such events. Once the EFTS is initiated on a vessel level trip, the
vessel water level will cycle between the lower and upper level limits. In an event where the firewater
flow is initiated upon low pressure, the valves will open and operator action is necessary to reset the
valves to stop the flow of firewater.


7.3.2.3.1.13 Manual Initiation-Switches are provided in the reactor control
room to manually initiate the protective action. A failure in the automatic protective system does not
prevent actuation of the protective function. Manual actuation relies on a minimum of equipment.


7.3.2.3. 1.14 Indication of Protective Actions-The indication of protective
actions is similar to the RSS. See Section 7.2.2.16 for detailed information.


7.3.2.3, 1.15 Identification-ATR has a program in place for labeling equipment
and wiring in the Operations manual.


7.3.3 Radiation Monitoring and Seal System


7.3.3,1 Description . The Radiation Monitoring and Seal System (RMSS ) is an engineered
safety feature for the control of significant release of airborne radioactive contamination from the ATR
building.
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The activation for the RMSS is composed of three independent channels' stack exhaust monitoring
equipment and actuation logic that activate two sets of quick closing dampers. Each channel consists of
the following: (a) a chamber, check source, preamplifier, and high voltage power supply located in a
room in the breach of the stack; (b) an amplifier, comparator, buffer, and power regulators in the ATR
RSS rooms; and (c) a recorder and annunciators in both the reactor control room and the Radiological
Control Technician (RCT) office. The comparator outputs are combined into the two-out-of-three logic
modules located in separate RSS rooms. The outputs of the logic module feed four solid state relays in the
RCT office. These relays are wired into the existing RMS-I relays such that isolation will occur when the
relays are deenergized. Check source push buttons, power supplies, and a control switch to manually
initiate RMS-1 shutdown are located in the reactor control room. The dampers are monitored through
limit switches by the Reactor Data Acquisition System (RDAS). Both open and closed positions are
monitored.


The system actuates the building isolation system when any two detectors sense high radiation.
Each system can be manually actuated with control switches. One switch de-energizes the ventilation fans
and closes the primary dampers. The other switch dc-energizes the ventilation fans and closes the backup
dampers. Both switches close the isolation valves to the Argon Delay Line System.


A block diagram of the system is shown in Figures 7.3-5 and 7.3-6. Cross hatching on figures
indicates boundary between safety-related and nonsafety-related equipment and components.


7.3.3.1. 1 Design Basis Information , Radiation Monitoring and Seal System


7.3.3.1.1.1 Applicable Codes and Standards-The RMSS was designed
and built to the following standards and complies with the applicable portions of the following standards
with the exceptions stated in the following sections. The version of each standard most current as of
January 15, 1979 was used for the instrumentation.


C I-IT Instrumentation and Control Equipment Grounding and Shielding Practices


C 14-IT Ventilation Exhaust Radiation Monitoring System


C 14-2T Area Radiation Monitoring System


C 16-IT Supplementary Criteria and Requirements for RDT Reactor Plant Protective Systems


C 16-2T Protection System Logic (Interface Requirement Only)


C 16-3T PPS Buffers


C 17-4T General Instrumentation


Other Codes and Standards:


EG&G Idaho STD-7027 Electrical and Electronic Fabrication


NEC-78 National Electrical Code


INEL Architectural Engineering Standard


IDO-12044 Operational Safety Design Criteria Manual


7.13.1. 1.2 RMSS Variables-The monitored variable is stack exhaust
radiation.
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7.3.3.1 .1.3 Safety Functions and Corresponding Protective Action-
The safety function is confinement isolation, and the corresponding protective actions are shutoff of
supply, exhaust, ventilation fans, and closure of containment dampers in the confinement portion of the
reactor building boundary.


7.3.3.1 . 1.4 Operating Bypass Permissive Conditions-The RMSS does
not have any operational bypasses.


7.3.3.1. 1.5 Manual Control-All RMSS operations are automatic; however,
the operators can manually activate the RMSS in any event or condition that requires reducing the spread
of radiation. Two switches are available to manually activate the RMSS. One switch de-energizes the
ventilation fans and closes the primary dampers. The other switch dc-energizes the ventilation fans and
closes the backup dampers. Both switches close the isolation valves to the Argon Delay Line System.


All RMSS variables are displayed for the operators to use in taking manual operation.


7.3.3.1 . 1.6 Credible Single Events-The malfunctions, accidents, or other
unusual events that could physically damage the Reactor Shutdown System or could cause environmental
changes are as follows:


Earthquakes [See Chapters 2 (Site Characteristics) and 3 (Design of Structures, Components,
Equipment, and Systems)]


• Fire [See Chapter 9 (Auxiliary Systems)]


• Explosion - hydrogen buildup within the confinement area [See Chapter 6 (Engineered Safety
Features)]


• Missiles [See Chapter 3 (Design of Structures, Components, Equipment, and Systems)]


• Flood [See Chapters 2 (Site Characteristics) and 3 (Design of Structures, Components, Equipment,
and Systems)]


• Wind and tornadoes [See Chapter 3 (Design of Structures, Components, Equipment, and
Systems)].


7.3.3.1.1.7 Tables-List of protective functions for the Containment Isolation
Subsystem Stack Exhaust Radiation Monitors is shown in Table 7.3-5. ATR subsystem performance
requirements for the Containment Isolation Subsystem Stack Exhaust Radiation Monitors are shown in
Table 7.3-6, ATR environmental specification ranges for the Radiation Monitoring and Sea) System
(RMSS) are shown in Table 7.3-7.


7.3.3.1. 1.8 Block Diagrams-Radiation Monitoring and Seat System Diagram
(one of three), Part 1 is shown in Figure 7.3-5. Radiation Monitoring and Seal System Diagram, Part 2 is
shown in Figure 7.3-6.


7.3.3.2 Radiation Monitoring and Seal System Analysis . A Probabilistic Risk
Assessment (PRA) has been performed for the Advanced Test Reactor. See Section 5.2, Confinement
Analysis, of the Update to the Advanced Test Reactor Probabilistic Risk Assessment (Level 1, 2 and 3
Including Shutdown Operation) (Thatcher et al. 1994).
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7.3.3.2. 1 Evaluation of Compliance to Applicable Codes and Standards-
The RMSS meets the criteria of the GDC and the standards in the Design Basis Section 7.3.3.1.1 as
indicated in the following subsections with the stated exceptions.


7.3.3.2. 1.1 Essential Performance Requirements-The RMSS complies
with the criteria listed in Tables 7.3-5, 7.3-6, and 7.3-7.


7.3.3.2. 1.2 Classification of PPS Equipment-Only equipment necessary to
perform the RMSS functions is classi fi ed as part of the PPS . The RMSS complies with RDT C 16-IT,
Paragraphs 3.1.2, 3.1.4, and 4.2.3.


7. 3.3.2. 1.3 Defense Against Failures-The RMSS is designed to
concurrently achieve high system reliability, high system availability, and a low probability of spurious
RMSS trips. The system uses three separate stack exhaust monitoring channels. Each two-out-of-three
logic module takes signals from separate channels and comparators and gives a trip output when two of
the three comparator signals are in a tripped condition. Each two-out-of-three logic module controls a
relay with two sets of normally open contacts. A trip condition from any two modules will cause a
damper actuation signal. The RMS-l relays are activated by one-out-of-four relay logic. Logic sets are
isolated from each other. These redundant channels are electrically isolated, physically separated, and
functionally diverse. Thus, any single failure within a channel or logic train will not prevent protection at
the system level when required. This design meets the intent of GDC No. 23.


To prevent the occurrence of common mode failures, additional measures are employed, such as
functional diversity, physical separation, and testing as well as administrative control during the design,
production, installation, and operation. Confinement seal dampers are designed such that they will close
upon loss of instrument air pressure. This design meets the intent of GDC Nos. 21 and 22 (EG&G Idaho
1986, Section 1).


7.3.3.2. 1.4 Independence of PPS and Other Systems-Channel
independence is carried throughout the system, extending from sensor to activating device. Physical
separation achieves separation of redundancy by using separate wire ways, cable trays, and conduit runs
for each redundant channel. Redundant equipment is separated by locating equipment in different
protection cabinets, Each redundant system is isolated from the other redundant systems by a separate
power supply and 24-volt regulator; however, the 24-volt regulators are shared with the fission break
channel in the RSS. Since the fission break system and RMSS are independent and unrelated functions,
failure of the common regulator will not create a safety problem.


Electrical isolation is provided between safety-related and nonsafety-related RMSS equipment.
Electrical isolation is also provided between redundant channels of safety-related RMSS equipment and
between safety-related equipment in different RMSS separation groups.


Physical separation is maintained between redundant equipment in different separation groups and
between safety-related and nonsafety-related RMSS equipment.


This design meets the intent of GDC Nos. 21 and 24, and C 16-IT, Section 4.3.
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7.3.3.2. 1.5 Independence from Control Systems-The protection system
is designed to be independent and isolated from other systems. In certain applications, signals derived
from individual protective channel isolation amplifiers are used in the annunciator system, computer
recording, SATS, and system monitoring. The isolation amplifiers are classified as part of the protection
system. The isolation amplifiers are designed such that short circuit, open circuit, or the application of
credible fault voltages from within the cabinets on the isolated nonprotective side of the circuit will not
affect the protective side of the circuit. The signals obtained through the isolation amplifiers are never
returned to the protection racks. This design meets the intent of GDC No. 24 and Section 4.3.1 of
RDT C 16-IT (EG&G Idaho 1986).


7.3.3.2. 1.6 RMSS InputThe inputs to the RMSS are gamma sensitive ion
chambers and provide a direct measurement of gamma. In the event of a radioactive release from ATR,
gamma radiation would be the pan of the release that would be detected.


The RMSS complies with RDT C 16-IT, Section 4.5.1


7.3.3.2.1.7 Capability for Sensor Checks-A method is available for
checking with a high degree of confidence the operational availability of each system input sensor during
reactor operation and shutdown. The SATS provides cross-checking between channels that bear a known
relationship to each other during reactor operating and shutdown conditions.


7.3.3.2. 1.8 Channel Bypass or Removal from Operation-The system is
designed to allow any one channel to be maintained as required. One channel can be tested or calibrated
during power operation without initiating a protective action at the system level (EG&G Idaho 1986,
Section 1.2.9).


7.3.3.2. 1.8.1 Operational Bypass-The RMSS is not operationally
bypassed.


7.3.3.2. 1.9 Multiple Setpoints-The same setpoints are used in all modes of
operation.


7.3.3.2. 1.10 Equipment Qualification-ATR Equipment Qualification is
addressed in Chapter 3.


7.3.3.2. 1.11 Periodic Testing and Inspection-The SATS provides real-time
online testing for surveillance and fault diagnosis of the RMSS to ensure safe operation of the ATR. All
RMSS instrument systems and logic are tested periodically to determine whether the RMSS is operable.
If not operable, faulty RMSS modules are identified for quick replacement. The SATS injects
programmed analog and binary voltages into selected RMSS test points to monitor response to the
stimuli. In addition, SATS is used to monitor status; i.e., to observe actual levels and logic states. SATS
temporarily stores the values of all monitored parameters.


In addition to the SATS, each module and instrument has manual test features to enable locally
testing the module for operation. Each product specification for the modules and other equipment of the
ATR RMSS requires that these devices be easily calibrated and maintained. Any special calibration
equipment is furnished with the equipment supplied. See Chapter 17 (Quality Assurance) for additional
information.
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Preventive maintenance involves periodic inspection, cleaning, lubrication, and parts replacement
to maintain component and system performance levels.


This design meets the intent of GDC No. 21 and RDT C 16-IT, Section 4.6 (EG&G Idaho
Specification No. ES-70125) (EG&G Idaho 1977d).


7.3.3.2.1.12 Identification-ATR has a program in place for labeling equipment
and wiring in the Operations manual.


7.3.4 Description , Vessel Vent System


The Vessel Vent System (VVS) provides the capability to depressurize the ATR vessel. It is
needed to mitigate a long-term Complete Loss of Flow Accident (CLOFA) in which core decay heat
produces steam and causes a pressure increase in the vessel sufficient to result in coolant-inventory
depletion out of the pressure relief valves. Venting of the vessel under such conditions is needed to lower
the pressure to less than the supply pressure of the EFIS in order to inject EFIS coolant into the ATR
vessel to keep the reactor core covered. The VVS can also prevent PCS over temperature for a Complete
Loss of Heat Sink (CLOHS) accident.


The key components in the VVS are two vessel vent valves, located on parallel lines connected to
the reactor vessel upper drain line. They are activated by manual switches.


Two vent valve activation systems are used, each associated with its own vent valve. Separation
and redundancy in the system design ensure that at least one vent valve will function.


Each vent valve has two limit switches to provide information about the valve plug's position to
the Reactor Data Acquisition System (RDAS), annunciators, and lights on the activation switches.


Each vent valve has one manual activation switch in the reactor control room and in Room 121.
The reactor control room switches for the two valves are coupled with a connecting bar so that when one
switch in each pair is pushed up or down , the other switch in the pair moves the same way. Once opened,
the valves remain open until the activation switches are moved to the closed position . Room 121 has one
push butt on to open both valves and one push bu tt on to close both valves.


Each valve activation switch has one pair of indicator lights. One light in each pair shows when the
associated valve is fully seated, and the other light shows when that valve is fully open.


The VVS has one set of annunciators in the reactor control room (EG&G Idaho 1988, Section 2).


See Figure 6.6-1 in Chapter 6 (Engineered Safety Features).


The VVS valves are held closed against system pressure by a stiff spring in the actuator. When the
valves are activated, instrument air is ported to the underside of the actuator piston causing the valves to
open. The instrument air (Chapter 9 (Auxiliary Systems)] is backed up by bottled nitrogen gas.
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7.3.4.1 Design -Basis Information , Vessel Vent System


7.3.4.1.1 Applicable Codes and Standards-The VVS was designed and built to
the following standards and complies with applicable portions of the following standards. The version of
each standard most current as of January 1, 1987 was used for the instrumentation NE (RDT) Standards:


C 1-IT Instrumentation and Control Equipment Grounding and Shielding Practices


C 16-IT Supplementary Criteria and Requirements for RDT Reactor Plant Protective Systems


F 2-9T Reliability Assurance


F 4-20T Operation and Maintenance Manuals


F 7-2T Packaging, Packing, and Marking of Components for Shipment and Storage


F 7-3T Marking of Components and Parts


Other Codes and Standards:


NRC Regulatory Guides (To the extent they augment the requirements of SDD 7.7.1, ATR
Emergency Firewater Injection System, and applicable NE standards).


10 CFR Part 50, Quality Assurance Criteria for Nuclear
Appendix B Power Plants and Fuel Reprocessing Plants


Department of Defense


MIL-HDBK-217 Reliability Prediction of Electronic Equipment
Department of Energy (Idaho Operations Office)


Operational Standard Operational Safety


Safety Standards, Requirements
ID Appendix 0550
ID-12044 Operational Safety Design Criteria Manual


National Fire Protection Association (NFPA)


NFPA 70 National Electrical Code
Institute of Electrical and Electronic Engineers


IEEE 603 Criteria for Safety Systems for Nuclear Power Generating Stations
American National Standards Institute (ANSI)


ANSI/ASME NQA-1 Quality Assurance Program Requirements for Nuclear
Facilities


The Contractor


STD-7027 Electrical and Electronic Fabrication ( Installation only)
STD-7022A Cleanliness Acceptance Levels for Nuclear and Nonnuclear Service


Components
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7.3.4.1. 2 Mode of Operation and Plant Operating Conditions-The
design-basis events are a Complete Loss of Flow Accident (CLOFA) and a Complete Loss of Heat Sink
(CLOHS). Vessel Vent System (VVS) actuation may be needed if a CLOFA occurs in which core decay
heat produces steam and causes a pressure increase sufficient to result in coolant inventory depletion out
through the pressure relief valves. Vessel venting is needed to lower the pressure to below the supply
pressure of the Emergency Firewater Injection System (EFTS), such that EFIS coolant can be injected into
the vessel to keep the reactor core covered.


7.3.4.1.3 Safety Functions and Corresponding Protective Actions-The
safety function is firewater injection into the vessel. The corresponding protective action is to vent the
excess pressure buildup through the VVS.


7.3.4.1 .4 Operating Bypass Permissive Conditions-The VVS is not bypassed.


7.3.4.1.5 Manual Control-The calculated response time available to actuate the
VVS could be as soon as 1 hour (Pafford 1994).


The vessel vent valves are manually actuated by the operator to quickly and effectively
depressurize the PCS in anticipation of the addition of firewater . Audible and visual alarms on RCR P-1 1
annunciator panel ale rt operators of the vent valve position (VENT VALVE NOT SEATED) and low
instrument air or nitrogen supplied to the vent valve actuators (VESSEL VENT SYSTEM
ABNORMAL).


7.3.4.1, 6 Range of Transient and Steady-State Conditions-The VVS is a
manually activated system. The calculated response time available to actuate the VVS could be as soon as
1 hour (Pafford 1994).


Conditions in which the VVS should be activated are discussed in Chapter 15 (Accident Analyses).


Environmental specification ranges for the VVS are listed in Table 7.3-8.


The VVS uses a Plant Protective System (PPS) 32-volt system. This power comes from two of four
independent 32-volt battery-backed sources, and each channel is powered from a different source.


7.3.4.1.7 Abnormal Events-These events are similar to the Reactor Shutdown
System (RSS). See Section 7.2.1.3.3.3.


7.3.4.1.8 Tables-Table 7.3-8 lists the ATR environmental specification ranges for
the VVS.


7.3.4.2 Vessel Vent System Analysis . Three reliability analyses have been performed on
the VVS: a failure mode and effects analysis (FMEA), a single failure analysis (SEA), and a probabilistic
risk assessment (PRA). See Chapter 6 (Engineered Safety Features) for additional information. Also see
Engineering Design File No. PRPTS-ATR-234 dated January 20, 1988 (Golden 1988) and the Advanced
Test Reactor Probabilistic Risk Assessment, EGG-PRP-8823, Revision 1, dated September 1991 (Fide,
Khericha, and Thatcher 1991).


7.3.4.2. 1 Evaluation of Compliance to Applicable Codes and Standards-
The VVS meets the intent of GDC and IEEE 603-1980 as indicated below.
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7.3.4.2 . 1.1 Single Failure Criterion-The VVS has two complete,
independent vent valve activation systems, each associated with its own vent valve.


The VVS meets the intent of ATR GDC Nos. 21 and 22 (EG&G Idaho 1988, Section 5).


7.3.4.2. 1.2 Completion of Protective Action-The VVS is a manual system
in which, when opened, the valves remain open until the activation switches are moved to the closed
position.


7.3.4.2.1.3 System Integrity-The VVS is designed to perform its protective
function over the full range of environmental conditions specified in Table 7.3-8, and over the full range
of power supply variations.


7.3.4.2 . 1.4 Independence-Channels are independent of, and physically
separated from, each other. A failure in one system will not affect the other. Each valve has separate
compressed nitrogen gas bottles as a backup to the instrument air system.


7.3.4.2.1.5 Test and Calibration-The VVS is designed to allow for channel
maintenance while the reactor is operating. Valve position limit switches need adjustment periodically,
and the pressure switches on the instrument air/nitrogen gas supply pressures require adjustment or
verification.


7.3.4.2.1.6 tdentification-ATR has a program in place for labeling equipment
and wiring in the Operations manual.


7.3.5 LOCA Primary Coolant Pump (PCP) Shutoff System


7.3.5.1 System Description. The LOCA Primary Coolant Pump (PCP) Shutoff System has
been designed to trip primary coolant pumps following a loss-of-coolant-accident (LOCA). The LOCA
ESF feature is designed to shutoff all running primary coolant pumps on low primary coolant pressure:
however, failure of one pump to trip has been analyzed and is tolerated.


The actuation system for the LOCA PCP Shutoff System has components in common with the RSS
Vessel Inlet and Outlet Pressure Subsystems. The actuation system utilizes low pressure trip signals from
the channel comparators of these subsystems to actuate ESF 2:3 Logic Modules. The inlet pressure and
outlet pressure subsystem each have two 2:3 logic devices, LOCA ESF-1 located in PPS Room A and
LOCA ESF-4 located in PPS Room D.


When a low pressure condition from either the RSS Vessel Inlet Pressure or Outlet Pressure
Subsystem satisfies the 2:3 logic requirements, signals are sent from the ESE 2:3 logic modules to the
actuation logic circuits. There are four actuation logic circuits, one for each primary cooling pump. Each
actuation logic circuit consists of a time delay relay circuit and relays configured in a 2:4 relay logic,
bypass switches, reset switches, pump test switches, and indicators. When two time delay circuits have
tripped, the 2:4 relay circuit provides the final actuation of tripping the primary pump breaker.


The actuation system can be bypassed using bypass switches located on panel TMR-LOCA-ESF-I
located in the PPS Room A, on panel TMR-LOCA-ESF-4 located in PPS Room D, and on Panel P1 1
located in the reactor control room, The status of the LOCA PCP Shutoff System is monitored by the
process DCS and indicator lights on panels in the PPS rooms and on Panel P11 in the reactor control
room.
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Surveillance testing and maintenance of these circuits along with those performed on the primary
pump breakers ensure high probability that the LOCA ESF performance will be achieved.


The following describe the common equipment.


• Transmitters-There are three pressure transmitters for the RSS Vessel Inlet Pressure Subsystem
and three pressure transmitters for the RSS Vessel Outlet Pressure Subsystem. The pressure
transmitter outputs are sent to their respective channel comparators. Refer to Figures 7.2.1, 7.2-3,
and 7.2-4.


Analog Comparators-Each channel of the RSS Vessel Inlet Pressure Subsystem and the RSS
Vessel Outlet Pressure Subsystem has a high and low comparator. The comparators for the RSS
Vessel Inlet Pressure Subsystem have an adjustable trip point for the actuation of a reactor trip and
an ESF output circuit. The high comparator ESF function is described in Section 7.3.1. For the RSS
Vessel Outlet Pressure Subsystem, the high comparator only has the adjustable trip point for the
actuation of a reactor trip, while the low comparator has the adjustable trip point for the actuation
of a reactor trip and an ESF output circuit. The reactor trip actuations for the two subsystems are
described in Section 7,2.


7.3.5.1 . 1 Two-Out-of-Three (2:3) Logic Module-There are four 2:3 Logic
Modules. Two of the 2:3 Logic Modules receive signals from the Channel A, B, and C Vessel Inlet
Pressure Subsystem and two 2:3 Logic Modules receive signals from the Channel A, B, and C Vessel
Outlet Pressure Subsystem. Two logic modules are located in PPS Room A and two are located in PPS
Room D. The 2:3 Logic Modules give a trip output when two of the three subsystem comparator signals
are in a tripped condition. A trip condition from a 2:3 Logic Module will cause the actuation of a time
delay circuit. There are four time delay circuits in the Actuation Subsystem.


7.3.5.1 .2 Time Delay Relay Circuit-Each of the four time delay relay circuits is
comprised of three relays. Two circuits are associated with the 2:3 logic modules for the inlet pressure
and two with the outlet pressure. A relay identified as K I when actuated by the bypass switches will
bypass the time delay of the circuit and provide an alarm to the process DCS indicating that the circuit is
in the bypassed condition. Another relay identified as K2 is used to trip the time delay relay and cause a
light to be lit indicating that the time delay relay has been actuated. The time delay relay identified as
either TRM-IN or 7RM-OUT is used to trip the two-out-of-four (2:4) pump trip relay circuitry, causes a
light to be lit and provides an alarm to the DCS indicating that the output of the time delay relay has
tripped. Each of the time delay relay circuits actuates two relays in each of the four two-out-of-four (2:4)
pump trip relay circuitry. Two time delay relay circuits are located in a panel enclosure located in PPS
Room A and two time delay relay circuits are located in a panel enclosure located in PPS Room D.


7.3.5.1.3 Two-Out-of-Four (2:4) Pump Trip Relay Circuitry--There are four 2:4
pump trip relay circuits, one for each of the primary coolant pumps 670-M-6, 670-M-7, 670-M-8, and
670-M-9. Each 2:4 pump trip relay circuit is comprised of eight relays configured in a two-out-of-four
actuation design. When two time delay circuits have tripped then the 2:4 relay circuit provides the final
actuation of tripping the primary pump breaker. Each 2:4 pump trip relay circuit is housed in an
enclosure. Two enclosures, Primary Pump 670-M-6 and 670-M-7, are located in PPS Room A and the
two enclosures, Primary Pump 670-M-8 and 670-M-9, are located in PPS Room D.
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7.3.5.1.4 Bypass Switches-There are eight bypass switches, four located in the
reactor control room on Panel P11 and two located on each of the time delay relay circuit enclosures
located in PPS Rooms A and D.


7.3.5.1. 5 Reset Switches-There are eight reset switches, four located in the reactor
control room on Panel PI I and two located on each of the time delay relay circuit enclosures located in
PPS Rooms A and D.


7.3.5.1.6 Test Switches-There are four test switches, one located on each of the 2:4
Pump Trip Relay Circuit enclosures. These switches are used when testing is to be performed on the
LOCA ESF.


7.3.5.1.7 Indicators--Indicator lights are used to indicate the status of the ESF
Actuation Subsystem. Lights located on the time delay relay circuit enclosures indicate the "Normal",
"Bypassed", "Tripped", and "Timer Activated" status of each time delay relay circuit. A light located on
each of the 2.4 pump trip relay circuit enclosures indicates when testing for the pump is being performed.
The bypass and reset switches located in the reactor control room on Panel P I I indicate when the bypass
is active and when the reset action can be performed.


7.3.5.1 .8 Distributed Control System (DCS)-The process DCS provides Priority
I and 4 alarms on the display in the reactor control room. There are eight Priority I alarms and four
Priority 4 alarms. The Priority I alarms consist of four alarms indicating when the LOCA ESF has been
placed in bypass and four alarms-one for each pump--indicating when the pump trip circuit has been
placed in the test position. The Priority 4 alarms consist of four alarms indicating when each time delay
relay circuit has tripped.


7.3.5.1. 9 Power-The 2:3 logic modules utilize the 12 volt dc power of the L3IA and
L31D cabinets in PPS Rooms A and D. The time delay relay circuits, 2:4 pump trip relay circuits, and
indication lights use the 32 volt dc power from the 32 volt do distribution in PPS Rooms A and D.


7.3.5.2 Design-Basis Information, LOCA Primary Coolant Pump (PCP) Shutoff
System. Unreviewed Safety Question (USQ) evaluation SE-1998-059 identified a late-heatup
phenomenon during design -basis LOCAs that was not addressed in the safety analysis. Cooling in the fuel
element hot channel was not adequate for the predicted combination of low pressure relatively high decay
heat and low flow (flow was reduced to one emergency coolant pump) in the analysis. A major pan of the
resolution of this USQ resolution required demonstrating that the PCPs would continue to provide flow
when PCP net positive suction head (NPSH) fell below 50 It and to model that degraded flow with the
PCP in cavitation. Some PCP flow was required to prevent the late heatup after initiation of design-basis
LOCA. The previously approved UFSAR analysis assumed the PCP flow output dropped to zero when
NPSH dropped below 50 ft. When the PCP cavitation model was applied to the design-basis LOCA
analysis low primary coolant system pressures allowed the air volume in the surge tank to expand into the
PCS piping. This resulted in a concern for potential degradation of flow from the operating emergency
pump.


In order to prevent air from entering the PCS piping, the low-pressure actuation setpoint for the
emergency firewater injection system (EF1S) was raised, a tighter control band on surge tank level was
established, and a new ESF was installed to trip the PCPs nominally 65 seconds after actuation of one of
the PPS low reactor-vessel pressure subsystems
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Applicable Codes and Standards


NE Standard
The LOCA ESF was designed and complies with the applicable portions of the following NE
(U.S. Department of Energy Nuclear Energy (NE) Programs, formerly RDT standard)
standard:


C 16-IT Supplementary Criteria and Requirements for RDT Reactor Plant
Protective Systems, December 1969


Other Codes and Standards


The Contractor ' s Standard (Installation only)


EG&G-STD-7027 Electrical and Electronic Fabrication


American National Standards Institute ( ANSIINational Fire Protection Association (NFPA)
ANSIINFPA 70National Electrical Code


7.3.5.2 .2 General Design Criteria-The following list is the set of ATR General
Design Criteria (GDC) that were considered in the design and installation of the LOCA ESF.


• GDC 1, Quality Standards and Records


• GDC 2, Design Basis for Protection Against Natural Phenomena


• GDC 3, Fire Protection


• GDC 4, Environmental and Dynamic Effects Design Basis


• GDC 10, Reactor Design


• GDC 13, Instrumentation and Control


• GDC 15, Reactor Coolant System Design


• GDC 19, Control Room


• GDC 20, Protection System Functions


• GDC 21, Protection System Reliability and Testability


• GDC 22, Protection System Independence


• GDC 23, Protection System Failure Modes


• GDC 24, Separation of Protection and Control System


• GDC 29, Protection Against Anticipated Operational Occurrences.
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7.3.5.2. 3 Tables-The LOCA PCP Shutoff System performance requirements are
shown in Table 7.3-9. The environmental specifications are shown in Table 7.3-10.


7.3.5.2 .4 Block Diagrams-The LOCA Primary Coolant Pump (PCP) Shutoff
System block diagram is shown in Figure 7.3.7.


7.3.5.3 LOCA Primary Coolant Pump Shutoff System Analysis. The reliability and
safety elements of the design of the ESF for LOCA mitigation were evaluated. The evaluation included a
FEMA, fault tree analysis including human error, an evaluation of single point failures, an evaluation of
internal and external events including load drop, internal fires and internal flooding, and an evaluation of
the adverse effects of the LOCA ESF such as spurious actuation. The fault tree analysis demonstrated that
the LOCA ESF design achieves the system reliability needed, with a system failure probability less than
4,0E-4/demand (Thatcher, 1999).


7.3.5.3 . 1 Evaluation of Compliance to Applicable Codes and Standards-
The LOCH Primary Coolant Pump Shutoff System design meets the intent of GDC and codes and
standards identified in Sections 7.3.5.2.1 and 7.35.2.2 as indicated in the following subsections with the
stated exceptions:


7.3.5.3 . 1.1 Quality Assurance-The LOCA Primary Coolant Pump Shutoff
System is identified by the Quality program in place as Quality Level I and the design, and installation
has been performed in accordance with the Quality program. The design meets the intent of GDC I and
applicable portions of RDT 16-IT Sections 4.4 and 5 with the exception that no additional RDT Standard
requirements are invoked.


7.3.5.3.1. 2 Essential Performance Requirements-The LOCA Primary
Coolant Pump Shutoff System design meets the criteria listed in Tables 7.3-9 and 7.3-10. Newly designed
electronic and relay components of the system have been seismically tested for compliance to the seismic
criteria. Seismic analysis was performed to qualify the new cabinet anchors. Components were selected
that would operate within the normal environmental requirements. The design meets the intent of GDC 2,
4, 10, 13, 15, and 20 and applicable portions of RUT 16-IT Sections 3.3, 4.1.1, and 4.5. Seismic testing
(Richins et al. 1999) and analyses have been performed (Thatcher, 1999; (jorman, 1999).


7.3.5.3.1.3 Defense Against Failures-The LOCA Primary Coolant Pump
Shutoff System is designed to achieve high system reliability, system availability and a low probability of
spurious primary coolant pump trips. The system utilizes two RSS subsystems, 2:3 logic and a final
2:4 pump trip circuitry. Possible system failures have been evaluated and the design has utilized channel
independence, redundancy, and physical separation where possible. Equipment is located in the separate
PPS Rooms that have fire protection equipment as do other areas of the plant. Single failure points
identified in the analysis were found to be acceptable (Thatcher, 1999). The design meets the intent of
GDC 3, 21, 22, 23, 24, and 29 and applicable portions of RDT 16-IT Sections 4.2 and 4.3.
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Table 73-1. Primary pumps shutoff with high vessel-differential-pressure condition.'
Two um_p operation _


Pumps running


6,7
6, 8
6,9
7's
7,9
8,9


u


P b


6


6, 8


6


S


None


Pump breakers that open upon tap


6, 8


6, 9


6,8


7,8


a. EG&G Idaho, ATR PPS Engineered Safety Feature Schematic Diagram, Drawing No. 125500, current issue.


Table 7.3 -2. Emergency Firewater Injection Actuation Subsystem performance requirements.'


P op atton
Pumps ran


6,7,8


6,7,9


6.8, 9
7,8, 9


Performance criteria Requirements


n


Type of p t


Minimum channel response time


Minimum setpoint accuracy (level)


Minimum setpoint accuracy (pressure)


Normal or nominal value of measured variable (level)


Normal or nominal value of measured variable (pressure)


Minimum pressure rating of sensor (nondamaging)


Analog bandwidth


Analog accuracy


Resolution


low


I sec


-0.511
± 1.16 psia


Vessel is full during pressurized operation ; opera ti on
level is 100 It of elevation during depressurized
operation.


Vessel is at 310 psig du ri ng pressurized operation;
operating pressure is 12.2 psia during depressurized
operation.


0 - 1,000 psi


10 Hz


I%


0.5%


INEEL 2003.
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Table 7.3 -3. ATR environmental specifications for the Emergency Firetva
Areas TemPemture


Normal
Reactor areas


Inaccessible areas
Accessible areas
Abnormal
Reactor areas
Inaccessible areas
Accessible areas
Stam e


Humidity


64° to 200°F 0-100%


75° to 104°F 0-90%


64° to 104°F 0-90%


Pressure


1,000 psi
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njection System.'
Radia tion Vibration


Flux 4.0 x 10" nv @ 250 MW 04 5 g and 2.54 Mm (0 to O . I mil)
Balanced PWR


Arrant. at 5,000 It 0-2.5 Ruhr 0-0.05 g and 2.5 Mm
Atmo. at 5,000 It 0-10 mRlhr 0-0.05 g and 2.5 gm


59° to 250°F 0-100% 1,250 psi Flux 4.0 x 10" nv (a.) 250 MW It


410 to 140°F 0-100% 10-15 psi 0-50 RIhr It


41° to 126°F 0-100% 0-15 psi 0-20 mRFlv b


-2° to 126°F 0-99°/U Atmo. at 5,000 It 0-1 Mir c


a.INEEL 2003.
h. No abnormal vibration cond as which would cause values in excess of the normal ranges have been identified.


o measurements a re available for storage areas, but value s are not expected to exceed the specified normal range.
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Table 7, 34 . ATR Emergency Firewater Inje ct ion Actuation Subsystem protective functions.°
Criterion Function


1. Protective function Monitor the reactor vessel pressure and water level, and actuate
the opening of the firewater valves causing firewater addition


2. Incident requiring action Loss-of-coolant accident
3. Monitored variable Reactor vessel pressure and water level
4.. Protective action Firewater level control valve actuation
5. Typical response time for protective action 45 s°
6. Critical reactor variable Reactor vessel coolant level


a. INFEL 2003, Table I.
b. Response time from initiation of sensor signal to ion valves


Table 7.3-5, List of protective functions for the Containment Isolation Subsystem stack exhaust radiation
monitors.'


Criterion Critical event or protective action
1. Protective function Mitigate the consequence of credible accidents capable of releasing airborne


radioactive contamination.
2. Incident requiring action Release of unacceptably high airborne contamination within the confinement


boundary
3. Monitored variable Airborne radioactive contamination in the building air exhaust
4. Protective action Shut off supply, exhaust, and ventilation fans and close containment dampers in


the confinement portion of the reactor building boundary
5. Critical reactor variable Airborne radioactive contamination above limiting safety system setting levels in


the exhaust air from the confinement area of the ATR Reactor Building


a. EG&G Idaho 1986, Table A .


Table 7.3-6. ATR Subsystem performance requ
exhaust radiation monitors.'


Criterion
Type of set point
Channel response time
Logic response time
Set point accuracy
Normal or nominal full-power value of measured variable N
Range (Operating)
Indication interval spans


Analog bandwidth
Analog accuracy


or the Containment Isolation Subsystem stack


Performance requirement
High
I second
I second
± 10% of setpoint
2.5 nRtlu
0to50R/hr
0 to 500 mR/hr
500 mRlhr to 1.58 RJhr
1.58 RJhr to 5 R/hr
5 R/hr to 15.8 Bu tr
15,8 RJhr to 50 Rtlw
10 Hz
±20% of indicated value


a. EG&G I daho 1986, Table C .
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Table 7.3.7. ATR environmental specification ranges for the Radi ation Monitoring an d Sea] System (RMSS).'
Areas Temperature ltumidih Pressure Radiation Vibration
Normal


Inaccessible areas (Stack 24°C to 40°C 0-90% Atmospheric ,0q, 5,000 It 0 to 0.645 rnC/kg-h 0 to 0.5G and
Room) 79°F to 104°F Oto2.5R/h 2.54 pm 0 to


Accessible areas 18°C to 40°C 0-90% Atmosphe ri c x15,000 It 0 to 2,58 .C/kg-h
0.1 mil
0 to 0.5G and


64°F to 104°F Oto10mRIh 2.54µm0to
0.1mi1


Outside areas -18°C to 40°C 0-90% Atmospheric n, 5,000 It 0 to 0.258 pC/kg-h
0°F to 104°F 0toImR/h


Abnormal
Inaccessible areas 5°C to 60°C 0-90% 126 to 179 kPa absolute 0 to 6.45 mC/kg-h b
(Stack Room)
Accessible areas


41°F to 140°F


5°C to 60°C


10 to 15 psia


0-99% 126 to 179 kPa absolute
0to 15Rfi


0 to 5.6 pC/kg-h c
41 °F to 140°F 10 to 15 psia 0to20mRlh


Outside areas -34°C to 52°C 0-99% Atmospheric n 5,000 It 0 to 0.258 iC/kg-h b
-29°F to 126°F 0 to I mRth


Story e -34°C to 52°C 0-99% Atmospheric @ 5,000 ft. 0 to 0.258 pC/kg-h b


a. EG&G Idaho 1986, Table D.
b. No measurements are available for this area, but values are not expected to exceed the specified normal range.


c. No abnormal vibration conditions that would cause values i n excess of t he normal ranges have been identified.
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Table 7,3-8. ATR environmental specifi cation ranges for the Vessel Vent System a


Conditions Temperature Humidity Pressure Radii 0
Normal conditions
Inaccessible areas 75°F to 104°F 0-90% 123 Asia 0-2.5 RJh
Accessible areas 64°F to 104°F 0-90% 12.3 psia 0-10 mRJh


Abnormal conditions
Inaccessible areas 41°F to 300°F 0-100% 12.6 psia 0-50 RJh


Accessible areas 4 ]OF to 300°F 0-90% 12 .6 psia 0-20 mR/h
Storage condi ti ons -29°F to 126°F 0-99% 12 .3 psia 0-1 mRJh


a. EG&G Idaho 1988, Table 1.


Table 7.3-9. ATR LOCA Primary Pump Shutoff System Protective Functions.


Criterion Function


Protective function Monitor the reactor vessel inlet and outlet pressure and actu ate the
shutoff of the primary coolant pumps upon low reactor vessel pressure


2. Incident requiring acti on Loss-of-coolant accident


3. Monitored variable Reactor vessel inlet and outlet pressure


4. Protective action Prima ry Coolant Pump shutoff actuation


5. Typical response time for 65 s
protective action


6. Critical reactor variable Reactor vessel coolant pressure


a. Response time from ini ti ation of sensor signal to opening of primary coolant pump breaker .
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Table 7.3-10. ATR LOCH Pr
Sv s_t_e_m /areas


Normal
Inaccessible areas'.


Accessible areasb


Abnormal


Inaccessible areasb


Accessible areasb
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mart' Pump Shutoff System Environmental Specifications.°
Temperature Humidity Pressure Radi atio n Vibration


75° to 105°F 0-90 Atmo. at 5,000 ft
70°to 105°F 0-90


400 to 140°F 0-100`
40°to 125°F 0-95


0-50 Rthr 0-0.05 g and 0-0.1
Atmo. at 5,000 ft 0-10 mR/hr 0-{1.05 g and 0-0 .1 mil


10-15 psig 0-500 Rlhr d
10-15 psig 0-20 mR/hr d


a. For abnormal pressure and temperature conditions, the equipment shall be capable of operating in the abnormal range for one hour (INEEL 2000, Section 1.2.2.)
b. Inaccessible areas are those for which personnel access is prohibited during full-power reactor operation pith the exception of the storage canal.
c. The 100% humidity isnoncondensing.
d. No abnormal vibration conditions that would cause values in excess of the normal ranges have been identified.







HAPTER 7 - INSTRUMENTATION AND
CONTROLS - UPGRADED FINAL SAFETY


ANALYSIS REPORT FOR THE ADVANCED TEST
REACTOR


DIFFERENTIAL
PHESSUEt


CHANNEL


A


DIFFERENTI
PRESSURE


CHANNEL
8


412.09 ( 09(0312002 - Rev.


Identifier: SAR-153
Revision: 12
Page: 7-85 of 7-140
Effective Date: 01/22/05


EBP 2;3 LOGIC


PUMP


T


TRIP


PUMP 6
BREAKER


D


TRIP
POMP 8


BREAKER


a


C


WIC


SEE
TABLE
7.3-1


TRIP
PUMP 9


BREAKER


BASED OH DRANING 128301
K2051


C


SEE


TRIP
PCMP I


HREARER


DIFFERENTIAL
FHISSUSE
CHANNEL


Figure 7.3-1. Primary Pump Shutoff System. ( For Information Only)
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Figure 7,3-2. Pressurizing and Gland Seal Pumps Shutoff System. ( For Information Only)
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Figure 7.3-3. Emergency Firewater Injection System detector and logic diagram.
(For Information Only)
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Figure 7.3-4. Emergency Firewater Injection System Actuation Subsystem logic diagram.
(For Information Only)
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Figure 7.3-5. Radiation Monitoring and Seal System diagram, Pan 1. (For Information Only)







Idaho National Engineering and Environmental Laboratory
CHAPTER 7 - INSTRUMENTATION AND
CONTROLS - UPGRADED FINAL SAFETY


ANALYSIS REPORT FOR THE ADVANCED TEST
REACTOR


RABuCH.A


COMPARATO


COMPARATO


COMPARAT


D


AEBREYIATIDNS
RABu= RAD RTIDN ANALOG COMPARATOR UNIT PViR


412.09 (09/03/2002 -Rev. 7)


Identifier: SAR-153
Revision: 12
Page: 7-90 of 7-140
Effective Date: 01/22/05


120Yac


BACKUP DAMPERS
NPICAL1of2
R1X&R2X
SHARED COMPONENTS


:-1
r-


I P
�


,,,,,,.�"�'_ I
f


FAN
ACTUATOR COMPONENTS -----_
EXCLUDED FROM
ACTUATION LOGIC
CIRCUIT R96 0427


Figure 7.3-6. Radiation Monitoring and Sea ] System diagram, Part 2. (For Information Only)
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Figure 7.3-7. LOCA Primary Coolant Pump (PCP) Shutoff System . (For Information Only)
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7.4 Systems Required For Safe Shutdown


Automatic functions necessary for a safe shutdown are included in the Plant Protective
System (PPS). The PPS releases the safety rods and limits Primary Coolant System (PCS) pressure and
temperature within limits for normal operation and anticipated transients. The PPS also provides
activation for the Emergency Firewater Injection System (EFTS), which is a backup system used to flood
the core or provide emergency cooling. Depressurization by the Vessel Vent System (VVS) may also be
required for emergency cooling. The outer shim control cylinders (OSCCs), which are not included in the
PPS, but are safety related, serve as a manually actuated backup for reactor shutdown if the safety rods
fail to insert.


Emergency coolant flow is required to be available during reactor operation greater than 3 MW and
for the first 30 minutes after reactor shutdown. Upon loss of the Primary Coolant Pumps (PCPs),
30 minutes of decay heat removal will be provided by emergency coolant pumps 670-M-10 and
670-M-11. These two pumps are required for safe shutdown and are designated safety-related. During
normal reactor operation, one emergency pump is continually running, and the other emergency coolant
pump will automatically start upon low emergency coolant recirculating flow. Both emergency coolant
pumps will automatically start upon loss of all primary coolant pumps. Emergency coolant pump
670-M-10 is powered by a diesel/commercial power source. Emergency coolant pump 670-M-1 1, a dc
powered pump, receives its power from a battery-backed 250 We power source.


7.4.1 Control of the Outer Shim Control Cylinders


The OSCCs, which are used for core power control, serve as a backup for reactor shutdown if the
safety rods fail to insert. Mechanical design and operation of the OSCCs is presented in Chapter 3
(Design of Structures, Components, Equipment, and Systems).


Each OSCC assembly consists of a beryllium cyli nder faced with hafnium plates . The control
cylinders are suppo rted from the top by worm gear boxes on suppo rt beams attached to the top of the core
reflector tank.


Continuous position indication for the drive shaft for each pair of cylinders is provided through a
gear drive synchro transmitter with a readout on the reactor console in tenths of a degree of cylinder
rotation. The position information is digitized at the console display and transmitted serially to the
ATR data system.


Mechanical limit switches on each drive shaft are also used for limit indication. The outer limit
switch stops shim travel in the withdrawal direction and the inner limit switch stops shim travel in the
inse rt direction . These switches actuate relays that interrupt electrical power to the drive motors.


The OSCCs must be driven to accomplish their safety function . The drive motors receive backup
power to inse rt the shims from the battery-backed power system , and are controlled from the reactor
control console.


7.4.1.1 Interlocks . The ATR control system has been designed to prevent accidents in the
startup range. Outer shims cannot be withdrawn until safety rods are withdrawn. Outer shim cylinders
cannot be continuously withdrawn below 10'5 NF (EG&G Idaho 1994, Section 5.1.4).
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7.4.1.2 PPS Scram. In a PPS scram, the loss of the rod clutch coil current is sensed and the
timer circuit is energized. After 25 minutes , the timer circuit energizes the relays, and all outer shim
cylinders are inserted (EG&G Idaho 1983, Section 2.2.1.2).


7.4.1.3 Design Basis. The control system of the OSCCs is designed to provide reliable
control of the OSCCs in the event backup protection is needed. It also provides reliable control of the
OSCC during reactor operation.


7.4.1.4 Analysis


7.4.1.4. 1 General Functional Requirements-The OSCC system (sixteen
beryllium outer shim cylinders and eight drive assemblies) is a backup system for the safety rods. The
outer shim cylinders will begin to automatically insert 25 minutes after a reactor scram has occurred,
provided they were not previously inserted. If the safety rods fail to insert, the outer shim cylinders can be
driven in to provide for a safe shutdown of the reactor. See Chapter 4 (Reactor) for outer shims worth.


Power for the OSCC is normally supplied by the diesel-commercial power bus 670-E-I 5. OSCC
power to inse rt the shims can also be supplied from either the Inst rument or the Utility ba ttery backed
power ( BBP) system . See Chapter 8 Electric Power.


Chapter 3,
7.4.1.4 . 2 Equipment Qualification-ATR Equipment Qualification is addressed in


the OSCC
7.4.1.4 . 3 Diversity-The reactor can be shut down by two methods: safety rods and


7.4.1.4 .4 Bypasses-The OSCC is not bypassed during reactor operation.


7.4.1.4 . 5 Maintenance-Routine maintenance is performed during reactor shutdown.
No online maintenance is permitted without administrative approval.


7.4.1.4. 6 Readout Information-The control room has position indicators and
annunciators, and system information is recorded on the Reactor Data Acquisition System (RDAS).


7.4.2 Emergency Backup Manual Scram and Reverse


Two emergency backup scram (EBS) switches are located in Room 101 adjacent the Reactor
Control Room. These switches control the ac voltage to the two rod clutch current controller power
supplies. In addition, the EBS switches control power to the emergency backup reverse (EBR) relays. A
reverse is the simultaneous, motor-driven insertion of all neck shim rods and OSCCs. The design
configuration requires that only one EBS switch be actuated to give a scram and a reverse. See
Figure 7.4-1.


7.4.2.1 Design Basis Information , EBS. The EBS is designed to scram the reactor from a
location outside the confinement area.
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7.4.2.2 Analysis


7.4.2.2. 1 General Functional Requirements-The EBS was designed to release
the safety rods and insert the OSCC from an actuation location outside ATR confinement.


7.4.2.2.2 Single Failure Criterion-The EBS is a simple fail-safe system. A double
switch releases power to the power supplies for the Rod Clutch Coil Power Auctioneer Unit, which then
causes the unit to release the safety rods. This switch is also backed up by a second switch. (See
Figure 7.4-1.) System Integrity-The EBS is designed to perform its protective function over the full
range of environmental conditions specified in Table 7.2-2, and over the full range of power supply
variations given in Chapter 8 (Electric Power).


Chapter 3.
7.4.2.2.3 Equipment Qualification-ATR Equipment Qualification is addressed in


7.4.2.2.4 Bypasses-The EBS is not bypassed.


7.4.2.2 . 5 Channel Independence-The EB5 channels are not independent from
each other, nor are there redundant channels.


7.4.2.2.6 Test -Detailed operating and maintenance procedures have been prepared
to ensure that the EBS is tested correctly.


7.4.2.2. 7 Maintenance-Routine maintenance is performed during reactor shutdown.
No online maintenance is permitted without administrative approval.


7.4.2.2. 8 Indication of Protective Actions-The indication of protective actions is
the same as that for the R5S_ See Section 7.2.2.16 for detailed information.


7.4.2.2. 9 Information Readout-Annunciators provide the reactor control operators
with accurate, complete, and timely information summarizing the status of the PPS. Information
indicating that an EBS has been activated is the over/under voltage to the safety rod clutch coils condition
on Panel P-I I and the location indicators for the control rods and the OSCCs.


7.4.2.2.10 System Repair-The system is designed to facilitate location replacement
or repair of components.
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Figure 7.4-1. Emergency backup manual scram . (For Information Only)
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7.5 Safety -Related Display Instrumentation


This section describes the instrumentation systems that provide information to reactor operators,
enabling them to perform required safety functions, monitor safety system operation, and monitor
automatic safety system actuation. Instrumentation that monitors the status of safety-related systems is
not necessarily designated safety-related instrumentation.


7.5.1 General


The ATR Plant Protective System (PPS) consists of subsystems that have been determined by
analysis to mitigate the consequences of design-basis accidents. These subsystems ensure the required
protection of the general public health and safety and the safety of the plant by means of various
automatic protective actions to shut down the reactor and to preserve fuel boundary and confinement
integrity. The two systems that are pertinent to this discussion that are pan of the PPS are the Reactor
Shutdown System (RSS) and the Engineered Safety Features (ESF). Protective functions of the RSS are
discussed in Section 7.2; the ESF is discussed in Section 7.3.


Safety-related display instrumentation includes indication of process variables required by
operating personnel, both to operate the plant in a safe manner, including taking preplanned manual
actions to accomplish a safe plant shutdown, and to monitor the effectiveness of automatic protective
actions. Information is also provided regarding the release of radioactive materials to allow for early
indication of the need to initiate action to protect the public health and safety, and for an estimate of the
magnitude of a release. Indication is also provided to enable operators to verify that the PPS is capable of
performing its protective function.


Primary display instrumentation includes analog indicators, a microprocessor-based chart recorder,
an annunciator panel, and valve position indicators located on reactor control room panel P-I I (RCR
P-l 1). The annunciator panel provides visual status indication of PPS equipment. It can individually show
the condition of each system function by channel. In addition to the annunciators, the Sequence of Events
Recorder (SER) records and provides a printout of the order in which abnormal conditions were detected.


Secondary display instrumentation consists of computer-generated displays of PPS variables
available on the operator consoles in the reactor control room. These displays store historical data on
monitored variables.


None of the PPS display instrumentation or plant computer displays of PPS signals are designed as
safety-related equipment. They are electrically isolated from the PPS channels via isolation devices. All
PPS equipment up to and including the isolation devices is considered to be within the safety-related
boundary. While some PPS systems (or parts of systems) have been added or upgraded over the life of
ATR, the original design and installation of display systems were completed as part of the original
construction. In all cases, the original systems and all modifications were designed and implemented
using then current standards (EG&G Idaho 1994, Chapter 11).


7.5.2 Reactor Shutdown System


The ATR RSS comprises safety-related analog and digital instrument subsystems and logic
channels that initiate safety-rod insertion (scram). The display instrumentation associated with the RSS
instrument channels is not safety-related equipment at ATR; therefore, isolation amplifiers (buffers)
electrically separate the displays from the safety-related instrument channels (INEEL 2000).
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The RSS subsystems for which display instrumentation is provided include:


• Reactor Vessel Differential Pressure


• Reactor Vessel Outlet Pressure


• Reactor Vessel Inlet Pressure


• Emergency Coolant Flow Discharge


• Emergency Coolant Pump Recirculation Flow


• Quadrant Differential Temperature


• Reactor Vessel Water Level


• Reactor Vessel Inlet Temperature


• Reactor Vessel Outlet Temperature


• Neutron Level (Intermediate and Power Range)


• Wide-Range Neutron Level


• Coolant Radioactivity (Fission Break)


• Seismic Level.


Table 7.5-1 summarizes PPS display instrumentation characteristics, which include RSS subsystem
display instrumentation.


7.5.2.1 Reactor Vessel Differential Pressure . (See Section 7.2.1.1.2.1) The status of
automatic RSS and ESF actuation is indicated by audible and visual alarms on RCR P-I 1. Annunciators
are provided to alert operators of both pre-trip (HI[LO) and trip (HI-Hl and LO-LO) differential pressure
conditions.


Continuous display of reactor differential pressure parameters is provided via analog indicators on
RCR P- 11. The reactor differential pressure parameter can be displayed on the RCR Console Display
System (CDS).


7.5.2.2 Reactor Vessel Outlet Pressure . (See Section 7.2.1.1.2.3) The status of automatic
PPS actuation is indicated by audible and visual alarms on RCR P-11 . Annunciators are provided to alert
operators of both pre-trip (HIJLO) and trip ( HI-HI and LO-LO) pressure conditions.


Continuous display is not provided for this PPS variable on RCR P- 11; however, the reactor vessel
outlet pressure parameter can be displayed on the RCR Console Display System (CDS).


7.5.2.3 Reactor Vessel Inlet Pressure. (See Section 7.2.1.1.2.2 ) The status of automatic
RSS and ESF actuation is indicated by audible and visual alarms on RCR P-11. Annunciators are
provided to alert operators of both pre -trip (HI - LO) and trip ( HI-HI and LO-LO) pressure conditions.


Continuous display of Vessel Inlet Pressure parameters is provided via analog indicators on RCR
P-11. The reactor vessel inlet pressure parameter can also be displayed on the RCR Console Display
System (CDS).
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7.5.2.4 Emergency Coolant Flow Discharge. (See Section 7.2.1.1.2.4) The status of
automatic RSS actuation is indicated by audible and visual alarms on RCR P-11. Annunciators are
provided to alert operators of both pre-trip (LO) and trip (LO-LO) flow conditions.


Continuous display of emergency coolant discharge flow parameters is provided via analog
indicators located on RCR P-I I. The reactor emergency coolant discharge flow parameter can also be
displayed on the RCR Console Display System (CDS).


7.5.2.5 Emergency Coolant Pump Recirculation Flow. (See Section 7.2.1.1.2.5) The
status of automatic PPS actuation is indicated by audible and visual alarms on RCR P-1 I. One
annunciator is provided to alert operators of a low flow reactor trip.


Display of Emergency Coolant Pump Recirculation Flow parameters is available on the DCS
console in the reactor control room.


7.5.2.6 Quadrant Differential Temperature . (See Section 7.2.1.1.2.6) The status of
automatic PPS actuation is indicated by audible and visual alarms on RCR P-I 1. Annunciators are
provided to alert operators of pre-trip (HI) and trip (HI-HI) differential temperature conditions in each of
the four quadrants.


No continuous indication of quadrant differential temperature parameters is provided from the PPS
instrument channels.


7.5.2.7 Reactor Vessel Water Level (See Section 7.2.1.1.2.9) The status of automatic PPS
actuation is indicated by audible and visual alarms on RCR P-11. Annunciators are provided to alert
operators of pre-trip (LO) and trip (LO-LO) water level conditions and on the RCR Console Display
System (CDS).


During reactor conditions where the EFIS is in manual and there are irradiated fuel elements in the
reactor vessel, the trip (LO-LO) vessel level alarm is safety-related because it performs the function of
alerting operators of low reactor water level. The PPS Vessel Level alarm is considered inoperable when
the reactor vessel water level is at or below the reactor vessel lower drain.


Continuous monitoring of reactor vessel level parameters is provided via analog indicators on
RCR P-11.


7.5.2.8 Reactor Vessel Inlet Temperature . (See Section 7.2.1.1.2.7) The status of
automatic PPS actuation is indicated by audible and visual alarms on RCR P-11. Alarms are provided to
alert operators of both pre-trip (H1) and trip (HI-HI) temperature conditions.


Continuous display of vessel inlet temperature parameters is provided on a digital readout chart
recorder located on RCR P-I 1. The reactor vessel inlet temperature parameter can also be displayed on
the RCR Console Display System (CDS).


7.5.2.9 Reactor Vessel Outlet Temperature . (See Section 7-2. 1.1 .18) The status of
automatic PPS actuation is indicated via audible and visual alarms on RCR P-I 1. Alarms are provided to
alert operators of both pre-trip (HI) and trip (HI-HI) temperature conditions.


Continuous display of vessel outlet temperature parameters is not provided on the RCR P-11;
however, the reactor vessel outlet temperature parameter can be displayed on the RCR Console Display
System (CDS).
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7.5.2.10 Neutron Level (intermediate and Power Range). (See Section 7.2.1.1.2.10) The
status of automatic PPS actuation is indicated by audible and visual alarms on RCR P-11. Alarms are
provided during both pressurized and depressurized modes of operation to alert operators of both pre-trip
(HI) and trip (HI-HI) neutron flux level conditions.


Continuous display of neutron flux level in the intermediate and power ranges is provided on chart
recorders located on RCR Panel K. Adjacent to each of the channel recorders are three indicating lights
that identify if the channel is in the "startup", "intermediate" or "normal" range. The neutron level
parameter can be displayed on the RCR Console Display System (CDS).


7.5.2.11 Wide-Range Neutron Level. (See Section 7.2.1.1.2.12) The status of automatic
PPS actuation is indicated by audible and visual alarms on RCR P-I 1. Alarms are provided during both
pressurized and depressurized modes of operation to alert operators of both pre-trip (HI) and trip (HI-HI)
neutron-flux levels and unacceptable rate of change (period) conditions. Continuous display of this
variable is provided via chart recorders on RCR Panel H. In addition, a digital display below the recorders
indicate which gain range (1 through 12) the channel instrument is in. The wide-range neutron level
parameter can be displayed on the RCR Console Display System (CDS).


7.5.2.12 Fission Break. (See Section 7.2.1.1.2.11) The status of automatic PPS actuation is
indicated by audible and visual alarms on RCR P-11. Alarms are provided to alert operators of both pre-
trip (HI) and trip (HI-HI) radiation conditions.


Continuous display of radiation levels is provided via a three-channel microprocessor-based digital
readout chart recorder on RCR Panel L. The start up and normal gain selection is indicated by switch
position and indicator lights on RCR Panel L. The fission break parameter can be displayed on the RCR
Console Display System (CDS).


7.5.2.13 Seismic Level. (See Section 7.2.1.1.2.13) The status of automatic PPS actuation is
indicated by audible and visual alarms on RCR P-1 I. One annunciator is provided for (HI) ground
acceleration.


Continuous display of seismic parameters is not provided.


7.5.3 ESF Display Instrumentation


The ATR Engineered Safety Features include safety-related analog and digital instrumentation and
logic that initiate and control the ESF systems. The display instrumentation included in the ESF control
system is not safety-related equipment at ATR; therefore, isolation amplifiers (buffers) electrically
separate the displays from the safety-related instrument channels,


The ESF systems:


• Primary Coolant System (PCS) Over-Pressure Relief System


• Primary Pump Shutoff System


• RSS Pressurizing and Gland Sea] Pump Shutoff System


• Vessel Vent System


• Emergency Firewater Injection System (EF1S)
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• Radiation Monitoring and Seal System (RMSS)


• The Vessel Level Alarm actuation is an ESE function provided by the inputs from the RSS Reactor
Vessel Water Level Subsystem or by the reactor vessel water level channels of the EFIS. The
purpose of the Vessel Level Alarm System actuation is to alert the operators of low vessel liquid
level for potential actuation of the Emergency Firewater Injection System (EFTS). `fhe vessel alarm
is used to alert against low probability events that result in a loss of Primary Coolant System
inventory during depressurized and outage operations when irradiated fuel elements are in the
reactor vessel. This ESF is discussed in Chapter 6, Section 6.9.


Table 7.5-1 summarizes PPS display instrumentation characteristics which include ESF display
instrumentation.


7.5.3.1 PCS Over-Pressure Relief System. The PCS Over-Pressure Relief System
consists of two mechanically actuated relief valves and associated piping. There are no instrumentation or
controls included in this ESE system.


7.5.3.2 Primary Pump Shutoff System. The Primary Pump Shutoff System is actuated by
the Reactor Vessel Differential Pressure Subsystem discussed in Section 7.5.2.1. There is no separate ESF
display instrumentation included for the ESF portion of the subsystem.


7.5.3.3 RSS Pressurizing and Gland Seal Pump Shutoff System. The Pressurizing
Pumps and Gland Seal Pumps Shutoff System is actuated by the Reactor Vessel Inlet Pressure Subsystem
discussed in Section 7.5.2.3. There is no separate ESF display instrumentation included for the ESF
portion of the subsystem.


7.5.3.4 Vessel Vent System. The Vessel Vent System provides a depressurization vent for
the ATR Reactor Vessel ensuring that the EFIS can maintain water over the core following a complete
loss of flow accident (CLOFA). The only display instrumentation included in the system shows open and
closed valve position indication on reactor control room panel P-I I (RCR P- 11) and in Room 121.
Audible and visual alarms on RCR P-11 annunciator panel will alert operators of the vent valve position
(VENT VALVE NOT SEATED) and low instrument air or nitrogen supplied to the vent valve actuators
(VESSEL VENT SYSTEM ABNORMAL). The valve position indicators and annunciator are actuated by
limit switches mounted on vent valves. The low supply pressure alarms are actuated by pressure switches
in the instrument air and nitrogen supply lines.


7.5.3.5 Emergency Firewater Injection System. The status of automatic actuation of
both bottom head and upper vessel firewater injection on low level are indicated by audible and visual
alarms on RCR P-1 1. Annunciators are provided to alert operators of both pre-trip (FIS REACTOR
VESSEL LEVEL LO) and trip (FIS REACTOR BOTTOM HEAD INJECTION & FIS REACTOR
UPPER VESSEL INJECTION) level conditions.


The status of automatic actuation of simultaneous bottom head and upper vessel injection on low
vessel pressure is indicated by audible and visual alarms on RCR P-1 1. Annunciators are provided to alert
operators of both pre-trip (F15 REACTOR VESSEL PRESSURE LO) and trip (FIS REACTOR
INJECTION) pressure conditions. Additionally, an alarm is provided on RCR P-1 I if any of the pressure
bypass switches (EFIS PRESSURE TRIP BYPASS) are in the bypass position.


Continuous display of EFTS vessel level and EFTS pressure parameters is provided via analog
indicators located on RCR P-11.
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7.5.3.6 Radiation Monitoring and Seal System. The status of automatic RMSS actuation
is indicated by audible and visual alarms located on RCR P-11. Alarms are provided to alert operators of
pre-trip (STACK RADIATION DISCHARGE HI) and trip (STACK RADIATION DISCHARGE H1-14I)
radiation levels at the ATR stack. Continuous display of the stack radiation levels is available on analog
chart recorders in the reactor control room.


7.5.4 N-16 System


The status of the N-16 System is provided by input signals from the ten data channels to the N-16
recorders and the RDAS. The N-16 recorders are used to provide a relative indication of the signal level
from the N-16 channels and setpoint alarm settings. The N-16 recorders, once set at 100% during full
power operation, are used for detecting changes in reactor power.


In addition to the continuous readings of the recorders and data available from RDAS, annunciators
are provided to alert the operators of inner/outer high level, innerlouter lobe trouble (low high voltage, In
test condition, or 12 volt do power failure), Inner Lobe N-16 in high gain, Sample water to N-16 monitor
flow abnormal, and Sample water to N-16 monitor low pressure.


For more information on the N-16 System see Section 7.6.


7.5.5 Log Count Rate Metering System


The Log Count Rate Metering (LCRM) System provides adequate information concerning low
level neutron flux and neutron flux changes in the core to allow manipulation of reactor core components.
This information minimizes the threat of an unplanned criticality. This system also provides operators
with information of the neutron flux within the reactor core during reactor startup.


The LCRM system consists of two redundant channels that monitors the neutron fl ux in the reactor
from 10-'' to I0-' Nr. Count-rate information is displayed on a recorder and the console display system
(CDS) located in the reactor control room . A meter and a speaker are available on the reactor top where
refueling and experiment changes are completed . The reactor top count rate meter has an adjustable high
and low setpoint used to actuate an alarm . An increase in the counting rate will activate the meter alarm to
warn reactor top personnel of a possible approach to criticality, The reactor top meter is tu rned off during
reactor operation.


Annunciators are provided in the reactor control room to alert the operators of the LCRM channel
loss of power, count rate meter hi-1o alarms and the channel standby mode.


7.5.6 Log-N Period


The Log-N Period System provides an indication of reactor power from l0'' NE to 10 NF, and also
of reactor periods from -30 seconds to +3 seconds. These ranges provide an indication of power
generation between criticality and full power. The Log-N portion of the Log-N Period System is used for
the initial conditions (Depressurized Operation) for reactor power.


The Log-N amplifiers provide a voltage signal that is proportional to the logarithm of the neutron
flux to the Log-N recorders and the recorder via slidewires re-transmit a signal to the RDAS.
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Besides the indication provided by the Log-N recorders and the RDAS, annunciators are provided
to alert the operators of Log-N trouble (caused by the removal of test block ITB-2, calibration switch in
the Calibrate position, or a power supply failure) and ONE LOG-N TEST BLOCK REMOVED
indication when either JIB-] or ITB-2 is removed.


7.5.7 Water Power Calculator System


The Water Power Calculator System, using the primary coolant flow and inlet and outlet
temperatures, provides an indication of the power generation in MW for both the total power and the four
reactor quadrants. The water power calculators calculate the powers and provide this information to
recorders in the reactor control room and to the RDAS.


Besides the indication provided by the recorders and the RDAS, annunciators are provided to alert
the operators of high quadrant water power and high total water power.


7.5.8 Emergency Firewater Canal Makeup System


Maintaining the water level in the storage portion of the canal provides assurance that decay heat
will be adequately removed from the stored irradiated fuel elements. With proper heat removal, the
cladding integrity is ensured and fission products are retained within the fuel plate. The significant
concern is actuation of makeup to the storage portion of the canal to ensure water inventory is maintained
during a canal draining event. A safety-related canal low level alarm with a setpoint of at least 18,5 ft
(approximately 1.5 ft below normal level) is provided to allow time for manual actuation of the canal low
pressure demineralized water (LDW) makeup system to the irradiated fire] storage area. The Emergency
Firewater Canal Makeup System has been selected as the primary makeup system and the low pressure
demineralized water (LDW) make-up as the backup system to the irradiated fuel storage area. At a canal
level of 8 ft, 12 ft below normal canal level, the Emergency Firewater Canal Makeup System control
circuitry will allow firewater to flow into the storage area. When this occurs, the operators will be alerted
by an annunciator in the reactor control room that indicates that the Canal firewater injection has actuated.
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Table 7.5-1. Summary of PPS display instrumentation.
Parameter


Reactor vessel DP


Reactor vessel outlet
pressure


Reactor vessel inlet
pressure


Emergency coolant flow


Emergency pump
recirculation flow
Quadrant differential
temperature


Reactor vessel water level


Reactor vessel inlet
temperature


Reactor vessel outlet
temperature


Display tune Indicated range Redundancy Annunciation
Console display system 0-200 psid 3 channels Vessel DP HI-HI
(CDS) analog ind. Vessel DP HI-LO


Vessel DP LO-LO
CDS Annunciation


CDS 0-500 psig 3 channels Outlet pressure Hl-HI
Outlet pressure HI-LO
Outlet pressure LO-LO
CDS Annunciation


CDS analog ind. 0-500 psig 3 channels Inlet pressure Ht-HI
Inlet pressure HI-LO
Inlet pressure LO-LO


CDS analog ind. 0-7,000 gpm 3 channels Emergency flow LO
Emergency now LO-LO
CDS Annunciation


None NIA 3 channels Emergency pump recirc flow LO


None N/A 3 channels per
quadrant


Diff, temp. quad. I HI-HI
Diff, temp, quad. 2 HI-HI
Diff. temp. quad. 3 HI-HI
Diff temp. quad. 4 HI-HI
Diff. temp. quad. I HI
Diff. temp. quad. 2 HI
Diff. temp. quad. 3 HI
Diff, temp. quad. 4 HI


CDS analog ind. 0-98 in. WC 3 channels Reactor vessel level LO
React or vessel level LO-LO


CDS chart recorder/dig, 50-200°F 3 channels Inlet temperature HI
readout Inlet temperature HI-HI
CDS 50-250°F 3 channels Outlet temperature HI


Outlet temperature HI-HI
CDS Annunciation
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Parameter Display type Indicated range Redundancy Annuncia ti on
Neutron level


Wide-range neutron level


Coolant radioactivity
(Fission Break)


Seismic level
PCS over-pressure relief
system
Primary pump shutoff
system
Pressu ri zing pump/gland
seal pump shutoff system
Vessel vent system


EFIS reactor vessel
pressure


EFIS reactor vessel level


Radia tion monito ring and
seal system


CDS analog ind.


Chart recorders CDS


Chart recorder/Dig. readout
CDS


None
None


None


None


Valve position


Analog ind.


Analog ind.


Cha rt recorders


0-1.5 NF 3


0-1.5 NF 3


50 Rlhr 3


N/A 3
N/A 2


N/A 3
R


N/A 3
R


Open/closed 2


5-25 psia 3


I ft 4 in -1 1 R 10 in 3


10 6 tiCi/cc -10' uCi/cc 3 c


channels Neutron level HI
Neutron level HI-HI
CDS Annunciation


channels Wide range new. lev.
Wide range new. lev.
CDS Annunciation


channels Fission break HI
Fission break HI-HI
CDS Annunciators


channels Seismic HI
valves None


channels (from None
SS)
channels (from None
SS)
valves Vent valve not seated


Vessel Vent System a
channels FIS Reactor Vessel Pr


FIS Reactor Injection
FIS Pressure Trip Byp


channels FIS Reactor vessel lev
FIS Reactor bottom he
FIS Reactor upper ves


hannels Stack discharge Radia
Stack Discharge Radia
CDS Annunciators


I
HI-HI


ormal


essure LO


ass
el LO
ad injection
sel injection


tion HI
tion I-II-HI
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7.6 All Other Instrumentation Systems
Safety -Related or Important to Safety


ction contains information on all other plant instrument systems safety-related or important
to safety that are not included under Reactor Shutdown System (Section 7.2), Engineered Safety Features
Actuation Subsystems (Section 7.3), Systems required for Safe Shutdown (Section 7.4), and
Safety-Related Display Instrumentation (Section 7.5).


Experiment instrumentation systems important to safety are discussed in Chapter 10 (Experiment
and Irradiation Facilities).


7.6.1 Reactor Data Acquisition System


The Reactor Data Acquisition System (RDAS)' is a computer support system for the ATR that
provides indications and alarms to support safe reactor operation. The RDAS provides the following
support.


• It provides "real-time" monitoring of important plant operating parameters.


• It fosters safe operation of the plant by presenting and displaying information to the plant
operators.


• It has a Lobe Power Calculating and Indicating System, which the console operator uses to
maintain the correct power distribution throughout the core.


• It stores data as acquired or computed to support future trend displays or event reconstructio


• It allows remote access of its own data resource via conventional telecommunications circuits for
monitoring plant conditions during a general plant evacuation.


Information is presented through various inputloutput devices including line printers, alphanumeric
video terminals, and the graphic workstation terminals in four modes: continuous display, request
functions, surveillance, and logging/reporting.


The RDAS consists of two complete computer systems that provide redundancy as shown in
Figure 7.6-1. Each computer system is independent of the other, and most input signals are bifurcated and
sent to each computer system. A small number of nonsafety-related signals are available to only one
computer at a time. Each computer system is also separated and located in separate cubicles. These
computer systems are referred to as the Data Acquisition computer (DAC) and the Data Analysis
Computer, (DAN), differing in name only. The DAC and the DAN are each assigned two reactor control
room annunciators: Stalled and Mode Switch. The stall detector will generate an alarm when certain
important software programs fail to run on schedule. When the stall annunciator is alarming, primary data
acquisition from that computer may have been interrupted. The computer can automatically recover from
certain (but not all) software stall conditions. A key-locked operating mode switch is installed as a
security measure to constrain user access to certain system functions. When the switch is moved from the
OPERATE position, an alarm is maintained until the switch is returned to OPERATE.


'. The output from the safety-related detectors in The N-I6 system is rooted to the RDAS for processing. The section of the RDAS
that processes the N-16 system data, including the software and display, is safety-related.
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A terminal switching network is provided to allow manual transfer of certain transmitted or
received signals between the two RDAS computers. Manual terminal switching is performed by using
either the Master switch to transfer all the modules simultaneously, or by an individual channel switch to
transfer a single channel. A key-lock switch on the Master module provides a lockout as a security
measure to prevent unauthorized switching of any switches. In the event of a computer failure, or if a
computer is taken out of service, all the channels are manually switched to the operating computer. There
is no automatic transfer of channels.


7.6.1.1 Power Requirements. The power requirements for the RDAS are provided by
120 Vac power panels 670-E-30 and 670-E-106. Power panel 670-E-30 is fed from the Utility
Uninterruptible Power Supply (UPS) 670-E-115 and power panel 670-E-106 is fed from the Instrument
UPS 670-E-1 17.







Idaho National Engineering and Environmental Loboratory 41109 (09103720 02 - Rev, 7


CHAPTER 7 - INSTRUMENTATION AND Identifier: SAR-153
CONTROLS - UPGRADED FINAL SAFETY Revision: 12


ANALYSIS REPORT FOR THE ADVANCED TES Page: 7-107 of 7-140
REACTOR Effective Date: 01/22/05


7.6.1.2 Design Basis


7.6.1.2.1 Applicable Codes and Standards-The RDAS was designed and built
to comply with applicable portions of the standards below. The version of each standard most current as
of February 17, 1983, was used for instrumentation,


NE (RDT) Standards:


C I-IT Instrumentation and Con


F 2-9T Reliability Assurance


Other Codes and Standards:


Department of Energy


DOE Order 1360.213
WASH 1245-1


Equipment Grounding and Shielding Practices


Unclassified Computer Security Program
Standard for Fire Protection of AEC Electronic Computer/Data
Processing Systems


Department of Energy (Idaho Operations Office)
Operational Standard Operational Safety


Safety Standards, Requirements
ID Appendix 0550


ID-12044 Operational Safety Design Criteria Manual


INEL Architectural Engineering Standard


National Fire Protection Association (NFPA)


NFPA-70-1981 National Electrical Code


The Contractor
STD-7027 Standard Electrical and Electronic Fabrication


National Bureau of Standards Federal Information Processing Standards


3-1 Recorded Magnetic Tape for Information Interchange (800 CPI, NRZI), June 0, 1973
25 Recorded Magnetic Tape for Information Interchange (1600 CPI PE), June 0, 1973
31 Guidelines for ADP Physical Security and Risk Management, June 1974
38 Guidelines for Documentation of Computer Programs and Automated Data Systems,


February 15, 1976


62 Operational Specifications for Magnetic Tape Subsystems, February 16, 1979
63 Operational Specifications for Rotating Mass Storage Subsystems, August 27, 1979
65 Guideline for Automated Data Processing Risk Analysis, August 1, 1979


Department of Defense


MIL-Q-9858A Quality Program Requirements
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7.6.1.3 Analysis . Signals from safety-related systems are buffered from the RDAS data
acquisition circuitry using isolation devices. If the RDAS should fail, the reactor can be shut down with
no ensuing damage to the reactor.


7.6.1.3 . 1 General Functional Requirements-The RDAS provides "rea
monitoring of safety-related operating parameters and provides remote access to these parameters via
conventional telecommunications circuits. The N-l6 system is needed only (as a safety-related system)
during power changes, during which time the display is adequately updated for this purpose. The output
from the safety-related detectors in the N-16 system is routed to the RDAS for processing. The section of
the RDAS that processes the N-16 system data, including the software and display, is safety-related.


7.6.1.3. 2 Quality of Equipment-Components and modules are of a quality that is
consistent with minimum maintenance requirements and low failure rates. Quality levels are achieved
through the specification of requirements known to promote high quality, such as requirements for design,
for derating components, for manufacturing, quality control, inspection, calibration, and testing. See
Chapter 17 (Quality Assurance).


7.6.1.3.3 Channel integrity-The RDAS is essential for monitoring reactor
conditions and is designed to maintain the required functional capability.


7.6.1.3.4 Channel Independence-The DAC and DAN computers are located in
different cubicles and electrically isolated from each other. Each computer system is independent from
the other and most input signals are bifurcated and sent to each computer's data acquisition system.


7.6.1.3.5 Derivation of System Inputs-To the extent feasible and practical, inputs
to the RDAS are derived from signals that are direct measures of the desired variables.


7.6.1.3.6 Bypasses-The RDAS is not bypassed during reactor operation.


7.6.1.3.7 Test and Calibration-Detailed operating procedures have been prepared
to ensure that the RDAS functions correctly after hardware or software changes have been made.


approval.
7.6.1.3.8 Maintenance-No online maintenance is permitted without administrative


7.6.1.3. 9 Readout Information-Information provided by the RDAS at the reactor
Console Display System terminals may be updated continuously or on demand, depending on the display
design. Additional information is available to the reactor operators on hardcopy reports, as needed.
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7.6.2 N-16 System


The N-16 System includes flow channels, radiation detectors, and electronics. The N-16 System
provides the only direct method by which lobe power distribution can be determined. The lobe powers are
considered in the safety analysis and must be controlled consistent with the safety analysis. The N-16
system provides indication only. The N-16 System does not provide an active control function. A
quadrant thermal power distribution is available from the Water Power Calculator System. Comparison of
the two independent distributions provides a check on the N-16 operation. The quantitative assessment of
the uncertainty in the lobe power indication is documented in EDF TRA-ATR-121 1, Rev I (Atkinson and
McCracken 1997). The effective range of the N-I 6 System is from NL (i.e., 0.01 NF) to NF. Above the
N-16 recorders in the Reactor Control Room is a STARTUP - NORMAL range switch with light
indicators. When the switch is in the STARTUP position (operation below 3 N,) the N-16 amplifiers
operate with a 100 gain factor. With the switch in the NORMAL position (operation from approximately
3 Nr to NO the 100 gain factor is not in affect.


The N-16 System monitors fast flux in the reactor by measuring the N-16 beta activity. The flow
system for one of the N-16 channels is shown in Figure 7.6-2. Demineralized water is routed via tubing
into the reactor vessel, through re-entrant tubes in the core, then out of the reactor vessel with ten
independent flow channels. The demineralized water source can be the Low-pressure Demineralized
Water (LDW) System or the PCS Bypass Demineralizer (BPD) System. Each N-16 flow channel has
independent inlet flow indication and control. N-16 flow rates are controlled manually by the process
operators to a specific value and tolerance.


There are ten N-16 flow channels with eight re-entrant tubes in the reflector surrounding the fuel
annulus and two in the center flux trap baffle. Four of the eight tubes in the reflector are next to the five
and six fuel element positions in each corner of the core. These are called the inner N-16 channels
because they are inboard of the outer shim control cylinders and near the fuel annulus. The other four
re-entrant tubes are on the primary compass points outboard of the outer shim cylinders. These are called
the outer N-16 channels. The re-entrant tubes in the center flux trap baffle are in the H-3 and H-I 1 core
positions The re-entrant tube in the H-3 position extends from the bottom up to the core midplane. The
re-entrant tube in the H-I 1 position extends over the full height of the active core. This design was
originally installed to allow for detection of axial perturbations in the reactor power distribution.


N-16, with a nominal 7.4 second half-life for (3 decay, is generated in the core region through the
0-16(n,p)N-16 fast neutron reaction. The activated water from the re-entrant tubes is routed through a
bank of ten separate beta detectors to measure N-16 activity. The flow delay time from the core to the
detector is roughly 15 to 20 seconds. Flow delay times vary due to different tubing lengths in each flow
channel. Signals from the detectors are proportional to the p activity in the activated water and thus to the
local fast flux and the power near the ten re-entrant tubes.


As illustrated in Figure 7.6-3, the output from the safety-related detectors in the N-16 System is
routed to the RDAS and multiple-channel recorder for processing. The section of the RDAS that
processes the N-16 system data, including the software and display, is safety-related.
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7.6,2.1 Design Basis


7.6.2.1 . 1 Applicable codes and Standards-The N-16 System was designed and
built to comply with applicable portions of the following standards . The version of each standard, most
current as of October 1, 1977, was used for instrumentation.


NE (RDT) Standards:
C 17-4T General Instrumenta tion


F 4-20T Operation and Maintenance Manuals


Other Codes and Standards:
NFPA 70-1975 National Electric Code (National Fire Protection Association)


7.6.2.2 Analysis


7.6.2.2.1 General Functional Requirements-The N-16 System provides the only
direct method by which lobe power distribution can be determined. This function is required to maintain
core power distribution within ATR's analyzed operating envelope.


7.6.2.2.2 Single Failure Criterion-The N-16 System is not designed to a single
failure criterion. It does not provide an active control function. If the N-16 System should fail, the reactor
can be shut down with no ensuing damage to the reactor.


7.6.2.2. 3 Quality of Equipment-Components and modules are of a quality that is
consistent with minimum maintenance requirements and low failure rates. Quality levels are achieved
through the specification of requirements known to promote high quality, such as requirements for design,
for derating components, for manufacturing, quality control, inspection, calibration, and testing. See
Chapter 17 (Quality Assurance).


7.6.2.2.4 Channel Integrity-The N- 16 System is essential for monitoring lobe
power and is designed to maintain the required functional capability.


7.6.2.2. 5 Bypasses-The N-16 System is not bypassed during reactor operation.


7.6.2.2. 6 Test and Calibration-Detailed operating and maintenance procedures
have been prepared to ensure that the N-16 System is tested and calibrated correctly.


7.6.2.21 Maintenance-No online maintenance is required or permitted without
administrative approval.


7.6.2.2. 8 Readout information-Readout information is provided in the control
room in the form of the gain indicators and recorders. System information is also recorded on the RDAS.


In addition to the continuous readings of the recorders and data available from RDAS, annunciators
are provided to alert the operators of inner/outer lobe high level, inner/outer lobe trouble (low high
voltage, in test condition, or 12 volt dc power failure), inner lobe N-16 in high gain, sample water toN-16
monitor flow abnormal, and sample water to N-16 monitor low pressure.
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7.6.3 log Count Rate Metering System


The Log Count Rate Metering (LCRM) System provides the reactor operator with information
concerning low level neutron flux and neutron flux changes in the core during shutdown and reactor
startup. This information provides the protection needed to minimize the potential for a criticality during
shutdown core changes. This system also provides operators with an audible signal, a visual meter
indication, and a recorded record of the neutron flux within the reactor core.


The LCRM system monitors the neutron flux in the reactor from 10"' to 10"$ N. The system
consists of two redundant channels that display count-rate information on a recorder located in the reactor
control room. The LCRM system is powered by the battery-backed power supply. Safety rod, OSCC, and
neck shim withdrawal is blocked (reactor power < 10. 5 NF) if both channels go off-scale or if a fission
chamber is moving. Figure 7.6-4 illustrates the basic system operation. Cross-hatching on figures
indicates safety-related/nonsafety-related boundary.


The LCRM system is shown in the form of a block diagram in Figure 7.6-5. The system consists of
two independent monitoring channels. Each channel has a fission chamber and drive, preamplifier
(located in the nozzle trench), reactor control room recorder preamplifier, log count rate meter calibrator,
power supplies, and an interconnecting cable.


The fission chambers that sense neutron flux for the log count rate system are mounted in carriages
suspended in thimbles in the northeast and southwest sections of the reactor. An electrically operated
drive system is used to position the chamber nearer to the core during shutdown or startup. The chamber
position can be adjusted so that the system can cover the entire startup regime from 10-11 to 10"` NF and
above.


The reactor top log count rate meter has an adjustable high and low audio alarm. An increase in the
counting rate during shutdown will activate the audio alarm to warn reactor top personnel of a possible
approach to criticality. The reactor lop log count meter is turned off during reactor operation.


Each fission chamber drive has buttons on the reactor console for manual insertion and withdrawal
of the chamber. There are indicator lights associated with positions for insert, withdraw, inner position,
midposition, and fully withdrawn.
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7.6.3.1 Design Basis


7.6.3.1 . 1 Applicable Codes and Standards-The LCRM System was designed
and built to comply with applicable portions of the following standards. The version of each standard,
most current as of October 1, 1977, was used for instrumentation.


NE (RDT) Standards:


C 1-IT Instrumentation and Control Equipment Grounding and Shielding Practices


C 15-IOT Logarithmic Count Rate Source Range Neutron Flux Monitoring System


C 16-IT Supplementary Criteria and Requirements for RDT Reactor Plant Protective Systems


C 16-3T PPS Buffers


C 17-4T General Instrumentation


F 2-9T Reliability Assurance


F 3-2T Calibration Program Requirements


F 4-20T Operation and Maintenance Manuals


F 7-2T Packaging, Packing, and Marking of Components for Shipping and Storage


F 7- 3T Marking of Components and Pans


Other Codes and Standards:
NRC Regulatory Guides (To the extent they augment the requirements of SDD 7.5 .4 and applicable NE
standards).


10 CFR 50 Appendix B Quality Assurance Criteria for Nuclear Power Plants and Fuel Processing Plants
ANSI-N45-2 Quality Assurance Requirements for the Design of Nuclear Power Plants
The Contractor


STD-7027 (Installation only) Standard Electrical and Electronics Fabrication


NFPA 70-1975 National Electric Code (National Fire Protection Association)


MIL-Q-9858A Quality Program Requirements (Department of Defense)


ID-12044 Operational Safety Design Criteria Manual


7.6.3.2 Analysis


7.6.3.2. 1 General Functional Requirements-The LCRM System (with the
exception of the motor drives for the detectors and the calibration modules ) is safety-related because it
provides the information needed to minimize the potential for a criticality during ATR shutdown core
changes.


The LCRM does not provide any protection in the sense of causing any automatic actions that
ate any type of accident. It is used for monitoring only and satisfies a limiting condition for


operation (LCO).


7,6.3.2.2 Single Failure Criterion-The LCRM System consists of two redundant
channels, which are physically and electrically separate.


The LCRM System power supply is battery-backed and also backed up with a diesel generator. The
system, however, has common switchgear and wiring. The Battery-Backed Power System supplies power
to nonsafety-related loads that are not isolated from the safety-related loads. The LCRM does not meet
the single failure criterion.
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7.6.3.2. 3 Quality of Equipment--Components and modules are of a quality that is
consistent with minimum maintenance requirements and low failure rates. Quality levels are achieved
through the specification of requirements known to promote high quality, such as requirements for design,
for derating components, for manufacturing, quality control, inspection, calibration, and testing. See
Chapter 17 (Quality Assurance).


7.6.3.2 .4 Channel Integrity-The LCRM is essential for minimizing the potential for
a criticality during shutdown core changes. The system is designed to maintain the required functional
capability.


7.6.3.2. 5 Channel Independence-The two LCRM channels are physically
separated and electrically isolated from each other.


7.6.3.2. 6 Bypasses--The LCRM is not bypassed during core changes and is
normally placed in standby when the power reaches NL (0.01 NO during reactor operation.


7.6.3.2.7 Test and Calibration-Detailed operating and maintenance procedures
have been prepared to ensure that the LCRM is tested and calibrated correctly.


7.6.3.2 . 8 Maintenance-Routine maintenance is performed during reactor shutdown.
No online maintenance is permitted without administrative approval.


7.6.3.2. 9 Readout information-Readout information is provided by a recorder
located in the reactor control room. The reactor top log count rate meter has an adjustable high and low
setpoint to actuate an alarm. An increase in the counting rate during shutdown will activate the meter
alarm to wam reactor top personnel of a possible approach to criticality. The count rate is also audibly
indicated by a speaker. The reactor top log count rate meter is turned off during reactor operation.


In addition to the meter indication and recorder, annunciators are provided in the reactor control
room to alert the operators of the LCRM channel loss of power, count rate meter hi-lo alarms and the
channel standby mode.


7.6.4 Log -N Period System


The Log-N Period System provides an indication of reactor power from 10.1 NF to 10 NF, and also
of reactor periods from -30 seconds to +3 seconds. These ranges provide an indication of power
generation between criticality and full power. Only the Log-N portion of the system is safety- related and
is the means for indication for initial conditions (Depressurized Operation) for reactor power. For
depressurized operation, the indicated power is approximate as it is based on neutron density, not on
thermal power, with calibration settings based on experience. For pressurized operation, the instrument
settings are adjusted to thermal power (a calorimetric calibration ) at about one third the expected full
power level and then the Log-N power is adjusted.


The Log-N Period System is comprised of two parallel subsystems, each consisting of a
compensated ion chamber (CIC), CiC power supply, a Log-N amplifier, a Log-N recorder and a period
recorder.


To provide a means of adjusting the Log-N reading for variations in lobe power, an offset current is
injected into the dc amplifier. This offset current produces a period change, so a switch is provided to
inhibit period indication during offset adjustment. The offset is set such that the Log-N units indicate
approximately NL at 1 % of the planned full power for the operating cycle.
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The Log-N recorders receive signals from the Log-N amplifiers and are calibrated with a log scale
ranging from 0.00001 (10'' NF) to 1000 (10 NF). The recorders retransmit a signal to the RDAS and cause
the following actions to occur.


When the Log-N indication is less than 10'$ NF, then safety rod, neck shim and outer shim cylinder
withdrawal is restricted to intermittent and group neck shim withdrawal is permitted.


When the Log-N indication is greater than 10' 5 NF, continuous safety rod, neck shim and outer
shim cylinder withdrawal is permitted and group neck shim withdrawal is inhibited.


When the Log-N indication is greater than 10-3 NF, automatic withdrawal of the fission chambers is
initiated if they have not been previously moved to their outer limit. Transfer of reactor control from
"START" to "RUN" is permitted.


When the Log-N indication is greater than 3 NL, and the reactor control is still in "START", the
annunciator "POWER ABOVE 3 NL IN START" will activate. In addition, the "LCRM IN STANDBY"
annunciators are bypassed. The greater than 3 NL signal is also sent to the RDAS where it is used as an
input for constrained vs unconstrained lobe power calculations. If either Log-N is above 3 NL, the lobe
power display is constrained.


7.6.4.1 Design Basis


7.6.4.9 . 1 Applicable codes and Standards-The Log-N Period System was
designed and built to comply with applicable portions of the following standards. The version of each
standard, most current as of October 1, 1977, was used for instrumentation.


NFPA 70-1975 National Electric Code (National Fire Protection Association)


7.6.4.2 Analysis


7.6.4.2. 1 General Functional Requirements-The Log-N provides indication for
reactor power from 10'' NF to 10 Nr.


7.6.4.2.2 Single Failure Criterion-The Log-N Period System is not designed to a
single failure criterion. If the Log-N Period System should fail, the reactor can be shut down with no
ensuing damage to the reactor.


7.6.4.2.3 Quality of Equipment-Components and modules are of a quality that is
consistent with minimum maintenance requirements and low failure rates. Quality levels are achieved
through the specification of requirements known to promote high quality, such as requirements for design,
for derating components, for manufacturing, quality control, inspection, calibration, and testing. See
Chapter 17 (Quality Assurance).


7.6.4.2.4 Channel Integrity-The Log-N is essential for indication of power
generation between criticality and full power. The system is comprised of two identical channels or
subsystems which are designed to maintain the required functional capability.


7.6.4.2 . 5 Bypasses-The Log-N instrumentation is not bypassed.
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7.6.4.2 . 6 Test and Calibration-Detailed operating and maintenance procedures
have been prepared to ensure that the Log-N System is tested and calibrated correctly.


approval.
7.6.4.2. 7 Maintenance-No online maintenance is permitted without administrative


7.6.4.2 . 8 Readout Information-Readout information of reactor period and power
level is provided in the reactor control room on two Log-N recorders. The recorders re-transmit a signal to
the RDAS.


Besides the indication provided by the Log-N recorders and the RDAS, annunciators are provided
to alert the operators of Log-N trouble (caused by the removal of test block ITB-2, calibration switch in
the calibrate position, or a power supply failure) and one LOG-N test block removed indication when
either ITB-l or ITB-2 is removed.


7.6.5 Water Power Calculator System


The Water Power Calculator System using the flow and inlet and quadrant outlet temperature
provides an indication of the power generation in MW for both the total power and the four reactor
quadrants. The water power calculators calculate the powers and provide this information to recorders in
the reactor control room and to the RDAS. The RDAS in conjunction with input received from the N-16
System provides the lobe powers. The lobe powers are monitored to ensure that the operation is within the
limits established by the safety analysis.


The Water Power Calculator System consists of two safety-related subsystems, Water Power
Calculator I (WPC-1) and Water Power Calculator 2 (WPC-2). Both subsystems are typically
operational, but only one is providing data for power distribution and integrated power calculations. The
second subsystem is on standby- Each subsystem consists of four resistance temperature detector (RTD)
inputs for reactor inlet temperature, four RTD inputs for the reactor outlet temperature, one RTD input
from the total reactor outlet temperature, and four shared signals from the four quadrant flow transmitters.
From these input signals the water power calculators compute each quadrant water power and the total
reactor water power. The water power calculators also transmits signals to the reactor total recorder I
and 2. These recorders provided indication of total inlet and outlet temperature, total differential
temperature, total flow, and total water power. These signals are also transmitted to the RDAS.


The thermal power information can be read directly from the control room recorders or can be
obtained from the RDAS.
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7.6.5.1 Design Basis


7.6.5.1 . 1 Applicable codes and Standards-The Water Power Calculator System
was designed and built to comply with applicable portions of the following standards. The version of each
standard, most current as of October 1, 1989 was used for instrumentation.


NFPA 70-1986 National Electric Code (National Fire Protection Association)


The Contractor's Standards (Installation only)


STD-7027 Electrical and Electronic Fabrication


The Contractor's Specifications
Specification T-10 Water Power Computation System


7.6.5.2 Analysis


7.6.5.2. 1 General Functional Requirements-The Water Power Calculator
System provides the total reactor power and the power of the four quadrants to the RDAS. This input is
then used for the thermal power constraint of the reactor lobe powers.


7.6.5.2 .2 Single Failure Criterion-The Water Power Calculator System is not
designed to a single failure criterion. It does not provide an active control function. If both of the Water
Power Calculators should fail, the reactor can be shut down with no ensuing damage to the reactor.


7.6.5.2.3 Quality of EquipmentComponents and modules are of a quality that is
consistent with minimum maintenance requirements and low failure rates. Quality levels are achieved
through the specification of requirements known to promote high quality, such as requirements for design,
for derating components, for manufacturing, quality control, inspection, calibration, and testing. See
Chapter 17 (Quality Assurance).


7.6.5.2.4 Channel Integrity-The Water Power Calculator System is essential for
monitoring quadrant power and is designed to maintain the required functional capability.


7.6.5.2 . 5 Bypasses-The Water Power Calculator System is not bypassed during
reactor operation.


7.6.5.2 . 6 Test and Calibration-Detailed operating and maintenance procedures
have been prepared to ensure that the Water Power Calculator System is tested and calibrated correctly.


7.6.5.2 . 7 Maintenance-No online maintenance is required or permitted without
administrative approval.


7.6.5.2. 8 Readout information-Readout information is provided by the Water
Power Calculator System to recorders in the reactor control room and to the RDAS.


In addition, annunciators are provided to alert the operators of high quadrant power and high total
water power.
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7.6.6 Emergency Firewater Canal Makeup System


Maintaining the water level in the storage canal provides assurance that decay heat will be
adequately removed from the stored irradiated fuel elements, With proper heat removal, the cladding
integrity is ensured and fission products are retained within the fuel plates. The significant concern is
actuation of makeup to the storage portion of the canal to ensure inventory is maintained. The Emergency
Firewater Canal Makeup System has been selected as the primary makeup system and low pressure
demineralized water (LDW) make-up as the backup system to the irradiated fuel storage area.


The Emergency Firewater Canal Makeup System is a single instrument channel consisting of a
level transmitter, power supply, indicator alarm unit, calibration bypass key switch, a manual close
switch, valve open/close status lights (both valves), a calibration status light, and two control valves.
Once the system has actuated, a manual reset switch must be operated to return the system to a no flow
condition.


7,6.6.9 Design Basis


7.6.6.1.1 Applicable codes and Standards-The Emergency Firewater Canal
Makeup System was designed and built to comply with applicable portions of the following standards.
The version of each standard , most current as of January 1, 1996, was used for instrumentation.


NFPA 70-1995 National Electric Code (National Fire Protection Association)


The Contractor 's Standards (I nstallation only)


STD-7027 Electrical and Electronic Fabrication


7.6.6.2 Analysis


7.6.6.2 . 1 General Functional Requirements-The Emergency Firewater Canal
Makeup System provides the only direct indication of fire water flow into the fuel storage area.


7.6.6.2.2 Single Failure Criterion-The Emergency Firewater Canal Makeup
System is not designed to a single failure criterion.


7.6.6.2 . 3 Quality of Equipment-Components and modules are of a quality that is
consistent with minimum maintenance requirements and low failure rates. Quality levels are achieved
through the specification of requirements known to promote high quality, such as requirements for design,
for iterating components, for manufacturing, quality control, inspection, calibration, and testing. See
Chapter 17 (Quality Assurance).


7.6.6.2 .4 Channel Integrity-The Emergency Firewater Canal Makeup System is an
essential backup system for the LDW makeup line to the fuel storage area and is designed to maintain the
required functional capability.


7.6.6.2 . 5 Bypasses-A Calibration Bypass key switch is provided to allow checking
and setting the low level alarm trip module without actuating the fire water injection valves. This switch
is administratively controlled by an operating/calibration procedure and the shift supervisor has control
over the Calibration Bypass key for the switch. In addition, the key cannot be removed from the switch
while in the calibration position. A red light flashes at the local control panel whenever the key switch is
in the calibration (bypass) mode.
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7.6.6.2 . 6 Test and Calibration-Detailed operating and maintenance procedures
have been prepared to ensure that the Emergency Firewater Canal Makeup System is tested and calibrated
correctly.


approval.
7.6.6.2 . 7 Maintenance-No online maintenance is permitted without administrative


7.6.6.2.8 Readout Information-There is no readout information provided in the
reactor control room. The operators will be alerted by an annunciator in the reactor control room when the
Emergency Firewater Canal Makeup System has actuated. An alarm is also actuated on the Console
Display System.


7.6.7 Emergency Pump 670-M -10 and 670-M - 11 Hardwired Auto Start


The Emergency Pump 670-M-10 and 670-M-1 l Hardwired Auto Stan controls are designed to start
the standby emergency pump on low recirculation flow. Low recirculation flow occurs when the running
emergency pump stops. The control circuitry will also start both emergency pumps (670-M-10 and
670-M- 1 1) on loss of power to all four primary coolant pumps.


The safety function of the two safety- related emergency pumps 670-M- 10 and 670-M-1I is to
provide forced flow core cooling following reactor scram when primary coolant pumps are not operating.


7.6.7.1 Design Basis


7.6.7.1 . 1 Applicable Codes and Standards-The Emergency Pump 670-M-10
and 670-M-1 I Hardwired Auto Start controls are designed and built using as guidance the following
standards. The version of each standard, most current as of January 1, 1997 was used.


Codes and Standards:
National Fire Protection Association (NFPA)


NFPA 70 National Electric Code (National Fire Protection Association)
Institute of Electrical and Electronics Engineers (IEEE)


IEEE 279 Criteria for Protection Systems for Nuclear Power Generating Stations
IEEE 344 Recommended Practices for Seismic Qualification of Class IE Equipment for Nuclear Power
Generating Stations


7.6.7.2 Analysis


7.6.7.2. 1 General Functional Requirements-The Emergency Pump 670-M-10
and 670-M-1 I Hardwired Auto Stan controls will start the standby emergency pump on loss of power to
the four primary coolant pumps. Auto Start will also take place on low recirculation now separate from
the DCS Auto Start circuitry.


7.6.7.2.2 Single Failure Criterion-The Emergency Pump 670-M-10 and 670-M-1)
Hardwired Auto Stan control circuitry is designed to fail in a safe condition The analysis performed on
the design of the control circuitry determined that design meets the DOE standard for natural phenomena
hazards (Thatcher 1997). The recirculation flow auto start feature is designed to start the standby
emergency pump on loss of control power or severing of the transmitter impulse lines.
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7.6.7.2.3 Quality of Equipment-Components and modules are of a quality that is
consistent with minimum maintenance requirements and low failure rates. Quality levels are achieved
through the specification of requirements known to promote high quality, such as requirements for design,
for derating components, for manufacturing, quality control, inspection, calibration, and testing. See
Chapter 17 (Quality Assurance).


7.6.7.2.4 Bypasses-There are no bypasses used in the Emergency Pump 670-M-10
and 670-M-1 I Hardwired Auto Start control circuitry.


7.6.7.2.5 Test and Calibration-Detailed operating and maintenance procedures
have been prepared to ensure that the Emergency Pump 670-M-10 and 670-M-1 I Hardwired Auto Start
control circuitry is tested and calibrated correctly.


approval.
7.6.7.2. 6 Maintenance-No online maintenance is permitted without administrative


7.6.7.2. 7 Readout Information-There is no readout information in the reactor
control room. Flow information is provided by the flow indication switches.


Figure 7,6-1. ATR Reactor Data System block diagram (simplified). ( For Information Only)
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Figure 7 6-2. N-16 flow system (typical channel). ( For Information Only)
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7.7 Systems Not Required for Safety


This section includes a description of those instrumentation and control systems that are not
required for safety. Instrumentation and control systems not required for safety are systems that are not
relied upon in the safety analysis for mitigating design basis events. These systems include normal reactor
control, process control (e.g., PCS temperature, mass flow rate, chemistry, and secondary coolant system
flow rate), and the Surveillance and Test System.


7.7.1 Reactor Control


Control methods and the philosophy adopted for the design of the ATR instrumentation are based
on providing a high integrity system capable of controlling the facility in a safe manner for all required
modes of operation. The several unique design features of the ATR that improve experiment performance
also influence the instrumentation design (deBoisblanc and Cohen 1965, Section VII-1). These features
include:


• Flux trapping to peak the thermal flux in the experiment area and also to isolate the experiment
from flux variation in the fuel region


• Undisturbed axial flux distribution caused by control rod motion during a cycle


• Lobe power shift and control capability during a cycle


• A large fraction of core neutrons retained by the reflector.


ATR reactor control is based on the capability of producing and maintaining a power shift among
the various lobes and maintaining the reactor power level variation to less than ± 1/2% of full power
throughout the cycle. The control system is designed to provide interlocks and graded corrective action to
minimize safety system actions.


The ATR control system enables the operator to maintain the proper power level and power
distribution among the core lobes. It can automatically compensate for average core reactivity changes
due to fuel bumup, fission-product formation, depletion of burnable poison, and other sources of
reactivity perturbation. Automatic control maintains reactor power variation to less than ± 1/2% of full
power. Primary reactor control is achieved through hafnium control shims in the neck and reflector
regions of the reactor core (deBoisblanc and Cohen 1965, Section VII-3).


7.7.1.1 Outer Shim Control Cylinder. The Outer Shim Control Cylinders (OSCCs) are
used for reactivity shimming and flux shifting. These cylinders, operating in pairs, are manually selected
and controlled by the reactor operator. These control elements may be operated as a group, containing any
number of pairs from one to eight whenever the withdrawal permissives are met. All elements fully insert
automatically after a 25 minute time delay following a scram. A reverse will insert all elements until the
signal clears (deBoisblanc and Cohen 1965, Section VII-3). In addition to normal reactor control, the
OSCC serves as a backup for reactor shutdown if the safety rods fail to insert. The OSCC is, therefore, a
safety-related system. (See Section 7.4 for additional information.)
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7.7.1.2 Neck Shim Control Rods. The neck shim rods provide for reactivity shimming
and, to a lesser degree, flux shifting. Neck shim rods can be withdrawn only under manual control, either
individually or as a group of any number, below IO'S NF. When the reactor is above 10'5 NF, withdrawal is
limited to one rod at a time. The neck shim control rods will fully insert automatically after a 25 minute
time delay following a scram. A reverse will automatically insert the neck shims until the signal clears
(deBoisblanc and Cohen 1965, Volume 1, Section VII-3).


7.7.1.3 Regulating Rod Servo Control System. The Regulating Rod Servo Control
System is designed to maintain reactor power at any operator requested setpoint between 1% (NL) and
100% (NA). Automatic control is achieved with an ion chamber measuring reactor power, and a
closed-loop control system that positions a regulating rod to maintain the desired power level. There are
two complete, independent control channels: one is typically in standby to minimize downtime due to
control system failures. Both Regulating Rod Servo Control System channels are designed to prevent
uncontrolled reactor power increases in the event of drive motorlbrake failure.


The Regulating Rod Servo Control System automatically regulates reactor power over long periods
of time, and provides manual control of the two regulating rods. A basic block diagram of one channel of
the control system is shown in Figure 7.7-1.


Manual control of the Regulating Rod Servo Control System is achieved by using an inner loop
consisting of a synchro-based measurement of the Regulating Rod Servo Control System rod position
through a synchroldigita) converter, which then provides the basis for the controller to compute command
data for the motor driver.


The two control channels are separate and independent. Each has its own controller, transducers,
Regulating Rod Servo Control System, ac power sources, and other associated equipment. The channels
are also physically separated to the extent practical, minimizing the likelihood of common mode failures.
Should one channel fail, the event is annunciated and/or displayed to the operator, and a manual transfer
to the remaining channel can be done rapidly and conveniently. Each controller has a substantial amount
of online failure detection capability (EG&G Idaho 1984).


7.7.1.4 Control Power Reduction System. The ATR Control Power Reduction System
(CPRS) consists of monitoring channel and actuating circuits, which provide control power reduction and
alarms. These functions complement the capabilities of the Plant Protective System (PPS) and enhance
the ability of the reactor operator to maintain reactor and plant conditions within desired limits without
invoking PPS action.


See Figure 7.7-2 for a circuit diagram of the Control Power Reduction System.


7.7.1.4.1 Scrams-The ATR's normal shutdown procedure is either to use the manual
scram or manual reverse depending on programmatic requirement. Automatic scrams occur from the ATR
PPS. When an automatic scram occurs, the rod clutch coil controllers (RCCCs) release the safety rods and
a signal from the RCCCs interfaces with the Control Power Reductions System which actuates rod
permissive interlock functions. Scrams are reactor shutdowns caused by a release and drop of the safety
rods. Unlike power reactors, scrams in the ATR do not cause any significant stress on reactor
components, or any significant pressure or temperature disturbance.
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7.7.1.4.2 Reverse-A reverse is the simultaneous, motor-driven insertion of all neck
shim rods and OSCCs. Insertion of the shim rods will continue until the reverse signal clears or until the
shim rods reach the inner (lower) limit. A reverse also causes the in-service regulating rod to revert to the
MANUAL mode, but does not insert the regulating rod.


The following conditions can cause a reverse:


• Reverse timers (25 minutes after a scram if all safety rods are not fully withdrawn to their upper
limit).


+ X-Y bus undervoltage (Regulating rod stays in auto, the OSCCs and neck shims insert, no reverse
annunciator).


• Five-second period.


• Loss of Permissive Bus (Key Off).


• Setback converts to reverse if reactor is < NL or regulating rod is not in AUTO.


• Emergency reverse backup (Emergency buttons in Room 101).


• One or more neck shim rods off lower limit switches and simultaneously pulling a safety rod or
outer shim cylinder shutdown test block.


• One or more safety rods off lower limit switches and simultaneously pulling a neck shim or outer
shim cylinder shutdown test block.


• One or more outer shim cylinders off inner limit switches and simultaneously pulling a safety rod
or neck shim rod shutdown test block.


7.7.1.4.3 Setback-A setback is the lowering of the servo control system power
demand setpoint at a controlled rate. A slow setback will lower the power demand setpoint from NF (ft]]
requested power) to 0.01 NF in 480 seconds, while a fast setback takes only 90 seconds to reduce power.


The following conditions will cause a slow setback:


Selected experiment parameters, such as, specimen temperature, inpile tube temperature difference,
and inpile tube outlet temperature


Inlet temperature (after 10 second time delay)


Quadrant water power (which exceeds 1.1 NF) (after 10 second time delay)


Neutron level (which exceeds 1.07 NF on the recorders) (after 10 second time delay)
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7.7.1.5 Plant Control System interlocks and Permissive Circuits . The reactor control
circuitry is the link between the Reactor Operator and control mechanisms within the reactor. This
circuitry performs The automatic control, safety, and interlock functions required by the design
philosophy. The major features of ATR control design philosophy areas are as follows:


• The reactor will always be maintained in a safe condition. It is not allowed to begin startup until all
necessary instruments are functioning properly.


• Moving any safety or shim rod in a direction that raises power requires deliberate conscious effort
of the Reactor Operator.


• Instruments that initiate important power reductions are duplicated; that is, redundant circuitry is
employed.


• If a power reduction is initiated, it will be allowed to continue until the cause is cleared. At the
same time, all circuits that could interfere are locked out. This circuit design guarantees that power
will be reduced whenever demanded.


• Three independent circuits are installed for each RSStESF signal.


• RSS/ESF instrumentation is used to increase reliability.


• The use of safety circuits for any function other than safety is forbidden.


• The control rod withdrawal speeds are chosen to ensure protection against a startup accident.


• Criticality will not be achieved during safety rod withdrawal until all safety rods are in their
uppermost positions.


• The criterion for insuring against damage to the ATR involves preventing the hot spot in the fuel
element from reaching within three standard deviations of the critical heat flux (CHF) or flow
instability for normal operation and anticipated events.


Figures 7.7-3 through 7.7-6 are block diagrams of the ATR Control Permissive System.
Figure 7.7-3 is an overall high-level logic diagram of the ATR Reactor Control Permissive System. This
system comprises several systems, each one having a particular function. The following figures show
each system within the ATR Reactor Control Permissive System in more detail:


Safety Rod Permissive System are shown in Figure 7.7-4.


Regulating Rod Permissive System are shown in Figure 7.7-5.


Neckshim Rod Permissive System are shown in Figure 7.7-6.


7.7.1.6 Analysis. The ATR is designed with a four-leaf clover arrangement of plate-type fuel
elements in order to obtain flux traps for experiment irradiations. In addition, the ATR design
incorporates a combination of revolving shim drums, Outer Shim Control Cylinders (OSCCs) outside the
fueled area with the capability of providing different power levels for different parts of the core. Each
lobe can have a different power within the control capabilities of the OSCCs and neck shim rods.
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The coolant through the core is divided in the flow distribution tank into separate quadrants, one
beneath each inner lobe. The center lobe coolant divides into each of the flow quadrants. Therefore,
coolant temperature can be different in each outlet quadrant depending upon the lobe powers. Total
reactor power is maintained at a desired value by the regulating rod. The distribution of the power
between the lobes is controlled by the OSCCs and the neck shim rods.


The reactor can be shut down to a subcritical level by inserting the safety rods, which are fully
withdrawn from the core before power operation. A trip signal to the safety rod subsystem releases the
safety rods in 22 msec. The safety rods will drop 12 in. into the core and effectively terminate power
operation within 150 msec (three-pump operation) or 170 msec (two-pump operation) after a trip signal.


The plant control system will prevent the reactor from operating in an undesirable condition.
However, if an unsafe condition is reached, the reactor will be protected by the Reactor Shutdown
System. The description and analysis of this protection is covered in Section 7.2. Worst case failure
modes of the plant control systems are postulated in the analysis of off-design operational transients and
accidents, which are covered in Chapter 15 (Accident Analyses).


7.7.2 Plant Control


Normal plant control is divided into two functions: reactor control and process control. Reactor
control consists of controlling and monitoring the reactor power and power tilt or the azimuthal power
distribution, also called power shift or division. Control is achieved through monitoring and controlling
the safety rods, neck shims, regulating rods, and OSCCs. Reactor control is discussed in Section 7.7.1.
Process control consist of controlling all plant processes excluding the experiment loops. Process control
includes monitoring and controlling primary coolant pressure and flow rate, primary coolant pumps
(on/off), emergency coolant pumps (on/off), primary coolant temperature, secondary coolant temperature
and flow rate, and cooling tower fan speeds. Both reactor and plant processes are controlled from the
reactor control room,


no major furnishings in the reactor control room are upright panels, the operator's console, and
the shift manager's station. Mounted on the upright panels are annunciator panels and primary
instrumentation required to control the reactor and to mitigate off-normal occurrences. Mounted on the
console are the reactor controls, console display monitors, and the process control Distributed Control
System (DCS) workstations. The shift supervisor's station has a DCS workstation and a display monitor
with the same capabilities as the console display monitors. The console displays can display most
information available on the upright panels plus access to the information collected and processed by the
RDAS.


The DCS is a modularized integrated and distributed system that is the operators' primary interface
with process control and monitoring. Any workstation can monitor and effect control of any plant
process. Monitoring and control are accomplished through display screens such as menus and mimics.
Operator interface to DCS is by means of a keyboard, a mouse, or a similar device. The DCS is a
redundant system with multiple accesses and fully backed-up control processing units, The DCS control
processing units are powered from an uninterruptible power supply. DCS also has a workstation in
room 121; this workstation is generally used only to monitor processes. The DCS consists of two
workstations: one powered by diesel-commercial, the other from an uninterruptible power supply.
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7.7.3 Log-N Period


The safety related portion of the Log-N Period System is discussed in Section 7.6.4. The period
portion of the Log-N Period System provides an indication of reactor periods from -30 seconds to
+3 seconds. The period portion of the Log-N Period System does not perform a safety function.


7.7.4 Su rveillance and Test System


The Plant Protective System (PPS) Surveillance and Test System (SATS) provides real-time,
online testing, surveillance, and fault diagnosis of the PPS comparator or contact -to-logic level conve rter
(CLLC) modules, two-out-of-three logic modules , division logic modules , the reactor mode selector
switch position status, and the Rod Clutch Coil Controllers (RCCC) logic circuitry to ensure safe
operation of the ATR. The SATS also performs a self diagnostic test. The su rveillance and test functions
are performed by the SATS in a real-time multiprogramming environment.


The SATS computer and remote terminal are located in a room adjacent to the four PPS rooms A,
B, C, and D . The computer communicates with a PPS interface logic with electrical isolation devices.


The SATS and PPS are tested periodically to determine whether SATS and the PPS is operable; if
not operable, faulty SATS cards or PPS modules are identified. The SATS injects programmed signals
into the PPS logic and monitors the PPS response to the stimuli, The testing is initiated in a fashion that
protective function trips are verified to be operational but will not cause a reactor trip or protective
function. This allows testing during reactor operations. (See Sections 7.2 and 7.3 for points of injection.)
In addition, upon request, the SATS monitors PPS status to observe actual levels and logic states,
temporarily storing the values of all monitored parameters. Manual transfer of data may be initiated by
operator demand as desired.


SATS performs the following tests:


Initial Status Tests-These tests determine which mode the reactor is operating in and run self-tests
to ensure SATS is operating properly. Initial analog data is also collected and stored from PPS for
other tests performed . Interchannel comparison checks are done.


• Instrument Subsystem Tests-These tests check the analog comparator trip points and the
operability of both the analog comparator and the contact to logic level convert er (CLLCs). The
tests also ensure that when a channel trip is actuated , it is seen by a ll two-out -of-three logic
modules.


Logic Tests-These tests check all combinations of trip/resets to the two-out-of-three logic
modules, division logic modules, and the Rod Clutch Coil Controller amplifiers to ensure proper
operation.


Final Status Tests-Similar to the initial status test, these tests also perform initial and final data
comparisons to ensure that tolerances are within specifications.


Test Result Display-This display confirms that no PPS Or SATS errors were detected; or if a
problem was detected, it identifies the problem area.


• Manual Testing-Should the auto sequence become inoperative, manual cheeks of the PPS can be
performed.
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The SATS testing does not inhib
shutdown , nor does it contribute to the
SATS power, loss of any or all signals


he ability of the PPS to respond to an event that requires reactor
tiation of reactor shutdown. This includes partial or total loss of
thin SATS, or disconnection of any or all SATS interconnection


cables. The PPS logic and the interface logic between the PPS and the SATS remote terminal have been
designed to meet these design requirements . The SATS remote terminal , operating software, and user-
wri tt en test procedures will not decrease PPS functional integrity.


7.7.4.1 Analysis. The SATS is not safety -related because its essential surveillance functions
can be done manually.


7.7.5 In-Vessel Post Accident Monitoring System


The ATR In-Vessel Post Accident Monitoring System (IVPAMS) is designed to monitor and log
data from selected plant parameters and display this information in the TRA Emergency Command
Center (ECC) for use by the TRA Emergency Response Team. The selected parameters are:


• Primary Coolant System Emergency Flow


• Emergency Firewater Injection Flow


• Building Water Level-Piping System


• Building Water Level-Heat Exchange Room


• Canal Water Level


• Primary coolant Level


• Reactor Power, Log-N


• Primary Coolant System Inlet Pressure


• Primary Coolant System Outlet Pressure


• Level Probe Heater Current


• Level Probe Heater Voltage


• Safety Relief Valve Lower Drain Temperature


• Safety Relief Valve SF-A-71 Outlet Temperature


• Safety Relief Valve SF-A-72 Outlet Temperature


+ Safety Relief Valve Ambient Temperature


• Reactor Vessel Upper Plenum Temperature.


The individual IVPAMS instruments provide input to the Data Acquisition and Display System and
are located within the ATR confinement boundary. These instruments are designed to be able to remain
operable and to withstand plant accident environmental conditions during and for 72 hours following an
accident. Besides remaining operable during possible reactor accidents, the instruments are designed and
installed to withstand a Safe Shutdown Earthquake.
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The IVPAMS Data Acquisition and Display System is located outside the ATR confinement
boundary and consists of the main data acquisition and display located in the Counting Room of
TRA-670 and a network display and data storage installed in the ECC (TRA-680). The system gathers,
stores, and displays data needed to analyze plant conditions. The system operates independent of action in
the reactor control room and plant functions. The IVPAMS Data Acquisition and Display System is
designed for reliability but does not meet single failure or seismic qualification requirements. The system
utilizes electrical isolation devices for any signals coming from existing plant instrumentation. The
system is designed so that circuit transients or power failures and fluctuations will not cause any stored
data vital to the IVPAMS functions to be lost. A backup power source and uninterruptible power supply
(UPS) maintains continuity of the 1VPAMS functions should the loss of primary power occur.


7.7.6 Neutron Level Channel No. 8


The southwest neutron level channel No. 8 (Non-PPS) provides monitoring of neutron flux over a
reactor power range of 10 ° to 1.5 N. This channel monitors the southwest lobe and has three ranges. The
channel incorporates an adjustable intermediate gain step with a minimum gain range of I to 2 nominal
full power. This intermediate gain step will be initiated following a power reduction to the range change
used setpoint while operating in the nominal full-power range. The neutron level channel incorporates a
100 gain step (100 times normal full power gain) used for depressurized operation. This 100 gain change
for depressurized operation is accomplished by the PPS Channel C mode select switch when placed in the
DEPRESSURIZED position. The NORMAL and INTERMEDIATE range is displayed by indicator lights
in the reactor control room.


The southwest neutron level channel No. 8 does not perform a safety-related function, but has a
slow set back protective function.







Idaho National Engineering and Environmental Laborr 412.09 (09/O22002 - Rev. 7}


CHAPTER 7 - INSTRUMENTATIO kD Identifier: SAR-153
CONTROLS - UPGRADED FINAL SAFETY Revision: 12


ANALYSIS REPORT FOR THE ADVANCED TEST Page: 7-132 of 7-140
REACTOR Effective Date: 01/22/05


CHANNEL 2
CONTROLLER


CONTROL
PANEL


RECORDER


D POSITION


ERROR


SHUTDOWN
FREQUENCY TO VOLTAGE
VOLTAGE TO FREOUENCY
VOLOCI Ty
REACTOR DATA


TION SYSTEM


CONTROLLER VOTCRRAKE
INTERFACE 1NTERBACE


DA5


ROD P051TIDN


R


TOR POWER


DEMAND POWER


STATUS


DEMAND


V/F, F/V j V/P, F/V MOTOR
CONVRTEIR MOTOR CURREN CNVERT k


DRIVE


CHANNEL 1
CONTROLLER


DRIVER STATUS


REMOTE 5/D


BREAK UNLOCK


5 NCHRD
01C4TAL


CONVER ER


POWER
SUPPLY


P


ION
CHAMBER


PULSER


BREAK
DRIVER


POSITION
[WICATOR


REIACTOP
REG
ROD


RACK
AND


PINION
ROD
DRIVE


SYNCHRO


AC2053


Figure 7.7-1. Regulating Rod Servo Control System. ( For Information Only)
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Figure 7.7-2. Control Power Reduction System. ( For Information Only)
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Figure 7.7-3, ATR Reactor Control Permissive System . (For Information Only)
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Figure 7,7-4, ATR Safety Rod Permissive System. ( For Information Only)
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Figure 7.7-5. Regulating Rod Permissive System. ( For Information Only)
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Figure 7.7-6. ATR Neck Shim Rod Permissive System. (For Information Only)
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I


ELECTRIC POWER


8.1 Introduction


The Advanced Test Reactor (ATR) electric power distribution system is designed to provide at
least two power sources to equipment important for operation and orderly shutdown of the plant. During
reactor operation, ac power for electrical loads is provided by diverse offsite commercial power and
onsite diesel generator power sources.


The TRA offsite and a majority of the TRA onsite power sources are not safety-related. The TRA
onsite safety-related power sources are the Battery-Backed Power (BBP) Systems, part of the Diesel
system, and part of the Diesel-Commercial system. Normal power sources to safety-related electrical
loads are backed up by either battery-backed uninterruptible power supplies (UPS) or a diesel generator.


The ATR power-distribution system consists of eight systems which can be divided into three
non-safety -related power sources and five safety- related power sources:


NON-SAFETY-RELATED POWER SOURCES


I. Commercial power (4,160/480/208/120-Vac buses)


2. Diesel power (4160148/208/120-Vac buses)


3. Diesel-commercial power (4801208'1120-Vac buses)


SAFETY-RELATED POWER SOURCES


4. Battery-backed 250-Vdc and 208/120-Vac power (instrument)


5. Battery-backed 250-Vdc and 208/120-Vac power (utility)


6. Battery-backed 32-Vdc power [Plant Protective System (PPS)1.


7. Diesel power (4160/480-Vac bus)'


8. Diesel-commercial power (480-Vac bus)'


8.1.1 Commercial Power


Commercial electric power for the Idaho National Engineering and Environmental Laboratory
(INEEL) is supplied from the Northwest Power Pool. Three 230-kV lines, one each from Utah Power and
Light Company, Montana Power and Light Corporation, and Idaho Power Company, feed into the
Antelope Substation near the Central Facilities Area (CFA). Transformers in the Antelope Substation
change the voltage level from 230-kV to 138-kV used at the INEEL. From the Antelope Substation, two
138-kV lines feed into the Scoville Substation located at CFA. From the Scoville Substation, a 138-kV
loop is used to furnish power to the INEEL substations. The 138-kV loop from the Scoville Substation
extends to the Idaho Nuclear Technology and Engineering Center (INTEL), Test Reactor Area (TRA),
Naval Reactors Facility (NRF), Test Area North (TAN), Experimental Breeder Reactor II (EBR-II), and
Power Burst Facility (PBF) substations, and then returns to Scoville,


'. For the safety related pans of these systems, see Chapter 3A.
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At the TRA Substation, 138-kV is reduced to 13.8-kV for distribution to the Advanced Test
Reactor (ATR) and the Engineering Test Reactor (ETR). The 13.8-kV commercial power is supplied to
ATR and ETR from two 20,000-kVA 138/13.8-kV transformers. Attached to the secondary (13.8-kVac
side) of these two transformers are four power feeds, two for ATR and two for ETR. Figure 8.1-1 shows a
simplified diagram of the commercial power distribution from the TRA Substation to the ATR and ETR
commercial power buses.


From the two sets of 13.8-kV switchgear, power is supplied to the primary side of 13.8/4.16-kVac
transformers. The 4,160-Vac system supplies power to two power buses (A and B) which provide the
onsite commercial power for ATR. For the majority of the plant systems which operate on 480-Vac, 208-
Vac, or 120-Vac, there are three transformers that change the 4160-Vac to 480-Vac to supply various
motor control centers (MCC). These 480-Vac MCCs supply power for motors rated at less than 125 hp; to
other MCCs; and to experiments power panels. From the 480-Vac MCC, power is distributed to lighting
and other transformers, which reduce the voltage to 208/120-Vac


8.1.2 Diesel Power


Diesel power is provided by one of three 1,500 kW diesel generators. One diesel generator
provides power to a 4,160-Vac diesel bus during reactor operation and for a limited time (that is, until the
required fuel element cooling time is satisfied) following reactor shutdown. The auto-start diesel
generator (674-M-6) is normally in the standby mode (if not supplying the diesel bus) and will
automatically start if normal power to the diesel-powered bus is lost. The remaining diesel generator can
either be placed in standby or taken off-line for maintenance, depending on operating needs. The diesel
power system allows an orderly shutdown of the ATR facility in the event of a loss of commercial power.
The use of a running diesel generator differs from most commercial nuclear power plants, where the
diesel generators are kept in standby and must start under emergency conditions.


8.1.3 Diesel-Commercial Power


The diesel-commercial MCC can be energized from either the 480-Vac diesel bus (670-E-9) or the
480-Vac commercial bus B (670-E-7). If a power outage should occur, the selected source of power will
automatically be transferred to the alternate source. When the selected power source is restored, the MCC
will automatically be transferred back to the selected bus.


The purpose of the diesel-commercial system is to have a reliable source of 480-Vac and
208/120-Vac power for certain important plant loads, including the normal power source for a portion of
the PPS, outer shim control cylinder (OSCC) drives, and emergency pump 670-M-10.


8.1.4 Non-PPS Battery-Backed Power Systems


The non-PPS battery-backed power (BBP) systems are the instrument BBP system and the utility
BBP system. The function of these BBP systems is to supply uninterruptible power to selected dc and ac
loads. Both BBP systems are similar in design and are composed of four major components:
(a) uninterruptible power supply (UPS), (b) dc power control center panel, (c) battery bank, and (d) an ac
power panel. Both BBP systems are supported by a reserve ac power system, a local display panel, and a
common, shared backup battery charger. The BBP systems are relied upon to supply power to certain
safety-related systems and components in the event of loss of the normal power sources.
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Commercial 480-Vac power feeds the UPS. A rectifier in the UPS converts the 480-Vac to
250-Vdc, which is distributed to the dc power control center and to an inverter in the UPS. The inverter
converts the 250-Vdc to 208/120-Vac, which is the output to the ac power panel. The dc power supplied
to the dc power control center is distributed to the dc loads and maintains a charge on the battery banks.


The BBP systems each have two power inputs. The primary input from commercial by 670-E-7
(utility) and commercial bus 670-E-11 (instrument) powers an ac to dc power converter which provides
power to dc power control center panels (670-E-23 utility and 670-E-26 instrument). The second input is
connected to the reserve power input of the UPS. The reserve power for the utility UPS comes from diesel
bus 670-E-9. The utility UPS provides the reserve power for the instrument UPS. Both the instrument and
utility UPS have circuit breakers that connect this reserve power source directly to the UPS 208/120-Vac
output bypassing the internal UPS static switch.


8.1.5 32-Vdc PPS Batte ry-Backed Power System


The PPS battery-hacked power system supplies uninterruptible 32-Vdc for the PPS instrumentation
and controls. The PPS BBP system is composed of four separate and isolated systems, each system
(consisting of a battery charger, a battery, and a distribution panel), supplying 32-Vdc power to (a) the
various instrument channels and logic equipment composing the Reactor Shutdown System (RSS), and
(b) to actuation systems for the Engineered Safety Features (ESF). The PPS BBP is supplied power from
480-Vac MCCs through 4801120-Vac transformers and battery chargers. The charge on the battery banks
is continuously maintained. The PPS BBP system supplies 32-Vdc power to safety-related systems.


8.1.6 Safety - Related Loads


The BBP instrument and utility system loads are listed in Tables 8.1-1 and 8.1-2. The safety-related
loads are denoted in each table. The BBP instrument and utility systems supply the power required (a) to
support shut down of the ATR and (b) to remove the decay beat.


The PPS BBP distribution panels supply power to the various instrument channels and logic
equipment composing the RSS, and to actuation systems for the ESF. The PPS BBP system loads are
listed in Table 8.1-3. All of the PPS BBP electrical loads are safety-related.


The analysis of the low flow events in the updated accident analysis requires the operation of one
emergency pump (either 670-M-10 or 670-M-11) for at least 30 minutes following power operation if
operation of the primary pumps is lost. The emergency pumps 670-M-10 and 670-M-11 and their
associated power supplies are safety-related.


The utility BBP system provides the safety-related power for 670-M-11 emergency pump via
250 volt dc power control panel 670-E-23. The power supplied from the 674-M-6 diesel to the 670-M-10
emergency pump is safety-related.


The master list of safety-related equipment is in UFSAR Chapter 3 (Design of Structures,
Components, Equipment, and Systems).
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8.1.7 Design Bases


The safety-related functional requirement for the 670-M-10 and 670-M-1I power sources, the
meet and the utility BBP systems, and PPS BBP system is to supply uninterruptible power to their


safety-related electrical loads until the safety function of the load is no longer required. The
battery-backed safety-related electrical loads are listed in Tables 8.1-1, 8.1-2, and 8.1-3.


8.1.8 Design Criteria, Regulatory Guides , Codes, and Standards


8.1.8.1 General Design Criteria . The following list is the set of ATR General Design
Criteria (GDC) that applies to electric-power systems. UFSAR Chapter 3 (Design of Structures,
Components, Equipment, and Systems) discusses the application of the GDC to the ATR.


• GDC 2, Design Bases for Protection Against Natural Phenomena


• GDC 4, Environmental and Missile Design Basis


• GDC 5, Sharing of Structures, Systems, and Components


• GDC 17, Electric Power Systems


• GDC 18, Inspection and Testing of Electric Power Systems.


8.1.8.2 Design Regulatory Guides, Codes, and Standards . Design and installation of
the safety-related electrical systems were completed in some cases as part of the original construction.
Some systems (or parts of systems) have been added or upgraded since the initial operation of the ATR.
In all cases, the systems were designed using standards applicable at the time. Many of the components
included within the boundaries are original-equipment design and may not meet current requirements for
new installations. However, the systems being addressed are mature and have a considerable operating
history that demonstrates reliability consistent with the assumptions of the safety analysis. Surveillance,
inspection, and maintenance programs for these systems ensure reliability.


Applicable sections of the following regulations, codes, and standards apply to the design,
fabrication, and installation of the above systems. Unless otherwise stated, the edition in effect as of the
date of this document applies.


Code of Federal Regulations


29 CFR 1910, Subpart S Design Safety Standards for Electrical Systems [parts 303, 304, 306(e),
308(b), and 399 (applicable definitions)


American National Standards Institute/American Society of Mechanical Ena'sneers


NQA-1 Quality Assurance Requirements for Nuclear Facili
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IEEE 450 Recommended Practice for Maintenance, Testing, and Replacement of Large
Lead Storage Batteries for Generating Stations and Substations (IEEE 1987a)


IEEE 484 Recommended Practice for Installation Design, and Installation of Large Lead
Storage Batteries for Generating Stations and Substations (IEEE 1987b)


IEEE 485 Recommended Practice for Sizing Large Lead Storage Batteries for Generating
Stations and Substations (IEEE 1983)


National Fire Protection Association (NFPA)


NFPA 70 National Electrical Code


The Contractor


LMITCO-STD-7006


EG&G-STD-7022A


INEEL-STD-I 111


Marking Methods for Equipment, Components, and Materials
(LMITCO 1998)


Cleanliness Acceptance Levels for Nuclear or Non-Nuclear Service
Components (EG&G Idaho 1984)


Electronic Workmanship Standard (INEEL 2003)


8.1.9 Redundant , Diverse, and Independent Features


The following redundant features exist in the ATR electric power system:


Three feed lines form the commercial power grid to the INEEL (Antelope Substation ). Two feed
lines form the 138-kV Scoville Substation Loop, and two feed lines from the Loop supply the TRA
Substation.


• Any one of three diesel generators can supply the 4,160-Vac loads normally supplied from diesel
bus 670-E-3.


• Motors for the following equipment may be energized from either commercial or diesel power, as
selected manually for each motor:


Prima ry pressurizing pumps M-14 and M-15


HDW circulation pumps M-35 and M-36


Primary gland seal pumps M-40 and M-41


Standard experiment pressurized-water -loop primary circulating pumps.


Diesel-commercial 480-Vac MCC E-15 can be supplied from either diesel or commercial power
through an automatic transfer switch.
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• Diesel generators 670-M-42 and 670-M-43 share a day tank separate from the main fuel supply to'
support short-term operation. Diesel generator 674-M-6 has a second day tank separate from the
main fuel supply to support short-term operation.


• The design of the BBP instrument and utility systems uses separate battery banks to power the
instrument and utility UPS inverters.


• The utility BBP system has the capacity to supply all ac loads connected to both the utility and
instrument systems during a loss of diesel and commercial power.


• The switchgear control power can be supplied by the utility or instrument BBP System.


The following features of the ATR electric power system reduce the degree of redundancy and
independence that otherwise might exist:


0


8.1.10 Analysis


Although the ATR electric power system lacks the redundancy and independence that is commonly
found in commercial nuclear power plants, ATR retains capabilities to accomplish the safety functions of
reactor shutdown, decay-heat removal, primary coolant inventory control, and confinement isolation
following a loss of electrical power. The capabilities of ATR systems to accomplish their safety functions
in the event of loss of electrical power are discussed in more detail in the remaining sections of this
chapter.



HOILAE

Text Box

FOIA Exemption 3 UCNI, Exemption 7f -- potential vulnerabilities of electrical system
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Table $.1- 1. Instrument battery-backed power system design loads.'


Current
Load Descri ption ( Amperes dc)



HOILAE

Text Box

FOIA Exemption 3 UCNI, Exemption 7f -- battery backup system
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Table 8.I-2. Utility battery-backed system design loads.'


Load Description


Table 8. 1-3. PPS design loads.'


Current
tAmperes dc)


Battery banksb Nomina l Volts Amperes


E-13A 32.0 9.8
E-13B 32,0 7.0
E-13C 32.0 8.5
E-13D 32.0 4.0


a. lldy, 2001,
b. The safety-relate d loads for these battery banks aze id entified in Appendix A of C Ater 3.
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Figure 8.1-1. Simplified diagram of commercial power distribution. (For Information Only)
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8.2 Commercial Power Systems


8.2.1 Description


The primary power sources for normal plant operation are commercially supplied offsite power
service and onsite diesel power systems, in combination. The onsite commercial power distribution is
described in this section. The commercial power service is not relied upon to supply safety-related loads.


Plant loads are divided between the two 4,160-Vac commercial buses. Bus A supplies power to
primary coolant pumps 670-M-8 and 670-M-9, to secondary coolant pumps 671-M-3 and 671-M-4,
deepwell pump No. 4, to an underwater saw, and to 4,160/480-Vac transformer 670-E-4. Bus B supplies
power to primary coolant pumps 670-M-6 and 670-M-7, to secondary coolant pumps 671-M-I and
671-M-2, to 4,160/480-Vac cooling tower commercial bus transformer 671-E-1, and to 4,1601480-Vac
transformer 670-E-6. Figure 8.2-1 shows a simplified diagram of the ac power distribution systems.


Commercial buses A and B can be tied together if one of the offsite feeds to either bus A or B is
unavailable. Commercial 4,160-Vac bus B has the capability to be tied to the Diesel Power System to
supply commercial power to the diesel bus for backup operation. Commercial bus A may also supply the
Diesel Power System through commercial bus B. Reverse power relays do not allow the Diesel Power
System bus to supply any commercial bus.


8.2.2 Analysis


Even though a single break in the commercial loop will not interrupt power to the facility, Eide,
Khericha, and Thatcher (1991) calculated the mean frequency per year for loss of commercial power to be
0.9, based on ATR's history. The loss of commercial power service for ATR results in a loss of normal
forced coolant flow as analyzed in Section 15.3. ]. Commercial power is not relied on to supply safety-
related electrical loads. In the event of a loss of the operating diesel generator, commercial power
provides a nonsafety-related power source to the 670-M- 10 emergency pump via the tie to commercial
bus B via the automatic transfer switch.
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8.3.1.3 . 2 Control, Instruments, and Indicators-On the front of the BBP UPS
panels are various controls, indicators, status lights, and meters that control and monitor the BBP UPS. A
summary alarm is provided by each BBP UPS that will alarm when any of the UPS internal alarms exist,
The summary alarm is annunciated at a local display panel and in the reactor control room (EG&G
Idaho 1993).


8.3.1.3.3 Fire Protection-To the extent practical, cables are routed in conduit or
cable trays. Sizing of the conductor is based on current carrying-capacity as set forth by the National
Electric Code. Many of the components of the electrical systems are original-equipment design and may
not meet current requirements for new installations. However, the systems being addressed are mature
and have a considerable operating history that demonstrates reliability consistent with the assumptions of
the safety analysis. Surveillance, inspection, and maintenance programs for these systems ensure
reliability. Two levels of fire protection are provided in the battery rooms: a hand-held carbon dioxide
extinguisher and a water sprinkler system. The switchgear area has a water sprinkler system, a hand-held
fire extinguisher and a fire hose hanging near the UPS for fire protection. See Chapter 9 (Auxiliary
Systems) for additional information on the fire-protection system.


8.3.1.3.4 Ventilation-The ventilation system is adequate to introduce, circulate, and
remove air from the utility and instrument battery bank rooms to prevent hydrogen buildup. A hydrogen
monitoring system monitors the hydrogen concentration in the battery room. The monitor provides local
indication of the hydrogen levels plus a local alarm and a summary alarm for the reactor control room
(EG&G Idaho 1993).



HOILAE

Text Box

FOIA Exemption 3 UCNI, Exemption 7f (power system details)







Idaho National Engineering and Environmental Laboratory 41 2 09 (09/03/2002 - Rev.


CHAPTER 8 - ELECTRIC POWER - UPGRADED
FINAL SAFETY ANALYSIS REPORT FOR THE


ADVANCED TEST REACTOR


Identifier: SAR-153
Revision: 10
Page: 8-21 of 8-28
Effective Date: 08/10/04


8.3.1.3. 5 Seismic Requirement--A horizontal acceleration of 0.24 g is used to
define the Safe Shutdown Earthquake (SSE) for ATR as discussed in Sections 2.5.2.3 and 3.7.]. The
seismic design spectrum for ATR was studied and reported in Gorman (1972). The battery bank support
racks provide support for any seismic disturbance with a magnitude less than or equal to the SSE
(EG&G Idaho 1993).


Seismically-qualified battery racks protect the battery banks against earthquake-induced vibration
and shocks. The batteries are held securely in place in the racks. The switchgear panels, UPSs, and
conduits are bolted to the building floors, walls, or ceilings and are able to withstand tremors with a
magnitude less than or equal to the SSE with no ill effects (Eide et al. 1991; Jensen 1992).


8.3.1.3.6 Maintenance and Testing-Routine maintenance is performed during
reactor shutdown. No online maintenance is required or permitted without administrative approval.


All components of the BBP systems undergo periodic maintenance tests to determine the condition
of each individual system. Batteries are checked for physical condition, liquid level, specific gravity, cell
voltage, and discharge rate per manufacturer's instructions and industry recommendations (IEEE 1987b).


8.3.1.3.7 Quality of Equipment-Components and modules are of a quality
consistent with minimum maintenance requirements and low failure rates. The systems are mature and
have a considerable operating history that demonstrates reliability consistent with the assumptions of the
safety analysis. Surveillance, inspection, and maintenance programs for these systems ensure reliability.


8.3.1.4 Analysis . Upon loss of commercial power, the M-6 diesel generator, the PPS
batteries, and the instrument and utility UPSs and batteries provide emergency power to safety-related
loads.


Based on ATR's history, Eide, Khericha, and Thatcher (1991) calculated the mean incidence of
commercial power loss to be 0.9 events per year. Calculations made for the revised ATR Probabilistic
Risk Assessment give updated probabilities for the following events to fail to shut down the reactor
(Thatcher et al. 1994):


• Failure to shut down the reactor on loss of commercial power has a probability of 9E-9.


a Failure to shut down the reactor on loss of diesel power has a probability of 6E-9.


The 674-M-6 diesel generator is expected to start and begin picking up load upon a detected loss of
voltage condition with suitably high reliability. Performance degradation including diesel generator
reliability or availability requires analysis with respect to the ATR risk assessment to determine
acceptability. The failure probabilities and generator performance assumptions for the ATR risk
assessment are developed in Atkinson (1994); Thatcher et al. (1994); Thatcher (1997).


The systems and equipment relied upon to provide safety functions include equipment not
originally identified as safety-related. As such, the systems and equipment do not meet the requirements
and standards usually imposed on such equipment. However, the systems provide multiple power sources,
are mature, and have an operating history that demonstrates reliability consistent with the assumptions of
the safety analysis.
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A PRA based evaluation demonstrates that the loss of both emergency coolant pumps within
30 minutes after a loss of flow event is beyond design basis (Atkinson 1994; Thatcher 1997). A complete
loss of flow accident caused by a severe earthquake was also evaluated. Changes to the systems (both
safety-related and non-safety-related) analyzed in the PRA based evaluation will require a risk evaluation
to ensure that the reliability assumed for these systems is maintained.


8.3.2 DC Power Systems


8.3.2.2 Fire Protection for Cable Systems. The consequences of a local fire are
mitigated by electrical isolation of redundant channels, by physical separation of redundant sets of
equipment, and by enclosing the batteries in racks that are physically separated by masonry block walls or
by masonry block walls and distance . The 32-Vdc Power Distribution System 's electrical wiring and
cable are ratedat a minimum 600-V, and conductor sizing is based on current-carrying capacity as set
forth by the National Electric Code. Nuclear-grade cables connect between transmi tt ers and RSS
terminations, offering maximum resistance to moisture, flame, heat, radiation, and abrasion. Additionally,
a local water sprinkler system is provided (INEEL 2000). See Chapter 9 (Auxiliary Systems) for
additional information.



HOILAE
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8.3.2.3 Ventilation. The ventilation system is adequate to introduce, circulate, and remove air
from the four PPS battery bank rooms to prevent hydrogen buildup. A hydrogen-monitoring system
monitors the hydrogen levels in the battery rooms. The monitor provides local indication of the hydrogen
levels plus a local alarm and summary alarm for the reactor control room (INEEL 2000).


8.3.2.4 Seismic Requirement. A horizontal acceleration of 0.24 g is used to define the SSE
for the ATR as discussed in Sections 2.5.2.3 and 3.7.1. The seismic design spectrum for ATR was studied
and reported in Gorman (1972). The battery bank support racks provide support for any seismic
disturbance with a magnitude less than or equal to the SSE (INEEL 2000). The block rooms located in the
diesel pit are seismically qualified. Seismically qualified battery racks are provided to protect the battery
banks against earthquake induced vibration and shocks. The batteries are held securely in place by the
racks. The switchgear, panels, and conduits are bolted to The building floors, walls or ceilings so they are
adequately supported for any seismic disturbance with a magnitude less than or equal to the SSE (Eide,
Khericha, and Thatcher 1991; Jensen 1992; Thatcher et al. 1994).


8.3.2.5 Charging. Each system has its own battery charger, each identical in design and
operating characteristics. Each charger is designed to automatically maintain the battery bank to which it
is connected at constant voltage, regardless of load current requirements . Sufficient capacity is provided
in the charger to allow a full recharge of the battery banks in 10 hours following a half-hour discharge
cycle while simultaneously maintaining normal load current (INEEL 2000).


The battery chargers in each of the four PPS BBP systems are not safety-related. The batteries are
maintained in a charged state so that the reactor can be safely shut down without the aid of battery
chargers.


8.3.2.6 Maintenance and Testing. Routine maintenance is performed during reactor
shutdown. No online maintenance is required or permitted without administrative approval.


Components of the 32-Vdc System undergo periodic maintenance tests. Batteries are checked for
liquid level, physical condition, specific gravity, cell voltage, and discharge rate per manufacturer's
instructions.


8.3.2.7 Quality of Equipment. Components and modules are of a quality that is consistent
with minimum maintenance requirements and low failure rates. The systems are mature and have a
considerable operating history that demonstrates reliability consistent with the assumptions of the safety
analysis. Surveillance, inspection, and maintenance programs for these systems ensure reliability.


8.3.2.8 System Evaluation . The RSS part of the PPS is a fail-safe system such that when
PPS power is lost, the PPS causes the reactor to scram. The non-RSS part of the PPS closes the stack
dampers, and opens the emergency firewater injection valves upon loss of power. The remaining needs
for power are decay-heat removal, pump (Primary, Pressurizing and Gland Seal) ESF actions and the
OSCC drives which serve as a backup system for the safety rods. The safety systems that remove decay
heat (except the vessel vent valves) and supply power to the OSCC drives are powered by non-PPS BBP
systems. Manual actions can be taken to depressurize the primary system for decay heat removal or to
stop Primary, Pressurizing or Gland Seal pumps if PPS power to the vent valves or ESFs is lost . However,
the loss of PPS power does not by itself compromise normal decay heat removal or initiate an off-normal
sequence.







Idaho National Engineering and Environmental Laboratory 412.04 (49103 2002 - Rev, 7)


CHAPTER 8 - ELECTRIC POWER - UPGRADED
FINAL SAFETY ANALYSIS REPORT FOR THE


ADVANCED TEST REACTOR


Identifier: SAR-153
Revision: 10
Page: 8-24 of 8-28
Effective Date: 08/10/04


8.3.2.8,1 Failure Analysis-A number of analyses have been done for the RSS that
include the 32-Vdc power distribution system. Following is a list of these analyses:


• Single Random Internal Failure Mode and Effect Analysis (INEEL 2000, Appendix B-I)


• Probabilistic Risk Assessment (Thatcher et a]. 1994)


- Failure to shut down the reactor on loss of commercial power has a probability of 9E-9.


- Failure to shut down the reactor on loss of diesel power has a probability of 6E-9.


• Single-Failure Analysis for the PPS Response to Postulated Single Credible Events (INEEL 2000,
Appendix B-Ill).


See Chapter 7 (Instrumentation and Controls) for additional information.


8.3.2.8 . 2 Channel Independence-Physical separation is maintained between
redundant equipment in different separation groups and between safety-related and nonsafety-related
equipment, The 32-Vdc power distribution system has four separate and redundant channels, which are
physically and electrically separated. A failure in one channel will not cause a failure in the other.
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ACRONYMS/ABBREVIATIONS


ANL-W Argonne National Laboratory-West
ASME American Society of Mechanical Engineers
ATR Advanced Test Reactor
ATRC Advanced Test Reactor Critical Facility
AVAS Automated Voice Announcement System


CAM continuous air monitor
CCA Criticality Control Area
CFA Central Facilities Area
CSE Criticality Safety Evaluation


DCS distributed control system
DOE U.S. Department of Energy
DOE-1D U.S. Department of Energy, Idaho Operations Office
DOT U.S. Department of Transportation


ECC Emergency Control Center
EDF engineering design file
EFTS emergency firewater injection system
EG&G Idaho EG&G Idaho, Inc.
ESF engineered safety feature
EGs evaluation guidelines
ETR Engineering Test Reactor


FACP Fire Alarm Control Panel
FH Fire hydrant
FHA Fire Hazard Analysis
FM Factory Mutual Research Corporation
FTS Federal Telecommunications System
FY fiscal year


GSW gland seal water


HDW high-pressure demineralized water
HVA Control Room Air Treatment System
HVS Heating and Ventilating System


IBC International Building Code
INA Intelligent Network Annunciator
INEEL Idaho National Engineering and Environmental Laboratory
IRT incident response team
IVPAMS In-Vessel Post Accident Monitoring System
IX Ion Exchange


Kes k-effective
kW kilowatt
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LCA Loop Control Area
LDAS Loop Data Acquisition System
LDW low-pressure demineralized water
LMITCO Lockheed Martin Idaho Technologies Company, Inc.


MIP Multiplex Interface Panel
MTR Materials Test Reactor


Net Emergency Radio Network
NEC National Electrical Code
NFPA National Fire Protection Association
NSR Nonsafety- related


OSHA Occupational Safety and Health Administration


PCS primary coolant system
PPS plant protective system


RDAS reactor data acquisition system
RML Radiation Measurements Laboratory
RMS radiation monitoring system
RMSS radiation monitoring and seal system


SAR Safety Analysis Report
SATS Surveillance and Test System
SCS secondary coolant system
SLC Signal Line Circuits
SPAF Special Process Aluminum Fuel
SSE safe shutdown earthquake


TAN Test Area North
TDH total dynamic head
TRA Test Reactor Area
TRAMO Test Reactor Area Maintenance Operations
TSR Technical Safety Requirements


UCW utility cooling water
UFSAR Upgraded Final Safety Analysis Report
UL Underwriters Laboratories, Inc.


VHF very high frequency







Idaho National Engineering and Environmental Laborato 412.09 (0910312002 -Revue
Identifier: SAR-153CHAPTER 9 - AUXILIARY SYSTEMS -


UPGRADED FINAL SAFETY ANALYSIS REPORT Revision:
Page:


I I
9-8 of 9-90FOR THE ADVANCED TEST REACTOR


I Effective Date: 08/10/04


INTENTIONALLY BLANK







Idaho National Engineering and Environmental Laboratory 41 2 .09(09103t2002 - Rev.?)


Identifier: SAR-153
CHAPTER 9 - AUXILIARY SYSTEMS - Revision: 1 l


UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 9-9 of 9-90
FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


9. AUXILIARY SYSTEMS


Fuel Storage and Handling


9.1.1 New Fuel


New fuel for the Advanced Test Reactor (ATR) is stored in the Nuclear Materials Inspection and
Storage Facility. This facility is the subject of its own safety analysis report. New fuel is transported from
the Nuclear Materials Inspection and Storage Facility to the ATR in the same fuel element shipping
containers used to ship the fuel from the vendor (Bridges et al 2000) as needed.


During core requalification programs requiring low-power physics testing, unirradiated fuel
elements may be transferred from the ATR Critical (ATRC) Facility to the ATR. The ATRC Facility,
which is covered by its own safety analysis report, is adjacent to the ATR main reactor floor. Fuel
transfers from the ATRC Facility to the ATR are done either with the ATR fuel transfer racks
(Dwg. No. 035042) from the ATRC Facility or by hand carrying the fuel elements. ATR and
ATRC employ comparable fuel handling limitations for criticality safety.


9.1.2 Spent and Irradiated Fuel


9.1.2.1 Design Basis. The canal shielding is designed to protect personnel in working areas
adjacent to various parts of the canal. The working dose rate at the canal surface is normally less than
I mremlhr and is normally less than 50 mremlhr during irradiated fuel element transfers. The expected
dose rate below the canal bottom is less than I mremlhr.


The approved, by criticality analysis, racks (also called underwater grids) in the canal have spaces
for storage of up to 876 ATR fuel elements. For all foreseeable reactor use the storage space is adequate
for irradiated fuel (< 1200 days) and for fuel (>1200 days) that is to be re-loaded into the reactor and for
holding spent hie] that is to be shipped out.


Normal makeup for canal water level fed into the west end of the canal from the low-pressure
demineralized water system (LDW). The irradiated fuel storage area of the ATR canal is provided with
redundant and independent makeup water supplies. One fed from the firewater supply system and one fed
from LDW. The irradiated fuel storage area is separated from the rest of the canal by bulkheads, typically
short bulkheads are used. These water supplies can provide makeup to the irradiated fuel storage section
to compensate for evaporative losses and bulkhead seal leakage in the event of a major draining event in
the rest of the canal.


The canal recycle system (see section 9.1.4) is designed to remove decay heat, generated primarily
by irradiated fuel elements in the storage grids, and to maintain water radioactivity and chemistry within
specifications.


The canal area is designed to permit easy and effective handling of radioactive materials and casks
in the canal. The ATR canal was designed prior to current seismic requirements. Chapter 3 (Design of
Structures, Components, Equipment, and Systems) discusses the seismic analyses that have been
performed on the canal and storage grids. These analyses show that the canal and grids will withstand a
safe shutdown earthquake.
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All approved fissile material storage devices are designed for a kin of 5 0.95. Administrative
controls are applied to fuel element and other fissile material handling and storage to provide criticality
control. Fissile material units, except ATR elements, loop experiments, and quantities of fissile material
of 15 g or less in aggregate, are limited to <_ 365 g U-235 equivalent (plus ? 1 ft spacing) so that k0(r need
not be considered.


9.1.2.2 Facilities and Equipment Description. Irradiated ATR fuel and experiments are
temporarily stored in the canal for either reloading into the ATR core or for later shipment to other
facilities for post-irradiation examination or disposal. The storage canal contains bulkheads, fuel storage
grids, general storage grids; a gamma facility grid; I-piece grids; ?C, S, and T basket grids; trash liners for
casks; an experiment viewing window; a saw table; an inpile tube storage rack; a deepwell barrier; a
safety rod storage rack; and five cask loading areas. Areas used to support large shipping casks are
reinforced to bedrock.


The ATR canal walls and floors are constructed of reinforced concrete. The canal bottom is 5.5 to
7 R of concrete. The canal area immediately north of the reactor control room is 200 ft long, 44 ft wide,
and has a floor-to-ceiling height of 48 ft.


All drawing numbers referred to in this section are listed, with their titles and function categories,
in Table 9.1-1, "Fuel storage and handling drawings." Following is a descriptive summary of the canal
and associated major equipment items.


9.1.2.2.1 Canal-Although interconnected , the canal ( a typical configuration is shown
in Figure 9 . 1-1.) may be considered as separated into the working canal , the storage canal , and the ATRC
Facility canal . The ATRC Facility is the subject of its own SAR and is not discussed fu rther here. The
canal divisions can be made by inse rtion of in fl atable seal bulkheads . The working canal that adjoins the
reactor is 8 ft wide x 27 ft long. The storage canal , which connects to the working canal like the top of
a T, is 8 ft wide x 156 ft long.


The working canal section immediately adjacent to the reactor is 45 ft deep measured from the top
of the parapet. This section contains a transfer tube (Drawing No. 120788) that is used to transfer spent
fuel, reactor components, and capsule experiments between the canal and the reactor. The loop cask
transfer station and three experiment storage racks (one 6-position rack on the east and two 4-position
racks on the west) are located above the 45 ft deep section of the working canal. The remainder of the
working canal is 21 to 23 ft deep measured from the top of the parapet.


The storage canal is 21 ft deep measured from the top of the parapet, except for a section in the east
end that is 40 ft deep.


The canal is lined throughout with seal-welded stainless steel sheets that extend to the top of the
parapet. Sheets covering the walls are 14-gage thickness and canal bottom sheets are 11-gage thickness.
The canal is filled with demineralized water. The canal water level is normally maintained at 1 ft below
the top of the canal parapet by five overflow drains. Effluent from the canal overflow drains is discharged
to the warm waste water. Three vacuum cleaning devices are provided to remove accumulated debris
from the canal. One vacuum cleaning device is a mobile unit that is usually used to clean submerged
equipment and the canal floor. The unit includes a filter and the filtered water is returned to the canal. The
other two vacuum cleaning devices are part of the ion exchange units which filter the canal water and
return it to the canal. An 8-in. LDW quick-fill line can be used for makeup when large volumes of water
are required. Emergency firewater makeup is supplied to the spent fuel storage area of the ATR canal, In
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addition, emergency LDW canal makeup is provided as a redundant and independent makeup water
supply to the spent fuel storage area. Both emergency makeup systems to the ATR canal are designed to
provide makeup water for leakage and evaporative losses from the spent fuel storage area of the ATR
canal.


Figure 9.1-1 shows 5 pairs of wall pockets where full-height or short water-tight bulkheads are or
may be used to isolate canal areas. Note that Figure 9.1-1 is reversed; i.e., north is bottom of the page,
because looking south is the only full view when in the facility, The five wall pocket pair locations are
one between the ATRC and ATR canals, three where the working and storage canals join, and one near
the east end of the storage canal. Each area may be drained independently by insertion of the proper
isolating bulkhead(s) and by using the drains in the bottom and side of the canal. Each drain is valved on
the outside of the canal wall, and piping connects the drains with the warm waste tank. In addition to the
drain valves, there is a cover plate located over each drain line inside the canal. These plates are installed
to limit inadvertent draining of the canal in the event of a broken drain line and must be removed before
drainage is possible.


During normal operation, four bulkheads are in place. One full-height bulkhead is at the north end
of the ATRC Facility canal and one full-height bulkhead is at the midpoint of the working canal. The
bulkhead in the working canal operates automatically with door 51, which is part of confinement.
However, the bulkhead is not part of confinement, since door 51 in its closed position penetrates the
surface of the canal water. Two short bulkheads, about 6.5 ft from the canal floor, isolate thermally hot
fuel in the east end of the canal. In the event of a canal drainage accident in other areas, the short
bulkheads will delay or prevent loss of water coolant for the freshly irradiated fuel. Emergency firewater
and LDW makeup are available to supply makeup water to the spent fuel storage area of the ATR canal.


Fourteen weep holes are located in the first basement and two weep drains are located in the
experimenters canal section. These drains "tattle tale" if any water is leaking through the stainless steel
canal liner.


An automatic wire scanner used for determining activity of monitor wires is located on the south
side of the storage canal near the west end . The motor driven scanner is mounted on the canal wall
underwater . The control console and teletype are located just south of the storage canal and east of the
ATRC canal extension.


Three penetrations in the bottom of the storage canal were originally designed for connection
between the canal and a hydraulic rabbit facility in the reactor. The penetrations have not been used,
These three penetrations are sealed by lead-filled shield plugs. The locations and design details are shown
in Drawing Nos. 120108 and 120110.


A canal water level alarm system is mounted on the southeast side of the canal parapet. A pressure
switch is calibrated to sense a drop in pressure resulting from a drop in canal water level and to trigger
alarms in the reactor control room. The battery-backed emergency firewater makeup measures the canal
water level independently which provides indications and alarms and will automatically initiate firewater
flow to the canal for lowering canal levels. The In-Vessel Post Accident Monitoring System (IVPAMS)
also measures canal water level and provides indication on the IVPAMS displays in the ATRC office area
and the Emergency Control Center (TRA-680).
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9.1.2.2 .2 Working Cana]-The working canal is the receiving area for fuel elements
and experiments that are discharged from the reactor. It also provides storage for loop test assemblies and
components. Except quantities of fissile material of 15 g or less in aggregate, separation of fuel units by at
least 1 ft is maintained during fuel handling.


The working canal includes the loop cask transfer station. The cask transfer station provides a
platform for the ATR casks used for transfer of loop components (test assemblies, pressure tubes, and
flow tubes) into or out of the canal. The cask transfer station provides necessary shielding for the
protection of operating personnel during loading operations. The cask transfer station is positioned in the
canal by the fit of the alignment lugs in the top plate of the station and by the positioning stops on the
bottom of the station. The working canal also includes three wall-mounted experiment storage racks
(Drawing No. 120769, 409820, 415304, 420722). The transfer station and the experiment storage racks
are subcritical and seismically evaluated for the Safe Shutdown Earthquake (SSE) (Jones 1979; Abrashoff
1979; O'Brien 1991).


9.1.2.2 .3 Storage Canal--The storage canal provides storage for fuel elements,
reactor components, experiments, and miscellaneous irradiated materials. The east end of the storage
canal contains a deepwell with a shielded viewing window. The window is recessed about three ft into the
canal wall to minimize damage by handling operations in the canal. The total oil-filled glass thickness,
plus the water in the inset , give shielding protection equivalent to the 7-ft-thick concrete wall.


9.1.2.2 .4 Reactor Fuel and Experiment Storage Racks-Canal fuel storage
grids 5 and 6 (Drawing No. 120787) are the designated storage grids for dummy fuel elements and are not
commonly used for any other purpose. Dummy fuel elements, required for reactor shutdown work, are
stored in grids 5 and 6 when not in use. Some dummy fuel elements contain depleted uranium. Depleted
uranium is uranium with less than the natural content of U-235. Grids like 5 and 6 are used elsewhere for
fuel storage and, if needed, could be used for fuel storage in the ATR canal, based on the safety
evaluation in Section 9.1.3.8.


Fuel storage grids 9 through 23 (Drawing No. 035713) are 37 x 55 in. in width and length
x 61.75 in. high. Each grid has 40 compartments for fuel elements. The compartments are lined with
cadmium 0,020 in. thick and 58 in. long (long enough to completely surround the active section of a cut
or uncut ATR fuel element). The term "cut" means the end boxes are cut off but the plates are still
assembled as in the originally fabricated element. The criticality evaluations of the various grids and other
fissile material storage locations in the canal are discussed in section 9.1.3.8.


Fuel storage grids 29, 35, and 36 (Drawing No. 1] 7015) are each 92 compartment grids obtained
from the Idaho Chemical Processing Plant. These grids are used for storage of fuel elements and canned
fuel elements and are also used for gamma irradiations of test materials. Like the other fuel storage grids,
the compartments are lined with 0.020 in. of cadmium for neutron absorption and are sized for cut fuel
element storage. Without credit for cadmium, the criticality margin is adequate for ATR fuel elements.


I


The working canal has two 4-position (Drawing No. 120769) and one 6-position (Drawing
No. 409820) wall-mounted loop experiment storage racks. By analysis, a U-235 content of 2 kg per
experiment in the experiment storage rack will remain subcritical (Jones ) 979).


General Storage Grid 2 (Drawing No. 035603) is used to store reactor components, baskets, fixed
shims, H-hole pieces, etc. The grid has a total of 136 positions, 15 large positions, and 121 small round
hole positions. The grid may be used for storage of up to 365 g U-235 or equivalent fissile material.
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The X-basket grid (Drawing No. 415863) is a 60-compartment grid that is used to store shorter


baskets and reactor components. The grid may be used to store up to a total of 365 g U-235 or equivalent
fissile material.


The S and T grids (Drawing No. 020623) each have 63 compartments used to store shorter baskets,
experiments, and reactor components. The grids may each contain up to a total of 365 g U-235 or
equivalent fissile material.


The 1-piece grids (Drawing No. 436984) each have 9 compartments for large I pieces, also called
]-bole capsules or lead experiments, and 8 compartments for small I pieces. The compartments
accommodate large I pieces up to nominal 5-in. diameter and small I pieces up to nominal 3-in. diameter.
The grids may each contain up to a total of 365 g U-235 or equivalent fissile material.


The bucket grid (Drawing No. 020105) contains 2 rows of 10 stainless steel storage buckets. The
buckets are 8 in. in diameter and 10 in. deep and are identified as Numbers I through 20, Fissile material
storage is limited to a total of 365 g U-235 or equivalent fissile material for the entire grid.


The 43 canal hooks located on the south side (west end of the storage canal) and 12 canal hooks
located on the east side (center of the working canal) are used for storage of long experiments, reactor
components, and flux wire buckets. Fissile material storage is limited to a total of 365 g for the 43 hooks
and 365 g for the 12 hooks (Knight 1992).


Inpile tube (IPT) experiment storage racks (Drawing No. 419947) for non-fissile experiment
storage are located in the northeast section of the storage canal.


9.1.2.2.5 Underwater Saw-The underwater saw (Drawing No. 120772) is used to
cut radioactive material such as spent fuel elements, inpile piping, or other trash that is stored in the canal.
The hazard assessment and attendant operating restrictions are in Close (1995). It is intended that the
hazard assessment be updated as needed for additional materials to be cut, and that operating controls
shall conform to those for specifically identified materials. Spent ATR fuel elements are routinely
processed using this saw to remove the upper and lower end fittings from the elements prior to shipment
to storage outside the ATR canal. Cutting into a fueled section of a fuel element would release small
amounts of fission products and fissile material into the canal. No cutting of the fuel element is done
where the saw would cut into a fueled section of the fuel plate. Cutting of scrap equipment and other trash
containing metals which can be ignited and will burn underwater requires an analysis to show that the
cutting operation is safe. This includes metals such as magnesium, zirconium and its alloys, uranium,
titanium, hafnium, and lithium/aluminum alloys where the lithium content is greater than 6% of the
atomic weight. Once ignited, these materials will tend to bum underwater, producing hydrogen gas. This
has the potential of an uncontrolled release of contamination to the canal area.


The saw is located on the south side of the storage canal, just west of the working canal. The saw
table is attached to the canal wall 5 II above the canal floor. The table area is about 3 x 30 ft in three
removable sections.
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9.1.2.2.6 ATR Stagnation Column-The ATR stagnation column (Drawing
No. 021532, 402878) is used for testing fuel elements to identify fuel elements with cladding failures
resulting in fission product leakage. Stagnation or soak tests are generally performed after operational
data from ATR stack and primary coolant system radioactivity monitoring instrumentation indicate a fuel
element cladding failure has occurred. Soak testing can generally identify the specific fuel element(s)
with cladding failures. The safety analysis and attendant operating restrictions are in Chapman (1996).


9.1.3 Criticality Control


The Contractor's standard procedure for fissile material control is Engineering and Research,
criticality safety program requirements. The requirements are summarized below. The criticality control
requirements are based on U.S. DOE Order 420.IA (DOE 2002) and American Nuclear Society
Standards invoked by the Order.


9.1.3.1 General Requirements. Fissile material control is maintained by designating
Criticality Control Areas (CCA). Because of the amount of fissile material in the facility, the ATR
building (TRA-670) is designated a procedure CCA. Procedure CCA require supporting criticality safety
evaluations (CSE) which are the basis for area specific controls and limits. The applicable CSE and
resulting controls are discussed in Section 9.1.3.8


9.1.3.2 Personnel Qualifications. Certified fissile material handler requirements are given
in Engineering and Research, criticality safety program requirements.


9.1.3.3 Inventory Control. An inventory control procedure is maintained primarily for
safeguards, security, and accountability. Inventory control, however, also contributes to criticality control
in that it precludes having any unknown quantity or location of fissile material. For inventory purposes,
CCAs are defined, and the records are updated for each transfer of fissile material into or out of the CCA.
Records are also updated for each movement of fissile material from one location to another within the
CCA. Responsibility for the CCA records is assigned to a nuclear material custodian. In addition to the
continuous updates, a physical inventory and records verification is performed periodically.


9.1.3.4 Control Parameters . Small quantities of fissile material, 15 g or less, in aggregate,
are excluded from criticality storage and handling controls. Examples of such material are fission rate
monitors or flux wires, some fueled experiments, and some instrument sources.


The double contingency requirements of the criticality safety program are met primarily by
controlling mass and spacing as shown in Table 9.1-2 discussed in Section 9.1.3.6. All storage and
transport devices are analyzed for actual or assumed water moderation and, if applicable, are analyzed for
the proximity of lead, beryllium, or other strong moderatortreflector materials in addition to water.


The upper limit ken; including calculation uncertainties and bias, for storage and handling devices
in normal or credible off-normal scenarios is 0.95. Allowable fissile material forms (also called fuel
handling units) are those for which it can be shown by analysis or commonly used handbooks that two or
more adjacent water-moderated forms are subcritical. When out of approved storage, spacing between
forms is maintained such that proximity neutron coupling is below that for criticality, typically 1 it
minimum spacing in water. The allowable mass for miscellaneous unanalyzed fissile material specimens
out of approved storage at any one time is no more than 45% of critical mass if double hatching is
credible.
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9.1.3.5 Emergency Procedures. In the event of an ex-reactor criticality, the INEEL
Emergener,Plan/RCRA Contingency Plan and the TRA facility specific addendum apply.


9.1.3.6 Criticality Scenarios . The criticality scenarios listed in Table 9.1-2 are based on a
1992 analysis included in Mobley (1994). The required protection for the scenarios is derived from
Tables 3 and 5 in the cited reference, The required protection shown in Table 9.1-2 is part of the basis for
Technical Safety Requirements (TSRs).


9.1.3.7 Exemption on Criticality Alarm System. The ATR first floor and the ATR canal
are both exempt from requirements for criticality alarm and criticality detection systems as allowed by
reference DOE (2000).


Reactor loading is the only unshielded fissile material handling activity needed or allowed on the
ATR first floor. As discussed in Section 9.1.1, new (unirradiated) fuel elements are brought to the ATR
reactor top on the building first floor for loading into the reactor. Fueled experiments, as allowed by the
Experiment Safety Analysis, may also be at the reactor top for loading, but not at the same time as reactor
fuel. A probabilistic analysis (Atkinson 1994) shows an extremely low frequency of criticality during the
reactor top fuel handling operation. This evaluation was based on the previous practice of setting up a
temporary fissile material control area on the reactor top. The conclusions are valid for the current
practice which establishes a permanent Criticality Control Area for the ATR building (TRA-670)
excluding the ATRC Facility. Criticality on the ATR first floor is deemed not credible and is therefore
exempt from criticality alarms and detection per DOE (2000). Airborne radioactivity monitoring for the
area is provided by CAMS.


The canal exemption from criticality alarms and detection is based on adequate shielding for
personnel protection as defined in ANS Standards referenced in DOE (2000). Briefly, the requirement is a
dose less than 12 Rad in free air for a criticality incident. The original analysis, Summers (1984), used the
incident then defined as 1.0E+l8 fissions. Later the incident definition was increased to 2.OE+19 fissions.
A new analysis, Atkinson (1991) (for another facility but applicable to the ATR canal), shows that 8 ft of
water is adequate shielding. Handling of potentially critical fissile material units in the ATR canal occurs
with more than 8 ft of water cover. Airborne radioactivity monitoring for the area is provided by CAMs.


9.1.3.8 Criticality Safety Evaluations


The calculated kern (plus two sigma) for an infinite array of storage grids 5 or 6 (Drawing No.
120787) with an ATR fuel element in each storage location (40 elements per grid) and without the
presence of cadmium absorber is 0.939 (sigma = 0.002) (Stuart 1998). Neither the addition of beryllium
reflection around the racks nor a dropped ATR fuel element on the top of each rack had significant effect
on the reactivity of the system. ATR fuel elements were assumed to contain 1085 g U-235 and no boron.
The SSE seismic evaluation of these fuel storage racks is documented in Holman (1988) and Anderson
(1991).


The calculated k,,r (plus two sigma) for an infinite array of storage grids 9 through 23 (Drawings
No. 035713) with an ATR fuel element in each storage location and without the presence of cadmium
absorber is 0.733 (sigma = 0 .001) (Stuart 1998). The addition of a dropped ATR fuel element on the top
of each rack had no significant effect on the reactivity of the system. Stuart (1998) shows that beryllium
reflection has a small effect [ken increased to 0.743 (sigma = 0.001)]. ATR feel elements were assumed to
contain 1085 g U-235 and no boron. The SSE seismic evaluation of these fuel storage racks is
documented in Holman (1988) and Anderson (1991).
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Due to increased spacing between the storage positions of grids 29, 35, and 36 and storage
positions of grids 9 through 23 , the analysis of grids 9 through 23 will bound that of grids 29, 35 , and 36.
The calculated ken (plus two sigma ) for an infinite array of storage grids 29, 35, and 36 ( Drawings No.
117015) with an ATR fuel element in each storage location and without the presence of cadmium
absorber is 0.636 (sigma = 0.002 ) ( Stuart 1998), ATR fuel elements were assumed to contain 1085 g
U-235 and no boron . The SSE seismic evaluation of these fuel storage racks is documented in Holman
( 1988) and Anderson ( 1991).


The working canal experiment wall-mounted storage racks primary and independent criticality
analyses for loop experiments are in Jones (1979) and Abrashoff(1979). Conservatively calculated
representative kerrvalues are 0.81 for both the 6-position and 4-position racks, The SSE seismic
evaluation of the experiment storage racks and the transfer station is documented in O'Brien (1991),


Criticality analyses for the new fuel element shipping boxes used during normal reactor refueling
are in Bridges et al (2000). Criticality analyses for the ATR transfer racks that may be used during
refueling after core internal changeouts or core reconfiguration are in Stuart (2001).


Other storage and transfer devices in the ATR canal are limited to <_ 365 g U-235, or to a linear
array of ATR fuel elements, or no more than five ATR fuel elements. Under optimum conditions, 365 g
of U-235 is about 45% of a minimum critical mass. Any array of less than seven ATR fuel elements in
water is subcritical (Kim 94 ). An array of 40 elements, in two layers of 20 elements each , one on top of
the other in contact in water, is subcritical (Mobley 1993).


The criticality analyses for handling in the canal of beryllium reflector pieces from the reactor are
in Abrashoff (1980), Knight (1991), and Stuart (1998). It is shown that a large beryllium block adjacent to
a hil ly loaded fuel element storage rack will not result in criticality.


It is shown in the safety evaluation above that all fissile material storage devices have an adequate
safety margin for the fully flooded condition. Handling quantities, except fuel elements and loop
experiments, are no more than 45% of the minimum critical mass for the fully flooded condition. The
control applied to fuel elements out of storage is based on the previously cited analysis showing that less
than seven ATR fuel elements in any water-flooded configuration is suberitical. Overall, the envelope for
fissile material handling is defined by analyzed storage limits, by limits on fuel units out of storage, and
by the requirement for separation of at least 1 ft between multiple units out of storage or units out of
storage and storage devices.


Fuel elements in the ATR stagnation column are covered by limitations on fuel elements out of
approved storage.


Occasionally items containing small amounts of fissile material are brought into the ATR building.
Examples of such items include fission rate monitors or flux wires, some fueled experiments, and some
instrument sources. These miscellaneous fissile material specimens are excluded from the criticality
safety controls for handling and storage as long as the amount of fissile materials is 15 g or less of U-235
equivalent, in aggregate. The criticality safety controls for storing and handling fissile material provide
large margins of safety from an inadvertent criticality. For example, the administrative controls for
miscellaneous specimens that contain !5 365 g of U-235 are: (a) no more than 365 g of U-235 out of
storage at a time, (b) maintain at least one ft separation between fissile material forms, and c) no more
than one type of fissile material form out of storage at a time. Including the 15 g of U-235 with the 365 g
U-235 specimen does not affect the margin of safety because at least three failures of controls are still
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necessary before a critical condition is possible. Consider two 365 g specimens out of storage plus 15 g
U-235 equivalent, assembled into an unfavorable geometry, and fully water reflected and flooded. This
assembly is still subcritical. Additional fissile material must be added and/or the assembly must be
surrounded by a material that is more reflective than water to achieve a critical condition. The presence of
the 15 g of U-235 equivalent does not significantly affect the margin of safety against an inadvertent
criticality. This is true for all allowed fissile material forms in the ATR.


Occasionally fission rate monitors are placed in ATR fuel elements, which are later loaded into the
core, to measure the core flux distribution. The measurement is accomplished by irradiating small
aluminum wires that are about one quarter of an inch long and 40 mils in diameter. These wires contain
small quantities of U-235, about 1/40 g per 17 wires. Typically, the wires are placed near the midplane of
the fuel element with the basic loading being 17 wires per element. Infrequently, the wires are placed
axially in various water channels with up to 48 wires per element. Loading the fission rate monitor wires
(flux wires) into the fuel element necessitates having two different fissile material forms out of approved
storage simultaneously and bring two fissile material forms into close proximity. The U-235 mass of the
flux wires is counted as pan of the fissile material mass of the fuel element for criticality control. Normal
operation of the ATR requires handling of fuel elements that contain nominally 1075 g U-235. Even the
addition of double the typical loading of flux wires is insignificant (< 2 g) to the criticality safety analysis
(Durney 1993).


9.1.4 Canal Recycle System


9.1.4.1 Design Basis. The ATR canal water recycle system (Drawing Nos. 156496, 156511,
and 156504) is in three separate parts that do not have physical interfaces with each other. The heat
removal part removes fuel element decay heat. The ion exchange parts (two identical units) remove
suspended and dissolved solids from the canal water.


The heat removal part of the recycle system circulates the canal water at approximately 600 gpm,
which maintains canal temperature at less than 85°F. The design basis heat load is 19 cores
(760 elements) with conservatively assumed decay times and operating conditions. An ultraviolet light
unit in the canal recycle system aids in microorganism control.


The water specification parameters maintained by the ion exchange units are conductivity, pH,
dissolved solids, suspended solids, and radioactivity. Nitric Acid is added to augment pH control.
Skimmers, which aid in removing surface debris, hung from the east and west end walls provide suction
to the ion exchange units.


The equipment consists of two centrifugal recirculation pumps (one on standby status), an
ultraviolet sterilizer, a water-to-water shell and tube heat exchanger, two ion exchange units
(Drawing No. 156504) including pumps and filters, and flow, temperature, and pressure instrumentation.


9.1.4.2 Safety Evaluation. The canal wall penetrations for the heat removal part of the canal
recycle system are about 9 ft above the canal floor. In a severe pipe break accident the canal water could
drain to this level. This and similar accidents were evaluated in the Probabilistic Risk Assessment (PRA).
The PRA is discussed in Chapter 15 (Eide, Khericha, and Thatcher 1991). In summary, the accident
would not be a threat to the public and would not be an uncontrolled radiological hazard in the plant.
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9.1.5 Cranes


9.1.5.1 Canal Cranes. The three permanently installed cranes serving the ATR canal area
(Drawing No. 422433) are designated ATR 670-C-2, -3, and -9. Crane C-2 is a bridge and trolley type
sized to access most of the canal and adjacent floor area. Crane C-9 is a smaller unit on the same trolley
as C-2. Crane C-3 is a radial arm (jib) type used to move materials between the canal and the main reactor
room. Crane C-3 has motor-powered lift and trolley travel and a hand crank gear drive for arm rotation.
Characteristics of the cranes are shown in Table 9.1-3.


9.1.5.2 Reactor Main Floor Cranes. The two permanently installed cranes serving the
ATR reactor main floor (drawing 121111) are designated ATR 670-C-I and -4. Crane C-I is an overhead
bridge crane sized to access the reactor and adjacent floor area. It consists of a main hoist (40 ton) and an
auxiliary hoist (10 ton). Crane C-4 is a smaller overhead underhung trolley bridge crane (2 ton) located
above crane C-1 and is sized to access the reactor and reactor room side of the working canal.
Characteristics of the cranes are shown in Table 9.1.4.


9.1.5.3 Safety Evaluation . Crane operation is conducted in accordance with DOE-ID
Order 440.C (DOE-ID 2002), which is met by PDD-600, "Site Maintenance Management Program,"
(INEEL 2003). The manual includes detailed requirements on crane operator qualifications, signaling
practice, design safety factors on specific components, design features on specific components, testing
procedures, testing intervals, visual inspection, rigging configurations, and other subjects.


Height, weight, and location limits for various canal and reactor main floor crane operations have
been developed and are considered in conjunction with the applicable accident analyses in Chapter 15.
These limits are contained in the ATR Building Lift Book.
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Table 9.1-1. Fuel storage and handling drawings.
Drawing Function


No. Drawing Title Category'


020105 ETRb Canal Storage Grid for 225 nun Containers Assembly (bucket grid) I
(Grid is shown on Drawing No. 415863)


020623 ETRb Canal Basket Storage Rack Assembly & Details (S & T basket grid) 1
(G ri d is shown on Drawing No. 415863)


035603 ATR Canal General Storage Grid #2 Assembly & Details (Grid is shown on I
Drawing No. 415863)


035713 ATR Canal Fuel Storage Rack Assembly (Grid is shown on Drawing No. 1
415863)


117015 Poison Fuel Storage Rack Assembly (Grid is shown on Drawing No. 415863) 1
(117015 e CPP 409024)


120787 ATR Spent Fuel Element Canal Storage Rack General Arrangement (Grid is 2'
shown on Drawing No. 415863) (120787 e ATR...MS-112)


409820 ATR Working Canal Experiment Storage Rack (Grid is shown on Drawing 1
No. 415863)


415863 X basket grid (Drawing No. shows grid maps only; no dimensions) 1
402878 ATR-ETR Fuel Element Stagnation Colman Assembly (see also 021532 1


ATR-ETR Fuel Element Stagnation Colman Assembly and Details)
120769 Reactor Building Miscellaneous Storage Racks 1
415304 ATR Working Canal Experiment Modified Storage Rack 1
420722 ATR Working Canal Experiment Temporary Storage Plates and Storage Rack 1


Assembly
035042 ATR-ATRC Fuel Element Transport Rack Assembly 2
120788 Canal Transfer Device Arrangement 2
035599 ATR Canal General Storage Grid #1 Assembly & Details (Grid is shown on 3


Drawing No. 415863)
419947 ATR Inpile Tube Storage Rack Assembly (Grid is shown on Drawing No. 3


415863)
120772 Reactor Building Underwater Saw and Table Plan and Sections 4
156504 Ion Exchange Units Flow Diagram 4
120108 Reactor Building, First Basement Plan 4
120110 Reactor Building. Section A-A 4
156496 Cooling and Sterilizer Flow Diagram 5
156511 Cooling and Sterilizer Schematic (wiring) 5


a. I = Stationary fissile material storage devices


2 = Devices for movement of fissile material
3 = Nonfissile material storage and transport devices
4 = hr-canal equipment other than 1, 2, and 3
5 = Out-ofcanal equipment.


b. Originally designed for the Engineering Test Reactor.


c. Typically used to store dunvny fire! elements, but could be used to store AIR fuel elements.
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Table 9.1-2. Criticality scena ri os'.


Criticality No. and Scenario


la The fuel element storage grid positions are
overbatched with more than one fuel element
( intact fuel element).


lb Fuel elements containing> 1085 g U-235 are
inse rt ed in the fuel element storage racks.


Ic Fully loaded ATR fuel element racks are placed
in juxtaposition.


Id The fixed poison (cadmium) in the fuel element
storage rack grid plates is depleted.


Ie A fuel element is dropped on top of a fully
loaded fuel element storage rack.


If ATR fuel elements are disassembled and the
plates stored "loose" in either "New" or "CPP"
type fuel element storage racks.


2a Seven or more ATR fuel elements are removed
from approved storage and assembled on the
canal floor or in unapproved storage.


2b A fuel element storage grid containing seven or
more ATR fuel elements is moved by
mechanical mneans. The fuel element storage
grid is tipped over, and the fuel elements fall to
the floor.


2c Deleted; SPAF elements no longer processed


2d Deleted; SPAF elements no longer processed


2e Deleted; SPAF elements no longer processed


2f Deleted; SPAF elements no longer processed


2g Seven or more ATR fuel elements are
assembled on the capsule tray.


3a A cask is moved over a loaded fuel element
storage grid. The cask is dropped on the grid
due to crane or cable failure.


3b The cask poison insert of the ATR spent fuel
element transfer cask is damaged while loaded,
or the cadmium is depleted through corrosive
action.


4a A heavy load is moved over or next to the
experiment wall bracket. The load drops and
disturbs the experiments so the lower section of
the experiments move together.


Technical Safety Requirement Protection
None. Scenario is not credible.


None, the fuel element U-235 content is controlled by
the fabri cation process and limitations on the fuel
element shipping container.
None . Shown safe in UFSAR reference Stuart (1998).


None, Shown safe in IJFSAR reference Stuart (1998).


None. Shown safe in UFSAR reference Stuart (1998).


Double contingency is met by TSRs with independent
verifications on mass and spacing limits.


Double contingency is met by TSRs with independent
verifications on fuel to be placed only in approved
racks (spacing control) and on amount of fuel out of
racks (mass control).


Movement of storage grids containing any ATR fuel
elements is prohibited by the TSR.


Scenario is same as 2a.


Double contingency is met by TSRs with independent
verifications on rigging and on movement routing. For
this scenario, spacing is the only available control
parameter.


None, ATR spent fuel cask loading and handling is
controlled by the ATR spent fuel transfer cask
transportation plan.


Double contingency is met by TSRs with independent
ve ri fications on ri gging and on movement routing. For
this scenario , spacing is the only available con trol
parameter.
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Table 9,1-2. (continued).
Criticality No. and Scenario


4b More than 820 g of U-235 are placed in the
ATR canal storage buckets


4c Buckets containing fissile material are removed
from the bucket grid and placed in juxtaposition
to other buckets containing fissile material.


5a More than 820 g of fissile material contained in
capsules or other experimental containers are
placed on the capsule tray.


5b More than 820 g of fissile materials (capsules)
are stored, transported, or worked on in a trash
bucket or other unauthorized storage container.


5c A large piece of beryllium is placed next to a
fully loaded experiment holder (six experiments
with 2,000 g U-235 each).


5d Two experiments containing fissile material are
moved in juxtaposition during an experiment
transfer.


Technical Safety Requirement Protection


Double contingency is met by a TSR with two
independent verifications on fissile material loading.
For this scenario, mass is the only available control
parameter.


Double contingency is met by TSRs on minimum
spacing between units not in approved storage and on
mass of fuel outside approved storage.


Double contingency is met by TSRs with independent
verifications on mass and spacing limits.


Double contingency is met by TSRs with independent
verifications on fuel only in approved storage (spacing
control) and on amount of fuel out of approved storage
(mass control).


None. Shown safe in reference Abrashoff (1980).


Double contingency is met by TSRs on
spacing between units not in approved storage and
mass of fuel outside approved storage.


obley (1994)


Table 9.1 -3. Advanced Test Reactor canal cranes .
Crane


Characteristic C-2 C-3 C-9


Load ra ting, tons 30 2 5
Bridge travel, fi-in. 154-8 NA 154-8
Troll ey travel, fi-in. 34-4 14 -2.75 34-4


Jib rotation ( hand crank ), degrees NA 1800 NA
Lifi, ft-in. 56-8 31 56-8


Lill speed , high/low, it per mini 10/7 10/3 1816
Trolley speed , ft per minute 50.5 10 50.5
Bridge speed , ft per minute 49.3 NA 49.3
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Crane


C-1
Characteristic (main) C-1 (auxiliary) C-4


Load rating, tons 4 0 10 2


Bridge travel, ft-in. 1 00 100 80


Trolley travel, fi-in. 70 70 29


in. 8 1 81 90-6


Lift speed, high, fi per minute 1 0 29.7 33.7


Trolley speed, ft per minute 5 0 50 28.3


Bridge speed, ft per minute 50 50 52.3
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Figure 9.1-I. Advanced Test Reactor Canal. ( For Information Only)
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9.2 Auxiliary Water Systems


The ATR auxiliary water systems characteristics are summarized in Table 9.2-1. The table includes
information for the major parts of all of the ATR water systems except the primary coolant system, the
canal, canal cleanup and cooling, emergency firewater injection system, experiment systems, and
radioactive waste systems. The excepted systems are described in other sections in conjunction with
related subjects. The sequence of listing systems in the table is similar to the water flow sequence,
i.e., beginning with well water, continuing to and through storage, distribution, and process systems.
Some controls, indicators, and annunciators for these systems are on the process distributed control
system (DCS) in the reactor control room. The water systems description summaries below are in
approximately the same order as the systems in Table 9.2-1.


Parts of some systems in Table 9.2-1 are safety-related. The safety-related partial systems are
summarized after the system descriptions. The firewater distribution description includes only the water
supply, not fire protection. Fire protection details are in other sections of this chapter and Chapter 13
(Management, Organization, and Institutional Safety Provisions).


9.2.1 Raw, Fire, and Domestic Water


The Test Reactor Area (TRA) raw water and firewater systems supply a continuous flow of raw
water to various facilities including the cooling tower, the demineralizer plant, miscellaneous cooling
services, fire protection, and potable water services. See Figures 9.2-1 and 9.2-2 for simplified diagrams
of the ATR raw water and firewater systems. Part of the raw water and firewater systems are
safety-related. The nonsafety-related portions of the supply system in these two figures are indicated by
cross-hatching.


Raw water is drawn from three deepwells located along the north perimeter of the TRA by pumps
that discharge into three 375,000-gal ground-level storage tanks. Water from the three 375,000-gal tanks
supplies by gravity flow four feedwater pumps, one electric- and two diesel-powered firewater pumps,
and the two ATR cooling tower makeup pumps. The feedwater pumps supply the 150,000-gal overhead
storage tank. The ATR cooling tower makeup pumps are used to fill the 1,000,000-gal ground level
storage tank (TRA-781). There are two diesel firewater pumps (688-M-1 and 688-M-2) that are located
east of the ATR cooling tower. The pumps take suction from the dedicated firewater storage tank,
TRA-781, through separate supply lines.


The 150,000-gal overhead storage tank supplies water to the plant demineralizer, the firewater
loop, and the TRA raw water distribution system. The TRA raw water distribution system supplies the
various TRA facilities, including the ATR. Potable water is separated from the raw water downstream of
the overhead storage tank and backflow from the raw water downstream of the potable water take out is
prevented by check valves.


The TRA firewater distribution system consists of the 3 raw water ground level storage tanks, the
raw water overhead tank, the firewater storage tank, 5 firewater pumps, and the underground fire main
system. The firewater mains are distributed throughout TRA in a continuous loop. It is designed so that
any segment of the firewater mains can be isolated without affecting any primary flow path. Each of the
pumps and water storage tanks provide an adequate water supply for fire protection. The firewater pumps
automatically start on low pressure. Varied pressure setpoints and time delays are used to avoid
simultaneous starting of multiple firewater pumps. The firewater loop supplies the yard irrigation systems
and emergency core cooling for the ATR reactor, in addition to fire protection and suppression functions.
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The raw water leaving the ATR building merges with the cooling tower makeup at the pumphouse.
This water either enters the cooling tower water basin or flows to the cold waste discharge line. Cooling
tower makeup water is also used to fill the million gallon firewater tank (TRA-781). This insulated
firewater storage tank is normally stagnant and provides additional water for fire protection and
suppression demands.


9.2.2 Demineralizer System


Raw water from the 150,000-gal overhead storage tank is supplied to the demineralizer system,
first to the water softeners. Next, after the water softeners, the reverse osmosis units remove
approximately 90% of the suspended particles. The flow is then routed through small mixed bed resin
tanks for final cleanup and sent to two 100,000-gal storage tanks. From the tanks, demineralized water is
supplied to four transfer pumps for distribution to the ATR LDW and other TRA facilities.


9.2.3 Secondary Coolant System


Secondary coolant flow capacity of 34,400 gpm is provided by four vertical turbine pumps
(8,600 gpm each) at 63 prig pump discharge pressure. The secondary coolant pumps are located in the
cooling tower pumphouse (TRA-671) and take suction from the coldwell that is directly connected to the
cooling tower basin. The secondary coolant flow is maintained by operating two to four pumps.
Individual pumps discharge to a 36-in. diameter header in the cooling tower pumphouse. The combined
pump flows then pass through the secondary flow control valve. The valve is equipped with a minimum
flow stop that prevents full closure. The reactor inlet temperature can be controlled by changing the
position of the secondary coolant flow control valve on the process DCS. Secondary coolant water is
divided from the 36-in. heat exchanger inlet header through five 20-in. lines into the she]] side of the
reactor primary heat exchangers. A representative secondary coolant temperature condition is that with
reactor power at 150 MW, the secondary coolant water exits from the heat exchangers at about 128°F.
Exit flow from the heat exchangers is routed through a 36-in. pipe to the 42-in. cooling tower header
located north of the cooling tower (TRA-77 1). The cooling tower header directs the flow through 24-in.
branch lines over a four cell, induced draft cooling tower where the secondary coolant heat is dissipated to
the atmosphere, or through two 24-in. branch lines to the cooling tower basin. The 24-in. valves in the
branch lines are motor operated and are controlled from the process DCS. Through the cooling tower the
coolant temperature is lowered to approximately 85°F.


The four induced draft cooling tower fans are driven by individual electric motors with variable
speed controllers. The motors are on commercial power. Controls, indicators, and annunciators are on the
process DCS in the reactor control room. The reactor inlet temperature can also be controlled by changing
the speed of the cooling tower fans on the process DCS.


Representative secondary water losses at 150 MW reactor power are evaporation, 1,000 gpm;
windage and carryover, 100 gpm; and blowdown, 150 gpm. Solids concentration in the secondary coolant
increases because of evaporation. Blowdown flow is necessary to maintain the solids at an
acceptable concentration. Blowdown water flows to the TRA cold waste pond, TRA-702.


Cooling tower makeup water is normally provided by gravity flow. Two pumps are available to
supplement the flow provided by gravity. Individual pump capacities are 2,500 gpm. The pumps are
supplied by the raw water system. Additional cooling tower makeup water is provided by the raw water
discharge from the loop cubicle air chillers and by the canal recycle system cooling water.
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The secondary piping has thermometer and picot tube test connections for use in performance
measurement to determine when shell side chemical cleaning is required. The piping also includes
designated connections for chemically cleaning the shell side of the primary heat exchangers.


9.2.3.9 Chemical Treatment. The secondary coolant system chemical addition system
consists of an 8,000-gallon carbon steel tank and flow control valves to inject concentrated sulfuric acid
to control the secondary coolant pH.


Ferrous metal corrosion and scaling inhibitor are added to the secondary coolant water by the
corrosion inhibitor injection system, which consists of two 1,600-gallon poly tanks and two chemical
proportioning pumps.


Biological fouling of the cooling tower and the shell side of the primary heat exchangers is
minimized by the biocide generation system, which consists of two 850 gallon poly tanks and a control
system which injects chlorine dioxide (C102) solution to the secondary coolant water.


9.2.4 Utility Cooling Water (UCW)


The major components in the UCW system, in addition to piping, are (a) two ve rt ical turbine
pumps, (b) the high-pressure demineralized water (HDW) heat exchangers , and (c ) the diesel generator
auxiliary cooling heat exchangers.


Two vertical turbine UCW pumps (one a spare) take suction from the deepwell portion of the
cooling tower coldwell and discharge into the UCW header in the cooling tower pumphouse.


The UCW header exits the cooling tower pumphouse and enters the reactor building first basement.
At this point, a line with a flow control valve connects the UCW header and the reactor primary heat
exchangers shell side (secondary coolant) inlet header. The flow control valve in the connecting line
regulates the flow of UCW at 1,500 gpm to the secondary system in the event of a commercial power
failure of the secondary pumps. A check valve normally prevents secondary coolant flow into the UCW
system. This system has been used in the past as an alternate decay heat removal system. However, no
credit is taken for this system in the Chapter 15 long-term loss of heat sink analysis. The loss of heat sink
accident is classified as an anticipated event and the event is mitigated by the use of two Engineered
Safety Features: the Emergency Firewater Injection System and the Vessel Vent System.


In the reactor building the UCW header supplies two lines, one to the shell side of the HDW heat
exchangers and the other to the shell side of the diesel generator heat exchangers. Typical flow values are
2,050 gpm to the series-connected HDW heat exchangers and 1,000 gpm to the diesel generator heat
exchangers. UCW flow to the HDW heat exchangers is controlled by a manually operated flow control
valve. On loss of commercial power, a solenoid valve trips the flow control valve to a 1,050 gpm stop.


The UCW line to the diesel generators is joined by a firewater line. A pressure control valve in the
firewater line opens on low UCW pressure to provide firewater to cool the diesel generators. The pressure
control valve must be manually reset once it has been tripped.
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The LDW is supplied to the ATR by demineralized water transfer pumps in the demineralizer
building via a l0-in. supply line, The LDW water supplies the laboratory sinks, emergency pump suction
line, canal quick-fill line (transfer canal), primary degassing tank, bypass demineralizer system and
bypass demineralizer sampling sink, canal purge supply line, canal recycle makeup line, canal recycle
return line, gland sea] supply line, canal emergency makeup line, HDW system, sample preparation
laboratory, health physics laboratory, safety relief valve test stand, naval reactor makeup system #1 and
42, canal ARC saw, reactor transfer tube, warm waste treatment facility, diesel jacket cooling water, loop
cubicles, upper and bottom head firewater injection system flush, various hose stations, ATRC canal
service line, and N-16 system.


Demineralized water for the TRA is produced and distributed from the Demineralizer Building
TRA-608. The demineralized water system is comprised of four water softeners, three reverse osmosis
units, four banks of six each small mixed bed resin tanks, two 100,000-gal water storage tanks, two
500 gpm water transfer pumps, and two 1,000 gpm reactor flush pumps.


Figure 9.2-3 shows a simplified diagram of the LDW. Part of the system is safety-related. The
nonsafety-related portions of the system are indicated by cross-hatching.


9.2.6 Gland Seal Water and Warm Seal Water


The gland sea] water system includes a 3,000-gal feed tank, two pumps, and gland seal stations on
the reactor. As shown in Figure 9.2-4, the feed tank receives makeup from three sources: (a) the bypass
demineralizer purge water, (b) the N- 16 demineralized water return, and (c) LDW. The two gland seal
water pumps take suction from the feed tank and provide pressurized water to the top head pressure tube
seals, the outer shim drum drive seals, primary coolant pump seals, the emergency coolant pump seals,
and the reflector cylinder position indicators. Local flow indications are provided at flow control stations
in the first and second basements.


A crosstie from gland seal water to warm seal water provides flow to the warm seal water system
during reactor shutdown when the warm seal water pumps are out of service. A crosstie from the N-16
demineralized water provides flow to the gland seal water system when the gland seal water pumps are
out of service. The N-16 crosstie is normally not in service, and a blind flange has been installed.


The two warm seal water booster pumps take suction from the return line of the bypass
demineralizer where radioactive contamination of the water is of a lower value. These pumps provide
sealing water to the bottom head pressure tube seals, the safety rod drive seals, the safety rod snubber tube
flushing connection, the neck shim drive housing seals, and the bottom head flush line. Local flow
indications are provided at flow control stations in the first and second basements. Figure 9.2-5 is a
simplified schematic of the gland seal/warm seal system.


During a normal reactor shutdown when the reactor primary system is depressurized, the gland seal
water system can supply the warm seal water system. A check valve prevents backflow of warm seal
water to the gland seal water system. During normal operation, one pump is in operation with the other in
standby condition.







Idaho N n En Bering and Environmental Laboratory 412.09 (09/03/2002 -Rev. 7)


Identifier: SAR-153CHAPTER 9 - AUXILIARY SYSTEMS -
UPGRADED FINAL SAFETY ANALYSIS REPORT Revision:


Page:
I I
9-28 of 9-90FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


9.2.7 N-16 Demineralized Water


The N-16 system may be supplied with either LDW or Bypass Demineralizer effluent. Supply
water enters the N-16 system after a pressure regulating valve reduces the pressure to 20 prig. The line
branches into two lines, each with a strainer. The lines then combine into one line to the suction side of
the two N-I6 pumps. The N-16 pumps provide pressurized water to the powered axial locator mechanism
for cooling and the N-16 monitoring system. Pump discharge check valves prevent reverse flow if one
pump is on standby. Crossties are described under gland sea] water and warm seal water.


The N-I6 power monitoring system piping separates the LDW or Bypass Demineralizer effluent
supply water into ten individual flows and routes each of these through tubes located in different regions
of the ATR core. While passing through the core, the individual flows undergo activation through the
0-16 (n,p) N-16 reaction. Each flow is then directed to its respective beta chamber for counting. The
activity of a given flow is an indication of the power in the region of the core in which that flow was
activated. After counting, the flows are recombined and return to the gland seal water tank.


Flow controls and indications for the N-16 system are provided locally at the pump motor floor
area above the hot and warm waste tanks, and locally at the N-16 pumps. N-16 pumps may be controlled
locally or from the DCS.


9.2.8 Reactor Bypass Demineralizer


The reactor bypass demineralizer system is designed to continuously purify a diverted portion of
the primary coolant. The reactor bypass demineralizer system includes two cation units and two anion
units. The 6-in. inlet line connects to the reactor primary coolant system piping downstream of the main
reactor butterfly flow control valve. A restricting 2.5-in. orifice, FE-37, in the inlet line limits maximum
flow in the event of a break in the bypass demineralizer piping.


Flow leaving the demineralizer passes through an 80-mesh effluent filter and is then returned to the
pump suction header of the primary coolant system. Immediately after the effluent filter, the piping tees,
which supplies Bypass Demineralizer effluent to the N-I 6 system.


9.2.9 Safety-Related Systems


The selection and identification details of the ATR safety-related systems that are not part of the
reactor shutdown system are contained in Chapter 3 (Design of Structures, Components, Equipment, and
Systems). Of the auxiliary water systems, part of the LDW system, part of the N-16 water system, and the
water supply for the emergency firewater injection system (EFIS) are safety-related.


The only designated safety function of the LDW system is to provide water make-up in the event of
canal leakage. If electrical power for pumps is not available, the safety-related portions of the LDW
system provide gravity driven canal make-up. Flow is from the two 100,000-gal demineralized water
storage tanks through the canal quick-fill line or through the makeup line (BL-8-442). Either of these
capabilities may be used depending on the location of stored, irradiated fuel elements.
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The portion of the LDW system necessary to accomplish the safety function extends from the
irradiated fuel storage portion of the entry into the ATR canal to the demineralized water storage tanks.
The safety-related and nonsafety-related parts of the system are shown in Figure 9.2-3; a listing of
safety-related components is contained in Appendix A of Chapter 3. The storage tanks constitute the
demineralized water supply for the entire TRA area. The safety-related/nonsafety-related boundary of the
LDW system is formed by valves that are either normally closed or that can be closed to isolate any pipe
break in the nonsafety-related portion of the system. The piping run from demineralized water tanks to the
ATR canal is bounded by the valves listed in Table 9.2-2. The listing in this table and the components
shown in Figure 9.2-3 do not include small lines (e.g., instrument lines ) and valves that are one-half in,
and less. It is considered improbable for these components to negatively impact the performance of the
system.


The effects of potential failures in the LDW on plant operation are considered in Section 15.11.6.
Failures during normal operating conditions can result in operating anomalies, but they do not become
initiators for off-normal events except for long-term operator inaction. Although the canal emergency
firewater makeup system is normally chosen as the primary source of makeup to the canal irradiated
element storage area, the LDW system can provide the safety function. Failure of the LDW during a
significant canal draining event is a low probability event that is considered beyond the design basis
(Section 15.8.4.2). The analysis of the canal draining events establishes an enveloping value of 13 gpm
makeup to the canal to compensate for bulkhead leakage and evaporation to dissipate decay heat from the
irradiated fuel elements (Stueve and Ghan 1998). Although LDW makeup pumps are normally in service
to maintain the system pressure, the enveloping flow to the canal can be provided by gravity flow
(Stueve and Ghan 1998). There will be the required 24 hours of forced or gravity flow (24 hours is
considered a reasonable response time following an off-normal event to either stabilize canal level or
provide additional makeup sources) when a level of 20 ft is maintained in the LDW storage tanks (Stueve
and Ghan 1998). Emergency firewater makeup to the ATR canal is an independent system and in
combination with the LDW emergency canal makeup, lower the fuel damage frequency in the canal to
< I0"' events/year.


The LDW system was designed and constructed using the Uniform Building Code in effect at the
time of construction. The accident analysis indicates that the canal does not fail as the result of the safe
shutdown seismic event. Therefore, there is no demand on the LDW for makeup as the result of seismic
events, and special seismic requirements do not result from safety considerations. The use of limited
seismic requirements in the system design is not a compromise to the reliability of the LDW system.


Emergency firewater makeup is provided as a redundant and independent makeup water supply to
the spent fire] storage area of the ATR canal. Emergency firewater makeup to the ATR canal is a low
flowrate system designed to provide makeup water for leakage and evaporative losses (13 gpm) from the
spent fuel storage area of the ATR canal.


The N-16 power monitoring system provides the reactor lobe power indication. The lobe powers
are considered in the safety analysis and must be controlled consistent with the safety analysis. Signals
proportional to power are generated from counting N-16 beta activity in water that has passed through the
reactor core. The processing of the signals from the beta counting chambers is discussed in Chapter 7
(Instrumentation and Controls). The N-I 6 flow system from supply station I I (N-I6 flow transmitter)
through the outlet of the beta chambers is safety related. The safety-related/nonsafety-related boundary of
the N-l6 flow system is shown in Figure 9.2-6. Safety-relatedlnonsafety-related boundary components are
listed in Table 9.2-4 and detailed in Chapter 3 (Design of Structures, Components, Equipment, and
Systems.)
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The EFIS supply for the ATR is from the TRA raw water and firewater system as shown
schematically in Figures 9.2-1 and 9.2-2. The EFIS supply includes three 375,000-gal storage tanks,
1,000,000-gal storage tank, four diesel-powered firewater pumps, one electric motor powered firewater
pump, a 150,000-gal overhead storage tank, and associated piping.


The four diesel-powered pumps are 633-1 (No. 1), 619-11 (No. 2; engine is 619-10), 688-M-1, and
688-M-2. Each Diesel engine has two 24-volt batteries for starting purposes and a battery charger to
maintain the charge on the batteries. The starting circuits attempt engine start for 15-second intervals
switching between batteries for each attempt. There is a 15-second pause between each attempt. These
solid-state crank controls are a part of the Fire Pump Controller.


Each diesel firewater pump is equipped with a dedicated diesel fuel storage tank,The Fire Pump
Controllers, the batteries with chargers, the fuel tanks, the piping from the tanks to the engine, and the
isolation valves are necessary for the successful operation of the firewater pumps. These components are
safety-related.


The boundaries of the safety-related portion of the raw water and firewater supply system are
somewhat complex since the overall raw water and firewater supply system interfaces with several other
subsystems. In general, the boundary for the safety-related portion is a valve on the inlet to the
nonsafety-related pumps. Similarly, single isolation valves form the boundary of the safety-related system
at other locations, such as interfaces on the firewater distribution loops.


The 150,000-gal overhead storage tank, the three 375,000-gal ground level tanks, and the one
1,000,000-gal ground level tank constitute the supply for all water needs of the TRA area, including fire
protection and suppression, potable water, irrigation, chill water, and supply to the EFTS. The boundary
between the nonsafety-related water systems and the EFIS supply system is formed by valves that are
either normally closed or closed in the event of a pipe break in the nonsafety-related portion of the
system. The valves that constitute the safety-relatedlnonsafety-related boundary of the emergency
firewater injection system are listed in Table 9.2-3; a listing of safety-related components is found in
Appendix A of Chapter 3.


The effects of potential failures in the firewater supply are considered in Section 15.11. 10. During
normal operation, the failure of the supply does not initiate an off-normal event. The supply is required
for mitigation of certain off-normal sequences. The enveloping requirement for firewater supply in the
long-term is established at 530 gpm by analysis in Sections 15.6.10.4.2 and 15.9.2.1.2. The discussion in
Sections 15.6.10.4.2 and 15.9.2.1.2 shows that the EFIS is capable of this flow rate. The analysis of off-
normal events assumes a flow consistent with a pressure of 60 psig at the lower actuation valves and 43
psig at the upper valves.


9.2.10 ATR Chemistry Control and Process Water Sampling


9.2.10.1 ATR Chemistry Control. The makeup water to the reactor is purified by passing
well water through a strong-acid ion exchange resin to remove soluble cations, a de-earbonator to remove
carbon dioxide gas, and a Type 11 strong-base ion exchange resin to remove soluble anions. In addition,
water from the primary coolant system is continuously passed through another set of Type I cation and
anion exchange resins in the bypass demineralizer system to provide additional on line purification.
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The pH of the purified coolant is kept slightly acidic to minimize the formation, transportation, and
deposition of aluminum corrosion products and to reduce aluminum fuel cladding corrosion rates. The pH
is adjusted in the ATR by bypassing a part of the acidic effluent from the cation exchangers around the
anion exchangers.


9.2.10.2 Process Water Sampling. Routine process water sampling provides the
information required to control the chemistry of the ATR water systems and the concentration of
contaminants. Actions to maintain ATR water system chemistry and limit the concentration of
contaminants are necessary to (a) minimize corrosion of the aluminum fuel cladding, (b) reduce
radioactive contaminants, shielding requirements, and personnel exposure, and (c) control the buildup of
oxides on fuel cladding. Routine sampling also provides the information required for corrective actions
and response following a fission break resulting in the release of fuel or fission products to the ATR
primary coolant system.


ATR process water sampling is accomplished manually by means of grab samples or automatically
by online equipment as necessary for chemical and radiological monitoring and analysis. Chapter 5
(Primary Coolant System) discusses PCS water chemistry requirements.


Secondary Coolant System (SCS) monitoring is performed by measuring the gross beta and gamma
activity in SCS samples. Chapter 12 discusses radiation protection and SCS activity limits.
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TDW Flow
System (Flow Diagram) Pump(s) or System Function Pump No. (ft) (gpm)


Raw and firewater supply Fill three 375,000 gal storage tanks #1 well 515 3180
(445139) #3 well 520 4180


#4 well 530 2000
To ATR well water system (442522), fills 150.000 gal overhead storage 619-6 230 850
tank. to fire loop, to and through demineralizers filling two 1 00,000 gal 619-7 230 850
demin. storage tanks 619-9 230 1000


619-1 230 900
619-2° 110 1300
619-3a 110 1300


ATR cooling tower makeup; I pump is spare 619-M-1 70 2500
619-M-2 70 2500


Firewater flow and pressure 633-1b 290 6500
619-12 200 5100
619-10' 259 3500


Firewater tank and pumphouse 1,000,000-gallon firewater storage tank, firewater flow and pressure 688_M-1b 290 2500
(181356)
Raw, fire, and domestic water ATR building, cooling tower and area firewater. well water t
system (442522) (this is the water, to sprinklers, to miscellaneous services. to reactor em
ATR well water system) cooling, to Utility cooling water fi ll
TRA firewater system Firewater distribution for all of TRA, EFTS supply, diesel co


o domestic
ergency


oling on


688-M-2b
None


None


290 2500


(410219) loss of UCW
TPA-608 demineralizer system To low pressure demineralized system (120884) and TPA facilities 608-18 75 1000
(513287) from the two 100,000 gal storage tanks 608-19 75 1000


608-20 186 500
608-21 186 500


Secondary coolant system Ultimate heat sink for reactor and Utility Cooling Water (UCW) System 671-M-1 145 8600
(414726) heatioads 671-M-2 145 8600


671-M-3 145 8600
671-M-4 145 8600
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System (Flow Diagram)
Chemical treatment systems
(449528)


Utility cooling water system
(120180); pumps are on
drawing 414726
Demineralized water system
(120884) (this is the low
pressure demineralized water
system)
ATR gland seal system
(418962)


ATR N-16 demineralized
water system (418963,
120879)
Primary by-pass demineralizer
system (120879)
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Pump(s) or System Function Pump No.
TDM'
(ft)


Flow
(8Pm)


Acid addition to secondary coolant for pH control None


Corrosion inhibitor addition to secondary coolant 671-M-61 PD` 0.012-1.1 gph
671-M-62 PD 0.012-1.1 gph


Chlorine dioxide (CIO2) addition to inhibit biological fouling
Cooling for high pressure demineralized water from experiment loops


None
671-M-5 175 3300


and for diesel generator engines; SCS Hx cooling on loss of commercial 671-M-6 175 3300
power; one pump is spare
To ATR reactor makeup, N-16 pumps, gland seal pumps, and
miscellaneous services


To outer shim cylinder drive seals, reflector cylinder position indicator,


None


670-M-40 050 5
pump, and top pressure tube seals; one pump is standby. 670-M-41 1050 55
To bottom pressure tube seals, safety rod drive seals, neck shim drive 670-M-82 350 150
housing seals, flush lines; one pump is standby. (These are supplied 670-M-83 350 150
from the warm seal water booster pumps.)
To N-16 monitors, and the powered axial locator mechanism 670-M-130 1086 30


670-M-131 1086 30


Primary coolant on-line cleanup (Uses primary pump head for flow) None 600


a. TDH = total dynamic head. 1 R water = 0.433 psi
b. Diesel powered
cc. Positive displacement pump
d. Ramps no longer in service.
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Table 9.2-2. Boundary valves for the safety-related part of the Low-Pressure Demineralized Water
System (LDW).


Valve Number Descri L ion


Block valve, LDW to canal distribution header


Block valve, LDW quick fill


Block valve, auxiliary fi ll line to HDW system


Block valve, LDW to experiment loops makeup


Block valve, LDW to N-16 pumps


Block valve, N-]6 recirculation return


Block valves, LDW to primary bypass demineralizer


Block valves, LDW to 2id basement distribution header


Block valve. LDW to 1'' basement distribution header


Block valve, demineralized water to ETR/MTR


Block valve. LDW to degassing tank


Block valves. demineralized water flushing pump inlet and outlet


Block valve, pump discharge to tank supply line


Block valve, LDW toTRA-608 lab


Block valve. Demin Recirculation Drain Isolation


Block valves, batch acid addition system


Block valves, level transmitter


Block valves


Block valve, demineralized water to ATR diesel jacket water makeup


Block valves, i nl et lines to tanks TRA-754 and -708A



HOILAE

Text Box

FOIA Exemption 3 UCNI, Exemption 7f 
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Table 9 .2-3. Boundary valves for the safety-related part of the Emergency Firewater Injection System.


Valve Number Descri lion


Block valves, Emergency Firewater Makeup to ATR Canal


Isolation valves, to fire ]lose racks


Block valve, firewater main to TRA-625


Block valve, firewater main to TRA-609


Block valve, firewater main to TRA-622


Block valve, firewater main to TRA-614


Block valve, firewater main to TRA-628


Block valves, firewater main to diesel fuel storage area


Block valve, firewater main to MTR firewater loop


Block valve, firewater main to IRA-603


Block valve, firewater main to TRA-652


Block valve, firewater main to MTR firewater loop


Block valve, firewater main to TRA-608


Block valve, pump 619-6 inlet


Block valve, pump 619-7 inlet


Block valve, pump 619-12 and 619-11 recirculation


Block valve, pump 619-11 recirculation


633-I Recirculation valve


633-1 Relief valve


Block valve, pump 619-8 inlet


Block valve, pump 619-1 inlet


Block valve, pump 619-2 inlet


Block valve, pump 619-3 inlet


Block valve, pump 619-M-1 inlet


Block valve, pump 619-M-2 inlet


Block valves, Tank 719C inlet


Block valves, Tank 719E inlet


Block valves, Tank 719A inlet


Block valve, Tank 718 outlet to firewater discharge header


Pump 619-12 Recirculation


Block valve, deepwell discharge to pump 619-11 discharge



HOILAE

Text Box

FOIA Exemption 3 UCNI, Exemption 7f
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Table 9.2-3. (continued).


Valve Number Description


Building 678


Block valve, to UCW


Block valve, to TRA-607


Block valve, to TRA-627


Block valve, to "IRA-641


Block valve, capped line near `IRA-657


Block valves, 670 fire sprinkler


Block valves, fir-ewater loop


Buildings 617 and 618


Building 669


ATR Sprinkler System 5


ATR Sprinkler system 6


Building 640


ATR Sprinkler system 7


Building 634


fire Hose Rack
Block Valve, to ATR well water system


Block valve, to MTR and air compressors


B lock valve, to firewater loop and dem ineralizer


Table 9.2-4. Boundary components for the safety-rel ated portion of the N-16 flow system.


Component Number Desai ion


Block valves, beta chamber drains


Five-way valve, spare beta chamber
Five-way valve, cutlet flow transmitter


N-16 flow transmitters


Block valves, calibration



HOILAE

Text Box

FOIA Exemption 3 UCNI, Exemption 7f
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9.3 Compressed Air Systems


The ATR compressed air system consists of two separate and distinct pneumatic systems: utility air
and ATR high-pressure air. Utility air supplies compressed air to ATR plant air and instrument air
subsystems and to TRA facilities. Utility air is supplied from a compressed air system originating in the
south wing of TRA-609. See Figure 9.3-1 for a simplified utility air diagram. The utility air system is
sometimes referred to as the TRA compressed air system or the MTR-ETR compressed air plant, and also
provides compressed air to the TRA facilities.


Compressors for the second compressed air system, the high-pressure air system, are located in the
utility equipment area of the ATR second basement. The high-pressure air system provides a source of
high-pressure air for the ATR primary system surge tank, diesel generator startup and emergency trip, and
pressurization of the HDW expansion tank.


9.3.1 Utility Air


The TRA compressed air plant is the source of compressed air for the plant air and the instrument
air subsystems. The interface between the TRA compressed air and the ATR air systems is described in
the respective subsystem sections.


The TRA compressed air source is three compressors arranged in parallel located at TRA-609, each
capable of providing 600 efm of compressed air at 140 prig. A flow diagram of the TRA compressed air
system is shown in Figure 9.3-1. The air is routed through a prefilter, a drier , and an after-filter before
being discharged to three air receivers. Normally, one compressor is in continuous operation with the
other two compressors automatically selected as the first and second standbys. Two of the compressors
can be operated with diesel power when there is a loss of commercial power. The air driers will continue
to dry for a period of time, but will not operate as efficiently because they also require commercial power
(Fide, Khericha, and Thatcher 1991). A low-pressure alarm is provided to signal the decrease in air
pressure.


9.3.1.1 Plant Air Subsystem. The ATR plant air system provides clean and d ry compressed
air for ATR utility and control air requirements. Sufficient storage capacity for compressed air is provided
to supply plant air operational needs.


9.3.1.1.1 System Design and Operation-Plant air is supplied to the canal
bulkhead seals. Bulkheads are provided for the working canal, storage canal, experimenters canal, and
critical facility canal, all of which use plant air for the bulkhead inflatable seals. Portable, flexible hoses
connect the bulkhead to air supply headers around the canal parapet. Plant air is used for the air-operated
winch, located in front of the subpile room door, and for other miscellaneous equipment. Plant air is
supplied to the canal level instrumentation for the in-vessel post accident monitoring system and for the
canal firewater makeup system and several pre-action fire alarm systems.


9.3.1.1 . 2 Safety Evaluation-Failure of the plant air system will not disable
safety-related equipment. Leakage attributable to failure of the bulkhead seals in the canal is mitigated by
the makeup capacity of the LDW system or emergency firewater makeup (Stueve and Ghan 1998). The
canal level instrumentation is provided with N2 backup. Loss of the plant air system does not compromise
the ability of safety systems to safely shut down the reactor or to provide mitigation of off-normal events;
the plant air is not designated as safety-related (House 1992).
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9.3.1.1.3 Codes and Standards-The ASME Unfired Pressure Vessels,
Section VIII, has been used in the design and construction of the plant air system receivers (ASME 1959;
Ebasco 1962a).


9.3.1.2 Instrument Air System. The instrument air system supplies clean and dry
compressed air through one of two separate loops of the TRA compressed air (utility air) system with
take-off connections throughout TRA-670 and other TRA buildings. Instrument air is a subsystem of the
TRA compressed air system; their common features are described in Section 9.3.1. Valves and
interconnections are provided to allow transfer of the compressed air between the plant air and instrument
air lines in off-normal situations (Eide, Khericha, and Thatcher 1991). A diesel-powered air compressor
connected to the ATR instrument air system piping will supply ATR with compressed air which may
allow continued operation of ATR with normal compressors out of service. This is strictly a
programmatic decision. The diesel-powered compressor is not required to safely shutdown the ATR.


9.3.1.2 . 1 System Design and Operation-The instrument air subsystem provides
compressed air for the ATR pneumatic instrument and control functions and for the reactor instrument
thimble purge. The primary purpose of the instrument air is to supply the control panels, transmitter
cabinets, and cubicles with control air. Instrument air also supplies air to selected ATR system valves, all
pneumatic instruments, ATR truck door seals, the vertical two-part lift door in the north wall of the
reactor room between the reactor room and the storage canal room, and heating and ventilating dampers.
The main exhaust dampers (BDM-1-5 and 5A) require air pressure to open or close. These dampers have
nitrogen gas backup to provide motive force if instrument air is not available.


9.3.1.2.2 Safety Evaluation-Failures of instrument air resulting in off-normal
sequences are described in Sections 15.5 and 15.1 1.7. Loss of the instrument air system does not
compromise the ability of safety systems to safely shut down the reactor or to provide mitigation of
off-normal events; the instrument air is not designated as safety-related (House 1992). Inflatable door
seals for confinement and the vessel vent valves are backed up by compressed N2 bottles, as discussed in
Chapter 6 (Engineered Safety Features).


9.3.1.3 High-Pressure Air System. The high-pressure air system provides 285 psig
high-pressure air for diesel engine startup, pressurizing the reactor primary coolant system surge tank, and
the HDW expansion tank (Ebasco 1965a). A simplified flow diagram of the high-pressure air system is
shown in Figure 9.3-2.


9.1 1.3.1 System Design and Operation-The cumulative receiver volume
required for the highest volume and pressure air load, which was determined to be eight cold diesel
engine starts, is 52.3 ft3 (at 125 to 250 psig) (Ebasco 1962b). The storage capacity of the two
high-pressure air receivers is 70 ft3, which is adequate to supply the high-pressure air needs of ATR.


9.3.1.3 . 2 Safety Evacuation-Off-normal conditions for the high-pressure air system
are described in Section 15.11.8. The High-pressure Air System is not needed to safely shut down the
reactor or to provide mitigation of off-normal events; the high-pressure air system is not designated as
safety-related.


9.3.1.3.3 Codes and Standards-The high-pressure air compressors, receivers, and
supporting equipment were designed and manufactured in accordance with the American Society of
Mechanical Engineers (ASME) Code for Unfired Pressure Vessels, Section VIII-1962 (Ebasco 1965a).
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Figure 9.3-1. Simplified Utility Air Diagram. (For Information Only)
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Figure 9.3-2. High-Pressure Air System. ( For Information Only)
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9.4 Heating and Ventilation


Ventilation for the principal working areas in the building is sectioned to minimize the dispersal of
potential contamination from one area to another. The ATR heating and ventilation system consists of
numerous fans, heating and cooling coils, primary dampers, and backup dampers distributed throughout
the building. The individual ventilation components are independent of each other and can generally
continue or discontinue operation without affecting other spaces. Fans and dampers controlling
ventilation in specific areas are secured by the radiation monitoring and seal system (RMSS) when
necessary to confine a release of radioactivity.


Not all firewall and floor heating and ventilating penetrations through fire barriers have dampers to
prevent the spread of smoke in the event of fire. Since the original construction of the facility, the
requirements have changed and additional walls have been added to the facility, For a discussion of the
current fire protection requirements, refer to Section 9.5.1.


The HVS-1 system supplies air to the reactor operating area and first and second basements. A
schematic diagram of HVS-1 is shown in Figure 9,4-1. The air is drawn from outside the building through
control dampers, a filter bank, preheat electric coils, a hot water coil, and eight reheat electric coils
located in dueling downstream of the blower and air washer to the main supply fan HVS-1. The speed of
HVS-1 is controlled by a variable frequency drive unit. HVS-1 speed is established to maintain a negative
(relative) pressure in confinement. Controls and indications for HVS-1 are on the Process ACS.


The HVS-2 system supplies air to the ATRC and offices on the west side of the reactor building.
The HVS-2 system is shown in Figure 9.4-2. The HVS-3 system supplies air to the canal and laydown
area. Schematic diagrams of HVS-3 are shown in Figure 9.4-3. The HVS-4 system supplies air to the east
side offices. A schematic diagram of HVS-4 is shown in Figure 9.4-4. The HVS-5 system supplies air to
the PCS motor room, the utility areas, and the diesel rooms. Air conditioning systems are provided for
specific areas. The Reactor Control Room air treatment system, "VA-2 System, includes Isolation
Dampers BDM-1, BDM-IA, BDM-2, and BDM-2A. These dampers are part of the RMSS discussed in
Chapter 6 (Engineered Safety Features). These fans and dampers are controlled locally except during
RMSS trips.


The following sections of this chapter describe ventilation and air treatment for the operating areas,
storage canal, and waste area.


9.4.1 Operating Areas Ventilation System


The reactor operating area, the first basement, and the second basement are the operating areas
discussed in this section. A schematic diagram of the Reactor Building Beating and Ventilation System is
shown in Figure 9.4-1.


9.4.1.1 System Description . The HVS-I ventilation system provides conditioned air,
maintains a relative negative building air pressure, ensures air flow from areas of low contamination
potential toward areas of higher contamination potential, and upon RMSS isolation, prevents the
uncontrolled release of airborne radioactivity from the confinement. The equipment for the HVS-1 syste
is located on the second mezzanine level in the southwest comer of the building. It consists of a filtering
system, electric and waste heat recovery coils, an air washer, and supply fan HVS-1.
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Since the reactor operating area is part of confinement, butterfly-type dampers are installed in the
supply and return air duct work to ensure integrity of enclosure on shutdown and to preclude uncontrolled
leakage to the atmosphere. The butterfly dampers are automatically controlled by operation of the RMSS.
The supply fans are interlocked to the RMSS and, as a backup, to the operation of the main exhaust fans;
the main supply fans will be shut down on an RMS-1 trip or on shutdown of the main exhaust fans. The
RMSS is an Engineered Safety Feature and is discussed in detail in Chapter 6 (Engineered Safety
Features).


The main exhaust system fans are located in the equipment room on the second basement level.
The two fans (one a standby) ensure continuous operation. If one of the operating fans fails, the standby
automatically starts. These fans are designed to operate continuously unless shut down by the RMSS.
Separate interlocks are provided so the dampers do not close on loss of the main exhaust fans except for
an RMSS shutdown.


9.4.1.2 System Evaluation . During normal operation, the system is designed to move air
from clean areas to potentially contaminated areas and, ultimately, to the atmosphere. Thus, the operating
areas of the reactor building remain habitable during normal operations. During an RMS-1 trip, the
reactor operating areas are sealed as part of the confinement and are unventilated. Thus, the reactor
operating areas (including the control room) may become contaminated during an RMS-l trip.


9.4.2 Canal Area Ventilation System


The canal is located outside confinement. The canal and general storage and laydown areas are
supplied with ventilation from system HVS-3. A schematic diagram of the HVS-3 system is shown in
Figure 9,4-3.


9.4.2.1 System Description . The HVS-3 system supplies air to the storage canal and the
general storage and laydown areas, and includes an electric preheater, supply fan HVS-3, cleanable-type
filters, a hot water coil, and outside air dampers. This equipment is enclosed in a built-up unit located on
the equipment platform at the east end of the storage canal area. The air supplied to the general storage
area is exhausted through a roof ventilator.


The HVS-3 system operation is controlled by conditions within the space served; the system will
be stopped on indication of locally high airborne contamination. Either of the two continuous air monitors
(CAMS) located in the area can actuate the shutdown of HVS-3 (the action is referred to as RMS-4). The
action will also stop the two roof exhaust fans if they are operating in the automatic mode.


9.4.2.2 System Evaluation . During normal operations, the canal area ventilation system
provides adequate airflow to maintain habitability for operating personnel. The installed radiation
detectors provide adequate local and remote warnings of radiation releases within the canal area. The
RMS-4 action does not seal the area since it is not a confinement. However, stopping the fans will limit
the effect of the heating and ventilating system on radioactive releases.


9.4.3 Utility Area Ventilation System


The air supplied to the utility area is supplied by HVS-5. The flow is from clean areas to potentially
more contaminated areas, if more than one area is supplied by the same outlet, Exhaust fans are provided
to ensure air removal and direction of airflow.
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9.4.3.1 System Description. These systems provide ventilation to the utility area and
adjacent spaces on the first floor, the switchgear and primary pump motor areas in the first basement, and
the IIDW equipment areas in the second basement.


The HVS-5 equipment is located in the southeast comer of the diesel generator room and consists
of a filtering system, heating coils, air washer, and supply fan HVS-5. Sufficient supply air is provided to
remove heat rejected by the diesel generators in the utility area on the first floor and heat generated by the
switchgear in the first basement. This system also provides part of the air required to cool the primary
coolant pump motor area. During a RMS-l trip, 14VS-5 system is shut off and service areas are
unventilated.


The supply HVS-5 system serves the utility area, which is outside confinement and the basement
areas which are within confinement. To provide confinement, the supply and return air duct work
connecting this system to the basement areas and the battery room exhaust duct are provided with
butterfly-dampers and backup dampers. These dampers are closed by the RMSS.


9.4.3.2 System Evaluation . During normal operation, the HVS-5 ventilation system
provides adequate control of airborne contamination. Potential airborne contamination is swept by the
airflow from clean areas to potentially contaminated areas and then to the exhaust stack.
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Figure 9.4-2. Critical Facility Area Heating and Ventilating System (HVS-2 System). ( For Information Only)
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Figure 9.4-3. Storage Canal Area Heating and Ventilating System (HVS-3 System). ( For Information Only)
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Figure 9.4-4. Office Area Heating and Ventilating System (HVS-4 System). (For Information Only)
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Other Auxiliary Systems


9.5.1 Fire Protection Design Requirements


9.5.1.1 Fire Hazard Analysis . The ATR Fire Hazard Analysis (FHA), HAD-116
(INEEL 2001a) and HAD-I 14 (INEEL 2001b) was completed by an outside contractor under the
supervision of the area Fire Protection Engineer for TRA and by the Site Fire Marshal. The purpose of the
FHAs was to assess the current configuration and use of the ATR Building TRA-670 and ATR Support
Buildings for resistance to a damaging fire.


The analysis was performed in accordance with the DOE guidance contained in the Implementation
Guide for use with DOE Order 420.1 (DOE 1996) and DOE Order 440. IA (DOE 1998).


The FHA utilized criteria from DOE standards and guidance documents, national codes and
standards (e.g., National Fire Protection Association (NFPA), Factory Mutual (FM) Data Sheets, etc.),
and consensus building codes to assess the facilities. Site visits were conducted to gather information.
Facility site surveys and interviews with building and fire protection personnel were conducted, as well as
review of site and building drawings, safety documentation, and fire department procedures.


The codes of record for each building were taken to be the codes in effect during the design and
construction of the buildings, in accordance with the direction contained in DOE Order 420.1. The ATR
building was constructed in the early 1960's and began operation in 1967. The UFSAR indicates that the
building was constructed using the 1961 Uniform Building Code (UBC 1961). Fire protection systems
have been installed at various times in the history of the building, and the codes of record are those in
effect at the time of installation. Upgrades and fire system installations were assumed in the analysis to
have met the Orders, codes, and standards at the time of construction.


Although specific non-compliance issues to some NFPA fire codes have been identified by
previous code analysis and as listed in the FHA, the FHA did not include a line-by-line compliance
review of all NFPA codes.


The most recent versions of applicable codes and standards were used for this analysis, as
appropriate. In some cases, items that do not comply with the current code may have complied with the
codes in existence at the time of construction. Noncompliance issues with the codes of record and with
the current versions of the codes were evaluated in these FHAs. Recommended corrective actions were
provided where necessary.


With the noted exceptions documented in the FHA for ATR, the fire protection design features in
accordance with DOE 420.1 for the ATR Building are adequate based on anticipated fire hazards. The
ATR FHA included recommendations to address issues where the level of protection could be improved
with modifications. In addition to the building fire safety features, the INEEL Fire Department provides
emergency response capabilities for the hazards present. The fire scenarios that rely on fire department
response for nuclear safety and additional design recommendations are identified in Thatcher (2000b).


9.5.1.2 Design Basis. The ATR fire protection design was based upon the latest commercial
industrial practices in effect at the time of construction. In the early years of nuclear reactor development,
commercial power plant practices were followed. The design requirements are found in the construction
specification and plans that were accepted by the U.S. Government during construction (Ebasco 1965b).
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In the history of the ATR, a variety of DOE and contractor fire protection professionals have
applied the quantification of the improved risk fire protection standards to the changes that have been
made to the ATR.


The applied standards have become more encompassing as the years have passed. The original
improved risk fire protection criteria only addressed the protection of property. It was later enhanced to
include spread of radioactive contamination to offsite locations. It now includes life safety, the
Occupational Safety and Health Act (OSHA), and hazardous materials (DOE 2002).


9.5.1.2 . 1 Design Requirements-The design philosophy has changed and the
design requirements have evolved since the original design and construction. Because of these
differences, this SAR documents the design basis developed and accepted over the operating history of
the ATR by the contractor and the DOE. This design basis reflects the currently accepted level of fire
protection.


Following are the 10 design requirements as listed in DOE Order 420.1
(DOE 1996) and ATR current status of compliance as summarized from
review of the FHA (HAD-116) to those listed requirements. In addition to the
design requirements and the current ATR status, numerous recommendations
were made in the HAD-1 16 report. These recommendations were entered
into a tracking system. As these issues are resolved the UFSAR will be
updated as necessary. The HAD-I 16 report, in combination with Table
15.16-1, provides assurances that the ATR can be operated within the safety
basis until all recommendations are resolved.


1 A reliable water supply of adequate capacity for fire suppression.


Summary of the FHA (HAD-116):


• The adequacy and reliability of the TRA water supply system is acceptable as documented in
annual TRA Pump and Loop tests.


• The existing fire water supply system for ATR facility consists of a looped network of buried 10-,
12-, and 14-in. diameter ductile iron fire mains. The lead-ins to the buildings are typically six in. in
diameter. The firewater service mains are fed by four diesel and one electric driven fire pumps
taking suction from four ground level raw water storage tanks. Because the approved fire pumps
are adequate for the required fire protection demands, the water supply is considered adequate for
fire protection.


• A second water supply is also available from an elevated storage tank.


• Ground level storage tanks (TRA-719) are filled by deep well pumps, which automatically
maintain the water level. Each of the firewater pumps and the elevated tank individually provide an
adequate water supply for fire protection. For all fires except a cooling tower fire, the elevated tank
volume is only marginally below the quantity required for the full duration of a fire (90 minutes
supply). The demand of 1,500 gpm specified in Section 5.2.1 of the FHA is conservative for all
areas of the ATR except for a fire in the cooling tower that requires a flow of 2,472 gpm. The full
volume is unlikely to be used for a fire in the ATR TRA-670.


• The ground level storage tanks (TRA-719) are designed and valved to enable each tank to feed
TRA-633 and TRA-619 firewater pumps. The location of the valves in the system provides
reliability and redundancy by enabling isolation of a system breech while maintaining operation of
at least one tank and one fire pump. All tanks in operation are interconnected and drain together.
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• TRA has dedicated firewater pumphouse (PRA-688) and firewater storage tank (TRA-781) to
provide a redundant firewater supply. The pumphouse includes two additional diesel firewater
pumps that are about one-half the capacity of the other firewater pumps.


• The ATR Building has an Emergency Firewater Injection System (EFTS). The EFIS was designed
to provide emergency core cooling for some Design Basis accidents. When activated, the EFTS is
supplied from the TRA firewater distribution system. Therefore, the EFTS activation can potentially
reduce the water available to the fire protection systems. The EFTS has never been used to mitigate
a transient in ATR. Therefore, the potential fora reduction in available fire protection water due to
EFTS activation is low and is acceptable. The hydraulic demand created by the simultaneous
operation of the EFTS and cooling tower deluge systems can be met by the TRA water supply,
depending on the number of operating firewater pumps.


2. Noncombustible or fire-resistive construction, where appropriate. Complete fire-rated barriers that
are commensurate with the fire hazard to isolate hazardous occupancies and to minimize fire
spread and loss potential consistent with defined limits as established by DOE.


Summary of the FHA (HAD-I 16):


• A ll construction materials are noncombustible or fire resistive in accordance with DOE
Orders 420.]A (DOE 2002) and ATR Facility Specific General Design Criteria in Chapter 3
(Design of Structures, Components, Equipment, and Systems). The construction and occupancy
types of the ATR Building are classified in accordance with the Uniform Building Code
(IBC 2000), NFPA 220, and NFPA 101. Building TRA-670 is categorized as follows:


• UBC construction type: 11-N


• UBC Occupancy Classification: Group F, Division 2


NFPA 220 construction type: 11 (000)


• NFPA 101 Occupancy Classification: Special Purpose Industrial


• In accordance with the FHA that assumed worst-case conditions, an ignition source was assumed
for all fire scenarios. A qualitative assessment was performed to determine the impact of a fire in
the facilities given the observed fire hazards. The effects of the fire protection systems on a fire
were also analyzed. Conclusions from this analysis were used to provide appropriate
recommendations for reducing the fire hazard.


• The fire hazard analysis also considered the effects of external fire exposures and natural hazards.
External exposure fires include commodities stored outside of the building or in a nearby building.
In addition to the impact of fires and natural hazards on the building, the potential and severity of a
toxic, biologic, and/or radiological event was evaluated. The impact of security on fire safety was
also evaluated.


Following the release of the FHA an engineering analysis of the fire barriers for ATR was
performed . The engineering analysis (Hunter 2001 ) provides the documentation for the evaluation,
assignment , and designation of firewalls along with fire resistance ratings for interior walls located
within Building TRA-670. The recommendations as listed in the FHA and the results of the
engineering analysis of ATR fire barriers are pending further analysis to determine if additional
corrections to the barriers are warranted.
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3. Automatic fire extinguishing systems are required throughout all significant facilities and in all
areas subject to loss of safety class systems, significant life safety hazards, unacceptable program
interruption, or fire loss potential in excess of defined limits.


Summary of the FHA (HAD-I 16):


• Installed sprinkler systems are intended to meet the criteria outlined in NFPA 13, Standard for the
Installation of Sprinkler Systems.


• TRA-670 contains various fire suppression systems. Automatic fire suppression in the building is
accomplished by wet pipe sprinkler systems, pre-action systems and Halon systems. Manual fire
fighting means include portable fire extinguishers, inside hose stations, fire hydrants and fire
department connections. The FHA (HAD-] 16) provides a description and analysis of each of the
automatic fire suppression system provided for ATR. With the exceptions noted in the FHA,
automatic fire sprinkler systems in the ATR are adequately designed and installed and are
appropriate for the hazards protected.


The location of safety equipment in the ATR building is summarized in Thatcher (2000a).
Historically, ATR has never had fire protection systems in inaccessible areas containing the reactor
vessel or primary coolant system because of maintenance difficulties and concerns about
inadvertent actuation. ATR experiment and primary coolant system piping exposure to inadvertent
firewater actuation could create costly piping contamination issues. Sprinkler systems have been
disabled for experiment loop cubicles. The heat exchanger area, nozzle trench, and other areas
around and below the reactor vessel are normally inaccessible areas during reactor operations and
the combustible loading administrative requirements restrict combustible material loading.
Surveillance of the combustible loading is performed prior to reactor startup (Thatcher 2000a).


• The operability of fire protection systems that are relied upon for nuclear safety is closely
controlled in Abnormal Operating Procedures. Those fire protection systems important for the
protection of safety related equipment are identified in Thatcher (2000b) and Atkinson (1999).


• Areas of the building with fire protection systems that would not mitigate building structural
damage from a large fire such as in the canal area and reactor main fl oor have special restrictions in
place to reduce the risk of a vehicle fire and standoff areas restricting transient combustible loading
to reduce the risk of building structural damage.


4. Redundant fire protection systems in areas where safety class systems are vulnerable to fire
damage and where no redundant safety capability exists outside of the fire area. In new facilities,
redundant safety class systems shall be in separate fire areas. Redundant fire protection systems
shall also be provided in areas where the maximum possible fire loss (MPFL) exceeds limits
established by DOE.


Summary of the FHA (HAD-] 16):


• The FHA provides an analysis of the 12 "Safety Related Systems" at ATR (Section 6 of the FHA).
The "safety related" designation is similar to the "safety class" designation defined for non-reactor
DOE facilities. The FHA provided recommendations for improvement of redundant level of fire
protection as well as for improving protection of Safety Related Systems.
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5. A means to summon the fire depa rtment in the event of a fire , such as a fire alarm signaling system.


Summary of the FHA (HAD-I 16):


+ All fire and EMS related communications are received by the INEEL Fire Alarm Center. This
includes automatic fi re alarms and telephone reports for fire and EMS emergencies. The
communications alarm room is manned around the clock . Alarm room operators are part of the
Alarm and Communications organization and are not members of the INEEL Fire Department.


6. A means to notify and evacuate building occupants in the event of a fi re, such as a fire detection or
fire alarm system and illuminated protected egress paths.


Summary of the FHA (HAD-116):


• The automatic fi re alarm system for the ATR Building consists of one intelligent , addressable fire
alarm control panel (FACP) that is connected to the TRA Notifier Net system, which alarms to the
INEEL Alarm Center and notifies the fire department . The FACP also alarms locally, via the
Automated Voice Announcement System (AVAS).


+ Detection device spacing and location appears to be in compliance with NFPA 72, National Fire
Alarm Code. Occupant noti fi cation is accomplished with fire alarm speakers and combination
speaker/strobe units that are located throughout the building . Speaker and speaker /strobe placement
appears to be sufficient to notify occupants in case of fire.


• Fire alarm device spacing and location appears to comply with NFPA 72, National Fire Alarm
Code and is expected to perform adequately during a fire.


• The normal illumination levels throughout ATR are adequate for egress. Battery-backed
emergency lighting is provided to illuminate egress routes in the event that normal lighting fails.
Illumination exit signs are ported at all exits. The exit signs are provided with normal power and
battery backup. With the exceptions noted in the FHA (HAD-I 16), the illumination for egress is
adequate.


7. Physical access and appropriate equipment to facilitate effective intervention by the fire
department, such as an interior standpipe system(s) in multi-story or large facilities with complex
configurations.


Summary of the FHA (HAD-I 16):


• With the noted exceptions documented in this FHA, the fire protection features for the ATR
Building are adequate based on anticipated fire hazards. In addition to the building fire safety
features, the IN EEL Fire Department provides emergency response capabilities for the hazards
present. The fire scenarios that rely on fire department response for nuclear safety are identified in
Thatcher (2000b). The Fire Department prepares facility Fire Department Pre-Plans that provide
firefighters with information such as building configuration, hazards, firefighting tactics and
limitations, utilities, and fire systems.


Fire depa rtment vehicle access is provided via paved roads . The TRA site is secured and requires
coordination of the fire depa rt ment and security to obtain access.
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Adequate open street frontage is provided around the perimeter of the ATR Building to allow
emergency response . The fire depa rtment has access to fi re hydrants and can enter the buildings
through several exterior doorways . No upgrades are required regarding vehicle or personnel access
to the ATR Building.


A means to prevent the accidental release of significant quantities of contaminated products of
combustion and fire fighting water to the environment , such as ventilation control and filter
systems and curbs and dikes. Such features would only be necessary if required by the FHA or
Safety Analysis Report (SAR) in conjunction with other facility or site environmental protection
measures.


Summary of the FHA (HAD-116):


• Potential for Toxic, Biologic, or Radiation Events are addressed in the FHA. Two potentials for
release are analyzed; PCB release from the components associated with the diesel generators and
exposure from unirradiated fuel elements.


• Several fire scenarios described in the FHA are capable of causing a release of contamination or
fission products. These include fires in the Switchgear Room, the Pump Motor Corridor, and the
Heat Exchanger Room. These fire scenarios can lead to a loss of primary coolant forced flow or a
loss of primary coolant bounda ry integrity . In either case, fi ssion product release or contamination
release to the building exterior will be slowed by the building confinement system.


• Several fire scenarios are capable of interrupting operations for twelve months or more. The
majority of this down time would be due to difficulty in obtaining replacement components,
especially the diesel generators , the reactor vessel , and the switchgear.


• Water from fire suppression activities could either drain outside the building or drain into the
sanitary drainage systems . Some of the fire suppression runoff that drains outside the building
could contain contaminated water. With no dike system in place around the building, the runoff
would not necessarily be contained. The recommended limitations to the fuel loading as described
in the FHA Would reduce the amount of water necessary to extinguish fires, especially in the areas
where there may be contamination. This would limit the amount of the potential for contamination
and the amount of contaminated water runoff.


9. Fire and related hazards that are unique to DOE and are not addressed by industry codes and
standards shall be protected by isolation , segregation or use of special fire control systems , such as
inert gas or explosion suppression , as determined by the FHA.


Summary of the FHA (HAD-I 16):


• Fire and related hazards that are unique and not addressed by typical industrial standards are
summarized throughout the Fire Hazard Analysis and a summary of items that would provide an
increased level of protection are provided in the FHA.
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10. Fire protection systems shall be designed such that their inadvertent operation, inactivation or
failure of structural stability will not result in the loss of vital safety functions or inoperability of
safety class systems as determined by the SAR.


Summary of the FHA (HAD-116):


• A spurious trip of an automatic sprinkler system within the building is possible, but would be
infrequent. However, should a sprinkler fail resulting in water discharge, it would likely cause
limited physical damage or interruption of operations; except if occurring in area of computer
equipment or exposed thermally hot piping, then a significant interruption to operations is possible.
Actuation of an automatic sprinkler system during a fire would likely cause less damage than an
unmitigated fire.


• Accidental discharge of the Halon 1301 systems would not likely damage the building or
significantly delay any vital programs. Furthermore, an accidental discharge of Halon from any
system component will result in concentrations of less than 10%. This concentration in any area of
the building is considered non-life threatening.


• Upon activation the installed fire suppression system does not create an unacceptable increase in
potential damage or loss to the building.


9.5.1.2.2 Original Construction Design Requirements-The original design
basis for fire protection of the ATR is the construction technical specification P-53 (Ebasco 1965b). This
specification is designated NFPA 13, 1961 Edition, as the Code of Reference.


The water based fire sprinkler systems for TRA-670 consist of wet pipe systems and preaction
systems, installed to the Code of Record at the time of installation, which included provisions for
earthquake bracing. Water storage for the facility is considered adequate for 90 minutes of required
supply at the maximum expected flow rate. The fire protection systems installed in the PPS rooms are
designed to limit the probable fire loss in the PPS rooms so potential fi re damage is limited to one system
of reactor safety features. This is accomplished by providing redundantly installed fire suppression
systems (Halon 1301 and preaction fire sprinklers), smoke/heat detection, and by providing facility fire
separation areas with rated fire barriers.


The sprinkler system for the cooling tower is an open head deluge, hydraulically designed to
provide 0.50 gpmlf2 over the entire system under the fan deck and around the velocity cone and fan
motor, with a maximum of two cells per system. Activation of each deluge system is controlled by
temperature sensitive thermistor wire. Water storage for a minimum of 90 minutes is required for the
TRA fire protection water supply.


Sprinkler system waterflow and control valve supervisory tamper switches are connected to the
building fire alarm system.


9.5.1.3 Systems Description


9.5.1.3 . 1 Heating, Ventilating, and Air Conditioning System-Five separate
fan systems provide ventilation for the ATR. Section 9.4 of this SAR describes these systems.
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9.5.1.3.2 Structural Fire Resistance-The structural support system for the first
basement is bare steel beams and columns. The ceiling is reinforced concrete. The second basement is
constructed using reinforced concrete floors, walls, and ceiling. The office areas, including control room,
are constructed using reinforced concrete floors on steel, masonry, and gypsum walls for interior fire
separations, and exterior insulated metal panel walls. The reactor building, ATRC, canal, and diesel
electric generator portions of the building are structural steel with insulated metal exterior walls and
interior masonry fire separations.


The ATR building (TRA-670) is divided into the fire areas as shown on Figures 9.5-1 through
9.5-8. Fire separation between the various areas can be provided by fire rated walls and other barriers. In
some cases, the wall or other barrier providing separation is not fire rated. Small openings or voids can be
detected in most of the firewalls separating the fire areas. An example of this is the north wall of the canal
in the location where the basement exit stairway reaches the main floor. In these cases, administrative
controls such as limiting combustibles are used to ensure fire separation between different fire areas.


9.5.1.3.2.1 Horizontal Fire Separations-Horizontal fire separations were
identified in Hunter (2001). On the main floor, shown in Figure 9.5-1, the wall between the reactor main
floor and the canal is noncombustible and is not fire rated. The wall between the reactor floor and the
control room and office area and the storage canal area is two-hour fire rated with fire-rated windows
installed on the first and second floors. The door between the reactor main floor and the airlock provides a
smoke barrier.


In the first basement, a horizontal separation runs east-west through the building along the north
wall of the storage canal (shown in Figures 9.5-2, G-F, 1-9). This wall is a 3-hour fire rated assembly.


A second hori zontal separation runs north - south between the electrical switch room and the
prima ry coolant pump room ( Figure 9.5 -2, F-K, 4-5). This wall is a 3-hour fi re rated assembly.


A horizontal separation runs north-south between the Prima ry Coolant Heat Exchanger area and
from the High Pressure Demineralized Water Equipment Area. This wall is a 3-hour fire rated assembly.


9.5.1.3 . 2.2 Vertical Fire Separations-The floors separating each of the
levels of the building, with the exception of the mezzanine areas of the ATRC, are necessary fi re barr iers
since the existing interior fi re rated walls do not line up to form a common barrier through all levels. The
FHA specifies that each level be assigned at least a 2-hour fire resistance. Since all levels are
poured -in-place concrete with a thickness ranging between 8 in. and 6 ft , the 2 -hour resistance can be met.
Hunter (2001) assigns each of the building ' s floors with a 3-hour fire rating.


9.5.1.3 .3 Transformer Protection-The ATR feeder transformers are separated by
two-hour fire-rated partitions. There is no fire sprinkler protection for the transformers.


9.5.1.3.4 Electrical Switchgear Room-The main electrical switch gear room is
located in the first basement. Electrical wiring enters into this common room and is then distributed out
through the southeast cable tray entry and through the wall into the primary coolant pump motor area. The
diesel generator feeder circuits go up through the ceiling into the diesel generator room upstairs and
outside to ATR Building TRA-674. None of these electrical cables are separated by fire resistive
separations. The cable trays containing this power cabling are stacked on top of one another with 9 to
12 in. vertical separation. The cable trays are 3 in. deep and 18 in. wide. The metal trays are slotted
bottom, solid side, open top, galvanized metal.
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9.5.1.3 .4.1 Grouped Electrical Cables-The metal tray system (power
distribution and instrumentation) travels along the main access aisle of the reactor in both the first and
second basements. In the first basement, between column lines E and D and 2 and 3, the power cable trays
join with the instrumentation cable trays coming from the reactor control room, which is located above
this area. The cable trays for the electrical and electronic instrumentation are distributed in the same cable
tray array (separate power and instrument trays) throughout the first and second basements.


9.5.1.3 .4.2 Cable Tray Separation in Diesel Generator Room-Along the
north side of the building, underground cable conduits enter the building and pass through the diesel
generator pit on the way to the electrical switch gear in the first basement. These underground conduits
include the fire alarm circuits, the security alarm circuits, the power circuits going to the cooling tower,
the generator power circuits from TRA-674, and commercial power circuits. These cable trays are
exposed by the two diesel generators located in the room.


9.5.1.3 . 5 Oil Lubrication System for Primary Coolant Pumps-Each of the
primary coolant pumps is equipped with its own 17-gal oil reservoir, piping, and heat exchanger.


9.5.1.3 . 6 TRA -671-Cooling Tower Pumphouse-The building contains the
deluge fire sprinkler risers for the cooling tower. Water supply for these systems is supplied by a single
12-in. connection to the TRA water supply. The building is protected by a wet-pipe, ordinary-hazard,
sprinkler system. The sprinkler system is monitored by the INEEL fire alarm system.


9.5.1.3 .7 TRA-771-Cooling Tower-The ATR Cooling Tower is a four cell,
induced draft, counter flow, fiberglass cooling tower that is located north of the reactor building. This
cooling tower is protected by automatic, deluge fire sprinklers undern eath the fan deck, and over each fa
motor. Fire sprinkler system design releases 0 .50 gpmlft2 over the entire cooling tower.


Operation of the deluge fire sprinkler system is superv ised by TRA-671 fire alarm control panels
(FACPs) and INEEL fire alarm system. This superv ision covers thermistor wire failure , control panel
failure, waterflow , and control valve tamper switches.


9.5.1.3 . 8 ATR Buildings TRA-619 and TRA-633 Fire Pumphouses-TRA-619
is the raw water pumphouse . This building houses electrical switch gear for raw water pumps, one diesel
engine-driven fire pump, one electric motor-driven fire pump, two cooling tower makeup pumps, and four
raw feedwater pumps.


The building is protected by a wet-pipe, ordinary hazard occupancy, pipe schedule system. The
building also houses a notifier FACP for the INEEL fire alarm system. The fire sprinkler system is
monitored by the INEEL fire alarm system.


Building TRA-633 houses one diesel engine-driven fire pump. A 660-gal diesel fuel storage tank
located within this building supplies fuel for the fire pump engine.


The building is protected by a wet-pipe automatic sprinkler system designed for ordinary hazard
occupancy, pipe schedule systems. The fire sprinkler system is monitored by the INEEL fire alarm
system.
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9.5.1.3.9 TRA-688-Firewater Pumphouse-This building houses two diesel
engine-driven firewater pumps to provide redundant fire suppression capabilities. Each diesel engine is
supplied by a dedicated 572 gallon diesel fuel storage tank located inside the building. The pumps take a
suction from a dedicated 1,000,000-gallon firewater storage tank (TRA-781), connected to the north side
of the building, and discharge to the ATR underground firewater loop.


The facility is protected by a automatic wet pipe system. Fire protection for this facility is deemed
adequate, since the system was installed in accordance with NFPA 13.


9.5.1.3.14 TRA-623--Electrical Substation Building-This building house
electrical switchgear, breakers, and equipment for the TRA area.


The cable trench under the building is protected by a fire detection system for early warning and
reporting of fire related conditions. The system is supervised by the INEEL fire alarm system.


9.5.1.3.11 TRA-674--DiesellElectric Generator Building-The building is
protected by a dry-pipe, automatic-fire sprinkler system. The riser for the system is located inside the
north wall of the TRA-670 diesel generator room. The system is designed for ordinary hazard occupancy,
pipe schedule basis. The system is a subsystem of System 7, which protects part of TRA-670.


9.5.1.3.12 Fire Protection Program--The ATR has a comprehensive fire protection
program. Chapter 13 (Management, Organization, and Institutional Safety Provisions) of this SAR
discusses the program.


9.5.1.3.13 Fire Hazard Analysis-A qualified fire protection engineer is required to
perform a fire hazards analysis. The fire hazards analysis is described in ATR tire hazard anolvsis
(INEEL 200 ] a).


9.5.1.3 . 14 Fire Protection Water Supply-The primary fire protection water system
for the TRA is a looped, underground piping system made up of 8-, 10-, 12-, and 14-in. diameter mains.
This system receives water through three 375,000-gal, grade-level, steel, pump suction tanks, which draw
water from three deep well, vertical turbine pumps. A 150-ft high, (as measured to the bottom of the
cu rv e portion of the tank) 150,000-gal gravity tank provides a secondary source for the system. A
redundant firewater source is provided by the 1,000,000-gallon, grade-level firewater storage tank. See
Figure 9.2-2 for a simplified diagram of the ATR Firewater System.


Water is pumped into the underground mains by five automatic, centrifugal firewater pumps: (a) an
electric motor-driven fire pump (619-12), (b) 42 diesel engine-driven fire pump (619-10), and
(c) 41 diesel engine-driven fire pump (633-1), (d) 688-M-1 diesel engine driven fire pump, and
(e) 688-M-2 diesel engine driven fire pump. Each of the firewater pumps are rated between 2,500 to
5,100 gpm at normal system pressures. Normal operating pressure on the system is maintained by the
150-ft high gravity tank (75 to 85 psi).


The water level in the water storage tanks is normally controlled from 22 to 27 ft . This level
provides a nominal total storage capacity of up to I million gal in the three (TRA-719) water storage
tanks.


A limited secondary source of water (domestic and fire protection) is available from
the 150,000-gal gravity tank (150 ft high).
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The 1,000,000-gallon firewater storage tank (TRA-781) and pumphouse provide a redundant
firewater supply, This tank and pumphouse have not been incorporated into the safety-related emergency
firewater injection system (EFIS).


All of the underground supply piping, except for that around the ATR, was installed in 1978-79,
which is Class 51, ductile iron pipe. The original ATR piping, which is cast-iron pipe, remains as it was
originally installed. Many of the original control valves installed were curb box-operated gate valves with
key-valve operators.


9.5.1.1 14.1 Sectional Isolation Valves-Sectional control valves are
strategically located at exterior piping intersections. These valves are mostly the post indicator valve
assembly and post indicator valve types. Most valves are equipped with electronic tamper switches, which
are supervised by the INEEL fire alarm system. Critical ATR valves are further padlocked in their normal
open position.


9.5.1.3 . 14.2 Hydrant Isolation Valves-Each fire hydrant is equipped with a
hydrant isolation valve.


9.5.1.3 . 15 Manual Fire Suppression-A full-time, paid, fire department is operated
by the Contractor at the INEEL. This fire department staffs stations located at the Central Facilities Area
(CFA), Test Area North (TAN), and Argonne National Laboratory-West (ANL-W). The first responding
engine company to TRA comes from CFA. The normal response time is between 6 and 10 minutes. If
needed, the officer in charge manually initiates backup response. The INEEL Fire Department is trained
to handle radiological and fire incidents commensurate with the hazards at the TRA area.


9.5.1.3 . 15.1 Incident Response Team (IRT)-The TRA has an IRT that is
under the direction of the ATR shift supervisor or assistant . IRT leaders respond to all emergencies. The
fire suppression activities are limited to incipient-stage fire activities and are designed to provide full
support for the INEEL Fire Department upon its arrival. The IRT is regularly trained in all operations.


Portable fire extinguishers are located throughout TRA. The type, location, and size of
extinguishers are in accordance with NFPA 10 requirements.


9.5.1.3 . 15.2 Standpipe Systems-All inside Class 11, 1-1/2-in. standpipe and
associated hoses are maintained in accordance with Contractor procedures. All outside hoses are also
maintained in accordance with Contractor procedures.


TRA-670 has Class 11 standpipe hose connections in all areas of the building. These standpipe hose
connections are each equipped with 50 ft of lined fire hose and adjustable spray nozzles, which are
Underwriters Laboratories (IJL) listed for ordinary and electrical fires. The hose racks are supplied from
one 8-in. pipe connection into the building from the outside water main system. The outside post indicator
valve is supervised by the INEEL fire alarm system.


The standpipe system is seismically qualified (Snow and Hendrickson 1996).
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9.5.1.3.16 Automatic Fire Alarm and Detection System-The automatic fire
alarm system for the ATR reactor building is made up of three intelligent , addressable FACPs, connected
to the TRA Notifier Network, which alarms to the INEEL Fire Alarm Center. These FACPs report alarms
locally, via the Automated Voice Announcement System (AVAS) and at the Fire Alarm Center..
Personnel from the Life Safety System Unit maintain the ATR fire alarm and detection system.


The FACPs are local and proprietary intelligent, addressable fi re alarm panels. All fire alarms for
this building are transmitt ed directly to the TRA fire alarm communication network , which report s the
alarm on Intelligent Network Annunciators (INAs). The INAs then send the alarm via modems in
TRA-614 and TRA-670 to the CFA Fire Alarm Center. At the same time this alarm is sent to the AVAS
computer located in TRA-680 and to a printer that is located in TRA-658. The FACPs provide local
building audible/visual alarming for the building . The AVAS system provides audible notification for the
rest of TRA, and responds the IRT.


Within the ATR reactor building, all fire alarm circuits are hard wire , shielded pair supervised
circuits. The ATR fire alarm circuit wiring is broken down into Signaling Line Circuits (SLC), which
cover the TRA-670, TRA-674, TRA-676, and TRA-689. The fire alarm insta ll ation covers sprinkler
system ( wet and pre-action ) water flow, the manual fi re alarms , halon system activation , smoke detection,
and heat detection.


The sprinkler systems within the ATR are also provided with "zone" flow switches to enhance
emergency response. A main sprinkler system waterflow switch is installed for each of the fourteen
sprinkler system risers in the building.


Portions of the ATR reactor building are also provided with fire detection devices (smoke and heat)
that are associated with releasing functions (halon and pre-action systems). Automatic detection is
provided in the diesel generator area (heat detectors), Lay Down Area (heat detectors), Primary Pump
Motor corridor (Analaser smoke detection system and heat detectors), switchgear room (Analaser smoke
detection system), PPS (heat and smoke detectors), RDAS (heat and smoke detectors), LDAS (smoke
detectors), LCA (smoke detectors), and in the ATR Control Room (smoke and heat detectors).


Special extinguishing system control panels have been installed for the reactor control room
(pre-action sprinkler system and halon extinguishing systems) and the ATR PPS rooms (pre-action
system and halon extinguishing systems). These panels are intelligent, addressable panels and
communicate via the TRA Fire Alarm network.


Each of the FACPs equipped with a releasing function for the halon or preaction systems has a
backup battery power supply, designed for a minimum of 24 hours on standby. Circuits for detection
devices for halon discharge are cross-zoned to actuate on any two smoke detectors. An audible alarm is
provided on the first alarm, with discharge occurring 30 seconds after the second alarm activates. The
halon discharge can be interrupted during the 30-second countdown by pressing a manual inhibit button.
Additionally, there are manual pull stations that can discharge the halon systems.


The INEEL fire alarm system consists of a multiplex alarming system, which is supervised by
Alarm Operators 24 hours a day. The TRA is on a separate multiplex communication system, which
report all events to redundant computers.
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The fire alarm system supervises the communications components, the fire alarm panels, and the
INAs. The FACPs supervise the fire sprinkler waterflow devices, halon tank pressures, SLC integrity,
valve tamper switches, manual fire alarm stations, impairments of systems, fire pump status, fire detection
devices and, various other functions.


Within the TRA, there are 30 building fire alarm control panels that control and supervise the
building fire protection systems, These panels also provide building specific annunciation upon the
activation of a firelsmoke alarm . There are 4 INA associated with the TRA fire alarm network. These
INAs are responsible for sending the fire alarm to the CFA Alarm Room, printing the event in TRA-658,
and providing the event to the AVAS computer that is located in TRA-680.


9.5.1.3 . 17 Automatic Sprinkler Protection-Wet-pipe automatic sprinkler
protection was originally installed at TRA-670 by Grinnell Fire Protection Systems in 1964. The
automatic sprinkler protection for this building is designed and updated in accordance with NFPA 13. The
most recent updates occurred in 1996. The architect/engineer delineated the areas of the building in which
automatic sprinkler protection was installed.


9.5.1.3 . 18 Halon 1301 Fire Extinguishing Systems-Raton 1301 fire
extinguishing systems are located in several areas of the ATR. These areas are the reactor control room,
complex instrumentation room, computer support rooms on the main floor, the ATR PPS rooms and the
SATS room in the first basement.


The Halon system for the ATR PPS/SATS rooms uses separate containers of Halon 1301 for each
room. The five rooms use a single Halon control panel. The preaction fire sprinkler system uses this
Halon control panel to receive the signals from the heat detectors and to operate the system by tripping
the solenoid valve and filling the water piping of the preaction automatic sprinkler system.


The TRA-670 Control Room, PPS Rooms, Data Acquisition, and SATS room Halon 1301
Extinguishing Systems are essentially the same. These systems are activated by cross-zoned fire detectors
(ionization and photoelectric). Activation of the first detector closes doors, shuts dampers, shuts down
ventilation, and sounds a local alarm . It also transmits an alarm to the FACP for transmission to the
INEEL fire alarm system. Upon activation of the second detector, the Halon is discharged after a
30-second time delay. Each room is equipped with a manual discharge station and a system inhibit switch.
Operation of the manual activation station will discharge Halon even if the inhibit switch is engaged. The
Halon control panel also activates the preaction fire sprinkler systems after receiving an alarm from the
heat detectors.


9.5.1.4 Safety Evaluation . See Section 15.16.1


9.5.1.5 Testing and Inspection . The testing and inspection requirements for the various
fire protection systems are contained within their respective NFPA standards. These requirements have
been translated into procedures that are completed on a scheduled basis, TRA Fire Protection Engineer,
TRA Maintenance Operations (TRAMO) and ATR Operations oversee the testing and inspection
procedures.


Life Safety Systems of the INEEL has developed and regularly completes procedures in fire alarm
and detection systems and fixed fire protection systems (water, Halon 1301, standpipe, fire hydrants,
extinguisher servicing, etc.).
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Overview inspections are conducted by DOE-ID, other INEEL organizations, contracted outside
inspection organizations, and TRA fire protection professionals. The inspection organization writes a
report on each inspection; management provides appropriate action to resolve each identified deficiency.


9.5.1.6 Instrumentation Requirements. Each fire protection system is required to have
local instrumentation and remote supervision instrumentation to ensure that the systems are operational.


9.5.2 ATR Communication Systems


The ATR communications systems provide diverse and redundant means for communication
within the ATR building, throughout the TRA complex, and off-site as necessary to conduct normal
operations and to provide necessary response during off-normal or emergency situations. It is anticipated
that most, if not all, of these systems (radios and dedicated phone lines in the ECC, TRA-680) would be
available during emergencies. However, only the emergency TRA evacuation alarm system is credited as
being available for the accident analysis of Chapter 15. The evacuation system is discussed in conjunction
with the evaluation of failures in supporting systems and the analysis of beyond design basis accident
sequences in Chapter 15 (Accident Analyses).


9.5.3 ATR Normal and Emergency Lighting Systems


9.5.3.1 ATR Normal Lighting System-The design basis for the normal ATR lighting
system is to provide a minimum illumination of 10 ft-candles at floor level in all non-work areas, a
minimum illumination of 30 ft-candles at floor level for all work areas, and a minimum of 50 ft-candles at
the work level for all work stations.


Original design basis is described in Ebasco Design Data Sheet No. E-I 8 - Outline of Lighting
Design (Ebasco 1961). New fixture and modification follow the National Electric Code and ATR
facility-specific General Design Criteria in Chapter 3 (Design of Structures, Components, Equipment, and
Systems).


In this design, two sources of power are provided. The first is energized from various commercial
distribution panels. The second is energized from various diesel-commercial distribution panels-


Upon loss of the normal operating diesel source , the diesel -commercial side of the panel is
automatically transferred to the commercial source until the diesel power source is restored.


In the event of a commercial power outage, the portion of the lighting system on the
diesel-commercial bus continues to operate until commercial power is restored.


Thus, it requires the loss of both sources of power to curtail the entire normal ATR lighting system.
Loss of either normal power source will result in the illumination of the emergency lighting system as
discussed in Section 9.5.3.2.


9.5.3.2 ATR Emergency Lighting Systems. The following subsections discuss the design
basis, description, safety evaluations, and testing and inspection requirements for the ATR emergency
lighting system.
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9.5.3.2. 1 System Design Basis-The current design basis for the ATR emergency
lighting system is to provide a reliable source of lighting at an average floor level illumination of 1
ft-candle (minimum of. I ft-candle) to permit an orderly and expeditious evacuation of personnel from the
ATR reactor building and outlying support building floors in the event of the loss of both commercial and
diesel-commercial power to the normal ATR lighting system.


The design basis for the ATR emergency lighting system is to provide illumination of building
exits, manual fire alarms, and emergency showers throughout the ATR building during routine operations
and in the event of loss of normal power sources.


The original design basis is described in Ebasco Design Data Sheet No. E-18-Outline of Lighting
Design (Ebasco 1961). Modifications follow the National Electric Code NFPA 101, Sections 5.8 and 5.9,
and ATR facility-specific General Design Criteria in Chapter 3 (Design of Structures, Components,
Equipment, and Systems).


9.5.3.2 . 2 System Descriptions-Emergency lighting is provided throughout the
ATR reactor building including over building or area exits, over manual fire alarms, and over emergency
showers.


The emergency lights are dc powered and function only upon loss of both diesel and
diesel-commercial power sources. These lights provide 90 minutes of low-level illumination for personnel
egress from the building.


Each emergency lighting unit consists of two lamps and a rechargeable, sealed battery pack. The
lamps are energized from the battery. An undervoltage relay automatically switches the lamps on when
the normal ac power source fails, and it turns the lights off when the normal ac source is restored. The
batteries are automatically recharged by a built-in charger when the normal power source is restored.


The emergency lights over the exits, fire alarms, and emergency showers are normally illuminated
by power supplied from the commercial and diesel-commercial power sources. These lighting loads are
picked up automatically by the independent battery pack power system upon loss of both commercial and
diesel-commercial power sources and provide illumination for up to 90 minutes with the batteries at full
charge, and 10 to 15 minutes of illumination when the batteries are at the end of their design life.


9.5.3.2 . 3 System Evaluation-The current ATR emergency lighting systems have
been demonstrated by past experience as adequate for personnel evacuation.


9.5.3.2.4 Testing and Inspection Requirements-The ATR emergency lighting
systems are subjected to routine preventative maintenance inspections and testing as part of the TRA
maintenance program.


9.5.4 Experiment Storage


9.5.4.1 TRA -634 Experiment Storage. TRA-634 is normally used for interim storage of
radioactive materials that result from maintenance activities. The radiological control program provides
the necessary requirements to handle these materials . On occasion , TRA-634 is used for interim storage
of experiments that are being transported either to the ATR or to another facility. TRA-634 , other than
during the time this facility is being used to store experiments is not within the scope of this UFSAR. The
following sections describe and evaluate the interim storage of experiments within TRA-634. It should be
noted that this section compares any postulated accident consequences with the evaluation guidelines
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presented in DOE ID 420.D (DOE-ID 2000). This comparison is used versus that presented in Chapter 15
because TRA-634 does not directly support operation of the ATR and therefore has different evacuation
procedures. The sections below describe interim storage in TRA-634 as it relates to the other various
analyses presented in this UFSAR. Other analyses are included as relevant to the discussions in order to
determine the hazard category of TRA-634 during experiment storage and whether additional controls are
required during that time frame.


9.5.4.9 . 1 Evaluation Guidelines-Evaluation guidelines (EGs) are outlined in
DOE-ID (2000). EGs are used to determine the need for safety equipment and controls for test train
storage in TRA-634. The EGs were chosen versus the ATR plant protection criteria because within
TRA-670 an evacuation is required following certain plant conditions. Since TRA-634 is not connected
and is separate from these evacuation conditions, using the EGs is consistent with other TRA buildings
that do not directly support TRA-670 operations (e.g., MTR, NMIS).


9.6.4.1.2 Description-Test trains are transported in the NR-3 and, NR-4 casks to
TRA and then into TRA-670 for loading into the ATR. These casks might need to be stored for a short
time prior to installation of the stored experiment into the ATR or its transport to another facility. If this
need arises, either the NR-3 or the NR-4 cask can be stored in TRA-634. The AIR- I cask is not
transported outside of the AIR building.


Loading and unloading test trains from the ATR into transport casks is described elsewhere in this
UFSAR. Once the transport casks are loaded with irradiated test trains, they are either shipped to the
receiving facility or are temporarily stored in TRA-634. Irradiated test trains will contain various levels of
radionuclides including actinides if the test train contained fissile material. This additional inventory of
radioactive material requires comparison with the inventory thresholds given in DOE-STD-1027-92
(DOE 1997) to determine the level of safety documentation required.


Knudson (2002) has evaluated a test train that was irradiated in the ATR at 200 kW test power for
60 days. This evaluation concluded that a test train could contain an inventory that meets the Hazard
Category 2 thresholds. Therefore, safety basis meeting the requirements of 10 CFR 830, Subpart B is
required. However, for this case, the only time that this inventory of material will be located within
TRA-634 is when either test train transport cask is being temporarily stored in TRA-634. Thus, this
analysis only applies during the time either the loaded NR-3 or the NR-4 casks are stored in TRA-634.
Note that the ATR-l cask is not approved for storage in IRA-634 and will not be discussed further in the
sections below.


9.5.4.1.3 Experiment Storage Evaluation-This UFSAR presents several accident
scenarios that are applicable to the storage of test train casks within TRA-634. These scenarios are
addressed below and show that the evaluations presented in Chapter 1S bound any potential consequences
that might result from the storage of the test train storage casks in TRA-634.


9.5.4.1.3.1 Fire-A fire in TRA-634 is considered an anticipated (Condition 2)
event, Test trains are loaded into the casks only following a certain decay time, which is controlled while
the test train is in TRA-670. This ensures that a loss of water from within the casks will not cause the test
train to melt, thus there is no release of fission products. In order for a release to occur, a fire would have
to heat the cask(s) to a point where cooling water is lost. Without cooling water the test train could melt.
Test trains are stored in TRA-634 less than 10% of the time in any given year and the majority of the test
trains do not contain fissile material. Thus, the majority of the test trains (non-fueled) will have much
lower dose consequences because of the smaller inventory of material available for release.
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Most fueled test trains are operated as less than 200 kW fission power and average about 100 kW.
Dose consequences are also less if fission power is less. Test trains that are stored in TRA-634 have
greater than 16 hours of decay time due to the time involved in the removal of the test train from the
ATR. Only those test trains removed from the ATR as soon as an outage cycle begins would approach a
short decay time of 16 hours. The frequency of fire (0.05/yr) in conjunction with the storage of a test train
in TRA-634 (10%) and that the test train contains fissile material only 50% of the time, results in a
frequency of 2.5E-3/yr (0.05/yr*0.1 *0.5). This represents the frequency (unlikely) at which a fire of
sufficient magnitude to cause a release is expected to occur at TRA-634.


Knudson (2002) has evaluated a radiological release from NR cask(s) temporarily stored in
TRA-634. The fire is assumed to cause the test train inside the cask to melt 16 hours following shutdown
of the ATR. The analysis is based on a total test fission power of 200 kW with 60 days of irradiation. The
test fission power for any test train is limited to 200 kW by analysis presented elsewhere in this UFSAR.
Total irradiation time is typically interrupted by reactor outages and other delays periods during test
examinations. These additional decay times make the above fission power and irradiation time
conservative with respect to estimating dose consequences.


Release fractions, release time, personnel distances , and plume passage times are documented in
Knudson (2002). A TRA worker located 100 in from the release during the passage of the entire plume
would receive a TEDE of 18.1 rem and a member of the maximally exposed public would receive a
TEDE of 0.26 rem.


9.5.4.1 . 3.1.1 Comparison to Evaluation Guidelines-Comparison
of the exposures presented above to the INEEL EGs indicates that all consequences are within their
applicable guidelines. Therefore, no TSR level controls or safety equipment are needed to mitigate or
prevent a fire during storage of test train casks in TRA-634. This only means that no specific controls
derived from the fire analysis are necessary. Institutional safety programs (e.g., radiological control
program) are in place to ensure that protection is provided for the worker, the public, and the
environment. In addition, maintaining an Operable fire suppression system should also be ensured during
the time the casks are stored in TRA-634.


9.5.4.1 , 3.2 Loss of Shielding-A potential loss of shielding might occur
during handling inside of the ATR facility. The frequency of a loss of shielding event is reduced once the
cask is loaded on the trailer. Loss of shielding during transport within TRA is considered an extremely
unlikely (Condition 4) event. With the cask loaded on the trailer, the concern is for an external event that
could lead to ejecting the test train from the cask. For storage in TRA-634, the external events of concern
would be a fire or seismic event that leads to the collapse of the building. The building is constructed with
heavy structural steel with a sheet metal covering. Similar to the other buildings of this type at TRA, it
would have been designed and constructed to UBC requirements in effect at the time of construction. The
likelihood of a seismic event leading to a building collapse is significantly lower than the likelihood of a
fire.


An unmitigated fire is not expected to lead to a loss of shielding or removal of a test train from its
cask for the following reasons. The roof on TRA-634 is sheet metal with some insulation and is light in
weight compared to the cask and the cask mast. The fire suppression and HVAC equipment are likewise
light compared to the cask and the cask mast. The building structural steel beams run parallel to the long
axis of the cask are not directly over the cask and are the only heavy items that are located above the cask
and trailer.
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A loss of shielding would require pulling the highly irradiated portion of the test train out the top of
the cask body. This is not very likely given the geometry of the cask and trailer. In addition, the highly
irradiated portion of the test train is generally 5 to 8 ft below the top of the body of the cask depending on
the test train. Radiation levels decrease exponentially above the in-core portion of The test train since the
irradiation fluxes decrease exponentially above the top of the active core.


The mast portion above the cask body does not provide nor does it need to provide shielding and is
much less robust than the cask body. However, the mast is much more robust than the top portion of a test
train it contains, If a load was sufficient in size to break the mast it would also break the top of the test
train and the highly irradiated portion will still remain within the cask body.


The worst case is assumed to be when the mast breaks and the test train is pulled up within the cask
until the mast strikes the trailer. This is not considered likely because the clearance between the mast and
the trailer is less than 3 ft. In this case, the highly irradiated portion of the test train would still be within
the cask body.


Based on the above discussions, a loss of shielding during storage of test trains in TRA-634 is an
extremely unlikely (Condition 4) event. Resulting consequences are bounded by those presented in
Mans (1 998). That analysis determined the expected consequences for a test train that has been ejected
from its transport cask. The current case is well bounded because the test train will remain within the
transport cask. However, radiation will stream out the area left open from breaking the cask mast. This
beam is also directed upward which will reduce the potential dose to workers on the ground. Skyshine
would increase, but it would not be in large amounts and would not increase enough that the
consequences due to an ejected test train would not remain bounding.


9.5.4.1.3.2.1 Comparison to Evaluation Guidelines-Comparison
of the exposures presented above to the INEEL EGs indicates that all consequences are within their
applicable guidelines. Therefore, no TSR level controls or safety equipment are needed to mitigate or
prevent a fire during storage of test train casks in TRA-634. This only means that no specific controls
derived from the fire analysis are necessary. Institutional safety programs (e.g., radiological control
program) are in place to ensure that protection is provided for the worker, the public, and environment. In
addition, maintaining an operable fire suppression system should be ensured during the time the casks are
stored in TRA-634.


9.5.4.1 .4 Requirements-The above evaluations show that no additional TSR level
controls or equipment are required to ensure that consequences caused by various events are within
INEEL EGs. However, the above evaluations do rely on other controls such as minimum decay times.
These decay times are derived elsewhere in this UFSAR and not fu rther described here except to note that
storage of loaded experiment casks within TRA-634 relics on adherence to those limits.
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Figure 9.5-9. Typical Deluge Fire Sprinkler System Schematic. (For Information Only)
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Figure 9.5-10. Typical Preaction Fire Sprinkler System Schematic. (For Information Only)
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Figure 9.5-11 . Typical Wet-Pipe Fire Sprinkler System Schematic. ( For Information Only)
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Figure 9.5-12. Typical Fire Alarm Panel Schematic. ( For Information Only)
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Figure 9.5-13. Typical Preaction Control Schematic. (For Information Only)
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ACRONYMS/ABBREVIATIONS


AHTL ATR High-Temperature Loop
ANSI American National Standards Institute
ASME American Society of Mechanical Engineers
ATR Advanced Test Reactor


BHS bulk helium system


C center
CSAP core safety assurance package


DCS distributed control system
DNB departure from nucleate boiling


E east
ESA experiment safety analysis
ESAP experiment safety assurance package


HOW high-pressure demineralized water


IPT inpile tube
]TV irradiation test vehicle


LDW low-pressure demineralized water
LMITCO Lockheed Martin Idaho Technologies Company, Inc.
LIPT large inpile tube
LOCS Loop Operating and Control System


MeV million electron volt
MICE multiple irradiation capsule experiment
MUCH maximum useful capacity holder
MW megawatt


N north
NE northeast
NW northwest


OPL out-of-pile loop


PALM powered axial locating mechanism
PCS primary coolant system
psig pounds per square inch gauge
PPS plant protective system
PICA probabilistic risk assessment
PWL pressurized water loop


R-T-D run-to-destruct
RAM radiation area monitor
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10. EXPERIMENTS AND IRRADIATION FACILITIES


10.1 General Discussion


The Advanced Test Reactor (ATR) was designed for the irradiation of experiments. Many different
experiment programs have been and can be conducted at the facility. New experiment programs are
actively sought through new business initiatives. The reactor includes an array of core and capsule
irradiation tank locations specifically designed to accommodate a variety of experiment assemblies
including (a) pressurized water loop (PWL) inpile tube (IPT) experiment assemblies, (b) drop-in capsule
irradiation assemblies, and (c) instrumented lead capsule assemblies. Out-of-pile locations are provided
inside the reactor vessel, adjacent to the reflector tank in the capsule irradiation tanks. Additionally,
experiments can be irradiated outside the reactor vessel using reactor radiation or radiation from materials
irradiated in the reactor (e.g., the small gamma facility in the ATR canal).


This chapter describes the experiments and irradiation facilities that are significant to the reactor
safety analysis. The reactor safety analysis has considered the potential impacts of the major permanent
experiment facilities, programs, and operations and included this consideration in this Upgraded Final
Safety Analysis Report (UFSAR). In some cases, these facilities and operations can be initiators of
significant reactor facility accidents (e.g., reactivity insertion accidents from the PWL facilities and cask
handling accidents). There are also criticality safety implications in the handling of experiments
containing fissile material. The analysis of the reactor facility accidents can be found in Chapter 15
(Accident Analyses). Criticality scenarios and resulting controls are discussed in Chapter 9 (Auxiliary
Systems). These analyses demonstrate that experiments can be conducted within the approved safety
envelope. However, these analyses do not represent a thorough analysis of each experiment. Therefore,
each experiment is supported by a detailed experiment safety analysis (ESA). 7The ESA coupled with the
unreviewed safety question process ensure that each experiment is conducted within the approved facility
risk envelope. This chapter includes a discussion of the ESA process and criteria that are to be addressed
in the ESA.


Irradiation experiments conducted in the reactor vessel are characterized by three basic types. The
first type of experiment is positioned in an IPT that isolates the experiment from the reactor coolant and,
by means of connected piping and out-of-pile equipment, provides a means for controlling the experiment
environment in terms of pressure, temperature, coolant flow, and chemistry. The second type of
experiment is a drop-in capsule which is fixed in a core or a capsule irradiation tank position and is
cooled by reactor primary coolant. The third type is a lead capsule experiment which is fixed in a core or
a capsule irradiation tank position with instrumentation lines that exit the experiment and the reactor
vessel and are connected to a control system for monitoring and control of operating parameters.


Figure 10.1-1 provides a representative plan view of the reactor core and the capsule irradiation
tanks and identifies the in-vessel experiment locations. The 40-element serpentine core configuration
defines positions for nine flux trap locations that are identified by their orientation to the north-south axis
of the reactor core. Corresponding penetrations in the top and bottom head of the reactor vessel are
provided for each of the nine flux traps. In addition, there are 19 penetrations in the reactor vessel wall
that can be used for experiment hardware access.
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Five of the nine flux traps contain IPTs for PWL facilities. IPTs are currently installed in the
north (N), northwest (NW), southeast (SE), southwest (SW), and west (W) flux traps. The remaining four
flux traps contain capsule irradiation facilities. Capsule irradiation facilities are currently installed in the
northeast (NE), cast (E), south (S), and center (C) flux trap positions. The capsule irradiation facilities are
cooled by reactor water and allow easy insertion and removal of irradiation capsule assemblies. Tubular
safety rod assemblies, installed in selected flux traps, surround the experiment facility in those flux traps.
The non-loop irradiation facilities are cooled by reactor primary water. There is room for larger
experiment facilities in the flux traps without safety rods. There are also capsule irradiation spaces
surrounding the center flux trap, in the neck shim housing, in the beryllium reflector and outside the core
reflector tank.


Experiments conducted outside the reactor vessel are primarily gamma irradiations of various
materials using either irradiated reactor fuel elements ar activated material from the reactor as the
irradiation source. In some cases, the relatively low level direct radiation from the reactor vessel has been
used as a source. These experiments are primarily conducted in the canal which is described in Chapter 9
(Auxiliary Systems). As with all experiments, experiments conducted outside the reactor vessel require an
ESA.


The following subsections provide a general description of the in-vessel experiment facilities and
experiment handling operations. The general requirements for the ESA and the experiment review and
approval process are also discussed in the following subsections. Subsequent chapter sections provide
more detailed descriptions of the experiment facilities and the experiment facility- specific requirements
for the ESA.


10.1.1 Pressurized Water Loop Experiment Facilities


The PWL facilities or loops, installed in the N, NW, SE, SW, and W flux-traps, and the PWL
experiments have the greatest significance to the ATR safety analysis. These facilities and experiments
are therefore described in more detail than the other experiment facilities and experiments. The PWL
facilities are used to conduct research on reactor materials and fuels in a controlled environment. The
PWL facilities consist of an IPT where the irradiations are performed and associated out-of-pile
equipment to control the irradiation conditions. PWL experiment assemblies that are inserted into the IPT
consist of an IPT closure device, an experiment hanger rod, and the experiment hardware. The IPT
interfaces with the reactor vessel. The top and bottom reactor vessel head penetrations for the five PWLs
accommodate (a) the access for experiment insertion, (b) upper support for the IPT assembly, and (c) the
egress for the lower end of the IPT into the reactor sub-pile room. In the sub-pile room, welded
connections are made to associated out-of-pile piping and to equipment located external to the reactor in
shielded cubicles. For the NW PWL facility there is cross-arm piping from the large inpile tube (LIPT)
that exits the reactor vessel through an access penetration in the nozzle trench which is welded to the
associated out-of-pile piping. Discussions of the design bases, description, safety evaluations, and testing
and inspection requirements for the PWLs are provided in Section 10.2.
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10.1.2 Capsule Experiment Facilities


There are in-vessel capsule irradiation facilities in the flux traps, neck shim housing, reflector and
outside the reflector tank as shown in Figure 10.1-1. The capsule positions are cooled by reactor primary
coolant water and allow easy insertionlremoval of irradiation capsule experiments. Experiments designed
for these facilities are encapsulated fuel and material specimens or target materials for neutron activation.
Capsule experiments range from simple "drop-in" irradiation targets to more complex "lead"
experiments. A "drop-in" capsule consists of an encapsulated experiment contained in a basket designed
to interface with the reactor capsule facility. A "lead" experiment is an encapsulated experiment with
instrumentation lines exiting the capsule and can have a system for measuring and controlling the
experiment temperature and pressure. The capsule irradiation facilities and experiments have less
significance to the ATR safety analysis than the PWL facilities and experiment; therefore, this UFSAR
contains less material on these facilities.


Capsule irradiation facilities are currently installed in the NE, E C, and S flux trap positions.
Typically the flux-trap capsule irradiation facilities are supported from the bottom head closure plugs up
to_just below core level in the northeast flux trap position. The irradiation facility in this position occupies
the in-core section of the flux trap and rests on the lower support tube. Figure 10.1-1 also identifies
16 "H" hole capsule irradiation spaces (two of which have tubes for the N-16 system) surrounding the
center flux trap, 16 "A" hole capsule irradiation spaces located in the neck shim housing, 12 "B" hole
capsule irradiation spaces located in the beryllium reflector inside the shim drum ring, 24 "1" hole capsule
irradiation spaces located in the beryllium reflector outside the shim drum ring, and 34 "0" hole capsule
irradiation spaces (12 on the north and 22 on the south side of the core) located outside the core reflector
tank.


10.1.3 Canal Experiments


Experiments are also conducted outside the reactor vessel. These experiments have little
significance to the ATR safety analysis and are only briefly discussed. The primary permanent facilities
for out-of-vessel experiments are the small gamma facilities located in the ATR canal. A small gamma
facility can be installed in a fuel storage grid in the ATR canal to provide for gamma irradiations of
materials using irradiated ATR fuel elements as the gamma source. Other out-of-vessel experiments have
been conducted using temporary hardware installations.


10.1.4 Experiment and Experiment - Related Hardware Handling


For the PWL facilities, IPT and flow-tube assemblies and individual experiments (also called test
trains) are inserted into and removed from the reactor through the top head shielding plate into shielded
casks. Following removal, irradiated IPT and flow tube components are transferred to the ATR canal for
examination, storage, or disposal. Irradiated experiments are either stored in the ATR canal or transferred
in the handling cask by a transporter to the program sponsor's facility for disassembly and examination.


Other experiments (such as capsules or instrumented leads) are manipulated with specialized
handling tools through refueling ports surrounding the top periphery of the reactor vessel. These types of
experiments are usually inserted into and discharged from the reactor directly from/to the canal by means
of a transfer tube operated from the canal parapet. New capsule (including instrumented leads)
experiments are typically inserted through the refueling ports; however, capsule experiments installed in a
flux trap can be inserted into and removed from the reactor through the top shielding plate into shielded
casks.
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Discussions of the design function , description , evaluations, testing, and examination of the various
handling tools and equipment are provided in Section 10.4.


10.1.5 Classification of Experiment Structures , Systems, and Components


Based on conclusions derived from the safety analyses and using the equipment classification
guidance in Chapter 3 (Design of Structures, Components, Equipment, and Systems), none of the PWL
structures, systems, or components (SSC) are engineered safety features or safety-related equipment
(House 1992). However the IPTs, vessel seals, loop piping, IPT annulus helium system, IPT annulus
moisture detection system, subsystems of the Loop Operating and Control System (LOCS) detailed in
Section 10.2.2.4.1, and cubicle shielding are important to safety; therefore, General Design Criterion 70,
as outlined in Chapter 3 (Design of Structures, Components, Equipment, and Systems), is applicable to
these SSC. General Design Criterion 70 requires that the experiment facilities and their associated
out-of-reactor SSC important to safety shall meet applicable overall requirements of General Design
Criteria I through 5. These criteria are met for the important-to-safety PWL SSC as discussed below.


• General Design Criterion I-Quality Standards and Records. Application of Chapter 17 (Quality
Assurance) for experiment SSC important to safety ensures the compliance to General Design
Criterion 1.


General Design Criterion 2-Design Bases for Protection Against Natural Phenomena. The
discussion in Chapter 3 (Design of Structures, Components, Equipment, and Systems) for General
Design Criterion 2 is applicable for cubicle shielding. Seismic loadings for the IPTs (and vessel
seals) were investigated in the reactor vessel seismic analysis (Davidson 1978) and the deflections
of the IPTs were less than 0.02 in. These small deflections do not cause damage to the IPT and,
therefore, the IPTs are seismically qualified. Sudden catastrophic failure or rupture of loop piping
caused by a seismic event is beyond-design-basis (Hendrickson I997b). After a seismic event at a
level that would cause the PPS seismic subsystem to trip, the loop facilities will be inspected using
I lendrickson (1997d) to ensure the loop facilities were not damaged during the event. As the LOCS
is not required to maintain operability during or after a seismic event, the LOCS equipment was
designed for personnel safety to conform with the requirements of the Uniform Building Code
(UBC) for Static Zone 2B locations (ICBO 1991).


• General Design Criterion 3-Fire Protection. Fire protection for experiment SSC is provided by the
ATR fire protection system as described in Section 9.5.1, Fire Protection Systems, in Chapter 9
(Auxiliary Equipment) as there are no specialized requirements for fire protection of the
experiment SSC.


General Design Criterion 4-Environmental and Dynamic Effects Design Bases. The environmental
design criteria for the experiments SSC important to safety are listed in Ebasco (1963), EG&G
Idaho ( 1988a , 1988b) and INEEL (1999, 2003). As discussed in Chapter 3 (Design of Structures,
Components, Equipment, and Systems) for Criterion 4, the missile suppression shield plugs prevent
experiments from being ejected from an IPT. The majority of loop piping and mechanical
machinery is contained in separate cubicles, so that, should a failure occur, damage due to pipe
whipping or missiles from rotating machinery will be isolated from safety-related equipment or
other SSC important to safety. The evaluation in Snow (I 998a) concludes that the high frequency
(Condition 2) failures of small diameter tubing will not result in failures of the loop piping. The
pipe whip from failure of the larger diameter loop piping may lead to additional failures within the
same cubicle; however, this would not result in a more severe accident sequence than the analyzed
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I


I
Condition 4 failure of the large diameter loop piping. Dose consequences are enveloped by
complete melting of the experiment fuel and reactor consequences are enveloped by the reactivity
insertion from the initial depressurization. However, there is loop piping in the subpile room,
subpile room pipe corridor, and the nozzle trench, and a pipe whip event that affects safety-related
equipment or other SCC important to safety could occur if guillotine break occurs in the loop
piping. Complete circumferential rupture of loop piping in the subpile room, subpile room pipe
corridor, and nozzle trench is shown to be beyond design basis using leak-before-break analysis
(Atkinson 1998).


General Design Crite ri on 5-Sharing of Structures , Systems, and Components . Application of
Section 10.1 . 7.3.6 (Failure of Common Systems ) of this chapter for all experiment equipment
ensures compliance to General Design Criterion 5. Evaluations and analyses associated with the
PWL experiment facilities are conducted routinely to evaluate potential interactions between the
experiment systems and reactor for each operating cycle, and to assess the experiment systems and
components relative to any proposed modifications to the currently approved configuration or
serv ice limits.


Classification of the capsule and canal experiment SSC and the applicability of General Design
Criterion 70 to capsule experiment SSC are addressed on a case basis in the ESA for the capsule.


10.1.6 Experiment Safety Analyses


In addition to providing a detailed description of the experiment, the ESA demonstrates the
operations required to support irradiation of each experiment, including operations of any supporting
systems consistent with the approved facility risk envelope. The reactor, experiment, and experiment
support systems must be operated within the conditions and assumptions of the ESA. The ESA
demonstrates that the ATR Plant Protection Criteria are met for all operating conditions (Conditions 1, 2,
3, and 4) and all applicable operating modes. The analyses considers:


Effects of plant transients on the experiment


Effects of normal and off-normal conditions in the experiment and support ing systems on the plant,
onsite personnel and public


Thermal performance of the experiment


Material content and material containment of the experiment, the structural integrity of the
experiment and supporting systems, including the effects of irradiation, operating conditions, and
off-normal conditions


• Potential for the experiment and supporting systems to initiate off-normal conditions in the plant


• Full range of facility operations and operating modes required to support irradiation of the
experiment


• Unreviewed safety question issues related to the experiment.


This program of ESA allows maintaining the flexibility to accommodate new experiment programs while
ensuring experiments are conducted within the approved facility risk envelope.
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Some experiments have the potential for initiating events that present a challenge to the integrity of
the cladding of fuel elements in the reactor or stored in the canal; the UFSAR includes analyses of various
experiment related events. These events include (a) voiding a flux trap and subsequent reactivity
excursion associated with the failures of the out-of-pile loop (OPL) piping, including a double-ended
offset shear; (b) failure of the upper and lower "dummy" IPT/reactor-vessel penetration seals; (c) flow
bypassing the maximum useful capacity holder (MUCH); (d) gas leakage into fuel annulus; (e) handling
of experiments using shielded casks; (f) heatup in the loops leading to boiling, dry out, and possible
experiment damage, including melting of fueled specimens; and (g) fissile experiment handling. Items (a)
through (f) are discussed in further detail in Chapter 15 (Accident Analyses) and item (g) is discussed in
Chapter 9 (Auxiliary Systems). These analyses demonstrate that experiments can be conducted within the
approved safety envelope. In most cases, these analyzed events are referenced in the ESA to support
conduct of the experiment. In some cases, the experiment specific initial conditions or potential reactivity
insertions may not be clearly bounded by those in the Chapter 15 analysis. In these cases, the ESA
includes detailed analysis of the specific experiment parameters and operation to show compliance with
the ATR Plant Protection Criteria.


The ESA addresses the experiment process from receipt at the Test Reactor Area (TRA) until the
experiment leaves the TRA boundary. The experiment process includes handling, assembly/disassembly,
and operation. For the portion of the experiment process in the ATR facility, the ESA demonstrates that
the experiment, experiment facility, experiment operation, and consequences of fault conditions comply
with the ATR safety envelope as described in the UFSAR and as implemented in the Technical Safety
Requirements (TSRs). The safety concern posed by an experiment may depend solely on its location
and/or on the conduct/operatien of the equipment. Thus, portions of an ESA may be provided as the need
arises. This concept is useful in allowing an evaluation for the installation of an experiment separate from
the operation, since the details of the operation may not be fully developed in the early stages of
experiment development. General guidelines for experiment safety analyses for all types of experiments
are addressed below in Section 10.1.7.


10.1.7 General Experiment Safety Analysis Criteria


The following subsections detail general safety criteria for experiments in the ATR facility. These
criteria were derived from the results of the accident analyses in Chapter 15 (Accident Analyses) and
Regulatory Guide 2.2 (NRC 1973). These criteria are comparable to the ESA criteria in use prior to the
development of this UFSAR.


General and specific experiment safety analyses criteria have been developed for guidance in the
preparation of ESA that meets the requirements of Section 10.1.6. The specific experiment safety
analyses criteria are provided in accordance with the significance of the experiment to reactor safety. That
is, there are more specific experiment safety analyses criteria for the PWL facilities than for the capsule
facility experiments since the PWL facilities have more potential for impacting reactor safety. General
experiment safety analysis criteria are provided in this section. Specific experiment safety analyses
criteria are provided in Section 10.2.6 for PWL facility experiments and in Section 10.3.5 for capsule
facility experiments.
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10.1.7. 1 Primary Experiment Safety Analyses Criterion . The primary experiment safety
analyses criterion applicable to all experiments is:


The consequences of normal operation of the experiment and of any experiment fault must be
bounded by the ATR Plant Protection Criteria for the same operating condition (i.e., Conditions
1, 2, 3, and 4 as defined in Chapter 15 [Accident Analyses]).


This primary experiment safety analyses criterion applies whenever the experiment is within the
ATR facility. The ATR Plant Protection Criteria are defined in Chapter 15 (Accident Analyses).


10.1.7. 2 General Experiment Safety Analyses Criterion for Experiments
Containing Fissile Materia l, The following general experiment safety analyses criterion must be met
for any experiment containing fissile material:


The experiment fissile material form and content must be shown to be enveloped by the existing
criticality safety evaluations described in Chapter 9 (Auxiliary Systems) and the TSR
administrative controls for nuclear criticality safety.


This general experiment safety analyses criterion for experiments containing fissile material applies
whenever the experiment is within the ATR facility. If this criterion is not met, additional criticality safety
evaluations and appropriate changes to the TSR administrative controls must be made prior to conducting
the experiment.


1 0. 1.7. 3 Mechanical Design Criteria for Experiments. The following mechanical design
criteria must be met for experiments. Exceptions to the mechanical design criteria can be made, provided
the exceptions do not constitute an unreviewed safety question, and the exceptions are addressed in the
ESA. Additional experiment safety analyses criteria for PWL and capsule experiments are developed later
in this chapter in the sections providing more detail about these types of experiments.


10.1.7. 3.1 Experiment Containment Fault Categories-The experiment
containment minimum fault probabilities are based on the following guidelines. Chapter 15 (Accident
Analyses) provides further guidance for establishing probability categories for faults other than
experiment containment failures.


Condition 2 Fault-For experiment containment, a Condition 2 fault is defined as failure of a
single vessel not meeting applicable American Society of Mechanical Engineers (ASME)
Section III, or equivalent code requirements.


Condition 3 Fault-For experiment containment, a Condition 3 fault is defined as failure of a
single vessel meeting applicable ASME Section III or equivalent code requirements.


Condition 4 Fault-For experiment containment, a Condition 4 fault is defined as failure of a
single vessel meeting applicable ASME Section III or equivalent code requirements that is
surveyed for the development of leaks or flaws or as an independent failure of two vessels, each
meeting applicable ASME Section III or equivalent code requirements that are not surveyed for the
development of leaks or flaws.


These criteria apply for all experiments in the ATR facility.
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10.1.7 . 3.2 Code Compliance of Experiment Containment-Experiment
containment that holds pressure greater than 235 prig, or contains material that can generate pressure
pulses greater than 430 prig, must have a design that meets the intent of ASME Section III, Class I
standards, or the ability, demonstrated by prototype testing or other means, to withstand service
conditions without failure.


For PWL piping structures, systems, and components, ASA B31.1-1955 or USAS 831.7-1969 code
requirements are considered to be equivalent to ASME Section 111 with regard to this specific experiment
safety criteria.


This criterion applies for all experiments in the ATR facility.


10.1.7. 3.3 Containment of Materials-Materials which are incompatible with the
reactor fuel element cladding, the reactor primary coolant, canal water coolant, or with the reactor
primary coolant system (PCS) structural materials must be contained to ensure they are not released to the
PCS or canal as a result of a Condition 2 or 3 fault.


Incompatible materials, normally used as activation monitors, must be secured to minimize the
likelihood of being lost in the reactor PCS. The following are examples of materials which are chemically
incompatible with the PCS: mercury, gold, copper, silver and chlorides. Gold, silver, or other properly
reviewed materials may be used as activation monitors, provided they are secured so that the material
cannot be lost into the reactor PCS. The preceding materials list is not all inclusive, there are other
materials not listed that are incompatible with the reactor fuel element cladding.


These criteria apply for all experiments in the ATR facility.


10.1.7.3.4 Excluded Materials-The following materials are not permitted in an
experiment or loop facility within the reactor biological shielding:


• Unknown Materials - No experiments shall be performed unless the material content, with the
exception of trace constituents, is known.


• Explosive materials with an equivalent of >_ 25 mg of TNT. (Explosive material is a solid or liquid
which has an explosion hazard in water or steam, as defined in Lewis (1990), and is used in a
configuration that can detonate and produce a shock wave.)


• Cryogenic liquids.


These criteria apply for all experiments in the ATR facility.


10.1.7. 3.5 Evaluation of Materials-The following materials are not used in
experiments unless such usage is shown to be in compliance with the primary experiment safety analyses
criterion in Section 10.1.7, and the compliance analyses are completed prior to insertion in the reactor
vessel or canal.


• Radiologically hazardous activation products


Radiation sensitive materials
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Highly flammable or toxic materials, per se or as by-products of radiation sensitive materials


Reactive Materials which are defined as any solid or liquid which has a reactivity index of 2 in
National Fire Protection Association Publication 704 (NFPA 2001) or has a disaster or fire hazard
indicating detrimental reactions in water or steam Lewis (1990).


These criteria apply for all experiments in the ATR facility.


10.1.7.3.6 Failure of Common Systems--The failure of systems that are common to
both the experiment facilities and experiments and to the plant will not cause interactions (from this
common use) that result in total consequences exceeding those specified by the IPT Protection Criterion
in Section 10.2.6.1 and ATR Plant Protection Criteria discussed in Chapter 15 (Accident Analyses) for
Conditions 2, 3, and 4.


This criterion applies for all experiments in the ATR facility.


10.1.7.3.7 Physical LayoutComponents of experiment facilities are located and
oriented to preclude physical interference with personnel evacuation or with safety related systems,
structures, and components. If displacement of system shielding is involved, measures are to be taken to
ensure radiation levels are below the ATR Plant Protection Criteria for occupational exposure.


This criterion applies for all experiments in the ATR facility.


10.1.7.4 Thermal Hydraulic Criterion . The conduct of the experiment must not adversely
affect decay heat transfer from the canal fuel elements or heat transfer from the PCS.


This criterion applies for all experiments in the ATR facility.


10.1.8 Experiment Reviews, Verification , and Approvals for All Experiments


The following reviews, verifications, and approvals of experiments are completed to ensure that all
experiments have adequate quality assurance, safety analyses, management review, and independent
safety review.


10.1.8. 1 Quality Review. The design, fabrication, testing, and material content of all
contractor-supplied experiment hardware are verified in accordance with the contractor's Quality
Assurance Program (See Chapter 17, Quality Assurance). For experiment hardware supplied by other
organizations, the design, fabrication, testing and material content are verified in accordance with a
Quality Program that has been reviewed by the contractor and found to meet the intent of applicable
sections of the contractor Quality Assurance Program or the contractor verifies that the experiment meets
the intent of the applicable sections of the contractor Quality Assurance Program. These quality reviews
are documented in the ESA.


10.1.8.2 Supporting Analyses. The contractor is responsible for the adequacy and accuracy
of supporting analyses submitted by experimenter organizations. The operation of each experiment
facility is compared with the facility design specification to ensure that it is properly enveloped. Each
experiment is compared to the safety analyses envelope to ensure consistency with the assumptions made
in the analyses.
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10.1.8 . 3 Independent Safety Review. Each ESA has an independent safety review.


• A Contractor-designated, multi-disciplined independent safety review committee reviews each
experiment and the analyses used to verify compliance to this UFSAR and the TSR, and presents
any recommendations to the Reactor Programs Director.


• The independent safety review committee concurs with conducting the experiment.


• The independent safety review committee keeps records of the review for each experiment or class
of experiments.
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ATR CORE
CROSS SECTIONAL DIAGRAM


Figure 10.1-1. Representative ATR core plan view. (For Information Only)
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10.2 Pressurized Water Loop Experiment Facilities


The ATR has operated with various numbers of PWL experiment facilities. There are currently five
PWL facilities which consist of IPTs, out-of-pile piping, common auxiliary support systems, and the
(LOCS). The five IPTs are located in the N, NW, SE, SW, and W flux-trap positions. The OPL
equipment necessary to control the environment of the PWL experiments (for example; pumps, heaters,
heat exchangers, flow and temperature control valves) is located in shielded cubicles in the first and
second basements of the reactor building. Auxiliary systems provide secondary cooling, power,
ventilation, PWL water makeup and chemistry control, and PWL monitoring functions in support of loop
operation. The LOCS provides the capability to (a) monitor and control various PWL parameters as
necessary to establish and maintain the environmental conditions specified by the experiment sponsor and
(b) to initiate mitigative actions.


10.2.1 Pressurized Water Loop Inpile Tubes


The IPT assembly consists of an envelope tube and a pressure tube. The 1PTs are located in the N,
NW, SE, SW, W flux-traps identified in Section 10. 1, Figure 10.1-1. Currently, there are three basic IPT
designs in use.


The first design is the Standard Inpile Tube (SIPT), which is the original IPT design. The second
IPT, designed to operate in conjunction with the ATR High Temperature Loop (AHTL), is identified as
the AHTL IPT. While the AHTL IPT has a thicker envelope-tube wall (0.1395 in. versus 0.1205 in. for
the SIPT) that enables it to be used at higher temperatures and pressures, its other design features are
similar enough to the SIPT to make some of the supporting analyses identical for both designs.


The third IPT design is the LIPT, which accommodates larger-diameter experiment assemblies
operating at SIPT temperature and pressure (Refer to Figures 10.2-9 and 10.2-10). The LIPT was
designed for installation in a flux trap without a safety rod and uses the maximum space inside of the flux
trap baffle. LIPT total flow is significantly higher than SIPT flow to provide similar flow velocities
through the experiment. Even though the LIPT differs both in design and functional operating
configuration from the SIPT and AHTL IPT, the design function for all IPTs is similar enough that a
detailed description of only the SIPT is presented in this section. Where appropriate, the differences
between the SIPT, LIPT, and the AHTL are noted by reference to the applicable supporting design
specifications and analyses.


The number, size, location, and specific design features of the installed array of IPTs are
determined by the PWL experiment sponsor's test program and budget. There have been several
configurations over the lifetime of the reactor. The current configuration with three SIPT, one LIPT, and
one AHTL IPT was installed during the 1994 core internals change out. The previous configuration used
all nine flux traps with six SIPT, two LIPT, and one AHTL 1PT. The reactor power distribution and the
specific experiment loading for a given reactor operating cycle are specified to satisfy the experiment
program sponsor's requirements. The operating requirements must be formally analyzed and documented
as being within the constraints imposed by The General and Specific PWL ESA Criteria, UFSAR, TSR,
ATR Plant and IPT Protection Criteria, and the approved configuration and analytical operating envelope
for the inpile and out-of-pile portions of each PWL facility.
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An experiment sponsor's request for operation of an IPT and experiment must fall within the
approved configuration and analytical operating envelope. Otherwise, additional analyses, including an
unreviewed safety question determination, are required to confirm the acceptability of the proposed
experiment. The expanded analyses and supporting approval become a part of the operating envelope and
are documented as being within acceptable limits for the intended core and experiment loading as
described in the safety documentation for the reactor cycle.


10.2.1.1 IPT Assembly Design Bases. The following subsections provide a summary of
the design bases for the major components on the SIPT assembly in terms of the applicable design codes,
functional performance and design service limits. Where appropriate, a discussion is included of unique
features of the AHTL IPT and the LIPT.


10.2.1 . 1.1 IPT Design Bases-The IPT constitutes a significant source of energy
when operated at temperature and pressure. The IPT assembly constitutes a portion of the reactor vessel
pressure boundary at the points of penetration through the top and bottom head of the reactor, and for the
LIPT where the cross arm piping exits the reactor vessel wall. Therefore, all IPTs are designed, analyzed,
and constructed according to ASME Boiler and Pressure Vessel Code Section III Class 1, without the


"N
Stamp" certification. The design basis for the IPT is to prevent the release of energy to the reactor and


to prevent a loss of integrity of the reactor vessel pressure boundary. The "N stamp" is a "tag" to show
that a component meets ASME Section III requirements. The stress analyses for the IPT (Harris 1983,
1988; Goodell 1986) show that the ASME Section Ill requirements are met. Because the IPTs are vessels
within a reactor vessel, they are not easily accessible and tagging is not applicable. The "N stamp" is
primarily used for quick identification of Section III components within a system.


The IPT assembly consists of an envelope tube and a pressure tube. The envelope tube provides an
annular space which is filled with helium gas to provide (a) temperature insulation to reduce heat losses to
the reactor primary coolant, (b) a medium suitable for detecting a leak of reactor coolant or loop primary
coolant into the annular space between the pressure tube and envelope tube, and (c) an external pressure
on the IPT pressure tube as required by design stress requirements for operation of the AHTL IPT and the
LIPT. The pressure tube provides containment of the loop water.


Analyses and requirements documents supporting each IPT design include engineering
specifications, system design descriptions, and reports containing the specific design basis parameters,
service limits for normal, upset, emergency and faulted conditions; required testing and analyses; and
inservice inspection requirements (as analyzed for operation in specific flux traps). These documents,
listed in Section 10.2.1-3, also identify the applicable design drawings and other applicable codes and
standards. Sections 10.2.1.3 and 10.2.1.4 and associated references address items necessary to ensure
compliance with the IPT design basis to prevent release of energy to the reactor and loss of integrity of
the reactor pressure boundary. The AHTL IPT may be operated at SIFT pressures and temperatures or
elevated temperatures and pressures. The specific source power and design serv ice limits of the AHTL
IPT are based upon the operating conditions. The current design analyses for a SIPT and when the AHTL
IPT is operating at SIPT conditions (5 2500 prig) are based on a maximum source power of 60 MW; a
maximum source power of 50 MW for the AHTL IPT at elevated temperature and pressure (> 2500 prig);
a maximum source power of 34 MW for the LIPT; and design service parameters, including:


Maximum average pressure tube wall temperature (5 800°F),


PWL design parameters (e.g., flow, temperature, internal and external pressure, and pressure
differential) and experiment design parameters (e.g., total fission power, fission power distribution,
and material content).
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• Inpile tube induced reaction forces with the reactor vessel, reactor internals, and OPL piping.


• Mechanical and nuclear design life; mechanical service life is based on pressure and thermal cycles
allowed by code, and nuclear service life is based on fast neutron fluence (> I MeV) and attendant
fracture toughness and creep strain.


• Loop coolant chemistry as related to pressure tube conditioning and stress corrosion.


• Mechanical loadings on the pressure tube closure assembly components.


The term source power is used in the analyses of experiment facilities; the source power is the
power generated in the vicinity of the experiment facility. For inner flux traps (i.e., those inside the fuel
annulus), the source power is the local lobe power. For the outer flux traps, the source power is the
average of the three adjacent lobe powers.


10.2.1 . 1.2 IPT Top Closure Assembly Design Basis-The IPT top closure
assembly serves as the pressure barrier between the primary loop pressure vessel and the shielded area
above the reactor top head. The design basis for the closure assembly is to prevent uncontrolled release of
primary loop coolant at or below the settings of the loop safety relief systems, as described in the PWL
piping design specifications and 11"I'design specifications. While a credible mechanism for catastrophic
failure of the IPT closure assembly has not been identified, postulated failure of the primary loop pressure
boundary and voiding of an IPT have been analyzed. The analyses are presented in Chapter 15 (Accident
Analyses).


10.2.1 .1.3 IPT Top and Bottom Head Closure Seal Design Basis-The seal
between the IPI'top closure assembly and the reactor top head, and the seal between the envelope tube
and the reactor bottom head , are elements of the reactor vessel pressure boundary. The design basis for
these two seals is the prevention of undetected and uncontrolled leakage of reactor primary coolant.
Analyses of the consequences of accident sequences associated with the failure of these closure seals are
based on larger reactor primary piping failures as described in the ATR Probabilistic Risk Assessment
(PRA) (Thatcher et al. 1994) and Chapter 15 (Accident Analyses).


10.2.1 . 1.4 IPT Experiment and Hanger Rod Design Function-A PWL
experiment assembly for insertion into an IPT consists of an IPT closure plug, a hanger rod, and the
experiment or test train . The IPT experiment components, hanger rod, and closure plug all position the
experiment relative to the reactor core. The design function of these components is (a) to prevent
movement or displacement of the experiment from the position specified for the experiment during the
reactor cycle, and (b) to ensure the analyzed flow around and through the test section.


10.2.1 . 2 IPT Assembly Description . The IPT assembly is approximately 40 ft long. The
SIPT pressure tube has an inside diameter of 2.123 in. and the LWPT has an inside diameter of 4 in. From
its closure assembly located in a penetration in the reactor top head, the IPT runs down through the
corresponding flux trap formed by the 40-element serpentine core, and exits the reactor vessel into the
sub-pile room through a penetration in the reactor bottom head. The IPT assembly includes inpile and
sub-pile room components that are joined by welding at the time of installation ; the assembly acts as an
inlet and outlet for piping running to a shielded cubicle, forming a closed recirculating water system. The
basic description of the AHTL IPT assembly is identical to that for the SIPT, with the exception of the
envelope-tube wall thickness, as discussed in Section 10.2.1. For the LIPT, the outlet piping run begins at
the cross-arm piping, which is welded to the IPT inside the reactor vessel, and extends through the reactor
vessel at an access flange into the nozzle trench corridor to return to the shielding cubicle. A view of
typical SIPT elevations is shown in Figure 10.2-1 and a typical LIPT assembly is shown in Figure 10.2-9.
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10.2.1 .2.1 IPT Installation-At the time of installation, the bottom end of the IPT is
welded to a matching concentric piping assembly in the sub-pile room. A schematic of ibis offset piping
assembly is shown in Figure 10.2-2. This sub-pile room component piping assembly consists of a
pressure tube, and for the SIPT and the AHTL IPT, flow tube extensions that extend from the point of
connection with the pressure tube, across the sub-pile room, and down into a trench in the sub-pile room
floor. The envelope tube of the IPT terminates in a bellows and welded seal (AHTL IPT and LIPT), or
compression seal (SIPT), with the pressure tube below the reactor bottom head. This bellows seal or
compression seal accommodates vertical differential expansion between the pressure tube and the
envelope tube. Details of the bellows seal are shown in Figure 10.2-6.


Below the seal , the concentric inlet and outlet piping for the SIFT and the AHTL IPT are
physically separated by means of a piping assembly. Also at this location , for all IPT designs , the piping
assembly includes a shielded pa rt icle trap located at the bottom of the sub - pile room pressure tube
extension that is set below floor level at the end of the piping trench . This offset piping run, from its
welded juncture with the IPT to the shielded part icle trap , also has thermal insulation and removable lead
shielding.


Below the reactor vessel top head, alignment and lateral support for the IPT assembly are provided
at the top of the reactor neck shim housing by a locator tie and, at the point of penetration of the reactor
vessel bottom head, by a gland seal arrangement. To compensate for the dead-weight loads produced by
the tube assembly and lead shielding in the sub-pile room, a constant load hanger is provided at the lower
end of the pressure tube offset piping. Details of the piping assembly and shielded particle trap are also
shown in Figure 10.2-2 for the S1PT and the AHTL IPT.


10.2.1.2.2 IPT Closure Assembly Description-The IPT closure assembly consists
of a closure housing, closure sleeve with threaded locking ring, and closure plug with threaded locking
ring (shown in cross section in Figure 10.2-4). The closure sleeve is-a concentric spacer, which is sealed
to the closure housing with dual rubber 0-rings and is locked in place by a locking ring threaded into the
closure housing. The closure plug (a) closes the opening of the pressure tube, (b) is sealed to the closure
sleeve with dual 0-rings, and (c) is locked in place by a locking ring threaded into the closure sleeve.


The closure plug is keyed to the closure sleeve, which in turn is keyed to the closure plug housing
to prevent rotation and to provide a preferred orientation of the experiment. The closure plug is bored to
allow the exit of instrument leads, and is fitted at its top with a conax-type seal around the instrument
leads.


10.2.1 .2.3 IPT Top and Bottom Head Closure Seal Descriptions-The IPT
assembly seats on a support ring that is milled on the inner surface of the penetration through the reactor
vessel top head. The seal between the IPT upper closure assembly and the reactor vessel top head is made
by double 0-rings mounted in recesses in the outer diameter of the closure assembly. Figure 10.2-5
provides a cross section of this upper seal configuration.


The IPT assembly passes through the reactor vessel bottom head, and the reactor primary coolant
sealed off using graphite compression ring mechanical seals referred to as freeze seal units. These units
bolt and seal to the bottom of the snubber tube assemblies, and the graphite compression rings
accommodate vertical movement of the IPTs due to thermal expansion. A typical seal configuration is
shown in Figure 10.2-7 and Figure 10.2-10 for the LIPT.
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10.2.1 .2.4 IPT Experiment and Hanger Rod Description-The experiment
consists of interlocking holders containing irradiation specimens. Each holder has male and female
interlocking lugs to allow assembly of a holder stack. The holder stack is secured by a retainer tube or
shroud. The retainer tube can contain flux tailoring neutron poison materials. Depending on their design,
experiments can contain fuel, structural material , instrumentation and/or poison materials. In addition, the
individual holders within the test train and the spacing of the test specimens within each holder determine
the experiment test flow.


A PWL experiment assembly for insertion into an IPT consists of an IPT closure plug, a hanger
rod, and the experiment or test train. The hanger rod, attached to the IPT closure plug, position an
experiment vertically within the IPT and, hence, the reactor core. Flow from the loop pumps is directed
out of the shielded cubicle, through the loop piping in the piping corridor, to the sub-pile room, and into
the IPT. The SIPT and AHTL IPTs have a bottom reentrant coolant-flow configuration. Flow through the
IPT can be routed in one of two ways. Usually the flow is routed up through the experiment and flow
tube, then through ports in the upper end of the flow tube. Then, flow is reversed, running down through
the outer annulus formed between the flow tube and pressure tube, and then back to the loop cubicle. This
is referred to as up-flow configuration. Flow direction through the inpile tube can also be routed up the
annulus formed between the flow tube and the pressure tube. Flow is then reversed near the upper end of
the inpile tube and is routed down through the test assembly, and flow tube, and out to the loop cubicles.


The flow tube is a stainless steel tube which is inserted into the IPT. The flow tube seats in the flow
tube receiver which is part of the subpile room piping (Refer to Figure 10.2-3). Metal piston rings at the
bott om of the flow tube provide the seal. The flow tube is secured in place by the closure sleeve and the
closure sleeve locking ring (Refer to Figure 10.2-4).


In the MUCH (Refer to Section 10.2.5.2) experiment, the function to flow tube is replaced by the
shrouds for the experiment. With the flow tube removed, the diameter of the experiment shrouds was
enlarged allowing a larger diameter for experiment holders/specimens.


The IPT hanger rod is bolted and lock-wired to the bottom of the closure plug. The lower end of
the hanger rod engages the top of the experiment. The holders and the bottom of the hanger rod are
attached by a mechanical joint held in place by a retainer clip and a series of shrouds that run the length of
the test train to a nose piece at the bottom of the experiment (Figure 10.2-8).


10.2.1.3 IPT Assembly Evaluations . The major components of the IPT assemblies are
designed, fabricated, and operated in accordance with requirements presented in Section 10.2.1.1.1. Since
the original complement of IPTs was fabricated, additional evaluations and analyses have been performed
to extend the original design life, or to expand the original design and service limits for operating these
facilities, in response to the changing requirements of the irradiation program sponsors.


10.2,1.3.1 IPT Evaluations-The IPT design specifications and evaluations of the IPT
assemblies are identified below with their supporting references:


• Inpile tube design specification (SIPT - EG&G Idaho 1988b; AHTL IPT - Edgett 1986; LIFT -
EG&G Idaho 1983)


• Inpile tube operating temperature analyses ( SIPT - Hendrickson 1996a; AHTL IPT and MUCH
experiments in SIPT - Bood ry and Hendrickson 1995; LIPT - Hendrickson 1995)


• Inpile tube stress analyses (SIPT - Harris 1988; AHTL IPT - Goodell 1986; LIPT - Harris 1983)
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• Inpile tube fracture mechanics analyses (SIPT - Reuter 1988; AHTL IPT - Livingston 1986;
LIPT - Livingston 1985)


• Inpile tube bowing analyses (Buescher 1994)


• Inpile tube seismic analyses (Davidson 1978).


The IPT operating temperature analyses listed above (Boodry and Hendrickson 1995;
Hendrickson 1995 and 1996a) define the allowable IPT inlet and outlet temperature given lobe power, test
fission power, IPT inlet pressure, and IPT inlet flow for non-MUCH tests or MUCH test flow, to ensure
that the wall temperature of the IPT remains below 800°F and bulk water conditions are below saturation.
This requirement is imposed on the average IPT wall temperature radially at the hottest location. The loop
ESA will contain a comparison between the maximum allowable IPT temperatures and the IPT
temperature scram setpoints for both the inlet and outlet temperature channels.


Reactor scrams from a high IPT inlet or outlet temperature, low IPT inlet pressure, low IPT inlet
flow, and low MUCH test flow (for MUCH test) ensure adequate cooling of the IPT and experiment. For
the AHTL IPT, there is an additional reactor scram from a high-pressure tube delta pressure which is
necessary to protect the pressure tube from an over stress condition. Refer to Section 10.2.4.1 of this
chapter for further details of the IPT protective channels.


The IPTs operate in a high radiation field. The neutron exposure will cause material degradation
(such as loss of ductility) which reduces the fracture toughness. In order to ensure that the fracture
toughness of the IPT remains high to prevent brittle fracture of the components, the allowable fluence for
the IPTs has been analyzed (Livingston 1985 and 1986; Reuter 1988). The lifetime limit is a function of
the stresses (limited by operating conditions and source power), fracture toughness, and the maximum
flaw size. The fluence limit (n/cm2 or nvt for energies greater than I MeV) for a SIPT and a 300 series
stainless steel L1PT is 5.5E22 nvt. The analyses assume the maximum creep strain associated with fluence
limit will be 1.8% or less; to verify the assumptions used (initial crack size and crack propagation rate),
the analyses (Livingston 1985; Reuter 1958) require inspection of the 1PTs to determine flaw sizes when
the fluence is within 2 to 3E22 nvt. The fluence limit for the AHTL IPT is lower than the limit for the
SIPT because of the more severe operating conditions (Livingston 1986). The AHTL IPT is limited to
2.7E22 nvt with an assumed maximum creep strain of 2.0%.


The fluence to the IPTs is evaluated using a combination of calculations and measurements. The
analyses for each reactor operating cycle include projecting fluences to the 1PTs. Measurement of flaw
size in an irradiated IPT requires specialized techniques. Ultrasonic methods have been used successfully
in the past; however, the measurement is demanding and requires sophisticated equipment. A
conservative limit on fluence is established to allow operation without verification of flaw size after the
installation of a new IPT. Measurement of the flaw size is required after significant embrittlement to
support operation to the maximum lifetime.


Prediction of the creep strain is based on the operating history of the IPTs. Additionally, the creep
strain can be directly measured using a bore gauge.


Operating the IPT within the design parameters for neutron fluence and creep provides assurance
that failure of the inpile tube is remote. The probability of failure is considered beyond design basis; there
is no credible failure that results in a compromise to the reactor fuel element cladding.
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Each of the IPT fracture mechanics analyses (Livingston 1985 and 1986; Reuter 1988) have stress
cycles that are tracked to ensure the stress cycles used in the analyses are not exceeded. The tracking of
the stress cycles for each IPT is documented in the loop ESAP,


The gas annulus between the pressure tube and the envelope tube is monitored for moisture to
verify the integrity of the envelope tube and the pressure tube during reactor operation.


The ESAP and Core Safety Assurance Package (CSAP) for each reactor operating cycle document
(a) the formal analysis of the operation of a specific IPT assembly and experiment loading, and (b) the
objective evidence that such operation in a given flux trap falls within the envelope of the defined
parameters and service limits. Together, the preceding evaluations and analyses constitute the current
basis for operating the IPTs.


10.2.1.3.2 IPT Closure Assembly Evaluation-Routine analytical evaluations are
not required on the IPT closure assemblies beyond those associated with the requirements of the design
code.


10.2.9 .3.3 Vessel Wall Flange, Top and Bottom Head Seal Evaluations-
Analytical evaluations are not required on the vessel wall flanges or the IPT top and bottom head seals
beyond those associated with the requirements of the design code.


10.2.1.3. 4 IPT Experiment and Hanger Rod Evaluations-Each experiment
scheduled for irradiation is supported by a detailed data package supplied by the experiment sponsor. The
data package information is reviewed, and additional independent analyses are performed as necessary, to
predict thermal hydraulic and nuclear coupling of the experiment and reactor. Specific operating
instructions, system alarm and corrective action setpoints, and limitations are included in an experiment
operating information letter provided to the operations organization for each loop.


10.2.1 .4 IPT Testing and Inspection Requirements . This section discusses the testing
and inspection requirements for components of the IPT.


10.2.1 .4.1 IPT Preservice Testing and Inspection-The IPTs are inspected during
fabrication in accordance with requirements described in Section 10.2.1.1.1. The inspection includes
100% radiography, liquid penetrant examination of all welds, and hydrostatic testing of the completed
assembly before installation of the outer envelope tube. Although the exterior surface of the pressure tube
is inaccessible following the installation of the outer envelope tube, a visual inspection for gross
distortion, straightness, and alignment is performed before inserting the IPT assembly into the reactor.


10.2.1 .4.2 IPT Post-insertion Testing and Inspection-After inserting the IPT
and welding it to the OPL piping in the sub-pile room, the installation weld is examined by radiographic
and liquid penetrant methods. The IPT (pressure tube, envelope tube, and closure assembly) is then
subjected to a hydrostatic pressure test consistent with code requirements.


Following the initial post-insertion tests, the IPT is inspected and tested in accordance with the
A TR Inservice Inspection Plan (INEEL 2002). This plan describes the specific part or feature of the IPT
to be examined, the examination requirements, method, acceptance criteria, and interval between
inspections. The measurement of flaw size in the SIPT and LIPT, between a fast neutron fluence level of
2.0 x 1022 n/cm2 but <_ 3.0 x I022 n/cm2 and the bore gauge measurement of creep strain at one half and


three quarters of the creep strain limits, is of particular importance to support the assumption that
catastrophic failure of the IPT is beyond design basis. If the measured creep falls outside of the predicted
creep range, an annual frequency measurement check is required. The tracking of fluences and creep
strain and the results of measurements are reported in the ESA for each reactor operating cycle.
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The following stress cycles are monitored in accordance with the IPT fracture mechanics analyses
(Livingston 1985 and 1986 ; Reuter 1988 ). The tracking of stress cycles is included in the ESAP.


SIFT


• Lobe power cycles to 66 MW, where a lobe power cycle consists of a reactor startup and a reactor
scram (unscheduled reactor scram and recoveries will be counted as a normal startup/shutdown
cycle). The analysis assumed one thousand five hundred twelve of these types of cycles.


• Lobe power upset to 72.6 MW (1.1 times 66 MW). The analysis assumed five hundred four of
these type cycles.


• Pressure cycles, where a pressure cycle occurs when loop pressure is cycled, with the reactor shut
down, from less than 800 prig to normal operation pressure and back to less than 800 psig. The
analysis assumed two thousand one hundred of these types of cycles.


• Maximum cooling transient, where a maximum cooling transient occurs when there is a rapid loop
cooldown from 600°F to 1 10°F within two minutes. The analysis assumed one hundred twelve of
these types of cycles.


AHTL IPT


• Lobe power cycles to 40 MW (for operation at AHTL conditions). The analysis assumed two
hundred and forty of these types of cycles.


• Lobe power upset to 44 MW (1.1 times 40 MW). The analysis assumed seventy-six of these types
of cycles.


• Lobe power cycles to 50 MW (for operation at standard conditions). The analysis assumed
forty-eight of these types of cycles.


• Lobe power upset to 55 MW (1.1 times 50 MW). The analysis assumed twenty of these types of
cycles.


• Emergency Maximum Cooling, where emergency maximum cooling occurs when there is a rapid
increase of loop flow to 80 gpm with a decrease in IPT inlet temperature from maximum to 200°F
in 17 minutes with the reactor at normal operating power. The analysis assumed two of these types
of cycles.


LIPT


• Lobe power cycles to 34 MW. The analysis assumed nine hundred eighty of these types of cycles.


• Lobe power upset to 37.4 MW (1.l times 34 MW). The analysis assumed one hundred sixty three
of these types of cycles.


• Loop heatup and cooldown, where loop heatup and cooldown occur when the loop is heated to
600°F with a subsequent cooldown with the reactor at zero power. The analysis assumed three
hundred fi fty of these types of cycles.
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• Maximum cooling transient, where a maximum cooling transient occurs when there is a rapid loop
cooldown from 600°F to 110°F in two minutes. The analyses assumed three of this type of cycle.


• Depressurization at 30 MW, where depressurization at 30 MW occurs when the gas annulus
depressurizes with the loop pressurized, and with the reactor at normal operating power. The
analysis assumed one of this type of cycle.


10.2.1 .4.3 IPT Closure Assembly Testing and inspection-IPT closure assembly
parts are given routine examinations in accordance with the requirements of the A TR Inservice Inspection
Plan (INEEL 2002). The examinations are conducted in accordance with detailed procedures that cover
the installation of experiments, and in conjunction with leak tests that are part of the startup checklist for
each reactor cycle. Additionally, formal inservice inspection of the closure assembly is not required since
these components are replaced within the 10-year inspection interval. Initial baseline volumetric
inspections are performed on these components at the time of fabrication.


10.2.1 .4.4 IPT Vessel Wall Flange , Top and Bottom Head Closure Seal
Testing and Inspection-Routine closure seal inspections are performed in conjunction with the
reactor vessel leak rate tests as addressed in Chapter 5 (Reactor Coolant System).


10.2.1 .4.5 IPT Experiment and Hanger Rod Testing and Inspection-The lugs
on the specimen holders are inspected prior to assembly of the experiment. Prior to reactor full power
operations, each PWL facility is operated at normal operating flow for a minimum of four hours and at
startup temperature for at least two hours to observe loop and experiment parameters for any indication of
flow blockage.


10.2.2 Out-of-Pile Loop Facilities


The equipment necessary to control the environment of the PWL experiments (e.g., pumps, heaters,
heat exchangers, flow and temperature control valves, etc.) is located in shielded cubicles on the first and
second basement floors of the reactor building. These cubicles have alphanumeric identifiers that denote
the basement floor location and radial orientation relative to the reactor shielding structure. For example,
in the 2A cubicle designation, the numerical character identifies the cubicle as being located on the
second basement floor, The alpha character designates the basement orientation A through E, running
clockwise from the east side of the second basement floor to the west side.


The cubicle designations are also coupled to one of the nine flux trap locations to fully identify the
PWL facility. For example, 2B-SE designates the coupling between the 2B out-of-pile cubicle equipment,
and SE designates the IPT in the southeast flux trap. The current ITT-cubicle couplings are I C-W
(AHTL), ID-N (SIPT), 2B-SE (SIPT), 2D-SW (SIPT), and 2E-NW (LIPT). Figure 10.2-11 is a plan view
of the arrangement of the cubicles in the reactor building second basement.


This section discusses (a) the design bases; (b) piping and component descriptions; (c) evaluations;
and (d) testing and inspection requirements for the OPL components and systems. Generally, these items
include out-of-pile piping, components, and systems that are subject to loop pressure.


Three basic OPL designs currently support the three IPT designs. The original OPL design was
associated with the SIPT and dates from the initial construction of the ATR (loops I D-N, 2B-SE, and
2D-SW), The second OPL design supports operation of a LIPT (loop 2E-NW). The third OPL design
supports operation of the AHTL IPT (loop I C-W).
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Primary and secondary cubicles I A, 2A, and 2C contain equipment that was previously used to
support 1PT removed during the 1994 core internals change out. This equipment and associated motor
control centers have been removed from service.


10.2.2. 1 Out-of-Pile Loop Design Bases. The following subsections discuss the design
bases of the OPL. For the purposes of this document, the original standard OPL (SOPL) is used as the
reference design in the descriptions of the design bases, system and component descriptions, safety
evaluations, and inspection and testing. Where appropriate, the differences between the SOPL, the AHTL
OPL, and the LIPT OPL are described or identified by reference to supporting detailed design
specifications describing unique characteristics rather than repeating the discussions of loop features that
are identical for SOPL, AHTL OPL and LIPT OPL designs.


10,2.2 . 1.1 Loop Equipment, Valves, and Piping Design Bases-The out-of-pile
equipment is a significant source of energy when operated at temperature and pressure. Loss of integrity
of the piping, valves, and equipment could potentially result in a blowdown of the loop, followed by
potential release of fission products, and a positive reactivity effect because of voiding of the pressure
tube. Therefore, the OPL piping and equipment are designed in accordance with the requirements
discussed below. Except for the items detailed in the following subsections, the design basis for all loop
piping, valves, and system components subject to loop coolant pressure is to minimize the risk associated
with the potential release of energy and fission products during operation of the system at elevated
pressure and temperature.


The PWL piping systems were built to applicable codes at the time of construction. For the five
loops these are:


Loop IC-W ASME Boiler and Pressure Vessel Code Section 11] Class 1 1978 Edition
(ASME 1978)


Loop ID-N ANSI Power Piping Code B31.1-1955 Edition (ASME 1955)


Loop 2B-SE ANSI Power Piping Code B31.1-1955 Edition (ASME 1955)


Loop 2D-SW ANSI Power Piping Code 831.1-1955 Edition (ASME 1955)


Loop 2E-NW ANSI Power Piping Code B31,1-1955 Edition (ASME 1955)


The design flow, temperature, and pressure for each loop facility is given below;


Loop I C-W 80 gpm, 710°F, and 3800 psig (EG&G Idaho 1988a)


Loop I D-N 80 gpm, 650°F, and 2500 prig (Bettis 1975)


Loop 2B-SE 80 gpm, 650°F, and 2500 psig (Bettis 1975)


Loop 2D-SW 80 gpm, 650°F, and 2500 psig (Bettis 1975)


Loop 2E-NW 350 gpm, 650°F, and 2500 psig (INEEL 2003; Hendrickson 1995)


Repairs, replacements, or modifications to the loops are controlled by the rules and regulations
established in the AYR Inservice Inspection Plan (INEEL 2002).
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10.2.2. 1.2 Loop Pressure Relief Systems Design Basis-The loop is designed
with pressure relief systems off the pressurizer and primary loop piping downstream of the loop heaters.
The design basis for these systems is to prevent the primary loop piping and components pressures from
exceeding values allowed by the design codes and thus from over-pressurizing sufficiently to breach the
loop pressure boundary, and release pressure and fission products.


10.2.2.1.3 Loop Shielding Design Basis-The design basis for the loop shielding is
to minimize personnel exposure from N-16, and from activation and fission products circulating in the
loop coolant as a result of an intentional or inadvertent failure of an experiment. Specifically, the cubicle
walls are designed to perform the following:


• Decrease radiation from N-16 in the PWL with the reactor at full power to 2.5 mrem/hr' at the outer
surface of the cubicle wall


Restrict the integrated dose from fission products during the first hour follow
12.5 mrem' at the outer surface of the cubicle wall


ng a to failure to


• Restrict the dose rate inside the cubicle (with the loop shutdown) to 2.5 mremlhr' from an adjacent
operating cubicle and to a ) .0 mrcmthr design level on the reactor floor.


10.2.2 . 2 Out-of-Pile Loop Description . The following subsections contain a brief
description of the OPL.


10.2.2.2.1 Loop Equipment, Valves, and Piping Description-The loop systems
and components are designed and analyzed for fabrication from 300 stainless steel or Inconel. For the
SOPL and the AHTL OPL, the out-of-pile piping interconnection with the inlet and outlet branch piping
from the IPT exits the sub-pile room through a shielded trench, then passes around the reactor biological
shielding through a piping corridor. For the LIPT OPL, the inlet branch piping from the IPT exits the
sub-pile room through a shielded trench, then passes around the reactor biological shielding through a
piping corridor to the rear wall of the cubicle and the outlet branch piping from the IPT exits the nozzle
trench room in a piping corridor to the rear wall of the cubicle. From the piping corridor, the pipe enters
the corresponding shielded cubicle that contains the out-of-pile equipment, through an opening in the rear
wall of the cubicle.


The loop primary cubicle contains over 500 fr' of floor space with an additional 300 ft'- of floor
space allocated to an adjacent secondary cubicle, as shown in plan view in Figure 10.2-12. The primary
cubicle contains the experiment loop primary heat exchangers, loop primary circulation pumps,
pressurizer, primary loop heaters, purification cooler, regenerative heat exchanger, purification ion
exchange columns, pressurizer intercooler, and associated piping and valves. Secondary cubicles house
equipment needed to maintain loop-coolant chemistry within the sponsors' specifications. The secondary
cubicle shown in Figure 10.2-12 contains the loop instrumentation transmitter panel and sample cabinets
used to sample the loop coolant at various sample tap locations and to inject additives.


These we expected average numbers. There may be some locations with higher dose rates. The walls are routinely monitored for
any hot spots, and proper precautions taken if any are found.
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Equipment in the cubicle is arranged such that any major component can be installed or removed
without removing adjacent equipment. Each cubicle has an overhead monorail for handling loop primary
pumps and other heavy equipment. The walls of the cubicle are constructed of 32-in.-thick, high-density
concrete block to reduce radiation levels outside the cubicles to acceptable levels. Each cubicle is
ventilated through an individually controlled supplementary exhaust system.


Most manually operated valves, such as isolation valves, loop drain valves, etc., are located such
that they can be operated from outside the cubicle walls by using extension handles, A sample box is
located in the secondary cubicle adjacent to each primary cubicle where sampling connections from
various points in the loop are provided.


Generally, the electrical switchgear and auxiliary-equipment areas are located on the same floor,
but outside the respective cubicles.


Figure 10.2-13 is a flow diagram of the typical SOPL loop. In the SIPT (and AHTL IPT) "bottom
reentrant" configuration, primary loop coolant enters and leaves the IPT via the shielded trench in the
sub-pile room floor. From the sub-pile room, the inlet and outlet lines rise to an elevation about 15 ft
above the elevation of the top of the core. They reverse direction in an inverted "11" bend in the pipe
corridor between the reactor biological shielding and the inner cubicle wall, then enter the primary
cubicle. In the LIPT configuration, primary loop coolant enters the IPT via the shielded trench in the
sub-pile room floor and primary loop coolant exits the IPT via shielded piping in the nozzle trench. The
inlet piping for the LIPT is configured as the inlet piping for a SIPT complete with the inverted "U" bend.


Each of the piping "U" bends and the LIPT outlet piping is fitted with high point vent valves.
Typically during reactor shutdowns, these valves are opened when the loop is depressurized to provide
syphon breakers that prevent draining of the IPT in the event of a leak in the out-of-pile piping or
components. For the standard OPLs, after entering the cubicle, the coolant from the IPT flows through a
flow control valve, then to a pneumatically actuated three-way valve that proportions flow through and
around a heat exchanger to maintain a constant inlet temperature to the IPT. From the primary loop heat
exchangers, coolant flows to the suction of the primary loop pumps, through an enlarged piping section
equipped with "clam shell" type clamp-on heaters, and back to the IPT. The pressurizer is connected to
the loop piping at the suction of the primary loop pumps. The LIPT and AHTL OPLs general piping
designs differ from the SOPL. For the LIPT and AHTL OPL the flow control valve is located after the
temperature control valve, whereas for the SOPL, the flow control valve is located prior to the
temperature control valve. For the LIPT and AHTL OPL, primary loop piping is generally 3-in. versus 2-
in. for the SOPL. The AHTL and the LIPT loops have increased heater capacity of 324 kW versus
216 kW for the SOPL. The LIPT has eight pumps in two parallel banks with four pumps per bank, and
the AHTL has six pumps in series, whereas the SOPL has three pumps in series.


The detailed system design descriptions for the SOPL and LIPT OPL equipment (including service
limits, system limitations, setpoints , casualty events , recovery procedures, and maintenance requirements)
are provided in Ebasco (1963) and EG&G Idaho (1980b)-


In addition to higher design service limits, as discussed in the following sections, the AHTL OPL
configuration differs from the SOPL configuration in that the AHTL OPL includes three additional
primary loop pumps and two additional banks of heaters, which are shown in Figure 10.2-14. In addition,
the AHTL is provided with a set of crossover piping assemblies with flange connections. This feature
enables the reversal of the flow direction over the experiment as shown in Figure 10.2-15.
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EG&G Idaho ( 1980a) provides the detailed system design descriptions and specifications for the
AHTL OPL equipment . This reference includes serv ice limits, system limitations, setpoints , casualty
events, recovery procedures , and maintenance requirements.


10.2.2.2. 2 Loop Pressure Relief System Description-The loop components and
piping are protected against over pressurization by the use of relief valves located on the loop primary
piping and on the pressurizer . These devices prevent the piping and the IPT pressure from exceeding
design pressure by more than 10%. Relief valves also protect the shell side of the primary loop heat
exchanger , shell side of the purification cooler, and HDW inlet header to the primary loop pump cooling
coils against over pressure.


10.2.2. 2.3 Loop Shielding Description-The loop cubicle walls are used as
biological shielding to reduce radiation levels in normally occupied areas during operations. The loop
cubicle walls are constructed of magnetite concrete blocks and are 2 ft 8 in. thick; the floors consist of
4 ft 6 in. of ordinary concrete, The cubicle ceilings in the first basement are made of ordinary concrete,
5 ft thick.


10.2.2 . 3 Out-of-Pile Loop Evaluations. Since fabrication and operation of the original OPL
components and systems, a number of additional evaluations and analyses have been performed. These
additional evaluations were done to be consistent with the evolution of more rigorous safety- evaluation
criteria and to expand the original design and service limits for operating facilities in response to the
changing requirements of the irradiation program sponsors.


The following subsections identify the specific individual evaluations supporting the current
operation of the loop systems and components (including system and components service limits, system
limitations, setpoints, casualty events, and recovery procedures).


10.2.2 . 3.1 Loop Equipment, Valves, and Piping Evaluation-The specific
evaluations of the loop equipment, valves, and piping are identified below with their supporting
references. Loop failure initiated reactivity events are addressed in Chapter 15 (Accident Analyses).
Sudden catastrophic failure or rupture of loop piping caused by a seismic event is beyond design basis
(Hendrickson 1997b). Complete circumferential rupture of loop piping in the subpile room and in the
nozzle trench is shown to be beyond design basis using leak-before-break analysis (Atkinson 1998).


• System design descriptions and specifications (SOPL - Ebasco 1963; AHTL - EG&G Idaho 1988b;
LIPT loop - INEEL 2003).


• Loop piping design specification (SOPL - Bettis 1975; AHTL - EG&G Idaho 1980a;
LIPT loop - EG&G Idaho, 1980b).


• Thermal and stress analyses for loop piping (IC-W - Morton 1997a, 1D-N - Morton 1997b,
2B-SE - Morton 1997c, 2D-SW - Morton 1997d, 2E-NW - Morton 1997e).


• Over pressure protection and relief valve analyses report for loop piping (SOPL - Pace 1993a;
AHTL - Pace 1987; LIPT loop - Pace 1993b).


• Probabilistic risk assessment of loop piping/component failures (Hendrickson 1997c).


• Small loop tubing pipe whip evaluation (Snow 1998a).
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Evaluation of experiment loop pipe impact loadings on the ATR primary coolant system
(Snow 1998b).


Loop subpile room , subpile room pipe corridor , and nozzle trench piping leak-before-break
analysis (Atkinson 1998).


The IPT are located in flux traps which have positive temperature and void coefficients. The
combination of the positive coefficients and the high temperature and pressure operating conditions in the
PWL results in the potential for significant reactivity insertions from off-normal conditions in the PWL.
Therefore, the IPT and OPL equipment are designed, fabricated, and operated in accordance with the
requirements discussed in Sections 10.2.1.1.1 and 10.2.2.1.1, respectively. The PWL designs are well
established and do not change significantly relative to the considerations for reactor safety. Therefore, it is
possible to establish accident sequences and initial conditions that envelop most combinations of PWL
and experiment operating conditions. These accident sequences, initiated in the PWL, have been
evaluated in Chapter 15 (Accident Analyses). The specific accident sequences are listed in Chapter 15.
The significant considerations from the analyses in Chapter 15 are:


• limiting the potential reactivity insertions from depressurizations and voiding in the IPT and from
failure of the experiment hardware to the values assumed in the accident analyses


• maintaining PWL operating conditions within limits that preserve the depressurization rates
developed in the accident analyses


• maintaining the PWL operating conditions within the design analyses to maintain the failure
probabilities assumed in the accident analyses


• maintaining the PWL hardware and control system protective features used in the accident analyses
to develop accident sequence probabilities.


In addition, specific OPL accident sequences have been evaluated to assess the consequences of the
events and to demonstrate the acceptability to the worker and public risk associated with the operation of
the experiment facilities. The consequences to the reactor of PWL accident sequences have been
evaluated for the public risk probabilistically and mechanistically in the ATR Level It PRA (Thatcher
et al. 1994) and Chapter 15 (Accident Analyses).


The formal analyses of the operation of a specific SOPL, AHTL, or L1PT, with a specific
experiment loading and the objective evidence that such operation in a given flux trap falls within the
envelope of the defined parameters and service limits, is documented in the CSAP and the Loop ESA for
each reactor cycle. Together, the preceding evaluations and analyses constitute the current basis for the
operation of the SOPL, AHTL, and LIPT.


10.2.2 . 3.2 Loop Pressure Relief Systems Evaluation-Specific evaluations are
detailed in Pace (1993a) for the SOPL, Pace (I 993b) for the LIPT loop, and in Pace (1987) for the AHTL.
The loop pressure relief systems are tested per the ATR Inservice Inspection Plan (INEEL 2002)
discussed in Section 10.2.2.4.2.


10.2.2.3.3 Loop Shielding Evaluation-Specific evaluations are not performed on
the loop shielding beyond the original analyses that were done to estimate personnel exposure that could
result if a failed experiment were to release fission products into the loop's coolant (Ebasco 1963). The
effectiveness of the PWL shielding is demonstrated by routine radiological surveys from 30 years of
facility operation.
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10.2.2.4 Loop Testing and Inspection Requirements. The following subsections discuss
the testing and inspection requirements of the OPL.


10.2.2.4.1 Loop Equipment, Valves, and Piping Testing and Inspection
Requirements-Routine testing and inspection requirements for all loop piping and components are
conducted in accordance with the ATR Inservice Inspection Plan (INEEL 2002) and the preventative
maintenance programs developed in accordance with the equipment manufacturer's recommendations.
The ATR Inservice Inspection Program was developed and is conducted in accordance with Section XI of
the ASME Boiler and Pressure Vessel Code (ASME 1989) on all loop components and on all piping
greater than 112 in. Because the loops are basically closed, welded systems, the inservice inspection of
loop piping and components is conducted primarily by hydrostatic testing. A detailed description of the
ATR Inservice Inspection Plan (INEEL 2002) is provided in Chapter 14 (Initial Test Program, lnservice
Surveillance and Maintenance). To support the leak-before-break analysis of the loop subpile room piping
(Atkinson 1998), the following limits are placed on loop pressurizer leak rates;


(


If the pressurizer leak rate exceeds 13%lhour, the reactor is immediately shutdown.


• If the leak rate exceeds 5%/hour, during the next available reactor outage with the loop pressurized
but cooled down, positive identification of the sources of the leakage will be determined including
visual inspection of loop piping including the piping in the subpile room, the subpile room corridor,
and in the nozzle trench.


10.2.2 .4.2 Loop Pressure Relief System Testing and Inspection
Requirements-Testing and inspection of the loop pressure relief systems is conducted in accordance
with the ATR Inservice Inspection Plan (INEEL 2002) as discussed in Chapter 14 (initial Test Program,
lnservice Surveillance and Maintenance).


10.2.2.4. 3 Loop Shielding Testing and Inspection Requirements-Area
radiation monitoring equipment is located both inside and outside the loop cubicles. Other than routine
surveillance and radiological monitoring of this equipment, routine tests or inspections are not conducted
on the loop shielding.


10.2.3 Auxiliary Support Systems and Utilities


This section provides a discussion of the following for a representative cubicle: (a) the design
function, (b) component descriptions, (c) evaluations, and (d) testing and inspection requirements for
auxiliary support systems and utilities. Generally, these systems provide secondary cooling, power,
ventilation, PWL water makeup and chemistry control and PWL monitoring functions in support of loop
operation. This section covers the following systems:


• IPT annulus helium system


• IPT annulus moisture detection system


• Radiation monitoring system


• Water systems


• Air systems


• Ventilation and cooling system
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10.2.3. 1 Standard Auxiliary Support System and Utilities Design Functions. This
section describes the design functions of the PWL auxiliary support systems and utilities in terms of the
functional design bases and the applicable supporting design specifications.


10.2.3.1.1 1PT Annulus Helium System Design Functions-The design functions
of the IPT annulus helium system are (a) to provide insulation between the pressure tube and envelope
tube to reduce heat losses to the reactor primary coolant, (b) to provide a medium suitable for detecting a
leak of reactor coolant or loop primary coolant into the annular space between the pressure tube and
envelope tube, and (c) to provide an external pressure on the IPT pressure tube as required by design
stress requirements for operation of the AHTL IPT and LIFT. To prevent increasing the probability of an
envelope tube rupture with gas annulus over pressure, any modifications of the IPT annulus helium
system must comply with the Event Probability Analyses For An In-Pile Tube Gas Envelope Tube
Rupture with Gas Annulus Overpressure (Atkinson 1994).


10.2.3. 1.2 IPT Annulus Moisture Detection System Design Function-The
design function of the IPT annulus moisture detection system is to provide a means for monitoring the
moisture in the helium flow stream from the envelope-tube/pressure-tube annulus so that a leak from
either the pressure tube or envelope tube may be detected.


10.2.3 . 1.3 Radiation Monitoring System Design Function-The design function
of the PWL radiation monitoring system is to provide means for detecting activation and fission products
in the loop coolant, and for determining radiation levels in the coolant. To do so, the loops are equipped
with Radiation Area Monitors (RAMs) near the loop coolant piping at the outlet of the IPT (inside the
primary cubicle) and purification inlet.


10.2.3. 1.4 Utility Water Systems Design Function-The PWLs use four utility
water systems: the ATR well water system, the ATR LDW system, the loop makeup systems, and the
ATR HDW system. The design function of each of these systems is as follows:


• The well water system provides well water for the cooling coils at the cubicle space coolers and
provides secondary cooling for the 1C-W HDW cooling water heat exchangers.


• The LDW system provides demineralized water from the ATR LDW system for the loop resin
addition tank, the decontamination solution tanks in the decontamination system, the loop sample
box, loop sample coolers (except for the AHTL), and the loop makeup systems.


• The HDW system supplies the secondary side of the loop heat exchangers, the loop purification
intercooler, the bearing and stator cooling inlets on the primary loop circulation pumps, and the
AHTL HDW system.


• The two loop makeup systems supply deoxygenated-demineralized water to the loop makeup
pumps for the normal water supply to the loops.
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10.2.3 . 1.5 Ventilation and Cooling Systems Design Function-The design
function of the PWL ventilation systems is to provide a supplementary air exhaust flow capable of
maintaining the PWL primary and secondary cubicles at a negative pressure with respect to the
surrounding operating corridors. The purpose for maintaining negative pressure is to prevent the possible
release of contaminants from the cubicles.


The design basis for the experiment cubicle cooling unit is to remove heat in excess of that
removed by the cubicle exhaust system. Programmatic specifications limit cubicle temperatures to protect
instrumentation. There are no reactor safety analysis requirements on the loop cubicle temperatures.


10.2.3.1.6 Electrical Power System Design Function-Electrical power for the
PWL is from the ATR power distribution system. The design function for PWL facility electrical power is
to provide commercial, diesel, and commercial-diesel power at the appropriate voltages to the
experimenters' power panels to provide power to loop electrical equipment, control panels, and
instrumentation.


10.2.3.1.7 Vent and Drain Systems Design Function-The design function of the
PWL vent and drain systems is to provide for the controlled discharge of (a) air and gas to the ATR stack,
or (b) liquids from the loop to a system of collection tanks (through either the warm or hot drain systems
depending on the concentration of radioactive contaminants or conductivity of the liquid).


10.2.3.2 Auxiliary Support System and Utilities System Description. Following the
initial design, construction, and operation of the PWL facilities, design modifications have been
completed to upgrade or enhance the original design of the auxiliary support and utility systems in
response to the experiment sponsors' requirements.


Following is a summary of the individual auxiliary support and utility systems for the PWLs. The
detailed design descriptions, design specifications, and code and standards for the individual PWL
systems are provided in EG&G Idaho (1988a), INEEL (1999, 2003), and Ebasco (1963).


10.2.3.2.1 IPT Annulus Helium System Description-Figure 10.2-16 is a flow
diagram of a typical PWL IPT annulus helium system. The number of helium bottles, the gas manifold,
tubing and valves, the specific alarm functions, and other pertinent design information for the individual
PWLs are given in the references noted in the previous section.


The IPT annulus helium system has three functions: (a) temperature insulation to reduce heat losses
to the reactor primary coolant, (b) a medium suitable for detecting a leak of reactor coolant or loop
primary coolant into the annular space between the pressure tube and envelope tube, and (c) an external
pressure on the IPT pressure tube as required by design stress requirements for operation of the AHTL
IPT and the LIPT. Separate moisture detection equipment is connected to each of the IPT gas annuli. The
moisture detection equipment draws a sample flow from the basically static annulus helium system.


The SIPT IPT annulus helium system has a design pressure of 390 psig at 240°F and a normal
operating pressure of 20 psig. The IPT annulus helium system associated with the AHTL IPT has a design
pressure of 743 psig at 120°F and a normal operating pressure of 590 psig. The IPT annulus helium
system associated with the LIPT has a design pressure of 450 psig at 240°F and a normal operating
pressure of 390 psig.
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For any IPT, in case of a leak in the inpile pressure tube, the relief valve will open, the loop coolant
will exhaust to the hot waste storage tank. For a SIPT, in case of a leak in the envelope tube, the relief
valve will open, the reactor coolant will exhaust to the hot waste storage tank. As the AHTL IPT and the
LIPT operating pressure of the helium systems are above the nominal pressure of the reactor primary
system, a leak in the envelope tube will leak helium gas into the reactor vessel. Gas leakage in the reactor
core is discussed in Chapter 15 (Accident Analyses).


For the AHTL, IPT inlet pressure minus IPT annulus helium pressure is used to determine the
pressure tube delta pressure. As discussed in Section 10.2.4.1.6, the LOCS will initiate a reactor scram
and shut off all but one loop primary pump upon an excessively high pressure tube delta pressure.


10.2.3.2.2 1Ff Annulus Moisture Detection System Description-The IPT
annulus moisture detection system is located in the out-of-pile secondary cubicle. ME-1 in Figure 10.2-16
contains the moisture element, a sample rotameter to measure flow, a pressure regulator, and a bypass line
with a rotameter. The outlet tube is connected to the vent collection piping in the cubicle. The moisture
analyzer is connected to, and draws a helium sample flow from, the annulus between the pressure tube
and the envelope tube.


10.2.3 . 2.3 Radiation Monitoring System Description-Typically there are two
RAMs in each cubicle, one on the outlet piping (inside the primary cubicle) and one on the purification
inlet piping. Each monitor has, as a minimum, a high radiation level alarmisetpoint adjustable over the
entire detector range, and a circuit failure alarm. The operator is able to set the actual setpoint for each
channel from the control system. The cubicle space RAM setpoint which alarms in the primary cubicle
for the AHTL and in the secondary cubicle for all other loops is adjusted at the remote ratemeter module.
In all cases, the radiation history is available on the LOCS.


The radiation detectors do not perform a control function, but their readings are monitored
parameters by the control system.


In addition, the out-of-pile cubicle wall is provided with a port that is closed by a removable plug.
The plug can be removed to insert a radiation detector for area monitoring to determine radiation levels in
the cubicle before entry of personnel.


10.2.3. 2.4 Makeup and Utility Water Supply Systems Description-The well
water supply and return headers run through the reactor building first and second basements. From the
inlet header, individual lines supply each of the OPL cubicles. Valves outside the loop cubicles are used
to provide well water to the cooling coils of the cubicle space cooler and to the AHTL HDW cooling
water heat exchangers.


Demineralized water from the ATR LDW system (as described in Chapter 9, Auxiliary Systems) is
used in the loop resin addition tank for the purification system, sample coolers, the sample box, and the
loop makeup systems. LDW is supplied to these systems from the 2-in. LDW headers that run through the
reactor first and second basements.


The HDW system is a closed loop with its own pumps, heat exchanger, and other auxiliaries. The
HDW system supplies 100°F water and 130°F water. The 100°F HDW is used on the shell side of the
purification cooler and the primary loop circulation pump motor stator jackets. The 130°F HDW is used
on the shell side of each loop heat exchanger. The AHTL has a separate HDW system to provide cooler
water to the primary loop pumps, sample coolers, and the purification cooler. This system consists of four
heat exchangers and two recirculation pumps and is supplied by the main HDW system.
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The loop makeup system consists of two separate systems that utilize similar components;
deoxygenators, mixed bed demineralizers, resin charge tanks, a makeup water storage tank, and
recirculation pumps. One makeup system supplies loops IC-W and ID-N and the other system supplies
loops 213-SE, 2D-SW, and 2E-NW.


10.2.3. 2.5 Ventilation and Cooling Systems Description-Ventilation is
provided for the primary and secondary cubicles through an individually controlled supplementary
exhaust system that draws air from the basement area, which is supplied with fresh air by the main reactor
building ventilation supply system. The air is drawn from the secondary cubicle into the primary cubicle
under negative pressure. Typically, the primary cubicle has 1,000 cfm of air exhausted to a duct work
system, which is connected to the main exhaust system and carried out to the ATR stack. The ATR
ventilation system is described in Chapter 9 (Auxiliary Systems).


Because the cubicle exhaust systems cannot absorb all of the heat given off by the various cubicle
components and piping, the primary cubicle is also equipped with a recirculation-type air-handling and
cooling unit. This unit consists of a fan and a cooling section bolted together to form an integral unit. The
water-cooled, serpentine, finned coils have a continuous circuit from the inlet to outlet and require
30 gpm of well water to maintain the cubicle air temperature at 95°F.


10.2.3. 2.6 Electrical Power System Description-The ATR electrical power
system is designed to provide multiple electrical power sources to the PWL equipment. The power
sources include commercial power, diesel power, and automatically switched diesel or commercial
power. The ATR electrical power system is described in Chapter 8 (Electric Power).


Typically, the PWL are provided with the following power distribution and control equipment:


480 V commercial and 480 V diesel motor control center


• 120 Vac Power distribution panels


• Uninterruptible power supply.


Since the initial design and construction of the PWL electrical power systems, a number of
modifications have been made to enhance the system design or to respond to specific experimenters'
requirements. The specific design descriptions, specifications, design codes, and requirements for the
individual loops are contained in EG&G Idaho (1988a), INEEL (1999, 2003), and Ebasco (1963).


10.2.3.2.7 Vent and Drain Systems Description-Both inpile and out-of-pile
equipment is designed to facilitate the venting of air and gases and the draining of water. Vents and drain
are double-valved, and vent or drain valves that are inaccessible are normally provided with reach rods
that have their handwheel in accessible areas.


The venting and draining system consists of (a) the cubicle vent collection system and (b) the PWL
draining and vent system. These systems are described in Chapter 9 (Auxiliary Systems).


The cubicle vent collection system consists of a header that leads to a vent header common to all
cubicles, which in tu rn directs gases to the vent gas duct and then to the ATR stack.
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The PWL draining and vent system has a drain-collection header and a vent collection trough. The
drain-collection header can be directed to the warm waste tank or the hot waste tank. The drain collection
header has a relief valve with the outlet connecting to the cubicle vent collection system, The vent
collection trough is in the secondary cubicle. The vent collection trough is provided with a plexiglass
cover for observing flow. The vent collection trough is valved for drainage to either the hot waste tank or
the warm waste tank as required. There are vents that are located at the high points of the primary loop
coolant piping which, when open, act as syphon breakers. They are separated from the other PWL vents
and consist of a plexiglass flow box on the reactor main floor to observe flow. These high point vents are
routed to the hot waste tank by tubing with double block valves.


10.2.3.3 Auxiliary System and Utility Evaluations . The PWL auxiliary and utility system
evaluations mainly consist of those evaluations performed (a) in conjunction with the initial equipment
design, and (b) in subsequent upgrades of the design and safety documentation for the reactor and
experiment systems. These evaluations consider specific casualty events associated with the malfunction
of the analyzed systems and utilities. They also provide the bases for loop alarms and functional
corrective actions of loop equipment and, where appropriate, reactor power reductions through the LOCS.


Mitigative actions from the auxiliary systems, discussed in Section 10.2.4, may result in reactor
power reductions. The actions are designed to protect the loop equipment and programmatic investment
of the experimenter.


10.2.3.3.1 IPT Annulus Helium System Evaluations-The IPT annulus helium
system insulates the IPT pressure tube from the reactor coolant to control the experiment environment in
accordance with the requirements of the experiment sponsor. In addition, the system provides a means for
(a) a medium suitable for detecting a leak of reactor coolant or loop primary coolant into the annular
space between the pressure tube and envelope tube and (b) an external pressure on the IPT pressure tube
as required by design stress requirements for operation of the AHTL IPT and the LIPT. Although the
design analyses indicates that the consequences associated with the loss of integrity of either vessel will
not lead to the failure of the second vessel, the IPT annulus helium system is designed to alarm on both
high and low annulus gas pressure.


10.2.3.3.2 IPT Annulus Moisture Detection System Evaluations-The IPT
annulus moisture detection system also provides a means for detecting a breach in either of the two IPT
vessels by the presence of moisture in the annulus gas. As with the IPT annulus helium system, the
moisture detection system is alarmed on high moisture in the helium gas medium, allowing the operator
to take corrective action if the reactor has not been scrammed from low pressure in the loop primary
system. As the AHTL IPT and the LIPT operating pressure of the IPT annulus helium systems are above
the nominal pressure of the reactor primary system, a leak in the envelope tube will leak helium gas into
the reactor vessel.


10.2.3. 3.3 Radiation Monitoring System Evaluations-Operation of the loop
radiation monitoring system and the system alarm setpoints are based on predictions of the loop coolant
radiation levels associated with a specific experiment. In some cases, the experiment involves irradiation
of fuel samples with intentional defects, the radiation monitoring system is used to monitor for fission
breaks in the loops as a fission break is capable of producing high radiation fields outside the loop cubicle
and the existence of fission products in loop coolant makes loop cubicle contamination andlor ATR stack
releases more probable. Suitable manual sampling shall be performed to determine gross activity in the
loop coolant, whenever the loop radiation monitoring system is inoperable.
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10.2.3 . 3.4 Makeup and Utility Water Supply Systems Evaluations-Specifi c
evaluations are not performed on the makeup and utility water supply systems beyond those associated
with the original design analyses, which includes consideration of reduction or loss of flow from either a
breach of the system or loss of power to the pump or system control valves. The PWL HDW flows and
temperatures are monitored and will alarm on the LOCS on loss of pressure or flow. As appropriate,
reactor power reductions from loop control circuitry will occur because of low loop flow (from a loop
primary pump trip due to loss of pump coolant flow) or high loop temperatures (from loss of coolant flow
to the loop primary heat exchanger).


10.2.3. 3.5 Ventilation and Cooling Systems Evaluations-Casualty events
associated with the loss of cubicle exhaust fans or cooling water can result in (a) an alarm at the LOCS
and appropriate corrective action by the loop operator, or (b) a reactor power reduction if loop coolant
exceeds the approved setpoints for the reactor cycle.


10,2.3 . 3.6 Electrical Power System Evaluations-Evaluations associated with
casualty events involving the electrical power system consider the loss of both commercial and diesel
power. Loop primary flow is provided by operating at least two loop primary pumps; one being supplied
by commercial power and the other pump being supplied by diesel power. If commercial power fails, the
reactor will be scrammed by the low loop flow, but the pump in the loop connected to diesel-electric
power will continue operating. Similarly, upon loss of diesel power, the reactor will be scrammed by the
low loop flow, but the pumps in the loop connected to commercial electric power will continue operating.


10.2,3 . 3.7 Vent and Drain Systems Evaluations-Specific evaluations are not
associated with the vent and drain system beyond (a) those evaluations performed in conjunction with the
original design, and (b) establishment of criteria associated with the fluid activity levels that dictate to
which of the two drain systems (warm or hot waste) the fluids are discharged.


10.2.3.4 Testing and Inspection Requirements. This section describes the periodic
testing and inspection performed as necessary to ensure reliable operation and acceptable performance of
PWL auxiliary and utility systems.


10.2.3.4.1 IPT Annulus Helium System Testing and Inspection-The IPT
annulus helium system is monitored during operation and the equipment is included in the loop
preventative maintenance program. The system relief valves are tested in conjunction with the loop
preventative maintenance program.


10.2.3 .4.2 IPT Annulus Moisture Detection System Testing and Inspection-
The IPT annulus moisture detection system is monitored during operation and the equipment is included
in the loop preventative maintenance program. As the AHTL IPT and the LIPT operating pressure of the
IPT annulus helium systems are above the nominal pressure of the reactor primary system, gas leakage
from the AHTL IPT and L1PT into the reactor vessel is routinely checked during periods when the reactor
vessel is open. In addition, the pressure in the IPT annulus helium annuli for the AHTL IPT and LIPT is
lowered periodically when the reactor primary system is at nominal pressure and the moisture detection
system are checked to confirm there is no leaks in the envelope tube.


10.2.3 .4.3 Radiation Monitoring System Testing and Inspection-The
Radiation Monitoring System is checked during operation, the low alarms and high alarms are
periodically checked, and the IPT outlet radiation detectors are monitored during reactor startup to verify
instrument response.
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10.2.3.4.4 Makeup and Utility Water Supply Systems Testing and
Inspection-These secondary water systems and components are included in the loop preventative
maintenance program.


10.2.3.4 . 5 Ventilation and Cooling Systems Testing and Inspection-The
cubicle air handling and cooling system components are monitored during operation and are included in
the loop preventative maintenance program.


10.2.3 .4.6 Electrical Power System Testing and Inspection-The electrical
power system equipment is included in the loop preventative maintenance program.


10.2.3.4.7 Vent and Drain Systems Testing and Inspection-The venting and
draining system components are exempt from examination in accordance with the ATR Inservice
Inspection Plan (INEEL 2002).


10.2.4 Loop Operating and Control System


The following sections discuss (a) the design functions, (b) component and system descriptions,
(c) evaluations, and (d) testing and inspection requirements for the LOCS. The major portion of the LOCS
is a MAX 1000 Distributed Control System which consists of five remote processing units and eight
computer workstations. Each of the five remote processing units is used to control the equipment for a
specific loop facility. The eight workstations are used by operations and engineering personnel to control
and monitor the system. The communication between the eight workstations and the remote processing
units is through a dual directional fi ber optic highway. The remote processing units contain input/output
modules, two pairs of redundant Distributed Processing Units, two pairs of redundant power supplies, and
two optical-to-electrical interface modules. The input modules interface with the loop equipment to
convert field signals to digital signals (for example, convening a 4-20 mA signal to a digital signal). The
output modules convert digital signals to interface with loop equipment (for example, stopping and
starting equipment). The two pairs of redundant Distributed Processing Units, designated the AIB and
C/D pair, interface with the input/output modules to operate the loop equipment at operator requested
values. Two pair of Distributed Processing Units are necessary as a single Distributed Processing Unit
cannot process all the information necessary to control a loop facility. One of the two pairs of redundant
power supplies are used to provide power for the electric equipment in the remote processing unit,
transmitters, and to the supply power to field electrical signals optical-to electrical interface units for
communication over the fiber highway. The other pair of redundant power supplies are used to provide
power to field electrical equipment. The LOCS is described in the System Design Description for the
ATR Loop Operating Control System (INEEL 1999).


The purposes of the LOCS are (a) to monitor and control various experiment loop parameters to
establish and maintain the environmental conditions specified by the experiment sponsor, and (b) to
initiate mitigative actions. These actions include reactor power reductions as necessary to protect loop
equipment and the investment of the experiment sponsor in the event of postulated off-normal conditions
of sufficient magnitude to potentially damage loop equipment or result in the loss of experiment data.
Selected LOCS protective functions have been used in the selection of the frequency of occurrence for the
loop facility accident sequences analyzed in Chapter 15 (Accident Analyses).


Based on conclusions derived from the analyses, the LOCS is not considered to be engineered
safety features nor safety-related equipment (Durney 1994; House 1992).
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10.2.4 . 1 Design Function of the LOCS Control and Protective Functions. This
section describes the design functions of the LOCS control and protective functions associated with the
individual loop and experiment parameters. The LOCS protective functions provide protection for the
experiment hardware, protection for the IPT, and are used in establishing the frequency of occurrence for
various PWL fault conditions in Chapter 15 (Accident Analyses).


The protective functions input variables associated with each PWL for IPT protection and to
establish the frequency of occurrence of accidents analyzed in Chapter 15 (Accident Analyses) are


• IPT inlet coolant temperature


• IPT inlet coolant fl ow


• IPT inlet coolant pressure


• IPT outlet coolant temperature


• MUCH experiment flow (MUCH experiments only)


• Pressure tube differential pressure (AHTL only - provides IPT protection only, not used in Chapter
15 [Accident Analyses]),


The specific design requirements , such as monitored variable, setpoint range, channel accuracy and
response time, and number of channels , are included in INEEL (1999). The specific design functions for
each of these protective functions are provided below.


10.2.4 .1.1 LOCS IPT Inlet Temperature Protective Function Design
Function-The design function of the IPT coolant inlet high-temperature protective function is to
prevent over temperature of the IPT wall or the experiment by initiating a reactor scram upon reaching the
IPT inlet temperature setpoint.


10.2.4 .1.2 LOCS IPT Inlet Flow Protective Function Design Function-The
design function of the IPT coolant inlet low flow protective function is to prevent over temperature of the
IPT wall or the experiment by initiating a reactor scram upon reaching the low IPT inlet flow setpoint.


10.2.4 .1.3 LOCS IPT Inlet Pressure Protective Function Design Function-
The design function of the IPT coolant inlet low pressure protective function is to prevent over
temperature of the IPT wall or the experiment. The over temperature is caused by the reduction in
pressure leading to reduction in the capability to remove heat. Over temperature is prevented by initiating
a reactor scram and cut-out of the loop line heaters upon reaching the low IPT inlet pressure setpoint.


10.2.4 .1.4 LOCS IPT Outlet Temperature Protective Function Design
Function-The design function of the IPT coolant high outlet temperature protective function is to
prevent over temperature of the IPT wall or the experiment by initiating a reactor scram and cut-out of the
PWL line heaters upon reaching the high IPT outlet temperature setpoint.
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10.2.4 .1.5 LOCS MUCH Flow Protective Function Design Function-The
design function of the MUCH low flow protective function is to prevent over temperature of the IPT wall
or the experiment, when a MUCH experiment is installed , by initiating a reactor scram upon reaching the
low MUCH flow setpoint. This protective function is used only when a MUCH experiment is installed.
The MUCH Allowable Operating Temperature analyses (Boodry and Hendrickson 1995) details that
during a bypass flow event, plastic deformation of the pressure tube will occur 11.7 seconds after the
initiation of the event. Conservatively, a required MUCH Safety Control Rod Axe Man (SCRAM) time
response of less than or equal to 7 seconds has been chosen.


10.2.4 .1.6 LOCS AHTL IPT Pressure Tube High Differential Pressure
Protective Function Design Function-The design function of the IPT pressure tube high
differential pressure protective function is to prevent an over pressure across the pressure tube in excess
of the design code Service Level B event by initiating a reactor scram and shutting off all but one loop
primary pump upon reaching the high pressure tube differential pressure setpoint.


10.2.4 .1.7 LOCS Watchdog Timer Scram Function Design Function-All
protective functions described above in Sections 10.2.4.1.1 through 10.2.4.1.6 are processed in the A/B
Distributed Processing Unit pairs for each loop facility. If failure of individual loop scram functions
(processed in the AIB Distributed Processing Unit pair) were to occur during a transient event (such as,
loss of flow) experiment damage could occur. To prevent undetected loss of the loop scram functions, the
LOCS will initiate a reactor scram within seven seconds whenever a loss of any loop's A/B Distributed
Processing Unit pair occurs (Hendrickson 1994). The watchdog timer scram function provides assurance
that the protective functions used in Chapter 15 (Accident Analyses) (See Subsection 10.2.4.1) remain
operable when the reactor is operating.


10.2.4.1.8 LOCS Process Control Functions Design Function-The design
functions of the loop process control functions include (a) automatic control of loop primary coolant flow,
loop primary coolant temperature, loop primary coolant pressure, and pressurizer level; and (b) manual
control of loop degassing flow and ion exchange column flow.


The specific performance requirements for the process control functions include controlled
variable, monitored variable, operating range, manual and automatic control range, channel accuracy, and
control response time. The specific design basis for each of these process control functions is included in
INEEL (1999).


10.2.4 .1.9 LOCS Equipment Control Functions Design Function-The design
function of PWL equipment control functions are to provide mode selection (on-off, manual-automatic)
and control interlocks for loop primary coolant pumps and auxiliary equipment as described in INEEL
(1999).


10.2.4.1.10 LOCS Surveillance Functions Design Function-The design function
of the LOCS surveillance function is to provide the necessary displays, indications, and alarms to the
experiment operators and personnel in the reactor control room to permit safe and effective operation of
each experiment loop in accordance with sponsor requirements.


10.2.4 . 2 LOCS Descriptions . This section provides a summary description of the LOCS
protective , process control, equipment control , surv eillance, and data acquisition functions.
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The purpose of the experiment loop control system is to detect and mitigate abnormal conditions
within the PWL that can lead to possible experiment or hardware damage (e.g., provide programmatic
protection); control the loop parameters according to sponsor experiment requirements; and provide loop
equipment protective interlocks.


10.2.4 .2.1 LOCS Protective Function Descriptions-Four protective functions are
associated with each of the PWL for IPT protection: (1) IPT inlet temperature (high), (2) IPT inlet flow
(low), (3) IPT inlet pressure (low), and (4) IPT outlet coolant temperature (high). In addition, there is a
protective function on experiment flow (low), applicable for irradiation of a MUCH experiment and a
protective function for the AHTL IPT on pressure tube differential pressure (high). Additional parameters
can be selected for protective actions ranging from reactor power reductions to a reactor scram. The test
sponsor determines for each experiment which additional parameters are necessary to provide
programmatic experiment protection. For example, specimen temperatures can be selected to provide
either a reactor scram or setback if necessary for experiment protection.


The protective functions for IPT have a scram as the mitigating action. MUCH experiment flow
will always have the mitigating action of a reactor scram; however, this feature will be disabled when an
experiment other than a MUCH experiment is installed. These protective functions are assumed
functional in determination of the frequency of occurrence of off-normal events associated with the loop
operation.


All IPT protective functions are operated in either one-of-two (112) or two-of-three (2/3) trip logic.
The scram trip signals are interfaced to the ATR Plant Protection System. Upon protective function trip,
certain protective functions also initiate specified process control interlock actions.


Each loop A/B Distributed Processing Unit pair monitors another loop A/B Distributed Processing
Unit pair. Upon loss of communication of the monitored Distributed Processing Units, the watchdog loop
will initiate a reactor scram.


The applicable design requirements and the requirements for analyses, fabrication, and operation of
the LOCS are provided in Section 1.3 of INEEL (1999).


10.2.4 .2.2 LOCS Process Control Functions Description-Several loop
parameters can be controlled. These include loop primary coolant flow, loop primary coolant temperature,
loop primary coolant pressure, pressurizer level, loop degassing flow control, and ion exchange column
flow control.


The flow is controlled by adjusting a valve opening; it uses flow monitoring for feedback to the
controller. Coolant temperature is controlled in two ways. Excess heat from an IPT is removed by
adjusting the flow through the loop heat exchanger using downstream temperature monitoring for
feedback to the controller. Heat addition using line heaters ahead of the IPT is controlled by silicon
controlled rectifiers (SCRs) by using the line heater outlet temperature monitoring for feedback to the
controller. The operator balances the settings for temperature control through adjustments that show the
test specimens are within the required temperature ranges. The coolant pressure is controlled by adjusting
the pressurizer heat addition through the use of SCRs, and has pressurizer pressure as feedback to the
controller. The operator adjusts the setting so that the IPT inlet pressure meets sponsor's experiment
requirements. The pressurizer level is automatically controlled by turning on and shutting off a makeup
pump using pressurizer low- and high-level settings as trip points.
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The loop primary coolant pumps, line heaters, pressurizer heaters, and makeup pumps have various
control modes to meet process control functional requirements. For example, the loop primary coolant
pumps have the following modes: on, off, and R-T-D (run-to-destruct). Also, various control interlocks
protect the system from excessive excursions caused by abnormal operation of the equipment.


10.2.4.2.3 LOCS Equipment Control Description-Equipment controls are
provided for loop primary coolant pumps, loop line heaters, pressurizer heaters, coolant makeup pumps,
IC-W HDW pumps, makeup system pumps, and conductivity flow control.


10.2.4 . 2.4 LOCS Surveillance Functional Description-A central control area is
provided for the experiment operators to maintain surveillance of experiment loop protection, control, and
monitoring functions. The primary means of providing the specified loop functions and communicating
experiment loop data status and other selected facility information is a computer-based distributed control
system (DCS) LOCS. There are six operator stations of which any can be used to control a loop.


The DCS consists of independent, rack-mounted control computers, with associated input/output
modules, at several locations on the reactor first and second basements. A ll main DCS nodes
communicate by way of a dual, redundant, fiber-optic network. The DCS is capable of maintaining
uninterrupted process control at this rate while simultaneously processing a maximum of 100 alarms and
performing equipment action responses within the specified time intervals-


A detailed listing of the data surveillance parameters for each loop is included in INEEL (1999).


10.2.4.3 LOCS Evaluations. As the probability of occurrence for certain events is affected by
the scram from the loop control system, an evaluation for the LOCS was conducted as part of the initial
design and installation and is detailed in Close (1994). Another evaluation was conducted to ensure that
failures of the LOCS would be within the envelope of the programmatic loop control system failure
analyses for Loops 2C-SI2C-E (Cardinal and Mrazik 1976) and is detailed in Hendrickson (1994). A
function denoted as the Watchdog Timer was added to each loop Distributed Processing Unit A/B pair
(refer to INEEL (1999) for further details) as a result of this report (Hendrickson 1994) and USQ Safety
Evaluation SE-97-008 (Penny 1997). Each loop monitors another loop and upon loss of communication
of the monitored Distributed Processing Units the watchdog loop will initiate a reactor scram. The LOCS
setpoints for each loop are established each reactor cycle for pneumatic, mechanical, and electronic
devices interfacing with the LOCS to control and protect the loop equipment and experiments within the
established service limits derived from the system or component design analyses. Setpoint values are
specified before reactor operation for each experiment. This information is reviewed and approved before
each reactor cycle in conjunction with the ESA.


10.2.4 .4 LOCS Testing and Inspection Requirements. Routine and preventative
maintenance activities on the components of the LOCS, including standards calibration, channel accuracy
and response time, etc., are developed and performed in accordance with the type of maintenance and
intervals recommended by the equipment vendor. There are no inspections of LOCS equipment required
by the A TR Inservice Inspection Plan (INEEL 2002).
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Required frequencies of channel calibration and functional checks have been established for
important-to-safety PWL instrumentation and controls (see Section 10.2.6.2). The surveillance intervals
are based on system design and performance and the historical intervals from the past operation.
Surveillance intervals may be changed with adequate basis (e.g., long-term results of surveillance
activities). The experiments safety analysis criteria do not include setpoint value or accuracy
requirements. Programmatic requirements for these parameters are much more restrictive than reactor
safety requirements. These parameters are controlled at the facility procedural level.


10.2.5 Specialized Experiment Loop Configurations and Equipment


This section provides a discussion of specialized PWL experiment equipment that is significant to
the ATR safety analyses.


10.2.5.1 Powered Axial Locating Mechanism (PALM). The PALM operates in
conjunction with a modified experiment hanger rod that penetrates a modified test closure plug and
permits axial movement of the test train during reactor operation. As with the standard test closure, the
PALM closure assembly is a pan of the PWL pressure boundary. The following subsections provide the
(a) design function, (b) component descriptions, (c) evaluations, and (d) testing and inspection
requirements associated with this modification.


10.2.5. 1.1 PALM Design Function-The design functions for this assembly are (a) to
provide a containment for the stored energy within the loop when operated at elevated temperature and
pressure, (b) to prevent loss of integrity of the modified closure assembly configuration, (c) to minimize
the probability of a loop blowdown and the attendant risk associated with voiding of the flux trap as
analyzed in Chapter 15 (Accident Analyses), and (d) to prevent uncontrolled movement of the experiment
and any attendant flux peaking or reactivity effects beyond those analyzed and approved in conjunction
with the cycle CSAP.


10.2.5. 1.2 PALM Description-The PALM is used to optimize certain experiment
conditions over the period of a reactor cycle by controlled axial movement of the experiment within the
pressure tube [e.g., (a) small incremental movements to effectively compensate for changes in the axial
power distribution caused by depletion of the reactor fuel, or (b) cyclic movement used to simulate power
transientsl.


Controlled axial movement of the experiment is accomplished by using a drive mechanism that
engages an extension of the experiment hanger rod as shown in Figure 10.2-17. The hanger rod extension
passes through a sliding seal in a modified version of the experiment closure assembly. The drive
mechanism is actuated by a motor and servo amplifier controlled from a servo drive unit control panel
stationed in an enclosure on the reactor main floor adjacent to the south side of the reactor biological
shielding. The PALM can be manipulated from the control panel. Control circuitry and a mechanical stop
prevents withdrawal of the PALM experiment beyond the closure seal. A detailed design description of
the PALM drive system, analyses of its operation, and the PALM Operating Manual are provided in
Durney (1982, 1984) and Bettis (1982, 1984a, b, and c, and 1994).
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10.2.5.1.3 PALM Evaluation-To prevent excessive reactivity changes during
operation with two PALM experiments, the PALM control system has interlocks that prevent
simultaneous movement of both PALM experiments (except during an updrive which is used for
experiment protection) (Dumey 1982). For experiments where the PALM system is used for small
position adjustments (not automatic cycling), the PALM control system is aligned to preclude any
automatic movements (Dumey 1984). The analyses of reactivity insertion events in Chapter 15 (Accident
Analyses) result in limitations on potential PALM experiment void and test failure reactivities
comparable to those of other non-driven experiments. Evaluations for each PALM experiment are
conducted as required for the other types of IPT experiments including CSAP analyses and tests during
power escalation to determine that the reactivity changes caused by normal movement of the PALM
experiment will not exceed the capability of the reactor control system and analyses of potential accident
reactivity insertions.


10.2.5. 1.4 PALM Testing and Inspection Requirements-Testing is performed
on the PALM control system prior to operation to minimize the probability of control system failures
analyzed in Chapter 15 (Accident Analyses). Testing prior to full power operation (greater than 3 MW but
less than 50% of nominal full power) is performed on PALM experiments to ensure the reactivity changes
due to movement of the PALM experiment are within the limits analyzed in Chapter 15 (Accident
Analyses). The PALM seals require occasional actuator movement to ensure that seal integrity is
maintained. The movement required is less than one in. with a frequency of about twice a week
(Durney 1984).


10.2.5. 2 Maximum Useful Capacity Holder Experiment The MUCH was developed to
expand the size of the original experiment holder by eliminating the separate flow tube. The following
subsections provide the (a) design functions, (b) component descriptions, (c) evaluations, and (d) testing
and inspection requirements associated with this modification.


10.2.5.2.1 MUCH Design Function-The MUCH experiment assembly includes a
modified flow tube receiver extension that extends from the bottom of the MUCH experiment to the flow
receiver so that flow is directed up through the experiment and an experiment flow venturi. The
experiment flow venturi measures flow through the experiment as flow could possibly leak through the
experiment shroud stack thus short cutting the normal flow path through the experiment and past the IPT
reducing cooling flow to the IPT. The design function for the MUCH shroud interfaces is to allow
operation of a segmented flow tube (which allows larger diameter experiments) while minimizing the
probability of flow leakage through the experiment segment joints.


10.2.5.2.2 MUCH Description-The MUCH experiment allows the test sponsor to
irradiate more specimens in the same flux trap by replacing the flow tube with test hardware as shown in
Figure 10.2-18. This increases the available irradiation space. Each MUCH test contains a single venturi
with three separate sets of delta pressure measurement taps. The MUCH experiment flow measurement
system is part of the LOCS and upon a low flow the LOCS will initiate a reactor scram (see
Section 10.2.4.1.5). A detailed design description of a MUCH experiment and analyses of its operation
are provided in Bettis (1989).


10.2.5. 2.3 MUCH Evaluation-Evaluations for the MUCH equipment design were
conducted as part of the initial design and installation and are detailed in McCracken (1994). Evaluation
of fueled specimen and hafnium shrouds in a MUCH experiment is detailed in Hendrickson (1996b).
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10.2.5. 2.4 MUCH Testing and Inspection Requirements-Per the MUCH safety
analyses (McCracken 1994), the experiment sponsor is to perform a close visual inspection of the shroud-
to-shroud interfaces during assembly. This inspection along with flow testing prior to reactor startup
should detect significant leakage.


10.2.6 Specific PWL Experiment Safety Analyses Criteria


Each PWL experiment will have an approved ESA as described in Section 10.1.6 which addresses
the General Experiment Safety Analyses Criteria outlined in Section 10.1.7 and the specific PWL
experiment safety analyses criteria described below. These specific criteria were developed based on
reviews of the evaluations summarized in the previous subsections.


10.2.6 . 1 /PT Protection Criterion . The following IPT Protection Criterion supplements the
ATR Plant Protection Criterion:


Damage to either the pressure tube or envelope tube (such that the IPT might require replacement)
is acceptable during a Condition 2 fault, with the exception that the damage will not prevent a safety rod
from functioning. However, a Condition 2 fault shall not cause failure of either the pressure tube or
envelope tube in the PWL.


The IPT Protection criterion applies during reactor operation and compliance must be demonstrated
prior to reactor operation.


10.2.6 . 2 Mechanical Design Criteria


10. 2. 6.2.1 IPT Fluence and Creep Strain-Prior to reactor operation, IPT fast
neutron fluence (energy) I MeV) and creep strain are shown to be less than the limits below unless
otherwise supported by a specific evaluation:


IPTT e Creep Strain
Fluence without flaw size


inspection (n/cm )
Fluence after flaw size


inspection (n/cm')


SIPT s1.8% :_3.0x10'-2 5.5x1022


LIPT <_ 1.3% 3.0 x 1022 < 5.5 x 1022


AHTL IPT 52.0% <_ 2.7 x 1022 5 2.7 x 1022


10.2.6 .2.2 Comparison to Design and Slowdown Analyses-Prior to reactor
operation, the operation of each PWL facility that is operated at greater than 200°F or greater than 750
psig (1500 psig for the AHTL) is compared with the IPT and PWL facility evaluations (Sections 10.2.1.3
and 10.2.2.3) and the loop blowdown envelope analysis (Terry 1998) to ensure that the operation is
consistent with the assumptions and results of the analyses. The table below is a compilation of these
analyses with the more restrictive controlling limits listed, if the experiment parameters are within the
blowdown analysis (Terry 1998), then operation of the experiment is within the assumptions of the
analyses in UFSAR Chapter 15 for a loop blowdown. This analysis (Terry 1998) assumed the experiment
was near saturation; using the applicable maximum allowable temperature analysis (Boodry and
Hendrickson 1995; Hendrickson 1995 and 1996a) to determine the maximum allowable inpile tube
temperatures prevents operation of the experiment near saturation. PWL experiment parameters can affect
the reactivity insertion rate. Both the total insertion, as limited below, and the rate of insertion are
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significant to the consequences of the analyses. For the LIPT, the ratio of the flow through the test train to
that in the surrounding annulus affects the reactivity insertion rate. With a 70:30 flow split ratio, the void
worth to the pressure tube is limited to 1,0$. With a 60:40 flow split ratio, the void worth to the pressure
tube is limited to 0.88$. Operating parameters must fall within the limitations of the table below or
additional analyses must be completed to support the operation. Operation of an experiment outside the
limits below may be shown to be acceptable (usually by limiting other experiment conditions) if analyses
demonstrate that conducting the experiment is within the ATR Plant Protection Criteria as discussed in
Chapter 15 (Accident Analyses)- Additionally, the actual PWL thermal cycles must be compared to the
assumptions of the fracture mechanics analyses and shown to be enveloped (Refer to Section 10.2.1.4.2).
The maximum allowable operating temperature analysis (Boodry and Hendrickson 1995; Hendrickson
1995 and 1996a) determines the maximum allowable IPT inlet and outlet temperature for the given
operating conditions (1PT inlet or MUCH flow, IPT inlet pressure, fission power, and source power) to
maintain the average IPT wall temperature' at less than or equal to 800°F or bulk water conditions at or
below saturation (whichever is more limiting). The IPT inlet and outlet temperature scram setpoints are
set equal to or less than the maximum allowable IPT inlet and outlet temperatures, respectively. The
maximum allowable IPT inlet and outlet temperatures (Boodry and Hendrickson 1995; Hendrickson 1995
and 1996a) are 10°F less than calculated allowable temperatures to account for uncertainties and for
conservatism. This table sets the controlling limits for source power, void worth, flow, pressure,
temperature, and fission power.


Standard Loop Facility Large Loop Facility AHTL
Parameter (ID-N , 2B-SE, 2D-SW) (2E-NW) (IC-W)


Maximum Source Power (MW) 60 34 60 MW if loop
pressure !5 2500 psig,
otherwise 5 50 MW


Maximum Loop Void Worth ($) 0,80 L00$ [70:30 flow 080$
split]


0.88$ 160:40 flow
split].....


Flow Rate 20 to 60 120 to 350 20 to 60 ''...
(inlet or MUCH] ( m)
Inlet Pressure (prig) Desi 2500 2500 3800


Nominal 1800 to 2200 1800 to 2200 1800 to 3400
Maximum Allowable IPT Inlet and The Maximum Allowable Operating Temperature Less than 699°F or as
Outlet Temperature (°F) Analyses (Boodry and Hendrickson 1995; determined by the


Hendrickson 1995 and 1996a) determine the maximum allowable
maximum allowable IPT inlet and outlet operating temperature
temperatures. analysis, (Boodry and


Hendrickson, 1995)
Maximum Test Fission Power 0,W) Standard -200 200 200 kW if loop


MUCH -0 pressure 5 2500 psig,
0 kW if MUCH
experiment or loop
pressure > 2500 sig


Maximum Fission Power over a length 56
of 9.6" (0))


'. This requirement d on the average IPT wall temperature radially at the hottest location.
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10.2.6 . 3 Required Instrumentation and Controls


10.2.6.3.1 LOCS Protective Functions-During reactor operation, the
instrumentation for each PWL facility includes the following operable scram channels (and associated
surveillances) as indicated below with at least one-out-of-two logic (except for the LOCS watchdog
scram, which is a single channel). If number of operable channels is less than required in the below table,
the reactor is scrammed within 15 minutes. The surveillance frequencies (and the associated extension
intervals) in the below table will be controlled in the same manner as surveillance frequencies for the
ATR.


Required Number of Operable
Scram Channels given Reactor Functional


O erasion Status..._.._.'L _....__� Set oint Testp
Parameter Pressurized Depressurized Calibration Frequency Frequency Frequency


Low Loop Facility Flow 2 2 Semi-annually 100 days 100 days


Low IPT Inlet Pressure 2 0 Semi-annually 100 days 100 days


High Bulk Water 2 2 Semi-annually 100 days 100 days
Temperature


(IPT Inlet or Outlet )


Low MUCH Experiment 2 2 Semi-annually 100 days 100 days
Flow X X X N/A Time
(MUCH experiments response -
only) :12 months


LOCS Watchdog I I N/A N/A 100 days
AHTL High Pressure 2 2 Annually N/A 12 months
Tube Delta Pressure


(1C-W z 2500 si }


10.2.6 . 3.2 Radiation Monitoring-Prior to reactor operation, one operable in-cubicle
radiation instrumentation is required for any PWL with a fueled experiment. Suitable manual sampling
will be established if the in-cubicle radiation instrumentation is inoperable.


10.2.6 . 3.3 MUCH Experiments Channel Response Time-Prior to reactor
operation, the total response time of the MUCH scram channels for experiment cooling flow is less than
or equal to 7.0 seconds.


10.2.6.3.4 IPT Annulus Moisture Detection-Prior to reactor operation, each IPT
will have an operable annulus moisture detection system. Should the IPT annulus moisture detection
system become inoperable during reactor operation the system will be operable prior to the next
scheduled reactor startup.


10.2.6 . 3.5 Dual PALM Cycling Controls-The PALM control system will prevent
simultaneous cycling of two PALM experiments during reactor operation. This feature will not prevent
simultaneous withdrawal of the PALM experiments out-of-core due to abnormal conditions. This feature
is functionally checked prior to reactor operation
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10.2.6. 3.6 Special Controls for Positioner Experiments-The following controls
will be established prior to reactor operation whenever the PALM control system is used to operate a
Positioner experiment in-core:


• The PALM control system is in translator mode


• The updrive feature is inhibited


• The jog and home drive speeds potentiometers are set to zero


• The power to the PALM drive motor is off when the test is not moving


• The keys to the PALM drive system (key switches and cabinet door locks) are controlled by the
Shift Supervisor.


10.2.6. 3.7 Pressurizer Leak Rate Surveillance-During reactor operation, the
pressurizer leak rate in percent per hour shall be determined using non-temperature compensated
pressurizer level at least once per shift. If the leak rate exceeds 5%/hour , during the next available reactor
outage with the loop pressurized but cooled down, positive identification of the sources of the leakage is
required including visual inspection of loop piping including the piping in the subpile room, the subpile
room corridor, and in the nozzle trench. The reactor is to be immediately shutdown if the pressurizer leak
rate exceeds 13%/hour.


10.2.6 .4 Reactivity Criteria


10.2.6 .4.1 IPT Void Reactivity Addition Limits (PWL Experiments)-Prior to
reactor operation, the potential 1PT void reactivity addition of PWL experiments must be limited to the
maximum loop void worth values in Section 10.2.6.2.2 (Maximum Loop Void Worth) when the PWL
conditions are > 200°F or > 750 prig (1500 psig for the AHTL) or a specific analyses must be completed.


10.2.6 .4.2 Static Worth of a PALM Experiment-The static reactivity worth over
the full travel of any single, regularly cycled PALM experiment is shown to be less than or equal to the
integral worth of the regulating rod over its allowable operating range by cycling the PALM experiment
during low power operation. Refer to Section 10.2.5.1.4.


10.2.6 . 4.3 Experiment Holder/Hanger Rod Failure Reactivity Insertion-For
experiments, administrative controls, test stops, and/or followers are provided to limit the worth of
credible failures in the experiment assembly within the IPT. The reactivity insertion from this event is
bounded by analyses used in Chapter 15 (Accident Analyses) if the reactivity insertion 5 0.10$.
Whenever the reactivity insertion exceeds 0.10$, additional analyses is performed to show that the
combined reactivity insertion from a loop decompression and the experiment failure is within the ATR
Plant Protection Criteria for a Condition 4 event. The verification of the reactivity insertion is completed
prior to reactor operation.
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10.2.6.4.4 Flux Trap Cascading-Experiments in a reactor flux trap that generate
significant heating and transfer the heat to the associated coolant very rapidly have the capability of
adding additional positive reactivity during a power transient. This effect is known as cascading. Analyses
in Chapter 15 (Accident Analyses) establish a reactivity insertion envelope for this effect. The cascading
reactivities used in Chapter 15 were developed from the previous analyses of a 0.75$ step insertion
(EG&G 1994). The cascade reactivity envelope as defined in Chapter 15 is 0.05$ in 0.13 seconds for
Condition 2 events, 0.03$ in 0.04 seconds for Condition 3 events and 0.17$ in 0.15 seconds for
Condition 4 events. The assumed cascading becomes an envelope considered in the operation, A higher
cascading reactivity insertion rate maybe shown to be acceptable (usually by limiting other experiment
conditions) if analyses demonstrate that conducting the experiment is within the AIR Plant Protection
Criteria as discussed in Chapter 15. The verification of cascade reactivity criteria is completed prior to
reactor operation.


10.2.6.4.5 Flux Trap Reactivity Feedback-The positive reactivity feedback from
the flux traps was considered significant in the analyses of the PCS flow coast down event during a loss
of commercial power (Chapter 15.3, Decrease in Reactor Primary Coolant Flow Rate) (Terry 1994). The
reactivity feedback from the flux traps shall not exceed the values of the analyses without additional
analyses to demonstrate compliance with the plant protection criteria. The verification of the reactivity
feedback is completed prior to reactor operation.


10.2.6. 5 Thermal-Hydraulic Criteria


10.2.6.5.1 PWL Surfaces Cooled by Reactor Primary Coolant-Du ring reactor
operation with reactor power greater than 3 MW, when reactor primary coolant is used to cool surfaces of
PWL facilities, the following thermal-hydraulic criteria are used to ensure no flow instability occurs
during normal transient conditions:


A. The departure from nucleate boiling (DNB) ratio is always greater than two; or the heat flux at
the hottest spot is lower, by at least three standard deviations, than the DNB heat flux computed
for the condition of reactor primary coolant pumps coast down to emergency flow assuming
reactor power is initially 250 MW and a PPS scram occurs.


B. The rise in bulk reactor primary coolant temperature along the hot track of the PWL surface is
less than half the value that would cause flow instability; or the highest reactor primary coolant
temperature is lower, by at least three standard deviations, than the value that would cause the
flow to become unstable, computed under the same condition as (A) above.


C. Any perturbation by an experiment of reactor primary coolant flow in a fuel element shall not
cause the protection criteria of Chapter 15 (Accident Analyses) to be exceeded.


The thermal hydraulic criteria is verified prior to reactor operation.


10.2.6 . 5.2 Gas Leakage-During reactor operation, experiments and experiment
facilities will not leak gas into the reactor such that the IPT Protection Criterion in Section 10.2.6.1 and
the ATR Plant Protection Criteria as discussed in Chapter 15 (Accident Analyses) are exceeded. The
verification is required prior to reactor operation.


10.2.6 . 6 Verification of PWL Process Variables. The PWL operating conditions are
verified to be as specified or within the limits of the ESA specifications prior to each scheduled startup.
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Figure 10.2-1. View of typical SIPT elevations . ( For Information Only)
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Figure 10.2-2. Representative SIPT sub-pile room piping assembly. ( For Information Only)
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Figure 10.2-3. Representative standard IPT flow tube piston ring sea] joint. ( For Information Only)
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Figure 10.2-6. Typical lower envelope tube bellows seal configuration. (For Information Only)
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Figure 10.2-12. Typical ATR Loop primary and secondary cubicles. ( For Information Only)
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Figure 10.2-14. AHTL primary cubicle plan view. ( For Information Only)
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Figure 10.2-15. AHTL sub-pile room crossover piping assembly. (For Information Only)
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Figure 10.2-16. Flow diagram of typical helium and moisture detection systems. ( For Information Only)
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10.3 Capsule Irradiation Facilities


The subsections that follow provide a discussion of the reactor core and capsule irradiation tank
experiments excluding the IPT facilities.


As discussed briefly in Section 10.1, the core design incorporates an array of core and reflector
irradiation facilities ranging in diameter from 0.5 to 5 in. Generally, experiments designed for these
facilities are encapsulated fuel, material specimens, or target material for neutron activation contained or
stacked in aluminum, zircaloy, or stainless steel capsules, adapted to and positioned in the available core
or capsule irradiation tank locations by baskets of suitable materials. Drop-in and lead experiments are
cooled by reactor primary coolant flow, as compared to the pressurized loop experiments for which the
environment is controlled.


The following subsections provide the design function, description, evaluations, and testing and
inspection requirements for the capsule irradiation facilities and experiments.


10.3.1 Capsule Irradiation Facilities and Experiments Design Functions


The design functions of the capsule irradiation facilities and experiments are (a) to prevent
unacceptable release of radioactive materials or fission products to the reactor PCS, (b) to prevent
unacceptable reactivity insertions or unacceptable alterations to the reactor feedback characteristics, and
(c) to prevent unacceptable thermal-hydraulic characteristics that could potentially influence the required
margins to flow instability and departure from nucleate boiling in the experiment or the reactor fuel
elements.


10.3.2 Capsule Irradiation Facilities and Experiment Description


The plan view of the reactor core and capsule irradiation tanks in Section 10.1, Figure 10.1-1
shows the various capsule irradiation facilities. The 40-element serpentine core configuration defines
positions for nine experiment flux trap locations that are identified by their orientation to the north-south
axis of the reactor core. During the 1994 core internal change out, four IPTs were removed from the
reactor NE, E, C, and S flux trap positions and replaced with capsule irradiation facilities. These capsule
irradiation facilities can contain an irradiation housing assembly which are reactor water cooled
irradiation facilities as seen in Figures 10.3-1 and 10.3-2. The in-core sections of the aluminum housings
are approximately 2.5 in. in diameter and will accommodate 7 individual capsule trains or rods per flux
trap location. External spacer buttons center the assemblies in the flux trap; they also provide a coolant
channel between the assembly and the flux trap baffle, as well as through the internal spacers between the
individual capsule trains.


Section 10.1, Figure 10.1-1 identifies "B" holes located in the beryllium reflector; "H" holes
surrounding the center flux trap; "A" hole capsule irradiation spaces located in the neck shim housing;
`9" holes, which range in diameter from 1.5 to 5 in. and are located in the beryllium reflector outside the
shim drum ring; and outer tank ("ON" and "OS" positions) located outside of the core reflector tank,
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10.3.3 Capsule Irradiation Facility and Experiment Evaluations


The capsule irradiation facilities and experiments typically have limited potential for significant
effects on core performance. The capsule facilities in the reflector tank are typically small diameter holes
through the reflector and neck shim housing and the flux traps without IPT. There are some larger
diameter holes on the periphery of the reflector; these have limited neutronic effect on the core. The
specific loadings of these facilities vary with the experiment programs and are not specifically evaluated
in the UFSAR because of limited potential effects and significant variations possible in design. However,
the irradiation of experiments in the capsule facilities requires evaluation in an ESA to ensure acceptable
consequences of potential failures. One consideration is for the potential addition of positive reactivity
due to off-normal conditions in the experiment. Two effects to be considered are potential voiding in the
capsule facility and potential movement of the experiment.


The capsule facilities and experiments have limited potential for causing a change in flow
distribution in the core. The flow through the core is controlled by maintaining a consistent pressure drop
across the core; the flow through the reactor fuel element is proportional to the core pressure drop.
Maintaining the pressure drop provides assurance that flow through the fuel elements is essentially
unaffected by loading changes in the other parts of the core.


The accident analyses of the PWL facilities and experiments in Chapter 15 (Accident Analyses)
provide reactivity transients that can be used to envelop potential effects from the capsule facilities and
experiments. The PWL reactivity insertion accidents have been fully analyzed to determine the resulting
power transients and margins for fuel element performance.


As part of the analyses for each capsule facility ESA, potential failures are identified and compared
against the results in Chapter 15 (Accident Analyses) for the PWL facilities. Additional analyses are
completed as necessary to demonstrate compliance with the ATR Plant Protection Criteria for all
operating conditions.


10.3.4 Capsule Irradiation Facilities and Experiment Testing and Inspection
Requirements


The capsule irradiation facilities are portions of the reactor internal structure. Routine testing and
inspection requirements do not exist beyond those associated with the reactor and provided by the routine
maintenance and inservice inspection programs described in Chapter 14 (Initial Test Program, Inservice
Surveillance and Maintenance).


Routine testing and inspection of capsule experiments include visual and dimensional inspections.
However, following the review of the sponsor's data package by the Contractor, additional independent
nondestructive examinations may be performed, as necessary, to confirm the integrity of the outer
capsule. These additional tests and inspections may include helium leak tests, radiography, and ultrasonic
or liquid penetrant tests on the capsule.


10.3.5 Specific Capsule Irradiation Experiment Safety Analyses Criteria


Each capsule irradiation experiment will have an ESA as described in Section 10.1.6, reviewed and
approved as described in Section 10.1.8, which addresses the General Experiment Safety Analyses
Criteria in Section 10.1.7 and the specific experiment safety analyses criteria described below.
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I
10.3.5.1 Reactivity Addition Limits . The potential reactivity addition of experiments cooled


by reactor coolant must be evaluated relative to the accepted reactivity insertion events in Chapter 15
(Accident Analyses) and shown to be enveloped, or specific analyses must be completed. The evaluation
must consider both the frequency of occurrence and the consequences and must be completed prior to
reactor operation.


10.3.5. 1.1 Comparison to Safety Analyses (Reactivity Insertion Rate)-The
potential reactivity insertion rate shall not exceed the reactivity insertion rate of the limiting event in each
fault category analyzed in the UFSAR without additional analyses to show acceptable consequences.
Verification of compliance is required prior to reactor operation.


10.3.5.1.2 Flux Trap Cascading-Experiments in a reactor flux trap that generate
significant heating and transfer the heat to the associated coolant very rapidly have the capability of
adding additional positive reactivity during a power transient. This effect is known as cascading. Analyses
in Chapter 15 (Accident Analyses) establish a reactivity insertion envelope for this effect. The cascading
reactivities used in Chapter 15 were developed from the previous analyses of a 0.75$ step insertion
(EG&G 1994). The cascade reactivity envelope as defined in Chapter 15 is 0.05$ in 0.13 seconds for
Condition 2 events, 0.03$ in 0.04 seconds for Condition 3 events, and 0.17$ in 0.15 seconds for
Condition 4 events. The assumed cascading becomes an envelope considered in the operation. A higher
cascading reactivity insertion rate may be shown to be acceptable (usually by limiting other experiment
conditions) if analyses demonstrate that conducting the experiment is within the ATR Plant Protection
Criteria as discussed in Chapter 15. Verification of cascade reactivity is required prior to reactor
operation.


10.3.5.1.3 Flux Trap Reactivity Feedback-The positive reactivity feedback from
the flux traps was considered significant in the analyses of the PCS flow coast down event during a loss
of commercial power (Chapter 15.3, Decrease in Reactor Primary Coolant Flow Rate) (Terry 1994). The
reactivity feedback from the flux traps shall not exceed the values of the analyses without additional
analyses to demonstrate compliance with plant protection criteria. Verification of the reactivity feedback
must be completed prior to reactor operation.


10.3.5. 2 Thermal-Hydraulic Criteria


10.3.5 . 2.1 Experiments Cooled by Reactor Primary Coolant-During reactor
operation in the pressurized mode with reactor power greater than 3 MW, when reactor primary coolant is
used to cool surfaces of experiments, the following thermal-hydraulic criteria are used to ensure no flow
instability occurs during normal transient conditions:


A. The DNB ratio is always greater than two; or the heat flux at the hottest spot is lower, by at least
three standard deviations, than the DNB heat flux computed for the condition of reactor primary
coolant pumps coast down to emergency flow, assuming reactor power is initially 250 MW and a
PPS scram occurs.


B. The rise in bulk reactor primary coolant temperature along the experiment hot track is less than half
the value that would cause flow instability; or the highest reactor primary coolant temperature is
lower, by at least three standard deviations, than the value that would cause the flow to become
unstable, computed under the same condition as (i) above.
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C. Any perturbation by an experiment of reactor primary coolant flow in a fuel element shall not
cause the protection criteria of Chapter 15 (Accident Analyses) to be exceeded.


Verification of the thermal hydraulic criteria is required prior to reactor operation.


10.3.5 . 3 Gas Leakage. During reactor operation, experiments must not leak gas into the
reactor such that the ATR Plant Protection Criteria specified in Chapter 15 (Accident Analyses) are
exceeded,
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Figure 103-1. ATR irradiation housing assembly. (For Information Only)
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Figure 10.3-2. ATR irradiation housing assembly. ( For Information Only)
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10.4 Experiment Handling


Experiment handling involves (a) inserting and removing the experiment or experiment-related
hardware (for example, IPT, capsule basket, reflector grid spacer) that adapt to and fix the experiment in a
particular core or reflector position, (b) inserting and removing the experiments for transfer to other
facilities for post irradiation disassembly and inspection by the irradiation program sponsor, (c) moving to
and from storage of experiment or experiment hardware in the canal, or (d) assembly or disassembly of an
experiment.


The following subsections discuss (a) the design function, (b) description, (c) evaluations, and
(d) testing and inspection requirements associated with the equipment and procedures used to perform
handling operations for the PWL and capsule irradiation experiment assemblies.


10.4.1 Experiment Handling Equipment Design Function


The design functions of the experiment handling equipment are to ensure that (a) these components
are installed and removed from the reactor without damage to the reactor internals, reactor top and bottom
head closure plates, and reactor biological shielding, (b) those components are installed, removed and
stored in the canal without damage to the canal, and (c) to provide radiation shielding for personnel
performing handling operations.


10.4.2 Experiment Handling Equipment Description


All handling operations associated with inserting and removing the components of the experiment
in the reactor vessel are accomplished either from the reactor top head or reactor refueling ports. In the
canal, experiments are stored, assembled, disassembled, and loaded/unloaded into shipping containers.
Figure 10.4-1 provides an elevation of the reactor building showing the relative positions of the IPT
assemblies, the reactor top head, loop cask transfer station, and the transfer shield plate that supports the
ATR loop shielded transfer cask, which are used when handling irradiated components.


10.4.2.1 IPT and Flow Tube Assembly Handling. During removal, irradiated 1PTs and
flow tubes are handled in an experiment cask. Because of the length of the IPT and flow assemblies, the
lower end protrudes approximately 12 It below the bottom plate of the experiment handling cask with the
cable winch at the upper end of its travel. A backup safety clamp is attached between the IPT (or flow
tube) and the cask as a backup safety device in case the cask cable fails. The removed IPT (or flow tube)
assembly is placed in a canal storage rack for interim storage awaiting ultimate disposal.


10.4.2.2 IPT Experiment Handling Description. The IPT experiments are normally
transferred to and from the ATR in a shielded handling cask. The cask is sealed at both ends to enable wet
transfer of the experiment when the test assembly contains preirradiated fuel specimens and requires
cooling because of decay heat. An LDW purge station is available to ensure the experiment handling cask
remains full of water during experiment handling.


IPT experiments are stored in the ATR canal in protective transfer containers called experiment
"cans." IPT experiments are transferred to and from the experiment cans at the loop cask transfer station.
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10.4.2. 3 Capsule and Lead Experiment Handling Description. Encapsulated fuel or
material experiments can be positioned in the neck shim housing, the reflector, flux trap irradiation
facilities, and the outer irradiation facility by using baskets sized to adapt to the various positions as
described in Section 10.1.


Capsule trains contained in the baskets are installed by using long-handled grapple tools that latch
to the basket rim and are manipulated through one of the refueling ports around the upper circumference
of the reactor primary vessel as shown in Figure 10.4-1.


Irradiated capsule trains are also removed with the grapple tool; however, the baskets are
transferred directly to the storage canal through the drop tube located on the north side of the reactor
vessel.


Instrumented lead experiments are typically inserted through a refueling port and are positioned in
the reflector by the instrument lead tube. The upper end of the lead tube is threaded through a gland seal
nut in one of the reactor nozzle flanges or through the reactor top or bottom head, and the lead wiring is
routed to appropriate instrumentation located either in the nozzle trench or one of the main operating floor
areas. Instrumented lead experiments that are installed in a flux-trap can be handled in a similar fashion as
IPT experiments.


Lead experiments are removed by shortening the lead tube sufficiently to permit discharge through
the drop tube to the storage canal.


10.4.3 Experiment Handling Evaluations


All experiment cask handling operations are accomplished in accordance with Detailed Operating
Procedures that (a) require verbatim compliance; (b) require sign-off by personnel involved in each
critical step (for example, steps involving safety and technical safety requirements) of the handling
evolution; and (c) impose administrative and physical limitations (such as restrictions on maximum height
and proximity to other critical equipment) on the various movements of the cask. Analyses are to be
performed for cask lifts at ATR to ensure that handling operations are within the ATR Plant Protection
Criteria addressed in Chapter 15 (Accident Analyses). The specific requirements of cask handling as
described in Chapter 16 (Derivation of Technical Safety Requirements) will be elements of the ESA.


Various experiment handling evolutions require the use of building cranes. Formal documentation
shall be available to show limits for each crane used. The document shall indicate load limits, lift heights,
allowable reactor status (e.g. operating, shutdown, or defueled) and allowable status of canal storage.
Verification of the required documentation is an element of the ESA.


As necessary, an assessment is also performed for operations involving irradiated components to
predict the radiation levels that will be encountered while performing the procedure. This assessment
dictates the requirements for any special precautions, radiological monitoring, or evacuation of personnel
determined to be necessary and specified by the work control package covering the operation. The
requirements are imposed to ensure the evolution can be performed within an acceptable level of
exposure risk to personnel. Marts (1998) is an assessment of handling irradiated loop experiments. In
addition, operations and maintenance personnel are trained and certified to perform these procedure
evolutions, and are required to requalify periodically.
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For fueled experiments, a minimum cooling time after shutdown will be established to ensure that
melting of the experiment will not occur during handling of the experiment. For loop experiments, a
minimum cooling time after shutdown of eight hours has been established (Hendrickson 1997a). If
necessary, a shorter time may be supported by the ESA.


When the reactor vessel contains fuel elements, the confinement and Radiation Monitoring and
Seal System shall be operable for cask handling over the reactor vessel. Verification of status is required
prior to cask handling over the reactor vessel.


The ESA addresses (a) handling operations which can include assembly, disassembly , storage, and
cask handling, ( b) limiting fault analyses for each handling evolution, and (c ) effects on the experiment
during a canal draining accident and demonstrates compliance with the ATR Plant Protection Criteria for
all applicable operating conditions.


10.4.4 Experiment Handling Equipment Testing and Inspection Requirements


Specialized loop and experiment handling equipment (including lifting adapters, slings, cables,
fixtures, permanently mounted cranes, hoists, winches, and canal storage equipment) are included in the
TRA preventative maintenance program that defines the specific testing and inspection requirements and
the frequency for each equipment item. The detailed description of the TRA Maintenance Program and
the Maintenance Implementation Plan, which defines the current status of the TRA programs relative to
the applicable DOE orders and industry standards, are provided in Chapter 14 (Initial Test Program,
lnservice Surveillance and Maintenance). The ESA addresses the TRA Maintenance Program for this
equipment.
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ACRONYMS/ABBREVIATION


ATR Advanced Test Reactor


CFR Code of Federal Regulations


DF Decontamination Factor
DOE U.S. Department of Energy
DOE-ID U.S. Department of Energy, Idaho Operations Office


EPA U.S. Environmental Protection Agency
ERM Effluent Radiation Monitor


FIVE Heating and Ventilating Exhaust System
HWSF Hazardous Waste Storage Facility


I.C. Idaho Code
IDAPA Idaho Administrative Procedures Act
INEL Idaho National Engineering Laboratory
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IWTS Integrated Waste Tracking System


PPS plant protective system


RWMC Radioactive Waste Management Complex


TRA Test Reactor Area
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WWTF Warm Waste Treatment Facility
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RADIOACTIVE AND HAZARDOUS MATERIAL
WASTE MANAGEMENT


Waste Management Processes


11.1.1 Philosophy


Radioactive, hazardous, and mixed wastes are required to be managed in a manner that ensures
protection of the health and safety of the public, employees, and the environment. The generation,
treatment, storage, transportation, and/or disposal of waste materials are required to be accomplished in a
manner that prevents or minimizes the generation of such wastes and complies with all applicable federal
and state regulations.


The descriptive material in this chapter includes systems/facilities/features that are not part of the
Advanced Test Reactor (ATR) Facilities. A partial listing of these effluent processing systems outside of
the ATR facilities include the TRA-605 Warm Waste Treatment System and Warm Waste Treatment
Facility (WWTF), the Test Reactor Area (TRA) Evaporation Pond (TRA-715), the Cold Waste Pond
(TRA-702), the Idaho Nuclear Technology and Engineering Center (INTEL), the Radioactive Waste
Management Complex (RWMC), and various warm and hot waste storage tanks, pumps, piping, and
sample locations. All portions of these effluent processing systems outside of the ATR building
(TRA-670), the ATR Cooling Tower Pumphouse (TRA-671), and the ATR Main Stack (TRA-770) are
not part of the ATR Facilities, and are only discussed in this UFSAR chapter for continuity of the waste
stream flow paths.


111.2 Objectives


The objectives of the ATR waste management program are to ensure compliance with applicable
guidelines and regulatory requirements, conserve resources, and eliminate or generate a minimum of
waste while fulfilling the mission of the ATR. These objectives are met by following the direction and
requirements of the Contractor's procedures, DOE Orders 450.1, 5400.5, 5480.4, 435.1, laws of the State
of Idaho (Idaho Code (I.C.) 39-100, 39-3600, and 39-4400, and Idaho Administrative Procedures Act
(IDAPA)58.01.01 and 58.01.17), and Code of Federal Regulations (40 CFR 61 Subpart H, 61 Subpart M;
191, 260, 261, 262, 263, and 761, 49 CFR 171 and 173). Refer to Chapter 19 for a complete discussion of
statutes, rules, and departmental orders applicable to operation of the ATR.


I


11.1.3 Controls


The following subsections present the ATR facility management, operational, and training controls
that are designed to ensure that applicable procedures and requirements will be followed during facility
operations.


11.1.3. 1 Management Controls. The Contractor's manuals establish the responsibility of
managers for managing all wastes (including liquid, gaseous, or solid) to minimize health hazards, public
nuisances, or pollution of the environment, and to comply with federal and state regulations, binding
agreements, and the Contractor's requirements.


TRA maintenance personnel, ATR operators, and all other ATR facility personnel are required to
dispose of radioactive and hazardous waste in accordance with Contractor procedures.
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11.1.3. 2 Operational Controls. Liquid radioactive wastes are controlled by piping systems
that collect liquid wastes from various sources in the ATR (Section 11.3). Liquids are monitored,
sampled, treated, and/or stored for proper disposal based on activity content and chemistry
(Section 11.3.2).


Gaseous wastes are collected by the ATR ventilation system (Section 11,4), which is monitored by
both a stack gas monitor (Section 11.4.4) and by safety-related radiation monitors that actuate
confinement isolation (Sections 6.5 and 7.3.3).


Industrial, radioactive, mixed, and hazardous wastes are manually collected in controlled
accumulation areas. Management of radioactive, mixed, and hazardous wastes are controlled by the
various contractor management control procedures (MCPs). Disposal of these wastes are governed by the
Idaho National Engineering and Environmental Laboratory Waste Acceptance Criteria (DOE-ID 2003)
which identifies the requirements for characterizing, packaging, and documenting reusable property,
recyclable materials, and waste to be received by INEEL or other designated facilities. Other designated
facilities may have additional acceptance requirements not addressed. Such requirements will be
identified by the receiving organization on a case-by-case basis.


Currently, all waste released from TRA is recorded in tracking systems.


Solid radioactive waste is tracked by the amount shipped to the Radioactive Waste Management
Complex (RWMC).


• High-level solid radioactive waste, primarily ATR spent fuel, is tracked by the amount shipped to
the INTEC for storage,


• Industrial waste is tracked by the number of cubic yards (yd3) shipped to the landfill.


• Liquid and airborne effluents are tracked daily by taking samples and performing analysis for
activity and total volume.


• Hazardous waste is tracked by the amount of cubic meters (m) shipped from TRA.


• Mixed waste is tracked by the amount of cubic meters (m) shipped from TRA to an INEEL
Treatment, Storage, and Disposal Facility (TSDF), or an off-site TSDF.


11.1.3.3 Training Controls. Waste training for operators and maintenance personnel includes
initial and periodic review of the Contractor's Waste Management manuals. A ll personnel are required to
have Pollution Prevention/Waste Minimization training. Laborers, Waste Handling Technicians, and
Radiological Control Technicians also receive on-the-job training ,


Refer to Chapter 13 for additional discussion of management, organization, and institutional
controls related to ATR operations.
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11.1.4 Waste Characterization and Pollution PreventionlWaste Minimization Programs


The waste acceptance criteria of treatment, storage, and disposal facilities accepting ATR wastes
require wastes to be characterized and certified before shipment (DOE-ID 2003). Waste characterization
is obtained by knowledge of the physical, radiological, and chemical characteristics of the process
generating the waste, and/or by laboratory analyses of wastes. Non-containerized liquid waste
characterization and disposal to TRA liquid waste ponds is approved by the TRA Waste Management
Authority. Containerized waste characterization and disposal is approved by TRA Waste Generator
Services.


A Pollution Prevention/Waste Minimization Program has been developed and implemented at
TRA. The policy of the plan is to minimize the generation of wastes by giving preference to source
reduction and environmentall y sound recycling over treatment , storage, and disposal of such wastes. The
program is reviewed and updated annually. Reactor Programs has established a Pollution
Prevention/Waste Minimization Coordinator who is responsible for developing actions and milestones for
the TRA waste minimization program.
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11.2 Waste Sources


Standard operating and maintenance activities performed at the ATR facility result in generation of
industrial, hazardous, mixed, and radioactive waste materials. The following sections discuss the sources
and management of liquid, gaseous, and solid wastes. The sources of the various forms of wastes are
summarized in Table 11.2-1, "Primary ATR waste sources."


Table 11.2-1. Primary Advanced Test Reactor waste sources.
Waste Form Primary Source(s)
Liquid radioactive wastes (Section 11.3.2) Primary coolant system


Loop coolant systems
ATR canal


Liquid nonradioactive, nonhazardous wastes Cold waste drains throughout ATR
(Section 11.3.4) Water Softener Blowdown RO Unit Concentrate


Secondary coolant systems blowdown
High-pressure deminen lized water


Gaseous radioactive wastes (Section 11.3.4.1) Primary coolant degassing
Capsule and loop experiment offgas
Liquid waste lank ventilation
Laboratory hood exhausts


Gaseous nonradioactive wastes (Section 11.3.2) Diesel exhaust
Solid radioactive wastes (Section 11.5.3,1) Ion exchange resins


Core Internal changeouts
Maintenance, upgrades, primary and loop chemistry
sampling, and nondestructive examination activities.


High-level solid radioactive wastes (Section 11.5.3.1) Spent fuel elements
Mixed hazardous wastes Lead shielding
(Solid and liquid) Maintenance, upgrades and nondestructive


examination activities(Section 1 L5.3.2) Experiment hoM decontamination
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11.3 Liquid Waste Management Systems


Normal operation of the ATR results in the generation of industrial and radioactive liquid wastes.
Liquid waste management systems and programs are designed and implemented to protect plant
personnel, the public, and the environment by mitigating releases of liquid effluents generated during
normal operations and anticipated operational occurrences. Radioactive and nonradioactive,
nonhazardous liquid wastes are discussed in Sections 11.3.1 through 11.3.4. Consistent with the definitiot
of solid waste in 40 CFR 261, mixed and hazardous wastes in liquid form are discussed in
Section 11.5.3.2.


11.3.1 Design Bases


The bases for design of the ATR liquid waste management systems and programs are to provide for


• Controlled confinement of liquid wastes generated during normal operation and anticipated
operational occurrences


• Reduction of the radioactivity in liquid wastes through ion exchange and holdup to allow for decay
of short-lived radionuclides


• Monitoring radiation levels in waste water before discharge to the environment to verify
compliance with applicable federal, state, and DOE criteria.


Specific design bases and operating parameters for each liquid waste system to implement the
above general design bases are included in the following sections.


11.3.2 System Descriptions


The radioactive liquid waste disposal system is divided into subsystems based on the anticipated
treatment requirements of the effluent sources supplying those subsystems. The routing of liquid waste
within ATR is source-based-liquid waste flows through piping systems by gravity from the source to
interim tank storage. The subsystems (cold waste, warm waste, and hot waste) allow controlled storage
and sampling. Following sampling, wastes may be transferred for appropriate treatment or storage. A
separate liquid waste source, the TRA Demineralizer Building (TRA-608), generates nonradioactive
nonhazardous liquid waste that is discharged to the TRA sewage lagoons (TRA-735 and TRA-736). The
criterion for chemical, cold, warm, and hot liquid waste, as used to specify these systems at ATR, are
based on the criteria for liquid waste effluents in DOE Order 5400.5 (DOE 1993) as follows:


Cold liquid waste: Nuclide-specific Derived Concentration Guides for drinking water of DOE
Order 5400.5, Chapter 111 (DOE 1993).


Warm liquid waste: Before Treatment :


Total activity <_ 1.9E-01 pCi/mL


Release to Evaporation Pond :
State of Idaho Permit To Construct 023-00001 (State of Idaho 2002)


Hot liquid waste: Total activity > 1.9E-01 pCi/mL (above criteria for treatment in the
Warm Waste Treatment System) or alpha activity 2 1 E-04 jCilmL
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The flow of the various liquid wastes from point of generation to fi nal disposition is illustrated in
Figure 11 .3-1. The warm and hot waste systems within ATR are i ll ustrated in Figure 11 .3-2. The warm
and hot waste systems within the ATR and comparable systems in other TRA facilities interface with the
TRA Effluent Processing Facility (TRA-605). All portions of the effluent processing system outside of
the ATR building (TRA-670) and the ATR Cooling Tower Pumphouse (TRA-671) are not pa rt of the
ATR Facility, and are only discussed in this UFSAR for continuity of the waste flow paths.


In addition to providing storage of liquid wastes generated during normal operation , the ATR liquid
waste systems provide reserve capacity to store radioactive liquids that , as a result of accident or plant
upset , might require diversion to waste storage . In the event of a reactor accident or upset , radioactive
coolant flush will first be processed through the ATR WWTF ( Section 11 . 6.1) at up to 150 gal/min, then
pumped to the TRA Warm Waste Treatment System in TRA-605 for further treatment (Section 11.6.2),
released to the TRA Evaporation Pond (TRA-715), or dive rt ed to the warm waste feed tank
(Section 11 . 3.2.1) or to a hot waste storage tank ( Section 11 .3.2.3).


11.3.2. 1 ATR Warm Waste System. Liquid waste enters the warm waste system from the
following potentially contaminated sources:


Normal Operation


• Rod access area sump


• Canal cleaning system


• Canal drains


• Bypass demineralizer drains


• Building warm drains


• Reactor vessel upper and lower drains


• Degassing tank overflow drain


• Pipe tunnel sump


• Experiment cubicles (can also be valved to hot waste system)


• Heat exchanger sump.


PlantUpset


• Reactor Vessel Over Pressure Protection System


• Reactor Vessel Vent Valves.


A 12-in , diameter warm drain header collects the liquid waste from various sources and routes the
waste water through a removable bucket -type strainer basket to the 5,000-gal warm waste tank M-28. The
warm waste tank is located in a concrete shielded room directly south of the reactor at the lowest level of
Building TRA-670, at a fl oor elevation of 21 ft below the second basement.
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The tank vault is maintained at a slight negative pressure by the HVE-8 exhaust unit. Tank liquid
level is measured by means of two level systems, a bubbler tube and level transmitter, and a radio
frequency level transmitter. Liquid level readout is located on the Process Distributed Control System
(DCS), locally at the tank, and locally at the ATR warm waste treatment facility.


A sump pit below the tank is used to collect tank and pipe leakage. Sump level is monitored, and an
alarm actuates on the Process DCS if the sump level reaches 18 in.


The warm waste tank is equipped with two vertical turbine pumps (M-31 and M-32). The pump
motors and packing glands are located on the motor fl oor. The pump shafts extend through the concrete
shielding into the warm waste tank. The pump discharge lines are equipped with check valves and block
valves that may be configured for routing to the ATR WWTF, recirculation back to the tank, or to a
common 4-in. diameter warm drain line inside TRA-670. This line is routed through the reactor building
wall and ties into the 10-in, warm liquid waste line outside TRA-670, which flows to the TRA Warm
Waste Treatment System in TRA-605.


The Effluent Radiation Monitor (ERM) is an online radiation monitor which samples/monitors the
warm waste effluent in accordance with the Permit to Construct for the TRA Evaporation Pond (State of
Idaho 2002). The ERM has variable setpoints, which provide alarm and diversion functions for the warm
waste effluent. The lowest ERM alarm setpoints warns an operator of increased activity. ERM setpoints at
higher activities alarm and initiate automatic or manual effluent diversion to the TRA-605 Warm Waste
Feed Tank, or the TRA-605 100,000 gallon Hot Waste Storage Tank, If alarms are received, in the
manual diversion mode an operator manually diverts effluent to the appropriate waste tank and activity
levels are confirmed by sample analysis. Diverted warm waste effluent is processed through the TRA-605
WWTF or an alternate cleanup system prior to entering the evaporation pond. If the diverted warm waste
effluent cannot be processed and discharged to the evaporation pond, the warm waste effluent may be
processed at an off-site facility.


The tank , piping, and valves in the reactor building are type 304 stainless steel . Pumps are cast iron
construction with steel column pipe. The design and operating parameters of the ATR Warm Waste
System are speci fi ed in Table 11.3-1.


11.3.2.2 ATR Hot Waste System. The hot waste system drains liquid waste from the
following areas:


+ Experiment cubicles and sample areas (can also be valved to warm waste)


• Loop high point vents.


A 6-in. diameter header collects drainage from the hot experimental drain risers and routes the
water through a removable bucket-type strainer (similar to the warm waste tank) to the 1000-gal hot waste
tank, M-27. Tank M-27 is located in a concrete-shielded room adjacent to the warm waste tank. The tank
vault is vented by the HVE-8 exhaust unit to maintain a slight negative pressure on the vault. The tank
and tank vault sump are equipped with level instrumentation similar to that described for the warm waste
tank, except the hot waste tank does not have a radio frequency level system.
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Waste is removed from the tank via vertical turbine pumps M-29 and M-30. The discharge lines,


equipped with check and block valves, are connected to form a 1-1/2 in. diameter hot drain header.
Valving from the header recirculates the water to the Hot Waste Storage Tank, or routes the water to the
TRA hot waste storage tanks, to the ATR warm waste tank, or to the TRA Warm Waste Treatment
System (TRA-605) which diverts the water to the TRA Evaporation Pond, to the TRA-605 Warm Waste
Feed Tank, or to a hot waste storage tank. The disposition of the waste is based on sampling results and
the waste criteria reported in Section 11.1.3.2. The tank, pumps, piping, valves, and fittings are type
304L stainless steel. The design and operating parameters of the ATR Hot Waste System are specified in
Table 11.3-2.


11.3.2.3 TRA Hot Waste Collection System. Hot waste from ATR is pumped from the
ATR warm or hot waste tanks to liquid waste tanks in TRA-605 for storage pending disposal at the TRA
evaporation pond or at an off-site facility. The total storage capacity of the TRA Hot Waste Collection
System (100,000 gal) is sufficient to contain the liquid contents of the ATR primary coolant system
(81,000 gal), if required. A truck loading facility is provided at TRA-613 for transport and disposal of
collected waste. The TRA Hot Waste Collection System is illustrated in Figure 11.3-3. The design and
operating parameters of the TRA Hot Waste Collection System are specified in Table 11.3-3,


11.3.2.4 ATR Cold Waste System. The primary sources of cold liquid waste in the ATR are
as follows:


Blowdown of the secondary coolant system


• Firewater drains


• Secondary side primary heat exchanger drains


• Diesel area drains that are routed through oil separators


• Emergency firewater injection system drains.


Four collection units (numbered 670-M-158 through 670-M-161) in TRA-670 consist of a 125-gal
steel receiver tank and two pumps each. Cold waste water from ATR is routed by a 10-in. diameter cold
drain pipe to the cold waste pond via manhole MH 22-C. The cold waste system also has a 418-gal tank
(M- 186) located in the primary pump motor corridor that receives cold waste water from several sources.
This tank in turn provides suction to the cold waste drain pumps that discharge to TRA-703 and the Cold
Waste Percolation Pond (TRA-702). The ATR Cold Waste System is illustrated in Figures 11.3-4 and
11.3-5. The design and operating parameters of the ATR Cold Waste System are specified in
Table 11.3-4.


The cold waste effluents collect at the cold well sump (TRA-703) and sampling station (TRA-764)
where they are sampled for radiological and nonradiological contaminants at various intervals. The
effluents are pumped out to the Cold Waste Percolation Pond (TRA-702), which is located outside the
TRA fence. Routine sampling data indicate that , during routine operation , the TRA cold waste effluent is
characterized as nonradioactive, nonhazardous industrial waste water.
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The diesel generator pit drain collection system includes two 1,000-gal tanks, M-48 and M-49. The
Diesel Pit Drainage Holdup tanks alleviate flooding in the diesel pit and retard potentially oily water from
entering the cold waste system. The tanks have separate inlets, but are interconnected to provide a full
2,000-gal capacity. Each drain line into the tanks has a trap to ensure building confinement. The tank
contents potentially include oil liquid vapors. The traps have a water supply to keep them full. The tanks
are manually drained to the cold waste collection system. Oil collected in a tank is manually pumped from
the surface through a vent hole in the top of the tank and disposed of as oil/water separator waste.


11.3.3 Releases


Planned liquid effluent releases due to normal operation are discussed in the following sections.
Potential consequences of accidental releases of liquid effluents are discussed in Chapter 2 (Site
Characteristics).


Radiological liquid effluents at TRA are primarily the result of ATR operations. These liquid waste
streams result from a canal waste water, primary coolant leakage, and activities associated with the ATR
power monitoring (N-16) system (see Chapter 7, Instrumentation and Controls). This process water is
treated by the ATR WWTF system (Section 11.6.1). However, this system does not remove tritium
present in the waste stream. The resultant waste water, containing tritium and limited concentrations of
activation and fission products below the volatile and nonvolatile release limits established by the State of
Idaho (State of Idaho 2002), is released to the TRA Evaporation Pond, TRA-715. Average annual releases
of predominant radionuclide and liquid discharge volumes are summarized in Table 11.3-5. The waste
water discharged to the TRA Evaporation Pond, TRA-715, is below applicable requirements for
nonradiological hazardous constituents.


11.3.4 Liquid Effluent Monitoring and Sampling


The liquid effluent monitoring and sampling systems within the ATR and comparable systems in
other TRA facilities interface with the TRA Effluent Processing Facility (TRA-605). The monitoring and
sampling systems described in this chapter and shown in Table 11.3-6 include equipment in both the ATR
and TRA Effluent Processing Facilities. All portions of the effluent processing system outside of the ATR
building (TRA-670) and the ATR Cooling Tower Pumphouse (TRA-671) are not part of the ATR
Facility, and are only discussed in this UFSAR for continuity of the waste flow paths.


Waste water generated by ATR operations as described in Section 11.3.2 is ultimately either
discharged to the TRA liquid waste ponds or is transported by tank truck to an INEEL treatment, storage,
and disposal facility located at INTEC. Table 11.3-6 shows the design and operating parameters of the
TRA Liquid Effluent Monitoring and Sampling Systems. A radiation monitor measures radiation levels in
warm waste water prior to leaving ATR. The monitor provides a radiation level readout, a high radiation
level warm waste pump trip, high radiation level annunciator, and a signal to the Reactor Data
Acquisition System, described in Chapter 7. The radiation monitor, annunciator, and bypass switch are
located in the Process DCS. The bypass switch may be used during upset conditions to allow rapid
transfer of radioactive liquid waste to the TRA Hot Waste Collection System (Section 11.3.2.3). A
totalizer is connected to the warm waste tank pump outlet to measure the volume of waste water
transferred.
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TRA warm waste radiological liquid effluents are monitored using a proportional sampling system
in TRA-636. This system obtains a liquid sample propo rt ional to the total flow to the Evaporation Pond.
This sample is routed to a sample collecting tank that is sampled and analyzed daily to define the liquid
discharges to the Evaporation Pond.


11.3.4 . 1 TRA Effluent to Cold Waste Pond (I RA-702). The cold waste effl uent is
sampled quarterly and bi -weekly from the monitoring station (TRA-764). Quart erly samples are analyzed
for Federal Water Pollution Control Act of 1972 ( aka Clean Water Act) prio ri ty pollutant metals and
barium , anions (chloride, fluoride, nitrate , phosphate , sulfate ), and total organic carbon . Bi-weekly
composite samples are analyzed for conductivity , pH, and gross activity.


(


11.3.4 .2 TRA Effluent to Evaporation Pond. To determine compliance with the TRA
Evaporation Pond State of Idaho Permit To Construct (PTC) 023-00001, the effluent is sampled at the
retention basin inlet sample house (TRA-636) prior to discharge to the evaporation pond. Collected
samples are analyzed for gamma emitting radionuclides daily. Monthly composite samples are analyzed
for gross beta and alpha emitting radionuclides.


Table 1 1. 3-1. Design and operating parameters of the Advanced Test Reactor Warm Waste System .
Cot ponenUPammete r Design or Operating Value


Warm Waste Tank (670-M-28) 5,000 gal
Jnlet Header 12 in. ID
Want Waste Tank Pumps (670-M-31 and -32) 125 gpm each
Outlet Line 4 in. ID
Flow to Evaporation Pond through Wann Waste Treatment System 150 gpm (design)


Bypass Wann Waste Treatment System
75 gpm (operating)
450 gpm (design)
300 gpm rating}


Table ] 1.3 2. Design and operating parameters of the Advanced Test Reactor Not Waste Collection Tank.
ComponenUPamnteter Design or tJperau'ng�Value


Hot Waste Tank (6?0-M-27) 1,000 gal
Inlet Header 6 in. ID
Hot Waste Tank Pumps (670-M-29, -30) 25 gpm each
Out let Line 1.5 in. ID


Table 1 1.3-3. Design and operating parameters of the Test Reactor Area Hot Waste Collection System.
Component/Parameter Design or Operating Value


TRA Hot Waste Storage Tank
TRA-605 100,000 gal


Liquid Waste Design Parameters pH 2.0 - 12.5







Idaho National Engineering and Environmental Laborato
CHAPTER 11 - RADIOACTIVE AND HAZARDOUS


MATERIAL WASTE MANAGEMENT-
UPGRADED FINAL SAFETY ANALYSIS REPORT


FOR THE ADVANCED TEST REACTOR


412.09 (09/0312002 - Rev. 7)


Identifier: SAR-153
Revision: 9
Page: 11-17 of 11-38
Effective Page: 08/10/04


Table 11.3-4. Design and Operating parameters of the Advanced Test Reactor Cold Waste System.


Component'Parameter


Collection Header in TRA-670


Local Collection Tank (670-M-186)


Tank 670-M-186 Pumps (670-M-121 and -122)


Four Collection Units (670-M-158 through -161)


Collection Unit Pumps (two per lank)


Design or Operating Value


10 in. ID


418 gal


23 gpm each


125 gal each


150 gpm each


Table 11 . 3-5. Annual radioactive liquid discharges to the Test Reactor Area Evaporation Pond,
TRA-715,8


Predominant Average Annual Release
Radionuclides' (Curies) Percent of Annual Release (%)


H-3 8.2E+01 96.6
Cr-S I 2.0E+40 2.3
Gross Beta 4.5E-01 0.5
Co-60 3,0E-01 0.4


Total 8.5E+01 99.8


a. Annual average from analysis of daily proportional samples based on the four -year period from 1995-1998. Sample data from
Radiation Measurement Laboratory monthly TRA Evaporation Pond Inlet Report s . Average volume is 5.5E+06 gal/yr (2. IE+07
liters/yr)_ the State of Idaho Permit to Construct for the TRA Evaporation Pond limits the annual releases to 510.9 curies of
nonvolatile radionuclides (42.6 curies per month) and 324.3 Curies of volatile radionu cl ides (27.1 curies per month ) ( Stale of
Idaho 2002),


b. Predominant radionuclides represent over 99°le of the total radioactivity discharged. Other radionuclides routinely monitored
and detected in smaller quantities include Na-24, Sc-46, Mn-54, Co-58, Zn-65, Zr-95, Nb-95, Ru-103, Agm-l 10, Sb-122,
Sb-124, 1-131,1-133, Cs-134, Cs-I37, Ba-140, La-140, Cc-] 44, Hf-I75, Hf-I81, Ta-182, Np-239, Sr-89, Sr-90, Y-90, and
Gross Alpha.


Table 11.3-6. Design and operating parameters of the Test Reactor Area Liquid Effluent Monitoring and
Sampling System.


Component/Parameter Design or Opemting Value


Warm Waste Effluent System


Sample Tank 66 gal


Sampling Interval Proportional with daily analysis


Cold Waste Effluent System


Cold Waste Disposal Sump Flow Recorders 1,300 gpm maximum


Sampling Interval Quarterly (non-radiological), Weekly (pH,
conduct ivity), Biweek ly (radiological)
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Figure 11.3-1. Advanced Test Reactor Liquid Waste Schematic Block Diagram. ( For Information Only)
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Figure 11.3-4. Advanced Test Reactor Cold Waste System. (P&ID 170458) (For Information Only)
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Figure 11.3-5. Test Reactor Area Liquid Waste Disposal Ponds. (Dwg. 414487) (For Information Only)
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11.4 Gaseous Waste Management Systems


Normal operation of the ATR results in generation and release of radioactive gases and particulates
to the atmosphere due to (a) leakage of fission products from reactor fuel or experiments, (b) activation of
stable isotopes in the neutron flux of the reactor core, and (c) gaseous effluents from laboratory activities.
The gaseous waste management systems are required to be designed to protect plant personnel, the public,
and the environment by mitigating releases of radioactive gases generated during normal operations. The
A-]R main stack action levels are based upon exceeding annual gaseous effluent normals, and can be
found in Chapter 12 (Radiation Protection). The Application for a Title V Operating Permit for the Idaho
National Engineering and Environmental Laboratory Volume VIII Test Reactor Area (BBWI 2001) lists
the ATR main stack, laboratory ventilation hood stacks, the ATR cooling tower, and several diesel
exhaust stacks as emission sources.


11.4.1 Design Bases


The bases for design of the ATR gaseous waste management systems provide for:


Controlled confinement of gaseous wastes generated during normal operation


• Reduction of the radioactivity in gaseous wastes through any filtration of off-gas from laboratory
hoods and through holdup to allow for decay of short-lived radionuclides


• Monitoring radiation levels in waste gases before discharging them to the environment to verify
compliance with applicable federal, state, and DOE criteria


Release of gases at elevations to maximize atmospheric dispersion of effluents.


The design parameters of the gaseous waste systems are specified in Table 11.4-1.


11.4.2 System Descriptions


Radioactive gaseous wastes generated during operation of the ATR facility are managed by
ventilation systems that collect gases at or near their generation point for ultimate disposal to the
atmosphere. Gases are routed from low to high contamination areas to minimize spread of radionuclides
to clean areas. Chapter 9 (Auxiliary Systems), Section 4, "Air Conditioning, Heating, Cooling, and
Ventilation Systems," describes the entire ATR ventilation system, including schematic drawings for
illustration. Portions of the ventilation system are safety-related to allow a delayed release of
radionuclides after a predetermined setpoint is exceeded. The safety-related portion of the system is
described in Chapter 7 (instrumentation and Controls) on the Radiation Monitoring and Seal Activation
System.


The Argon Delay Line System is installed in the ventilation flow path between the degassing tank
and the ATR main stack. The purpose of the Argon Delay Line system is to reduce the quantity of
short-lived radionuclides released from the main stack. The system provides a large hold tank volume
which permits decay of short-lived radionuclides released by the degassing process. The system is
normally in operation, but can be bypassed. The Argon Delay Line System reduces the inventory of
Argon-41 released from the ATR main stack by approximately 40 percent. The four butterfly isolation
valves connected to RMS-l (i.e., the supply, return, condensate return, and bypass) and the associated
piping which penetrates the ATR building are safety-related. All other portions of the Argon Delay Line
System are nonsafety-related.







Idaho National pj ineerinQ and Environmental Laboratory 412.09 ( 09/03/2002 . R ev. 7
CHAPTER 11 - RADIOACTIVE AND HAZARDOUS Identifier: SAR-153


MATERIAL WASTE MANAGEMENT- Revision: 9
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 11-24 of 11-38


FOR THE ADVANCED TEST REACTOR Effective Page: 08/10/04


11.4.3 Releases


11.4.3.1 Radioactive. The primary source of radioactive gaseous effluent at ATR is from
degassing of primary coolant. (The Primary Coolant System Degassing Subsystem is described in
Chapter 5, Reactor Coolant System, Section 4, Component and Subsystem Design.) Argon occurs
naturally in air and water and becomes activated in the neutron flux surrounding the reactor. Table 11.4-2
summarizes average annual radioactive air emissions from the ATR stack. Normal gaseous effluent
releases for the ATR main stack are established annually. Tritium releases from the ATR stack are not
continuously monitored. Tritium releases are calculated based on primary coolant water tritium
concentrations and primary coolant water makeup.


11.4.3 . 2 Nonradioactive. ATR operates diesel generators as a primary source of electrical
power during all operating conditions and some shutdown conditions. The diesel exhaust is a source of
nonradioactive gaseous pollutants. Several other diesels at the TRA site are tested periodically to
demonstrate operability which contributes to this gaseous release.


11.4.4 Gaseous Effluent Monitoring and Sampling


The ATR Stack (TRA-770) is the final release point for gaseous waste generated in ATR
(Section 11.4.3.1). Table 11.4-3 shows the design and operating parameters of the ATR Gaseous Effluent
Monitoring and Sampling Systems. Effluents to the stack are continuously monitored by two systems:
(a) the Plant Protective System (PPS) Stack Exhaust Monitors, and (b) the ATR Stack Effluent
Monitoring Subsystem. The PPS monitoring system is safety-related, and causes automatic actuation for
closure of the confinement dampers when gross gamma radiation readings in the stack exhaust exceed the
pre-determined trip point. The PPS Stack Exhaust Monitoring System is described in Chapters 7
(instrumentation and Controls) and 9 (Auxiliary Systems).


Stack effluents are monitored using a self-contained radiation detection system called a SPING
(i.e., System Particulate, Iodine and Nobel gases). Gaseous and particulate effluents are normally
discharged through the stack, The SPING is configured to monitor, record, and alarm on noble gases,
iodine, and particulate stack release rates separately. The Stack Effluent Real Time Monitor also provides
continuous online monitoring and isotopic analysis of stack effluents. Manual sampling and laboratory
analyses are also available.


The stack monitor is equipped with software and hardware to offer a continuous exchange of
messages and/or data to control terminals and to the Reactor Data Acquisition System described in
Chapter 7 (Instrumentation and Controls). The system provides the capability to store continuous
monitoring data and to generate repo rt s of effluent records . Due to the quantities of radioactivity that
could potentially be released , samples are extracted continuously during operations and measured
periodically . Elements of the monitoring program that ensure these requirements are met include:


• Filters continuously monitored via a sample probe


• Weekly counting of the collection filters and monthly analysis to determine specific radionuclides
and their concentrations


Weekly examination for trends in the emitters collected.
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Table 11. 4-1. Design parameters of the Advanced Test Reactor Gaseous Waste Systems.


System
ATR Main Stack Fan Exhaust (TRA-770)


(670-HVE-17A and -17B, one is in standby)
(Stack TRA-770-001)


AP LaboratogU Fumehood Exhausts
Chemistry Laboratory Exhaust, Laboratory 103
and 106 (670-HVE-24) (Stack TRA-670-098)
Sample Preparation Laboratory Exhaust,
Laboratory 124 (670-HVE-15)
(Stack TRA-670-074)
Water Laboratory Exhaust, Laboratory 131 (670-HVE-
25) (Stack TRA-670-086)
670-M-42 Diesel Generator
(Stack TRA-670-046)


670-M-43 Diesel Genera tor
(Stack TRA-670-053)


674-M-6 Diesel Generator
(Stack TRA-674-007)


Design Value


Flowrate = 64,800 cfm
Height = 250 fi


Flowrate = 3,600 cfm
Height = 34 ft
Flowrate = 1,200 cfm
Height = 26 ft


Flowrate = 1,000 cfm
Height = 48 ft
Rating = 2118 hp
Flowrate = 15,000 chi
Height = 30 It
Rating = 2118 hp
Flowrate = 15,000 elm
Height = 30 ft
Rating = 2132 lip
Flowrate = 13,140 cfm
Height = 10.5 ft


ATR Cooline Tower (TRA-77I )
(Stack TRA-771-001)


TRA Evaporation Fond (TRA-715)
(TRA-715-001)


Evaporative and windage tosses = 1760 gpm
Height = 20 It


Evaporative losses = 10 gpm
Surface area = 5 acres
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Table 11.4-2. Annual radioactive air emissions from the Advanced Test Reactor main stack with the
Argon Delay Line System in operation.'


Predominant
Radionuclidesb


AY-41


H-3`


Xe-135


Kr-88


Xe-133


K-85m


Xe-138


Average Annual Release
(Curies)


1.46E+03


1.7E+02


2.4E+01


6.9E+00


6.0E+00


3.9E+00


3.3E+00


TOTAL 1.68E+03


0.2


99.6


a. Annual average from analysis of grab samples based on the four-year period 1995-1998. Sample data from Radiation
Measurement Laboratory Monthly ATR Stack Effluent Reports. Average volume is 2.2E+10 ft'/yr. (6.1E+08 m'/yr).


b. Predominant radionuclides represent over 99% of the total radioactivity released. The other radionuclides routinely
monitored and detected in smaller quantities include Na-24, Cr-51, Co-60, Rb-88, Rb-S9, Ym-91, Tcm-99, Cs-134, Cs-137,
Cs-138, Ba-139, Ba-140, La-140, Re-188, Kr-87, Xem-1 35,1-131,1-132,1-133, I-134, 1-135, and Hg-203.


c. Reference DOE-ID 1999.


Table 1 1.4-3. Design and operating parameters of the Advanced Test Reactor Gaseous Effluent
Monitories and Sampling Systen


Componeni/Paralneter Design or Operaung Value


Main Stack Flow Rate 64,800 cfm


Percent of Annual Release
(%)


86.9


10.1


1.4


0.4


0.4


0.2


Sampling Interval Continuous and/or manual daily
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11.5 Solid Waste Management Systems


Solid radioactive and hazardous waste is generated as a result of normal operation and maintenance
of the ATR. The primary activities generating solid waste are maintenance, chemistry control, and
nondestructive examination. Other sources include filters, ion exchange resins, laboratory wastes, and
non-routine waste streams resulting from facility modifications such as changeout of reactor vessel
internals.


11.5.1 Design Bases


The bases for design of the ATR solid waste management systems provide for:


• A controlled confinement of solid wastes generated during normal operation and anticipated
operational occurrences


• Minimization of the volume , activity level , and hazardous content of solid wastes generated
through maintenance planning and "as low as reasonably achievable" (ALARA) programs


• Packaging , storage, and shipment of solid waste in a manner that complies with all applicable DOE
orders and local, state , and federal regulations.


11.5.2 Program Description


Solid waste management differs from liquid and gaseous waste management in that the handling of
materials is primarily manual--either contact or remote. As required by the Idaho National Engineering
and Environmental Laboratory Waste Acceptance Criteria (DOE-1D 2003), radioactive waste is
surveyed, checked for unacceptable contents, segregated as necessary, and placed in an appropriate
container for storage and shipment to a treatment or disposal facility. Radioactive waste is segregated into
the following types:


• Compactable waste


• Wood or metal, to be sized


• Noncompactable waste


• Remote handled radiological waste.


11.5.3 Waste Streams


The effluent waste systems within the ATR and comparable systems in other TRA facilities
interface with the TRA Effluent Processing Facility (TRA-605). The waste processing facilities described
here include equipment in both the ATR and TRA Effluent Processing Facilities . All portions of the
effluent processing system outside of the ATR building (TRA-670) and the ATR Cooling Tower
Pumphouse (TRA-67l) are not part of the ATR Facility, and are only discussed in this UFSAR for
continuity of the waste fl ow paths.
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11.5.3. 1 Radioactive. Demineralizer spent resin is generated by the ATR bypass
demineralizer system (Chapter 5, Reactor Coolant System) by loop purification system components in all
experimental water loops (Chapter 10, Experiment and Irradiation Facilities), the TRA 670 WWTF, the
TRA-605 WWTF (Section 11.6), and the canal (Chapter 9, Auxiliary Systems). The ATR bypass
demineralizer resin beds, when depleted, are flushed to a shielded container and drained. The mixed resin
beds in the experimental loops and the Warm Waste Treatment Facilities are also flushed to shielded
containers and drained. The canal contains submersed disposable ion exchange modules.


The remainder of solid radioactive wastes consists of wastes generated as a result of normal core
reloads, core changeouts, maintenance, modifications, sampling, and replacements performed on the ATR
plant. Such wastes may consist of tools, rags, anti-C clothing, non-hazardous metal, glass, paper, plastic,
wood, and asbestos. The beryllium core reflector and other core internals require periodic replacement
because of neutron radiation damage. Core internal components are temporarily stored in the ATR Canal,
or are packaged and transported to the RWMC for disposal.


As discussed in Chapter 9 (Auxiliary Systems), fuel elements removed from the reactor following
power operation are moved to the ATR canal for storage via the reactor vessel transfer tube. Fuel is stored
in the canal to allow short-lived fission products to decay before any further handling, recycling into the
reactor core or ultimate disposal. When fuel elements can no longer be recycled, the fuel element end
boxes are removed in the ATR canal and sent to the RWMC for disposal. Long-term management of ATR
spent fuel, a high-level radioactive waste, currently takes place at the INTEC at the INEEL.


Compactable solid waste is shipped to off-site facilities for compaction. Large metallic or wooden
radioactive solid waste items may be shipped to off-site facilities for size reduction. All radiological
wastes that undergo volume reduction offsite will be returned to RWMC for disposal. Radiological waste
processed at off-site facilities currently are shipped back to the RWMC for disposal. In the future the
waste may be shipped to some other disposal site. Table 11.5-1 summarizes average annual generation
rates, predominant radionuclides, and curies for solid radioactive wastes shipped in the past to WERF or
off-site facilities for incineration, compaction, and size reduction.


Radioactive solid wastes, such as spent resin, that cannot be reduced in volume are shipped directly
to the RWMC for disposal in landfills or soil vaults. These wastes are classified as contact-handled or
remote-handled depending on the radiation levels external to the shipping container. Table 11.5-2
summarizes the average annual generation rates, predominant radionuclides, and curies for solid
radioactive wastes shipped directly to the RWMC for disposal. Implementation of the Pollution
Prevention/Waste Minimization Plan at ATR has resulted in a reduced volume of noncompactible wastes
through improved segregation techniques.


11.5.3. 2 Hazardous and Mixed. Relatively small quantities of solid and liquid hazardous
wastes are generated annually in support of ATR operations. About 300-gallons per year are generated as
a result of maintenance, paint shop activities, and laboratory analyses. Hazardous wastes may also be
generated on a nonroutine basis from spill cleanup activities and periodic collection and disposal of
excess or out-of-date chemical inventories. ATR waste has not always been readily distinguished from
other TRA waste. Table 11.5-3 summarizes average annual hazardous waste generated by TRA based on
the six-year period from 1993-1998. Hazardous wastes are packaged for shipment at TRA and shipped to
an INEEL treatment, storage, and disposal facility (TSDF) or directly off site to an approved TSDF_ The
wastes stored at the INEEL are eventually shipped off the INEEL site to an approved TSDF.
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Mixed hazardous wastes are generated intermittently by ATR operations and most waste streams
are small quantities (less than 55 gallons per year). The most significant mixed waste stream historically
has been excess lead shielding that is radioactively contaminated. Excess lead shielding and contaminated
shipping casks containing lead shielding are shipped on an irregular basis to the Mixed Waste Storage
Facility or Test Area North.


Table 11.5-4 summarizes the average annual mixed waste generated by TRA based on the six-year
period from 1993-1998. Mixed waste is packaged for shipment at TRA and shipped to the INEEL Mixed
Waste Storage facility, WERF Waste Storage Building (WWSB) or Radioactive Mixed Waste Staging
Facility (INTEC Building CPP-1617) pending eventual treatment and/or disposal at an approved TSDF.


The experiment loops are decontaminated infrequently (every 5 to 10 years), Decontamination of a
single loop may produce up to 6,000 gallons of low-level contaminated liquid waste. In the past, the
decontamination solution has been processed as hot liquid waste. Future loop decontaminations may
require that fi fty percent of the decontamination solution be processed as mixed hazardous waste due to
the dissolved metals in solution. The other fifty percent of the decontamination solution would continue
to be processed as hot liquid waste.


11.5.4 Solid Waste Monitoring and Sampling


Solid waste streams are monitored and labeled as they are prepared for packaging and shipping.
Waste content is specified based on knowledge of the generating processes or on sampling data.
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Table 11.5-1 . Annual radioactive solid waste generated by TRA: Waste Experimental Reduction Facility
processing.`


WERF Processing
(cu ries)


Radionuclide Incinerationb Compaction Size Reduction
Ba-137m 8.77E-05 7.83E-03 5.99E-03
C-14 1.22E-09 1.08E-07 8.31E-0 8
Co-58 2.07E-05 1.70E-03 I,27E-03
Co-60 2.00E-03 4.68E-02 3.58E-02
Cr-51 1.49E-03 4.34E-04 3.33E-04
Cs-134 3.65E-06 3.26E-04 2,49E-04
Cs-137 3.63E-04 9.05E-03 6.92E-03
Eu-152 3.33E-07 6.09E-06
Eu-154 4.96E-06 4.42E-04 3.39E-04
Eu-155 4.30E-07 3.83E-05 2.25E-05
Fe-55 1.80E-05 1.60E-03 1.23E-03
Fe-59 9.44E-07
HI-181 5.48E-05 1.10E-04 8.08E -05
Mn-54 4.22E-05 2.49E-03 1.91E-03
Nb-95 167E-07
Ni-63 7.95E-05 7.08E-03 5.43E-03
Sb- 124 3.50E-08
Sb-125 667E-08
Sc-46 9.33E-09
Sr-90 8.23E-05 7.33E-03 5.62E-03
To-182 1.78E-05
Y-90 8.23E-05 7.33E-03 5.46E-03
Zn-65 3.95E-05 3.16E-03 2.42E-03
Zr-95 1.12E-07


9.57E-2 7.31E-2


a. Six-year annual averages , 1993-1998. Average volumes of waste are as follows:
Integrated Waste Tracking System (WTS)


Incineration 3.4E3 fl3lyr
Compaction 1.1 E3 ft3/yr
Size Reduct ion 6.43E2 fl3fyr
b. Radioactive waste is no longer incinerated at WERF. This t


3actib le waste.
is now accumulated and packaged with
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Table 11.5-2. Annual radioactive solid waste generated by TRA:
Complex disposal.'


dive Waste Management


RWMC Disposal
(cu ri es)


Radionuclides Contact Handled Remote Handled
Ag-108 5.33E-09
Ag-108m 7,02E-08


Ag-l lom I.07E-04


Am-241 1.20E-06


Am-243 J.71E-09


Ba-137 1.33E-05


Ba-137m 1.54E-01 1,14E-04


C-14 3.60E-07 2.02E-01


Cc-141 5, I OE-02
Ce-144 3.14E-01


Cm-242 4.97E-10
Cm-244 8.73E-0 9


Co-57 6.54E -0 3
Co-58 4.98E-01 5.49E+00


Co-6O 6.45E-0 I 1.09E+01


Cr-51 8.87E-0 ] 5.77E+0]
Cs-134 166E-02 I.40E-02
Cs-137 1.56E-0 1 4.03E-02
Eu-152 1.63E-0 3 1.49E+01


Eu-154 2.59E -0 3 2.2IE+0I


Eu-155 2.52E -0 1 1.36E+01
Fe-55 1.32E -0 J 5,40E+00


Gd-153 1,01E-03 8.14E-02
H-3 6.96E+02 1.95E -0 1


Hf-175 8,20E-04
Hf-181 2.78E -0 5 8.20E+00
1-129 1.55E-08 9.40E-1 I
1-131 2.33E -0 5
lr-192 1.76E -0 3
K-40 8.33E-10
Kr-85 1,21E-04
Kr-95 2.72E-0 5
La-140 9,36E-09
Mn-54 6.23EM4 8.92E -0 1
Na-24 9.27E-04
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RWMC Disposal
(curies)


Radionuclides Contact Handled Remote Handled
Nb-94 4.16E-13 3.65E-03
Nb-95 2.30E-02
Ni-59 5.72E-07 2.14E-02
Ni-63 3.59E -0 3 2.29E+00
Np-237 9.63E-10


Pa-234m 8.23E -06


Pm-147 3.33E -04 1.28E -0 1
Po-210 1.89E-12


Pu-238 6,03E -07
Pu-239 1.63E -07 2,26E -0 3
Pu-240 1.15E -0 7


Pu-241 6.57E-05


Pu-242 8.03E-10


Rh-103m 4,99E-03
Ru-103 5.06E-03
Rh-105 2.08E-01


Rh-106 1.29E-09
Ru-106 9.53E-07


Sb-124 5.73E-02 3,30E-03
Sb-125 1.01E -06
Sc-46 1.45E-02
Se-75 9.24E-03
Sr-90 2.16E -02 1.05E -0 1
Ta- 182 2.07E -0 3
Tc-99 2.38E-08 I.45E-04
Th-228 1,89E-08


lb-229 7.23E-10


Th-230 8.68E-07


Th-232 1.11E-08


Th-234 6.26E-06


U-233 2,06E-08


U-234 4.4.8E-06


U-235 2.34E -07


U-236 7,43E-08


U-238 1.18E -05
W-187 6,06E -0 3
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Table 11.5-2. (continued).


RWMC Disposal
(cu ri es)


Radionuclides Contact Handled Remote Handled
Y-90 1.39E-02 1.05E-01
Zn-65 4.46E-02 3.07E+00
Zr-95 6.15E-02


Totals 6.99E2 1.46E2


a. Six-year annual average, 1993-1998 (IWTS). Average volumes of waste are as foll ows:


Contact handled 1.5E3 ft3lyr


Remote handled 1 .8E2 ft3lyr


Table 1 1.5-3. Annual hazardous waste generated by TRA .


Waste Stream


Metals contaminated neutral liquid


PCBs


labpacks (chemicals, products, wastes)


acids


caustics


material for mercury recovery


ignitable liquids/paints


debris contaminated with corrosives and/or metals


TOTALS


a. 6 year average , 1993- 1998 . (IWTS)


Table 11.5-4. Annual radioactive mixed waste generated by TRA.


Waste Stream


lead


metal and solvent contaminated debri s


samples and lab waste


PCBs
TOTALS


Annual Averages
(m)


0.3


1.3


1.5


4.5


1.1


0.9


8


5.1


22.7


Annual Average'


4.2


0.2


0.9


0.2


5.5


a. Six-year ave rage, 1993-1998. (IWTS)
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11.6 Waste Treatment Systems
The warm liquid waste streams discussed in Section 11.3.2,1 may be treated to reduce activity


levels by the ATR WW7F in TRA-670 and the TRA Warm Waste Treatment System in TRA-605. These
systems are described in the following sections.


11.6.1 ATR Warm Waste Treatment Facility


The ATR WWTF is located in an enclosure in the southwest corner of the TRA-670 first basement.
The ATR WWTF is designed to remove suspended and dissolved solids from low-level radioactive
contaminated waste water using mixed-bed ion exchange columns. The flow of waste water is from the
warm waste tank (670-M-28) through two ion exchange columns (670-M-1 l I and 670-M-1 12) that may
be operated individually, in parallel, or in series. The ion exchange vessels are rubber-lined and are
designed for 150 psi.


Outlet flow to the TRA Evaporation Pond, TRA-715, is monitored by a radiation monitor that
provides a radiation level readout, a high radiation level warm waste pump trip, and a high-level radiation
annunciator. The ATR WWTF is illustrated in Figure 11.6-1. The design and operating parameters of the
ATR WWTF are specified in Table 11.6-1.


11.6.2 TRA Warm Waste Treatment System


The TRA Warm Waste Treatment System is located in the TRA-605 basement. The system is
similar to the ATR WWTF in design and operation. The major components of The TRA Warm Waste
Treatment System are the warm waste feed tank, four parallel waste pumps, and the TRA WWTF.
Although the TRA Warm Waste Treatment System is not part of the ATR Facility, it is discussed here for
continuity of the waste flow paths. During normal operation, all TRA warm waste effluent streams are
routed to TRA-605 for treatment, monitoring by the ERM, and/or distribution to the evaporation pond,
warm waste feed tank, or the hot waste storage tank (see Section 11.3.2). The TRA Warm Waste
Treatment System is illustrated in Figure 11.6-2. The design capabilities of the TRA Warm Waste
Treatment System are specified in Table 11,6-2,


11.6.3 Releases


Releases are governed by the criteria of DOE Order 5400.5 and by the State of Idaho Permit To
Construct for the TRA Evaporation Pond (State of Idaho 2002). Releases of radiological and hazardous
effluents are discussed for each effluent type--liquid, gaseous, and solid, Refer to the specific effluent
type for detailed information on quantities and constituents released.


11.6.4 Process Monitoring and Sampling


As specified in DOE Order 5400.5, process monitoring is the collection and analysis of samples or
measurements of liquid and gaseous effluents for the purposes of characterizing and quantifying
radiological contaminants and demonstrating compliance with applicable standards. To meet these
objectives, process monitoring at ATR is accomplished by obtaining certified samples of the process
media proportional for liquid waste and in periodic grab samples for gaseous waste. Refer to the specific
sections on gaseous, liquid, and solid waste stream monitoring for a process-specific discussion of
monitoring and sampling systems and procedures.







Idaho National Engineering and Environmental Laborato 412.04 (0910312002 - Rev, 7


CHAPTER 11 - RADIOACTIVE AND HAZARDOUS Identifier: SAR-153
MATERIAL WASTE MANAGEMENT - Revision: 9


UPGRADED FINAL SAFETY ANALYSIS REPORT Page : 11-35 of 11-38
FOR THE ADVANCED TEST REACTOR Effective Page : 08/10/04


Table 11.6-1, Design and operating parameters of the Advanced Test Reactor Warns Waste Treatment
Facility,


ComponentlParameter


Ion Exchange Units (670-M-1 11, -112)


Design Pressure


ton Exchange Flow Rate


Design or Opem6ng Value


50 cubic ft each


150 psi
150 gpm ( design)


75 gpm (normal operation)


Table 11.6-2. Design parameters of the Test Reactor Area Warm Waste Treatment System.


Component/Parameter Design Or Operating Value


but Exchange Flow Rate 150 gpm (design)
75 gpm (normal operation)


Into Waste Water Characteristics


pH 7.6
Total Suspended Solids 1.0 ppm
Total Organic Solids 2.8 ppm
Dissolved Solids 30 ppm
Total Activity 1.9E-01 pCi/mL
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ACRONYMS/ABBREVIATIONS


I AEC U.S. Atomic Energy Commission
ALARA as low as reasonably achievable
ANSI American National Standards Institu
ATR Advanced Test Reactor
ATRC Advanced Test Reactor Critical Fact


B&W Babcock and Wilcox Company


CAM continuous air monitor
CIC Core Inte rnals Change-out
CFR Code of Federal Regulations


y


DAC derived air concentration
DCM data acquisition and control modules
DOE-ID U.S. Department of Energy, Idaho Operations Office
DRMS digital radiation monitoring system


EDF engineering design file
EFPD effective full-power day
EG&G Idaho EG&G Idaho, Inc
ETR Engineering Test Reactor


GM Geiger-Muller Detection System


H&V heating and ventilating
HLRMS High-Level Radiation Monitoring System


IEEE Institute of Electrical and Electronic Engineers
INEEL Idaho National Engineering and Environmental Laboratory, Inc.
INEL Idaho National Engineering Laboratory


LMITCO Lockheed Martin Idaho Technologies Company


MTR Materials Test Reactor


NRC U.S. Nuclear Regulatory Commission


ORNL Oak Ridge National Laboratory


PCRS primary coolant recycle system
PCS primary coolant system
PM portal monitor


RAM radiation area monitor
RCT Radiological Control Technician
RDAS reactor data acquisition system
RH relative humidity
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12. RADIOLOGICAL PROTECTION


12.1 Introduction


The Advanced Test Reactor (ATR) is a high-flux, beryllium-reflected, water-cooled and
-moderated test reactor incorporating unique design features. One such feature is a flux-trap core
configuration affording neutron fluxes of greater than 10 " nlcm2-sec to nine flux traps. From a shielding
viewpoint, the reactor presents several unique features. The core materials for the fuel region are
aluminum and uranium aluminide plates and water. The core configuration can be roughly visualized as
four equal-radius hollow cylinders of fuel arranged symmetrically around a similar central cylinder- This
configuration, shown in Figure 12.1-1, causes difficult geometry problems in treating dose rates and
heating rates at intermediate distances from the core where two or more lobes contribute to the flux.


Another feature is the high fast-neutron flux in the core, which produces high values of N-16 water
activation in the primary coolant. The relatively short cycle time of ATR and the resulting frequent
refueling operations require particular attention to transient dose rates and the subsequent personnel
exposure environment during refueling and experiment change out operations. Experience gained by
Phillips Petroleum Company in the operation of the Materials Test Reactor (MTR) and the Engineering
Test Reactor (ETR) indicated a definite possibility of test loop fuel specimen failure and subsequent
fission-product distribution throughout the loop. The failure of a test loop specimen was considered in the
test loop cubicle shielding designs.


The reactor vessel contains the core and reflector assembly and provides space and access, shown
in Figure 12.1-2, for various experimental facilities. The coolant is pressurized light water, which also
provides shielding during refueling and experiment-handling operations.


In addition to the experimental loop facilities and capsule test facilities in the beryllium reflector,
there are two outer capsule irradiation facilities consisting of aluminum blocks 4 in. by 4 in. by 5 ft long
attached to the outer wall of the core reflector tank. An internal fuel element storage facility is also
provided in the vessel to reduce the shutdown time for certain operations. Two storage racks, each
accommodating 12 fuel elements, are located in diametrically opposed positions in the water space
between the core reflector tank and the inlet flow baffle. Shielding inside the vessel consists of two
annular stainless steel thermal shields used to reduce the gamma heating in the vessel and in the concrete
surrounding the vessel.


The reactor building encloses an area approximately 200 It by 200 ft, extending 60 ft above and
60 ft below grade. The first fl oor is located at grade and includes the following areas: reactor area , storage
canal area, utility area , general storage and laydown area, critical facility area , control rooms, the
Radiological Control Office, and other offices. The first and second mezzanine floors include office areas
and heating and ventilating (H&V) equipment rooms. The first and second basements are devoted to
experiment cubicles and equipment ; heat exchangers ; demineralizers ; and heating , ventilating, and
electrical equipment (see Figures 12.1-3, 12.1-4, and 12.1-5).
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Radiological protection of personnel at ATR has evolved from the experience gained from the
operation of MTR and ETR, the two reactors that preceded ATR at the Test Reactor Area (TRA). This
experience was factored into the design and operation of the reactor and has been used in the effective
radiological protection of ATR operations personnel. Because both of the two preceding reactors were
test reactors, experience with test trains and reactor operations provided a basis for a more efficient test
train handling operation and precluded many of the operational occurrences that have taken place either in
MTR or ETR.


This chapter describes the passive, active, and administrative systems that effectively protect the
operations personnel from excessive radiation during normal operation and anticipated events. Examples
of the passive systems that are described are the designs for reactor, cubicle, and experiment cask
shielding. Active systems are the engineered protective systems such as the ventilation system, the canal
water cleanup system, the Radiation Area Monitoring (RAM) system, the Continuous Air Monitoring
(CAM) system, and the stack monitoring system. The administrative system is embodied in the
radiological controls established for work with radioactive materials at the Idaho National Engineering
and Environmental Laboratory (INEEL). In addition to the administrative radiological control program,
which is briefly described at the end of this chapter, Reactor Programs has an independent safety review
committee chartered to independently review the experiments being inserted into the reactor irradiation
facilities or loop facilities, and to review the proposed reactor configuration and operation before each of
the reactor cycles. The independent safety review committee provides the Reactor Programs with an
independent review from several different and applicable disciplines.


Radiation shielding calculations were originally performed for the ATR and related facilities by
Babcock and Wilcox Company (B&W) for Ebasco Services, Inc. The calculations are documented in a
report, Advanced Test Reactor Final Shielding Design Report (Howard and lacks 1963), and were
summarized in the original Safety Analysis Report Advanced Test Reactor, Volume 2 (deBoisblanc and
Cohen 1965). ATR original design parameters used by B&W for the radiation shielding calculations are
provided in Table 12.1-1; these are not the currently approved design parameters for ATR. Material for
this revised chapter are excerpted from either of the two above cited documents and are rearranged to
conform with the new revised format according to DOE Order 5480.23 (DOE 1994) and U.S. Nuclear
Regulatory Commission (NRC) Guide 1.70 (NRC ) 978).
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Table 1 2.1-1. Advanced Test Reactor original design parameters used for shi elding calculation s.


Parameter Quantity or description
Reactor rated thermal power 250 MW
Average power density 0,954 MW/L
Maximum power density 2.8 MWfi.
Axial maximum-to-average power ratio 1.40
Radial maximum-to-average power ratio 1,63
Local maximum-to-average power ratio 1,15
Combined maximum-to-average power ratio 2,61
Primary system design pressure 390 psig
Primary system operating pressure 300 psia
Primary system design temperature 240°F
Primary system inlet temperature 130°F
Total coolant flow through reactor 21,6 x 106lb/lu
Average coolant velocity through fuel element 42.5 fps
Average coolant flow through fuel element 3.11 x 10 5 lb/lu
Leakage coolant flow 9.2 x 106 lbflu
Reflector 6.7 x 106 Ibflu
Flux trap region 1.5 x 106lb4u
Thermal shields l.0 x 106lb/lu
Coolant inlet temperature 130°F
Coolant exit temperature at rated power 169°F
Core dimensions:
Active fuel length 48 in.
Fuel spacing (center to center) 2.5 in.
Number of elements in core 40
Number of test positions 9
Fuel element:
Metal-to-water ratio 0.8
Type Plate
Shape of fuel region Cored cylinder
Clad material x8001 Al
Form of uranium Fully enriched U-235
Number of plates per element 19
Experiment region:
Pressure tube ID 2.125 in.
Pressure tube OD 2.530 in.
Insulation tube ID 2.635 in.
Insulation tube OD 2.875 in.
Flux trap H2O volume fraction, A-1, A-3, A-5 1.00, 0.3, 0.4
Flux trap Al volume fraction, A-1, A-3, A-5 0.0, 0.7, 0.6
Nuclear data:
Total fuel loading, U-235 33 kg
Effective lifetime I7 EFPD
Average U-235 burn-up in 17 days _5A
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12.2 Radiation Sources
The radiation sources associated with the ATR consist of the core (which produces prompt


neutrons, fission-product gammas, prompt gammas, secondary gammas, and delayed neutrons), and other
radiation sources down to small radiation sources used for the calibration of radiation-detecting
instrumentation. The greatest radiation source that is potentially releasable to the environment is the
fission products of the core. In addition, the neutrons produced by the core are responsible for the
activation products created in the structural material of the reactor and in the primary coolant.
Radiological protection of personnel and the general public depends primarily on the containment and
control of these fission products and the other radiation sources available at ATR. The discussion of this
section of this chapter will begin with the reactor core and progress outward in a manner that treats the
major radiation sources created by the neutron activation or the fission products that leave the fuel.
Discussion will follow with respect to (a) the sources, neutron and gamma provided by the core, (b) the
contained radioactive solid sources, and (c) the contained radioactive liquid sources, and will progress to
(d) the contained radioactive gaseous sources. If the fission products remain in, or with, the fuel, they will
be treated as a solid radioactive source because they can be handled and controlled. In the event the
fission products leave the fuel and enter the primary coolant, they are more difficult to control and will be
treated as liquid radioactive sources. Once the appropriate species of radioactive material has left the
liquid state and, by volatilization or degassification, has become airborne, the material will be treated as a
gaseous radioactive source.


12.2.1 Core Neutron Source


Fast- and thermal-neutron fluxes in the core and inside the reactor vessel were generated by the
20-group diffusion equations programmed for the B&W Electrodata digital computer. This
one-dimensional multiregion calculation gives the flux as a function of space and lethargy, approximating
the continuous neutron spectrum by 20 discrete lethargy groups.


The total fast and thermal fluxes resulting from calculations with the B&W Company 20-group
diffusion code are shown in Figures 12.2-1 through 12.2-4 for the core midplane through the primary
shield and to a distance of 245 cm from the center of the core. Although it is probable that the fluxes
shown far out in the shield are somewhat overestimated by the use of diffusion theory, removal theory
fluxes were not calculated because additional (structural) concrete exists between the magnetite and the
pipe tunnel resulting in the flux being insignificant at the shield exterior. In the region where the thermal
flux is important in the calculation of secondary gamma ray sources, the fast flux predicted by diffusion
theory was independently checked by scaling up the Oak Ridge National Laboratory (ORNL) Lid Tank
Shield Facility fluxes. The comparison is shown in Figure 12.2-5. The fast-neutron spectra predicted by
the 20-group equations for the fuel, flux trap, and reflector regions are shown in Figures 12.2-6 through
12.2-8, respectively. Values from these three fast-flux figures are used in the discussion of the primary
coolant activation.
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12.2.2 Core Gamma Source


The design core gamma source was calculated for two time periods: (a) operational and
(b) post-operational or shutdown periods.


12.2.2.1 Operational. Gamma rays produced in the reactor core during power operation are
normally referred to as primary gamma rays. The significant sources of primary gamma rays are prompt
gamma rays emitted during the fission process, capture gamma rays emitted almost instantaneously by
excited nuclei after capture of thermal neutrons, fission-product gamma rays given off in decay, and
inelastic-scattering gamma rays emitted by the nucleus in an inelastic scattering event. All of these
sources, with one exception, are of significance in the calculation of ATR primary gamma source
strengths. Inelastic scattering gamma rays are negligible in the ATR core because only a small amount of
heavy material is present.


At energies of I McV and above, the prompt and fission-product gamma sources were original
obtained from the expression proposed by Goldstein (1959), for energies expressed in MeV:


y


1V (E) =14.0e-"E perMeV per fission. (12.2-1)


where N(E) is the number of gammas per MeV per fission.


Multiplying the solution of this equation in each energy interval by the fission density in the core
gives the full-power source strengths. Below I MeV, the prompt gamma sources were computed
independently from the data reported by Maienschein et al. (1958). The fission-product decay gamma
rays in the energy range below I MeV were estimated so that the total fission product decay energy was
5.5 MeV per fission.


Absorption coefficients for the individual elements were taken from Perkins and King (1958),
A plot of the linear absorption coefficient in the fuel region is shown in Figure 12.2-9 as a function of
energy.


12.2.2.2 Shutdown . For periods following reactor shutdown, gamma radiation fields and
gamma heating are due primarily to the gammas emitted by the decay of the fission products contained in
the fuel.


The decay of long-lived (i.e., half-life longer than 1 minute) fission products constitutes the major
radiation source from the reactor core after shutdown.


For the ATR parameters of 250 MW power and total fuel region volume of 262 L, the volumetric
source strengths as a function of time after reactor shutdown for each of five fission-product gamma
energy groups are presented in Figure 12.2-10. The energy grouping used for design and shown in
Figure 12.2-10 is as follows:


Energy limits Average energy
Energy group (MeV) (MeV)


1 0 - 0.99 0.5
2 1.0-1.99 1.5
3 2.0-2.99 2.5
4 3.0-3,99 3.5


4.0-4.99 4 .5
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To characterize the fission product inventory for 60 days operation at the design power level of
250 MW, an ORIGEN computer code run was made, using a special-purpose ATR cross-section library.
The fission-product inventory, with curie values for each of the fi ssion -product nuclides decayed to
150 days, is reproduced in Table 12.2-1.


12.2.3 Seconda ry Gamma Rays


Secondary gamma rays are capture gamma rays born outside the core as a result of thermal neutron
capture in reflector and shield materials and internals. Consequently, the source activity for secondary
gamma rays is a function of the thermal neutron flux level at the specific location being considered. In the
ATR design, secondary-gamma dose rates and heat-generation rates contribute significantly to the total
dose and heating rates even at locations inside the pressure vessel near the reflector because very high
fluxes, which cause high secondary gamma production, exist in and near the reflector region.


The gamma-ray yields were taken from Deloume (1958), and the thermal-neutron flux profile was
obtained from the 20-group diffusion program.


Resonance neutron capture in the shield region contributes no more than 10-20% to the
secondary-gamma sources and was not included in the calculations.


Two methods were employed to calculate the secondary-gamma flux. One method gave the
separate contributions from each source slab at each dose point chosen. The equations used in the
secondary-gamma calculation were programmed for the digital computer and are shown in Appendix A of
Howard and Jacks (1963).


The second method for determining the secondary-gamma flux uses a computer code for summing
point sources over an annular source region [see Appendix D of Howard and Jacks (1963)]. Provisions
are made in the program for axial and radial variations in the source strength.


12.2.4 Contained Radioactive Solid Sources


As previously stated, for this discussion, the ATR fuel element is considered to be the principal
contained radioactive solid source. Likewise, activation products, which are generally and almost wholly
contained within the structural material in which they are created, are considered to be radioactive solid
sources. Moreover, they are also considered to be somewhat contained because of the inertness of the
stainless steel, which contains the majority of the activation products.


Other than the ATR fuel elements, several other radioactive sources are handled at ATR, either
routinely or occasionally. ATR was designed for the irradiation of capsule and loop experiments,
principally for the U.S. Naval Reactor Program. Capsule experiments are used for production of isotopes
for commercial industrial and medical applications. The largest isotope production programs are the
iridium (fir-192) and cobalt (Co-60) programs. These products are used for industrial radioactive sources.
New isotope production programs may be inserted in the ATR. Radiation exposure due to Condition 1, 2,
3, and 4 events will be evaluated in an Experiment Safety Analysis for any new irradiation programs.


The number of capsules loaded is determined by the number of capsule positions in the reactor and
the capability of producing the customer specified activity level in the various positions. The activity level
is physically limited by the reactor power level, the flux level in the capsule position, and the target
design. Specific experiment loadings are evaluated and documented in Experiment Safety Analyses.
Section 20.2.1 discusses the sources of radionuclides at the ATR. The maximum anticipated annual
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production of isotopes is listed in Table 20.2-3. The reactor and canal source terms from The isotope
production programs are not significant relative to the fission product inventory, respectively, in the core
fuel elements and the stored recycle fuel elements. These source terms are limited by the service limits of
the TRA Hot Cells where the materials are processed and the shipping containers used to transport the
materials. The inpile tube hardware and the beryllium reflector blocks, when removed from the reactor,
are radiation sources due to the activation products produced. The sources routinely removed from the
reactor at the present time, such as the radioactive sources produced for commercial purposes, and the
spent fuel elements, are described below.


92.2.4.1 Core Fission Product Inventory (Fuel Elements). As described in Chapter 4
(Reactor), the ATR core requires 40 fuel elements for a full core loading. Assumptions made for general
shielding purposes are that each fuel element generates 2.5% of the core inventory. This assumes that
there is no power unbalance in the core lobes.


On the other hand, specific shielding calculations, such as for the spent fuel transfer cask, are based
on a fuel element from a high-power lobe and are, therefore, conservative for an average fuel element.


12.2.4.2 Inpile Loop Experiment Fission Product Source Term. In the original
shielding analysis performed for the AIR loop cubicles and loop piping (Howard and Jacks 1963), fueled
loop experiments were assumed to generate 800 kW thermal of fission power. Cubicle shielding was
assessed for an accidental transient source term from such a loop. The authors (Howard and Jacks 1963)
considered 10% of an 800 kW experiment with infinite operation to be released within 30 seconds to the
liquid volume of a 200-gallon bottom reentrant loop. The total fission-product gamma activity for this
loop is shown in Table 12.2-2 as a function of energy and time after failure.


Due to the presence of fission products with short half lives, high gamma energies , and short
release times, the initial direct gamma dose rate will be significantly higher than it would be a short time
later. During this transient condition of short duration, a higher dose rate on the outside of the cubicle
could be allowed for the term of the transient . Rather than shield to unlikely or extremely unlikely short
duration transient conditions, the cubicle shielding was assessed on an integrated dose from the fission
products during the first hour after a failure.


The current maximum fission power that can be generated in a loop in the ATR is 200 kW.
Therefore, the values of Table 12.2-2 would be multiplied by 0.25 for a 200 kW loop experiment. In the
nearly 30 years of operation of the ATR there has never been a significant release of fission products from
the fuel of a loop experiment.


The shielding requirements for loop cubicles and loop piping are based on N-16 (See
Section 12.4.), and were determined in a manner similar to that for the primary coolant piping. Using the
calculated core exit equilibrium activity of 2.2 x 10' disintegrations/cm3-sec and the coolant transient
times to the various loop pipes, the volumetric activities of coolant in various sections of piping were
calculated for use in the shielding analysis.


Computer program DER-074 was employed in the calculations in this section . A discussion of the
methods of this program is found in Appendix B of Howard and Jacks (1963).
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12.2.4 . 3 Cobalt (Co-60) Sources. High-specific-activity Co-60 production is accomplished
by means of the ORNL-60 capsule irradiation program and consists of irradiating natural cobalt pellets
contained in pellet holders designed to fit in capsules. The capsules are designed and constructed to be
cooled by reactor process water and so that disassembly for removal of the pellets is performed in the
TRA Hot Cells Facility. Upon removal from the reactor, a cobalt production capsule has a typical
maximum of 53,000 Ci of Co-60 and has a contact reading of 5 x 106 Rlhr depending on the capsule
design, target material loading, reactor power level, duration, and core location of the irradiation. This
inventory is based on assay measurements after irradiation of current capsule designs. Similar programs
produce low-specific-activity and medium-specific-activity Co-60 irradiation sources.


12.2.4 .4 Iridium (1r-192) Sources . The iridium irradiation program produces Ir-192 for use
as an industrial radiography source. The current target capsule design is similar to the high specific
activity cobalt design discussed above. Small iridium wafers are sealed into holders that fit into capsule
experiments. Upon removal from the reactor an iridium production capsule has a typical maximum of
59,000 Ci of It-] 92 and has a contact reading of 2 x 106 R/hr depending on the capsule design, target
material loading, reactor power level, duration, and core location of the irradiation. This inventory is
based on assay measurements after irradiation of current capsule designs.


12.2.4 . 5 Startup Neutron Source. The original startup neutron source for the ATR was a
5-Ci (80-g) plutonium-beryllium source. During the 1986 core internal changeout the startup neutron
source was changed to an antimony gamma source. The source is required only for startup after a
core-internal-changeout shutdown where the beryllium reflector is changed out. Otherwise, the beryllium
of the reflector supplies sufficient neutrons for normally starting the reactor. When not in use, the startup
neutron source is stored in the canal.


12.2.5 Contained Radioactive Liquid Sources


The principal liquid radioactive source at ATR is the primary Coolant System (PCS). Cleanup and
decontamination of this liquid by the demineralizers results in a solid waste that is radioactively
contaminated and that is handled and disposed of according to established and approved procedures.
Radioactively contaminated liquid wastes from floor drains, sink drains, and experiment cubicles are
handled by the Liquid Waste Handling and Disposal System.


12.2.5.1 Primary Coolant System. The PCS is the system that contains the principal
radioactive liquid source at ATR. During normal operation of ATR, the coolant exiting the core contains
N-16, created by neutron irradiation of the oxygen in the coolant. The half-life of this radionuclide is
short (7.35 seconds), but the relatively high production rate in the core, the relatively high velocity of the
primary coolant through the coolant piping, and the high gamma energy produced by the decay of this
radionuclide make this component of the activation products the principal concern for gamma shielding of
the primary coolant. In addition to N-l6, activation products, corroded from the structural materials of the
core and fission products, constitute the PCS activity. In the event the fuel cladding is breached, the PCS
has the potential for substantial radioactive contamination.


12.2.5 . 1.1 N-16 and Other Activation Products of the PCS-The activity of the
primary coolant during operation of a water-cooled reactor is due chiefly to reactions involving the
oxygen atom in 14,0. Activation of impurities in the coolant and leakage of fission products from the fuel
will contribute to the total activation.
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Of the reactions, the major contributor to the activity is the N-16, which decays with a 7.35-second
hal


The high-energy spectrum in the region of interest in ATR was obtained from a multi-group
diffusion theory program. The program has a cutoff energy of 10 MeV, which is based on the assumption
that all neutrons having higher energies are included in the last group. Figures 12.2-6, 12.2-7, and 12.2-8
present the histograms of the neutron flux in the high-energy groups for the fuel region, flux trap, and
reflector, respectively (Howard and Jacks 1963).


The calculated continuous spectrum below the cutoff energy of 10 MeV and the extrapolation of
this spectrum above 10 MeV (dashed line) are shown in Figures 12.2-6, 12.2-7, and 12.2-8.


An independent check on the high-energy spectrum used a method presented in Smith and
Turner (1959).


The calculated (Howard and Jacks 1963) equilibrium coolant activation is 2.2 x 10'
disintegrations/cm'- sec at 10 in. below the active core region. The decay of this activity with time is
shown in Figure 12.2-11.


12.2.5 . 1.2 Tramp Uranium-Generated Fission Products-Minor amounts of
uranium , tramp uranium, that contaminate the fuel element external surface during manufacture will
generate fission products when subjected to the neutron flux during reactor operation. These fission
products will be entrained in the primary coolant, with which the tramp uranium is in intimate contact.
Because the tramp uranium amounts to only microgram quantities, the fission-product contamination
from this source is relatively minor.


12.2.5 . 1.3 Fission Break Activity-Fission break activity is characterized by fission
products that have escaped the fuel through minor cladding defects. Generally, this activity is constituted
mainly of the volatile fission-product species, such as the noble gases and the halogens, which are able to
diffuse through the fuel matrix and out of the cladding hole. Because of the quality assurance imposed on
the ATR fuel, these defects have not been significant and the resulting PCS fission break activity has been
minimal.


12.2.5 . 1.4 Activation Products of the Core Structural Components-
Depending on the PCS chemistry and cleanliness , the activation products produced by neutron activation
in the core structural materials will corrode and be entrained in the PCS. One of the activation products
with the most radiological significance is Co-60 because of its yield and the high-energy gammas emitted
from this radionuclide (5.26-year half-life). Due to the adverse impact on personnel radiation exposures,
there is concerted effort to choose structural materials with a low cobalt content.


The recoil escape into the primary coolant of nuclides formed by fast neutron reactions with the
aluminum-clad plate-type fuel elements constitutes a significant source of activity during operation and
after shutdown. The most important fast neutron reactions are


Al-27 (n,a) Na-24


Al-27 (n,p) Mg-27


The Na-24 recoil nucleus, being the more energetic gamma-ray emitter, is the major contributor to
dose rates. The Na-24 nuclide decays with a 15,1-hour half-life. Mg-27 decays with a 9,5-minute half-life.
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The specific activity of the Na-24 nuclide in the primary coolant water of ATR was calculated by
two methods. One method was an empirical fit to operating research reactor experience, and the other
method was a theoretical approach using the energy-dependent cross section shown in Figure 12.2-12.
The results obtained from the two methods with no demineralization were 1.32 x 105
disintegrations/cm3-sec for the empirical formula and 1.27 x 105 disintegrations/cm3-sec for the
theoretical equation. With the demineralizer operating, the equilibrium activity in the coolant was
calculated to be 2.41 x 104 disintegrations/cm3-sec using the empirical correlation.


The specific activity of the Mg-27 nuclide in the primary coolant water was calculated in the same
manner as the Na-24 activity. Similar assumptions were used. The Mg-27 activity was found to be less
important during operation and after shutdown of the reactor, due to the shorter half-life and less
energetic emission of gamma rays.


As discussed in a subsequent section of this chapter, a 10-minute decayed sample of PCS generally
contains 0.05 to 0.29 pCi/mL. Because of the decay, N-16 and the other short-lived radionuclides do not
contribute to this activity level; only about 3% is due to activation-product activity and the remainder is
due to fission-product activity.


12.2.5.1.5 PCS Degassification System-The PCS degassification system provides
an important radiological function to remove excess gaseous products from the PCS. The degassification
system, described in Chapter 5 (Reactor Coolant System and Connected Systems), removes noble fission
gases from the PCS. The degassing tank serves to remove gases so that bubbles will not form in any part
of the primary system.


In addition to hydrogen and oxygen from radiolytic decomposition, and dissolved air from the
surge tank and seal and makeup water, the system also removes argon, krypton, and xenon from the PCS,
which constitute the majority of activity in the stack effluent. Removal of these fission-product
components reduces the direct radiation from PCS piping.


The degassing system, when operating at maximum capacity, is capable of reducing the activity of
the xenon and krypton in the coolant to 0.1 pCi/cc within 24 hours if 10% of the fuel plate gaseous fission
product inventory is released to the coolant. The degassing tank gas discharge is monitored for activity.


The exhaust gasses from the degassing tank are normally routed through the Argon Delay Line
System The Argon Delay Line System is installed in the ventilation flow path between the degassing
tank and the ATR main stack. The purpose of the Argon Delay Line system is to reduce the quantity of
short-lived radionuclides released from the main stack. The system provides a large hold tank volume that
permits decay of short-lived radionuclides released by the degassing process. The system is normally in
operation, but can be bypassed. The Argon Delay Line System reduces the inventory of Argon-41
released from the ATR main stack by approximately 40 percent.


12.2.5 . 1.6 PCS Bypass Demineralizer System-The PCS Bypass Demineralizer
subsystem also performs an impo rt ant radiological function in the removal of entrained and dissolved
radionuclides that would otherwise accumulate in various portions of the PCS.


During normal operation, 100 gpm of reactor primary coolant water is continuously bypassed
through one demineralizer of a dual-train demincralizer system and returned to the suction side of the
primary coolant pumps. The demineralizer removes both dissolved and suspended corrosion and fission
products.
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Under normal operating conditions, the activity levels of depleted resin beds are normally less than
the values listed in 49 CFR 173.435. On rare occasions a single radionuclide may exceed these values and
the resin is shipped LSA (Low Specific Activity) in an approved container.


During accident conditions resulting in damaged fuel, the resin could become heavily loaded with
radionuclides. The depleted resin is not expected to exceed the class C waste criteria of 10 CFR 61.55. In
this event, radiation exposure to workers is minimized by the use of standard ALARA practices,
implementation of the TRA Radiological Control program, approved resin handling procedures, and the
use of shielded transfer casks.


12.2.5. 1.7 Controls on PCS Activity Levels-Because increased activity levels in
the ATR PCS are a potential for increased personnel exposure or operational delay, controls are placed on
the activity levels as defined in Peterson (1995a) to prevent them from becoming too high. To maintain
the specified purity of the PCS for radioactive material, the water is circulated through and cleaned by the
bypass demineralizer ion-exchange columns. The normal range of gross radioactivity (with a 10-minute
decay) in the ATR primary coolant is 0.05 to 0.29 pCi/mL and is routinely controlled to be less than
2 pCi/mL. The limiting value of radioactive material in the PCS of 20 pCi/mL ensures that if primary
coolant leakage into the confinement were to occur, the dose limits of 5 rem/yr total effective dose
equivalent, as specified in ]0 CFR 835, would not be exceeded during a 5-minute exposure while
personnel evacuate that area. Calculations indicate a 500 mrem occupational exposure for an assumed
primary coolant leakage of 150 gpm for 5 minutes into the confinement during operation with a fission
break (cladding defect) with conservative assumptions regarding partition factor and fission product
inventory (Velen 1989b). Additionally, based on examination of recent representative data, the PCS
activity limit of 20 pCi/ml is not expected to be exceeded during plant maintenance on piping systems
and heat exchangers.


12.2.5. 1. 8 Controls on SCS Activity Levels-Radioactivity can be introduced into
the Secondary Coolant System (SCS) by leakage from the PCS. Radioactivity in the SCS can be released
to the environment via the cooling towers. Therefore, the radioactivity of the SCS is monitored and
limited consistent with limits on doses due to airborne effluent releases. The SCS radioactivity limit was
established based on simple yet conservative dose calculations (Velen 1989a). Potential annual offsite and
onsite doses per unit of SCS radioactivity were calculated (See Chapter 15 (Accident Analysis)). The
calculations assumed continuous operation with radioactivity leaking from the PCS to the SCS and
maximum SCS cooling-tower blowdown. Radioisotopic mixes representative of normal operation and
operation with a fuel-clement cladding defect (fission break) were considered.


12.2.5.2 ATR Canal. The ATR canal may be considered as separated into the working canal,
the storage canal , and the ATR Critical (ATRC) Facility canal (Figure 12.1-3). The ATRC Facility is the
subject of its own SAR and is not discussed further here. The canal divisions can be made by insertion of
inflatable seal bulkheads. The working canal that adjoins the reactor is 8 ft wide x 27 ft long. The storage
canal, which connects to the working canal, like the top of a T is 8 ft wide x 156 ft long. The working
canal is in communication with the storage canal and has the same general activity concentration as the
storage canal
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Random canal water samples during the first 6 months of 1993 show the canal water activity to
consist mainly of activation products: 8.3E-5 µCi/mL Cr-51, (3); 2.2E-5 pCi/mL Co-60, (3);
1.5E-5 pCi/mL Re-188, (3); 1.6E-5 pCi/mL Zn-65, (2); 7.2E-6 µCi/mL Mo-99, (2); 7.4E-7 pCi/mL of
Mn-54, (1); 6.6E-6 µCi/mL Na-24, (1). (The number in parentheses is the number of samples in which the
respective radionuclides were present.) Because the water volume of the storage canal water and the
working canal is 7.1E+5 gal, the activity contained in the canal is of the order of 0.4 Ci of total activity.


12.2.5 . 3 Experiment Loops. The experiment loop piping contains vent and drain systems
that can direct activated water from the loops to collection tanks in either the warm or hot waste drain
systems. Depending upon the concentration of the radioactive contaminants, the warm or hot waste
system can be selected by positioning manually operated valves.


12.2.6 Contained Radioactive Gaseous Sources


At ATR there are no "contained radioactive gaseous sources" in the strict sense of the definition.
However, the Contractor does have a definite policy with respect to gaseous sources that could cause
internal exposures to personnel that prevents exposure rather than limits exposure . The philosophy is, to
the extent possible that it is much more desirable to contain gaseous sources and prevent personnel
exposures than it is to assign an internal dose to an individual . Therefore, if a system is capable of
generating an airborne radioactive material concentration , the policy has been to contain the airborne
material in an environment that has a negative atmospheric pressure with respect to the outside, or
ambient , atmosphere . The design philosophy of exhausting air from clean to progressively more
contaminated areas has been a dominant factor in the design and construction of the Contractor's
facilities . Consequently, when designing facilities or projects , if during normal operation a gaseous
radioactive material source were generated , that source was contained and exhausted from the vicinity of
operating personnel.


92.2.6 . 1 Degassification System. During the operation of cleaning up the PCS, the
degassification system is used to allow the gaseous components to evolve from the PCS at a pressure
lower than maintained in the PCS. This evolution releases the activated noble gases dissolved in the PCS,
which constitute the majority of the gaseous effluent resulting from the operation of ATR. Degassing
releases about 3,000 Ci/yr, more than 99.9% of which is noble gases, which can be reduced by the Argon
Delay Line System.


The Argon Delay Line System is installed in the ventilation flow path between the degassing tank
and the ATR main stack. The purpose of the Argon Delay Line system is to reduce annual release of
short-lived radionuclides released from the main stack. The system provides a large hold tank volume that
permits decay of short-lived radionuclides released by the degassing process. The system is normally in
operation, but can be bypassed. The Argon Delay Line System reduces the inventory of Argon-41
released from the ATR main stack by approximately 40 percent.


To date, there have been no significant problems concerning the diffusion of gaseous radioactive
material to areas occupied by operations personnel during the normal operation of ATR. Several
occurrences of incidental releases have been associated with off-normal conditions involved with loop
experiments when, for example, Conax seals have failed resulting in personnel being exposed to
greater-than-allowed concentrations of noble gases. These occurrences have been infrequent for
operations at ATR.
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12.2.6.2 PCS Leakage. Because of the activity that is normally contained in the PCS, the PCS
piping is located in an area that is considered to be most probably contaminated, such as the pipe tunnel.
These areas that contain PCS components are areas maintained with the greatest negative pressure with
respect to areas normally occupied by personnel. The airborne activity evolving from PCS leakage is
therefore "contained" and effectively exhausted from the area to prevent it from diffusing to areas
normally occupied by personnel.


12.2.6.3 Loop Leakage. Loop leakage is designed so that radioactive material evolved is
released into areas such as loop cubicles , where the ventilation is maintained at a negative pressure with
respect to normally occupied areas. Normal gaseous leakage from the loops wi ll be vented out of the
stack.


A drain line break within one of the primary cubicles would result in about 200 gallons of
contaminated loop water on the floor of the cubicle after all the steam has condensed. Some of the steam
and fission product gases will be vented out of the stack. The majority of the water will drain through the
cubicle floor drain, however some of the water may leak out of the cubicle through the cubicle door. The
CAMs located in the operating spaces would alarm upon detection of gaseous fission products.
Eventually the stack monitor of the Radiation Monitoring and Seal System (RMSS) would also alarm.


A drain line break within the pipe trench would result in the contaminated water going into one of
the pipe trenches. The pipe trenches are large enough to hold the entire loop inventory. The steam would
travel through the pipe trenches, chases, and corridors to a larger inaccessible area of the plant until the
gaseous effluent is released out of the stack. The CAMs and RAMs would alarm. There will be minimal
exposure to operating personnel, as contaminated water will be contained in the simple room.
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Table 12.2-1. 0 RIGEN2 calculated ATR core inventory for selected fission product species. Results are presented in curies and represent an ATR
irradiation of 60 daps at 250 MW-


Nuclide SCRAM B.OHR I.OD 4 .013 7.0D MOD 30.00 60.00 90.0 0 150,00
H 3 2.120E+02 2.120E+02 2.120E+02 2.719E+02 2.I 18E+02 2.116E+02 2.111E+02 2.101E+02 2.091E+02 2.072E+02
ZN72 1.473E+02 1.308E+02 I.030E+02 3.522E+01 I.204E+01 6.882E-01 3.215E -0 3 7.01 SEAS 1.531E-12 7. 289E-22
GA 72 1,482E+02 1.450E+02 1.284E+02 4.998E+01 1.726E+01 9.890E-01 4,614E-03 1,007E -0 7 2.197E-I2 1.046E-21
GA 73 5.057E+02 1.626E+02 1.676E+01 6.071E-04 2.200E-08 3.161E-20 0.000E+00 0.000E+00 0.000E+00 0.000E+00
GE 73M 5.087E+02 1.626E+02 1.676E+01 6.071E-04 2.200E-08 3.162E-20 0.000E+00 0.000E+00 0.000E+00 0.000E+00
GE75 3.146E+03 5.803E+01 1.877E-02 3.694E-18 7.271E-34 0,000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00
AS 76 9.679E+01 7.841E+01 5.145E+01 7.724E+00 1.160E+00 7.385E-03 5.634E-07 3.279E-15 1.909E-23 6.466E-40
GE 77 7.198E+03 4.409E+03 1.652E+03 1.995E+01 2.410E-01 1.850E-06 4,751E-16 3.134E-35 2.067E-54 8.996E-93
AS 77 2.083E+04 1.855E+04 1.462E+04 4,220E+03 1.168E+03 3.786E+01 6.103E-02 1.586E-07 4.120E-13 2.781E-24
SE 77M 5.170E+01 4.601E+0I 3.627E+01 1.047E+01 2.898E+00 9.392E-02 1.514E-04 3.933E-10 1.022E-IS 6.898E-27
GE78 4.152E+04 9.073E+02 4.326E-01 4.879E-16 5.504E-31 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AS 78 4198E+04 4.673E+03 6.768E+00 6.633E-14 3.444E-28 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


BR 80 1.457E+00 2 .006E-01 1.631E-02 2.034E-07 2.535E-12 2.11 RE-25 0.000E+00 0,000E+00 0.000E+00 0.000E+00
SE 81 4,313E+05 6.155E+01 5.568E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00


SE 9W 1.355E+04 4.167E+01 3.770E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00
BR 82 1,054E+04 9.022E+03 6.590E+03 1.603E+03 3.900E+02 8.995E+00 7,665E-03 5.565E -0 9 4.041E-15 2.730E-27


SE 83 4,045E+05 1.5435.01 2.210E-14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR 83 1.084E+06 1.146E+05 1.107E+03 9.449E-07 8.067E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
KR 8364 1.084E+06 3.001E+05 4.281E+03 4.031E-06 3.442E-15 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00
BR 84 2.036E+06 6.489E+01 5.302E -0 8 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


KR 85 5.947E+03 5.965E+03 5971E+03 5.969E+03 5.965E+03 5.957E+03 5941E+03 5.910E+03 5.878E+03 5.816E+03
KR 85M 2.561E+06 7.521E+05 6.328E+04 9.202E-01 1.338E-05 1.686E-18 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB 86 3.851E+03 3.803E+03 3.710E+03 3.319E+03 2.969E+03 2.206E+03 1.263E+03 4.144E+02 1.360E+02 1463E+01
KR 87 5.172E+06 6,676E+04 1.089E+01 9.842E-17 8.896E-34 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


SR 87M 4,347E+00 6.022E-0 1 1.156E-02 2.175E-10 4,094E-18 1.025E-38 0.000E+00 0.000E+00 0.000E+00 0.000E+00
KR 88 7.319E+06 1,039E+06 2.089E+04 4.845E-04 1.123E-11 4.912E-32 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB 88 7.390E+06 1.160E+06 2.333E+04 5.410E-04 1.255E-1I 5.485E-32 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB 89 9.620E+06 3.768E-03 3.662E-22 0.000E+00 0.000E+00 8000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00
SR 89 5.594E+06 5.571E+06 5.520E+06 5.297E+06 5.084E+06 4.555E+06 3.707E+06 2.456E+06 1.627E+06 7.140E+05
SR 90 4.657E+04 4.657E+04 4.657E+04 4.656E+04 4.655E+04 4.653E+04 4,648E+04 4.639E+04 4.630E+04 4,612E+04
Y90 4.897E+04 4.878E+04 4.843E+04 4.742E+04 4.695E+04 4.659E+04 4.650E+04 4.642E+04 4.633E+04 4.615E+04
Y90M 3.111E+01 5.201E+00 1.453E-01 1.482E-08 1.510E-IS 3.425E-34 0.000E+00 0.000E+00 0.000E+00 0.000E+00
SR 91 1.178E+07 6.585E+06 2.049E+06 1.072E+04 5.6055+01 4.620E-05 1.808E-16 0.000E+00 0.000E+00 0.000E+00
Y91 6.155E+06 6.167E+06 6.151E+06 5.951E+06 5.743E+06 5.224E+06 4.373E+06 3.065E+06 2.148E+06 1.055E+06
Y91M 6.836E+06 4.184E+06 1.302E+06 6.810E+03 3.562E+0 1 2.935E-05 1.149E-16 0.000E+00 0,000E+00 0.0006+00
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Nuclide SCRAM 8.OHR I.01D 4.01) 700 SOD 30.01) 60.01) 90.00 150.00
SR 92 1.207E+07 1.561E+06 2.606E+04 2.619E-04 2.632E-12 1.238E-33 0.000E+00 0A00E+00 0.000E+00 0.000E+00
Y92 1211E+07 5.665E+06 3.837E+05 3.511E-01 2.642E-07 1.230€-23 0-000E+00 0.000E+00 0.000E+00 0.000E+00
V93 1.303E+07 7,620E+06 2.541E+06 1.816E+04 1.298E+02 2458E-04 4,579E-15 1.5896-36 5. 517E-58 6.646-101
V 94 1.258E+07 3.654E-01 2.707E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
ZR 95 6.391E+06 6.369E+06 6.323E+06 6.121E+06 5.925E+06 5.433E+06 4.619E+06 3.337E+06 2.4 11E+06 1.259E+06
NB 95 2.869E+06 2.892E+06 2.937E+06 3.125E+06 3.292E+06 3.639E+06 3987E+06 3.940E+06 3.4 33E+05 2.206E+06
NB 95Nf 4.214E+04 4.229E+04 4.255E+04 4.296E+04 4.258E+04 4.001E+04 3.425E+04 2476E+04 1.7 89E+04 9.337E+03
NB 96 2.840E+04 2.240E+04 1.393E+04 1.643E+03 1.938E+02 6.489E-0I 1.483E-05 7. 740E-I 5 4 .040E-24 1.101E-42
ZR 97 1.203E+07 8.667E+06 4.496E+-06 2.346E+05 .224E+04 4.655E+00 1.801E-06 2.694E-19 4. 032E-32 9. 029E-58
NB 97 1,208E+07 9.295E+06 4.520E+06 2358E+05 1.230E+04 5.016E+00 1.940E-06 2.903E- 19 4. 345E-32 9.729E-58
NB 97M 1.140E+07 8.209E+06 4.259E+06 2.222E+05 1.160E+04 4.409E+00 1.706E,06 2.552E-19 3. 819E-32 8.552E-58
NB 98M 1.175E+07 1.856E+04 4.541E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
MO 99 1.247E+07 1.147E+07 9.695E+06 4.552E+06 2.137E+06 2.845E+05 6.487E+03 3.374E+00 1. 754E-03 4.745E-10
TC. 99 6.010E+00 6.047E+00 6.114E+00 6.312E+00 6.405E+00 6.476E+00 6.487E+00 6.487E+00 6.4 87E+00 6.487E+00
TC. 99M 1.123E+07 1.074E+07 9.290E+06 4,387E+06 2.060E+06 2.740E+05 6.250E+03 3.250E+00 1. 690E-03 4.571E-10
N10101 1.034E+07 1.367E-03 2.339E-23 0.0006+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
MOT 1.034E+07 2,400E-02 7.0916-22 0000E-00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.0 00E+00 0.000E+00
MO102 8.623E+06 8.472E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.0008+00 0.000E+00
TC102 8.626E+06 8.540E-07 0.000E+00 0.0006+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU103 4.286E+06 4.261E+06 4.211E+06 3.994E+06 3,788E+06 3.290E+06 2.525E+06 1. 487E+06 8 .7 58E+05 3.038E+05
RH103NI 3.864E+06 3.841E+06 3.797E+06 3.601E+06 3.415E+06 2.966E+06 2.276E+06 1.340E+06 7.895E+05 2.739E+05
TC104 3.925E+06 4.937E-02 6.531E-18 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU105 2.210E+06 6.550E+05 5.385E+04 7.053E-01 9.238E-06 8.807E-19 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH 105 1.478E+06 I.450E+06 1.120E+06 2.751E+05 6.706E+04 1.556E+03 1.341E+00 9.952E-07 73 88E-13 4.072E-25
RHIOSM 6.187E+05 I.839E+05 1.512E+04 1.980E-01 2.594E-06 2.473E-19 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU106 9.771E+04 9.765E+04 9.753E+04 9.698E+04 9.643E+04 9.499E+04 9.235E+04 8. 728E+04 8.2 48E +04 7.367E+04
RH 106 5.505E+05 9.765E+04 9.753E+04 9.698E+04 9.643E+04 9.499E+04 9.235E+04 8.728E+04 8 . 2 48E+04 7.367E+04
RHMO6M 2.209E+05 1776E+04 1.149E±02 1.615E-08 2.272E-18 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH107 4.683E+05 1.304E-01 6.279E-15 0.000E+00 0,000E,00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00
PD109 1.462E+05 9.735E+04 4.271E+04 1.048E'03 2.572E+01 1.308E-03 1.164E-1I 9.217E-28 7. 300E-44 4,578E-76
AGIO9M 1.461E+05 9.738E+04 4.272E+04 1.048E+03 2.573E+01 1.308E-03 1.164E-1I 9.220E-28 7. 302E-44 4.579E-76
AG) 10 5.610E+04 2.500E+00 2.496E+00 2.475E+00 2.454E+00 2.400E+00 2.303E+00 2.119E+00 1.9 50E+00 1.651E+00
AGI IOM 1.882E+02 1.880E+02 1.876E+02 1.861E+02 1.845E+02 1.805E+02 1.731E+02 1,593E+02 1.4 66E+02 1.241E+02
PDT II 6.061E+04 1.656E+02 2,204E+0I 2.526E-03 2.895E-07 8.974E-18 1775E-37 0.000E+00 0.000E+00 0 000E+00
PDT I IM 6.218E+02 2.272E+02 3.025E+01 3.467E-03 3.974E-07 1.232E-17 2.436E-37 0.000E+00 0.000E+00 0.000E+00
ACT II 6.013E+04 5.844E+04 5.493E+04 4,155E+04 3.143E+04 1.493E+04 3.699E+03 2.269E+02 1.3 92E+01 5.241E-02
AGI I tNf 6.031E+04 1.876E+02 2.497E+01 2.870E-03 3.290E-07 1020E-17 2.017E37 0.000E+00 0.000E+00 0.000E+00
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Nuclide SCRAM ROHR 1.0 1) 4.0 1) 7.0 1) 15.01) 30.01) 60,01) 90.0 1) 150 .01)
CDIIIM 5.162E+00 5.569E-03 6.482E-09 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
PD112 4.164E+04 3.160E+04 1.820E+04 1.520E+03 1.269E+02 1.690E-Ol 6.861E-07 1.130E-17 1. 862E-28 5.055E-50


M, 1 12 4.263E+04 3629E+04 2.153E+04 1, 800E+03 1,503E+02 2002E-01 8.127E-07 1.339E-17 2.2 06E-28 5.988E-50
A(;] 13 3.540E+04 1.249E+04 1.541E+03 1,255E-01 I.021E-05 1.270E-16 4.534E-37 0.000E+00 0.000E+00 0.000E+00


CDI 13M 6.346E+00 6.358E+00 6.364E+00 6.362E00 6.360E+00 6.353E+00 6.341E+00 6 .3 16E+00 6.2 91E+00 6.242E+00
AGI 15 2.397E+04 1,476E-03 5,244E-18 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CDI IS 3.160E+04 2.863E+04 2.327E+04 9.149E+03 3.598E+03 2986E+02 2.808E+00 2.484E-04 2,1 97E-08 1718E-16
CDI 15M 1,795E+03 1.786E+03 1767E+03 1.687E+03 1.610E+03 1.422E+03 1.126E+03 7.063E+02 4.4 31E+02 1.744E+02
INI I 5 M 3.219E+04 3.048E+04 2.525E+04 9.949E+03 3.913E+03 3.249E+02 3.133E+00 4.991E-02 3.1 14E-02 1.226E-02


IN 116M 1.144E+04 2.455E+01 1.130E-04 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CDI 17 2.213E+04 2.638E+03 3.705E+01 1708E-07 7.876E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


CDI I7NI 1.191E+04 2.337E+03 8.953E+01 3.778E-05 1.594E-11 1.596E-28 0.000E+00 0,000E+00 0.000E+00 0.000E+00
INI 17 2.035E+04 6.741E+03 1.761E+02 5.059E -0 5 2.117E-1I 1 120E-28 0.000E+00 0.000E+00 0.000E+00 0.000E+00
IN117M 2.582E+04 8.160E+03 2.146E+02 3.933E-0 5 1.633E-1I 1.636E-28 0.000E+00 0.000E+00 0000E+00 0.000E+00
SNII7M 1.377E+01 1 .3 55E+01 1.311E+01 1.130E+01 9.739E+00 6.555E+00 3.120E+00 7.068641 1.601E-01 8.217E-03
CDI IB 3.733E+04 5.013E+01 9.011E-05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00.
INI I8 3.734E+04 5.021E+01 9.026E-05 0.000E+00 0,000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1N119 1.026E+04 2.622E -0 5 2.310E-21 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00
INI19M 2.663E+04 4.515E-04 3.979E-20 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
SNI 19NI 9.551E+01 8.544E+01 8.528E+01 8.456E+01 8384E+01 8.197E+01 7.856E+01 7.217E+01 6.630E+01 5.595E+01
SN121 3.938E+04 3.205E+04 2.119E+04 3.291E+03 5.112E+02 3.5646+00 3.223E-04 2.636E-12 2.1 55E-20 1441E-36


SBI22 2.625E+03 2410E+03 2.031E+03 9.401E+02 4753E+02 5.583E+01 1.188E+00 5.3726.04 2.430E-0 7 4.974E-14
SN123 3.292E+03 3.286E+03 3.274E+03 3.222E+03 3.171E+03 3.037E+03 2.803E+03 2.386E+03 2.0 31E+03 1.072E+03
SN123M 3.660E+04 9.169E+00 5.657E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


68124 6.410E+02 6.386E+02 6.337E+02 6.122E+02 5.914E+02 5.393E+02 4.538E+02 3.212E+02 2.2 74E+02 1.140E+02
SN125 3.256E+04 3.179E+04 3.030E+04 2.442E+04 1968E+04 1.107E+04 3,766E+03 4.355E+02 5038E+01 6.739E-01
SB125 3.079E+03 3.086E+03 3.099E+03 3.149E+03 3.187E+03 3.252E+03 3.288E+03 3.252E+03 3.1 90E+03 1 062E+03
TE125M 1941E+02 I962E+02 2.003E+02 2.185E+02 2.365E+02 2.826E+02 3.599E+02 4.783E+02 5.5 73E+02 6.391E+02
S8126 2.497E+03 2.452E+03 2.362E+03 1.997E+03 1.689E+03 1080E+03 4.667E+02 8.721E+01 1631E+01 5.929E-01
S8I26M 1.133E+03 1.738E-0I M1 738E-01 1, 738E -0 1 1.738E-01 1.738E-0 1 1738E-01 1.738E-01 1,7 38E-01 1.738E -0 1
SN127 2.105E+05 1.502E+04 7.638E+01 3.647E-09 1.741E-19 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00
5N127M 1.045E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
88127 3.369E+05 3.216E+05 2,855E+05 1.664E+05 9.693E+04 2.295E+04 1341E+03 6.949E+00 3.1 33E-0 2 6,368E-0 7
1E127 3.170E+05 3.080E+05 2.827E+05 1.731E+05 1.067E+05 3.555E+04 1.390E+04 1.028E+04 8.4 88E+03 5.796E+03
TE127M 1.362E+04 1.369E+04 1.381E+04 1413E+04 1.420E+04 1.384E+04 1.268E+04 1.049E+04 8.666E+03 5.917E+03
SN128 7.564E+05 2.690E+03 3.402E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
58128 3.418E+04 1.847E+04 5.395E+03 2.122E+01 8.346E-02 3.217E-08 3027E-20 0.000E+00 0.000E+00 0.000E+00
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Nuclide SCRAM 8.OHR IAD 4.01) 7.0 0 15.00 30.00 60.00 90.00 150.00
SBI28M 7.825E+05 3.266E+03 4.129E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1128 2.817E+04 2.990E-02 8.100E-14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00
56129 1.411F+06 3.965E+05 3.042E+04 2.920E-01 2.802E-06 1.166E-19 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TE129 1.356E+06 5.658E+05 1.334E+05 9.143E+04 8.594E+04 7.287E+04 5.347E+04 2.880E+04 1.5 51E+04 4498E+03
TE129M 1.515E+05 1.512E+05 1.494E+05 1.405E+05 1.320E+05 1.)195+05 8.215E+04 4.424E+04 2.3 83E+04 6.910E+03
XEI29M 3.091E+01 3.003E+01 2.834E+01 2.186E+01 1.685E+01 8,426E+00 2.297E+00 1.707E-01 1. 269E-02 7.011E-05
SB130 4.479E+05 I.094E+02 6.519E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1130 5.396E+04 3.460E+04 1411E+04 2.489E+02 4.391E+00 9.264E-05 1.584E-13 4.630E-31 1. 353E-48 1.156E-83
SBI31 5.213E+06 2.770E+00 7.547E-13 0.000E+00 0.000E+00 0900E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TE131 5.275E+06 1.425E+05 9.843E+04 1.865E+04 3.533E+03 4184E+01 1.021E-02 6.088E-10 3. 629E-17 1.289E-31
TEI31M 7.565E+05 6.328E+05 4.372E+05 8.283E+04 1369E+04 1.858E+02 4.537E-02 2.704E-09 1. 612E-16 5.727E-31
1131 5.983E+06 5.854E+06 5.556E+06 4.337E+06 3.358E+06 1.686E+06 4.627E+05 3.484E+04 2.6 24E+03 1.488E+01
XE131M 6.148E+04 6.156E+04 6.!635+04 6.048E+04 5,757E+04 4.590E�04 2.473E+04 5.366E+03 1 .0 14E+03 3.227E+01
TE132 8.914E+06 8.308E+06 7109E+06 3.808E+06 2.01 1E+06 3.667E+05 1.508E+04 2.550E+01 4. 313E-02 1.233E-07
1132 9.057E+06 8.548E+06 7427E+06 3.923E+06 2.072E+06 3.779E+05 1.554E+04 2.628E+01 4. 444E-02 1.271E-07
CS132 7. 624E+01 7.357E+01 6.850E+01 4.968E+01 3.603E+01 1.530E+01 3.071E+00 1.237E-01 4. 985E-03 8.091 E-06
TE133 7.896E+06 2.448E+03 1.487E-02 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.0 00E+00 0.000E+00
TEI33M 5.918E+06 1460E+04 8.870E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1133 1.377E+07 1.083E+07 6.355E+06 5.768E+05 5.236E+04 8.716E+01 5.372504 2.0415-14 7756E-25 1.120E-45
XE133 1355E+07 1.350E+07 1.308E+07 9.598E+06 6.559E+06 2.297E+06 3.169E+05 6.017E+03 1.1 42E+02 4.114E-02
XEI33M 4.109E+05 4.053E+05 3.738E+05 1.802E+05 7.292E+04 5.873E+03 5.093E+01 3.827E-03 2. 876E-07 1.625E-15
TE134 1.356E+07 4.739E+03 5.782E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1134 1.543E+07 1.034E+05 3.881E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CS134 3.763E+04 3.765E+04 3.763E+04 3.752E+04 3742E+04 3.715E+04 3.664E+04 3.564E+04 34675+04 3.281E±04
CS134M 1.751E+05 2.587E+04 5.648E+02 1.897E-05 6.371E-13 7.481E-33 0900E+00 0.000E+00 0,000E+00 0.000E+00
1135 1.275E+07 5.513E+06 1.030E+06 54255+02 2.857E-01 5.169E-10 2.095E-26 0.000E+00 0.0 00E+00 0.000E+00
XEI35 4.706E+05 4.056E+06 2.796E+06 2.148E+04 9.381E+01 4.136E-05 4.9345-17 0000E+00 0.000E+00 0.000E+00
XE135M 2.317E+06 8.830E+05 1.650E+05 8.689E+01 4.576E-02 8.279E-I1 3.356E-27 0.000E+00 0.0 00E+00 0.000E+00
CS135M 4.279E+04 8.037E+01 2.834E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00
BAI35M 8.026E+00 6.616E+00 4.495E+00 7.896E-01 1.387E-01 1.342E-03 2.244E-07 6.275E-15 1.755E-22 1.372E-37
CS136 2.707E+04 2.660E+04 2.568E+04 2.191E+04 1.869E+04 1.224E+04 5.536E+03 1.132E+03 2.3 15E+02 9.684E+00
BA136M 4.461E+03 4.383E+03 4.231E+03 3.61 OE+03 3.080E+03 2.017E+03 9.124E+02 1.866E+02 3.8 16E+01 1.596E+00
CS137 4848E+04 4.849E+04 4.848E+04 4.847E+04 4.847E+04 4.844E+04 4.839E+04 4.830E+04 4.8 21E+04 4.803E+04
9A137M 4,641E+04 4.587E+04 4.587E+04 4.586E+04 45855+04 4.583E+04 4.578E+04 4.569E+04 4.5 61E+04 4.544E+04
X5138 1.262E+07 8.032E-04 3.239E-24 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CS138 1.362E+07 7.682E+02 8.141E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BA139 1.306E+07 2.651E+05 8.492E+01 1 .600E-14 3.014E-30 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
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Nuclide SCRAM 8.OHR 1.O 17) 40D 7.0D _ 15.0D 30.00 60.0D 90.00 150.00
BA140 1.243E+07 1.221E+07 1.178E+07 1.001E+07 8.509E+06 5,515E+06 2.446E+06 4.813E+05 9.468E+04 3.665E+03
LA140 I.255E+07 1.252E+07 1 139E+07 1.119E+07 9.695E+06 6,344E+06 2.815E+06 5,539E+05 1.090E+05 4.217E+03
8A141 1.192E+07 1.491E-01 2.255E-17 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
LA141 1.197E+07 3.170E-06 L586E+05 5.772E-01 1.766E-06 3 486E-21 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CE 1 41 8 .762E+06 8.749E+06 8.641E+06 8.106E+06 7.604E+06 6.412E+06 4.657E+06 2.456E+06 1.2 96E+06 3.606E+05
13A142 1.168E+07 3.664E-07 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 OA00E+00 0.000E+00 0.000E+00
LAI42 1.189E+07 3.705E+05 2.827E+02 2.647E-12 2.478E-26 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0000E+00
PR142 1015E+05 7.6 1 5E+04 4,265E+04 3.140E+03 2.312E+02 2202E-01 4,764E-07 2.230E-18 1.044E-29 2.288E-52
PR142M 2.242E+04 2.842E-06 4.570E-26 0.000E+00 0.000E+00 0,000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00
1-A143 1.189E+07 5.764E-04 1.314E-24 0.000E+00 0.000E+00 0.1100E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CE143 1.216E+07 1035E+07 7.399E+06 1.631E+06 3.594E+05 6370E+03 3.312E+00 8.958E-07 2.4 23E-13 1.772E-26
PR143 1.125E+07 1.125E+07 I,] 17E407 1.011E+07 8.791E+06 5.868E+06 2.727E+06 5.887E+05 1.2 71E+05 5,924E+03
CE 144 1.539E+06 I.538E+06 1.535E+06 I.524E+06 1.513E+06 1.484E+06 1.430E+06 1.329E+06 1.2 36E+06 1,068E+06
PR144 2.151E+06 1538E+06 1.535E+06 1524E+06 1.513E+06 1484E+06 1.430E+06 1.330E+06 1.236E+06 1068E+06
PRI44M( 1.854E+04 1,845E+04 1.842E+04 1.829E+04 1.815E+04 1.780E+04 I.716E+04 1.595E+04 1.4 53E+04 1.281E+04
PR145 7.917E+06 3,163E+06 4,952E+05 1.177E+02 2.796E-02 6.057E-12 4.589E-30 0000E+00 0.000E+00 0000E+00
CE146 6.000E+06 4.037E-04 1.798E-24 0000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
PR146 6.018E+06 1.562E+01 1.787E-11 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0,000E+00
PR147 4.614E+06 4.669E-06 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0 00E+00 0.000E+00
ND147 4375E+06 4,288E+06 4.113E+06 3.408E+06 2.824E+06 1.710E+06 6.681E+05 1.019E+05 1.5 55E+04 3,620E+02
PM147 1.014E+05 1024E+05 1.044E+05 1.123E+05 1.185E+05 1.309E+05 1.414E+05 1.448E+05 14 27E+05 1.368E+05


PM148 5255E+05 5.034E+05 4.620E+05 3.141E+05 2.136E+05 7.677E+04 1.182E+04 7.761E+02 3.3 66E+02 1.212E+02
PM148M 2.669E+04 2.654E+04 2.624E+04 2.495E+04 2.373E+04 2.075E-04 1.613E+04 9.749E+03 5.892E+03 2.152E+03


ND149 2.252E+06 9.331E+04 1,534E+02 4.544E-1i 1.346E-23 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
PM149 3705E+06 3.404E+06 2.765E+06 I.080E-06 4.217E+05 3.437E+04 3.124E+02 2.580E-02 2.1 31E-06 4.454E-14


PMI50 3.430E+05 4.332E+04 6.909E+02 5.650E-06 4.621E-I4 I.254E-35 0.000E+00 0.000E+00 0.000E+00 0000E+00
NDI5I 8.706E+05 I.945E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0-000E+00
PM151 8,52 IE+05 7.062E+05 4.778E+05 8.237E+04 I.420E+04 1.307E+02 1.991E-02 4.616E-10 1070E-17 5.755E-33
S N41 51 1.544E+02 1.599E+02 1.681E+02 1.823E+02 1.848E+02 1.853E+02 I.852E+02 1.851 E+02 1.8 50E+02 1.847E+02
ND152 5.474E+05 1.501E-07 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
PM152 5.900E+05 2.333E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
EU152M 8.084E+01 4.459E+01 1356E+01 6.408E-02 3.027E-04 1.902E-10 4,474E-22 0.000E+00 0.000E+00 0.000E+00
SM153 1.500E+06 1.333E+06 1.051E+06 3.609E+05 1.239E+05 7,168E+03 3.424E+01 7.814E-04 1.783E-08 9.285E-18
00153 3.585E+00 3.582E+06 3.575E+00 3.544E+00 3.514E+00 3.435E+00 3.290E+00 3.019E+00 1771E+00 2.333E+00
EUIS4 1,821E+03 1.821E+03 1,920E+03 1.819E+03 I. 9 I 9 E+03 1.815E+03 1.809E+03 1.797E+03 1,7 85E+03 1.761E+03
SM155 8.078E+04 2.589E-02 2.487E-15 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.00 0E+00 0.000E+00
EU155 1 . 1 97E+03 1.197E+03 1.197E+03 1.196E+03 1.194E+03 1 .191E+03 1.184E+03 1.170E+03 1. 15 7E+03 1.1316+03
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Nuclide SCRAM 8.OFHR 1.0 0 4,00 7.00 15.00 30.00 60 . 00 90.00 150.00
SM156 3.294E+04 1.827E+04 5 . 616E+03 2.778E+01 1. 374E-01 9.755E-08 2.887E-19 0 . 000E+00 0 . 0 00E+00 0.000E+00
EIJ156 1 . 390E+05 1.373E+05 1.335E+05 1 . 165E+05 1 . 016E+05 7.054E+04 3.55. 7E+04 9.044E+03 2.300E+03 1.487E+02
E0157 6 . 237E+04 4.342E+04 2 . 093E+04 7 . 850E+02 2.944E +01 4.640E-03 3.442E-10 1 . 895E-24 1. 043E-38 3 . 159E-67
Ski 158 8 . 462E+03 4.390E+00 1181E -06 0,000E+00 0.000E+00 0 . 000E+00 0.000E+00 0 . 000E+00 0.000E + 00 0.000E+00
EUI58 9 . 580E+03 4.424E+01 4,624E - 05 0.000E+00 0.000E+00 0 , 000E+00 0.000E+00 0,000E + 00 0.000E+00 0.000E+00
EUI59 3 . 251E+03 3.858E-05 4 , 170E-21 0 . 000 5+00 0.000E +00 0.000E+00 0.000E+00 0 . 000E+00 0.000E + 00 0.000E+00
GD159 4.614E+03 3.470E+03 1 . 912E+03 1.306E + 02 8.930E+00 6.973E-03 1.040E-08 2.313E-20 5.1 46E -32 2.546E-55
TB160 1 . 009E+02 1.006E+02 9.992E + 01 9.709E+01 9433E+01 8737E+01 7 , 567E+01 5.676E+01 4,2 57E + 01 2.393E+01
TB161 5 , 178E+02 5.010E+02 4 . 686E+02 3 . 470E+02 2 . 569E+02 1 . 153E+02 2.566E+01 1.271E + 00 6. 299E-02 1.546E -0 4
TB162M 5.870E+00 5.229E-01 3.619E -03 6.906E-13 1.318E-22 0 . 000E+00 0 . 000E+00 0400E +00 0.0 00E+00 0.000E+00
TB163 7 . 112E+01 2.998E-06 4 , 539E-21 0 . 000E+00 0.000E +00 0,000E+00 0.000E+00 0 . 000E+00 0 . 0 00E+00 0.000E+00
GD164 2 . 321E+01 5.034E-06 2.367E-19 0 . 000E+00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0.0 00E+ 00 0.000E+00
T 13 164 2 . 953E+01 5.842E-06 2 . 747E-19 0 . 000E+00 0.000E +00 0.000E+00 0.000E+00 0 . 000E+00 0.000E + 00 0.000E+00
DY165 1 970E+01 7.570E+00 6 . 754E-02 4 . 041E-11 141 RE-20 0 . 000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00
DY166 9 . 279E+00 8.669E+00 7 . 566E+00 4 . 101E+00 2 . 223E+00 4.343E-01 2.033E-02 4.453E-05 9 . 756E-08 4 . 682E-13
110166 1 . 923E+01 1.731E+01 1 A185 01 6562E+00 3 . 383E+00 6 . 476E-01 3 . 035E-02 6 . 6355-05 1. 454E-07 6.976E-13
SUM OF LISTED
NUCLIDES 5 . 824E+08 2.466E+08 1 . 795E+08 I . 115E +08 8 . 860E+07 6940E +07 3.937E+07 2.323E+07 1 . 604E+07 8 . 887E+06
ORIGEN2
TOTAL 1, 129E+09 2.466E+08 1 . 795E+08 1.115E + 08 9 . R60E+07 6040E+07 3 .937E+07 2 . 323E+07 1.6 04E + 07 8.887E+06
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Table 12.2-2. Fission-product gamma activity in an 800-kW test loop (disintegration s/sec).


Energy interval


(MeV) Time after fissi product release
0.6 min 6 min 1 ]it 10 hr


0.5-1.5 1.3x10" 1.3x10" 8,0x10}4 3.0x10"


1.5-2.5 1.6x1014 1 .5 x10'" 7.7x1013 8.3x1012


2,5-3.5 1.0 x 101" 4.3 x 1012 1.4 x 1012 1.4 x 101i


3.5-4,5 3.3 x 1011 3.3 x 101 2,3 x 10'' 3.0 x 1010


4.5-5.5 15 x 10" 4.4 x 1071 -
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re 12.2-1. Fast- and thermal-neutron fluxes along core radial centerline. (For Information Only)
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Figure 12.2-2. Fast- and thermal-neutron fluxes along core radial centerline. (For Information Only)
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Figure 12.2-3. Fast- and thermal-neutron fluxes along core radial centerline. ( For Information Only)
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Figure 12.2-4. Fast- and thermal-neutron fluxes along core radial centerline. ( For Information Only)
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Figure 12.2-5. Comparison of fast flux computed by 20-group code to that scaled from Lid Tank Shield
Facility data. ( For Information Only)
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Figure 12.2-6. Fast-neutron flux spectrum in fuel region (single lobe power = 50 NSW ). (For Information
Only)
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2.2-7. Fast-neutron flux spectrum in flux trap region (single lobe power = 50 MW).
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Figure 12.2-8. Fast-neutron flux spectrum in reflector region ( single lobe power = 50 MW)
(For Information Only)
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Figure 12.2-4. Linear self-absorption coefficient for ATR core fuel region . ( For Information Only)
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Figure 122-10. Fission-product gamma ray source strengths in core versus time after shutdown
(operating time, 400 Hours). (For Information Only)
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Figure 12.2-11. Equilibrium N-16 activity versus delay time aft er leaving bottom plenum.
(For Information Only)
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Figure 12.2-12. Cross section for Al-27 (n, (x) Na-24 reaction . (For Information Only)
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12.3 Radiation Protection Design Features


This section presents the facility features (deBoisblane and Cohen 1965) (Lucas and
Wagoner 2000) that are of primary impo rt ance regarding to the confinement passive system (shielding),
the active ventilation system, and the radiological control program discussed in Sections 12.4, 12.5,
and 12.7, respectively.


12.3.1 Facility Design Features


The reactor building is divided into confinement and areas outside of confinement. The
confinement acts as the final barrier to delay the release of airborne radioactive contamination resulting
from an accidental release of radioactivity from the reactor or experiments. The confinement includes all
areas in which an accidental contaminated release from the reactor or loop experiments must be
controlled or where sealed penetrations from such an area to an otherwise "clean" area would be difficult
to maintain during normal operation.


A reactor building leak rate test system was designed and installed to pressurize the building
confinement while measuring the air inflow into the building and the building differential pressure. The
purpose of the Reactor Building Leak Rate Test System is to provide permanent equipment that is
independent of the confinement ventilation systems for the performance of the ATR Building Leak Rate
Test. The leak rate test is performed annually and after modifications that impact building confinement, to
ensure that building confinement leakage is consistent with the assumptions in the accident analysis.


The major mechanical components of the leak rate test system are located outside the ATR
confinement boundary, in the plenum for Reactor Main Floor Supply Fan, 14VS-1, located on the ATRC
second mezzanine. These components consist of a supply fan, airflow sensing element, and related
ductwork connecting the discharge of the fan to the ATR confinement. Penetration through the west ATR
confinement wall is via a welded aluminum box or plenum. The ductwork connects to a flange welded
onto the plenum. When the measurement system is not in use, confinement is maintained by the
installation of a gasketed plate bolted to the flange on the plenum.


The ATR building leak rate test panel, located on the west wall of the reactor main floor, is the
operating station for conducting leak rate tests. Contained inside the panel are the variable frequency
drive (VFD) controller for the supply fan, leak rate test system airflow flow indication, and differential
pressure indication between the reactor main floor and outside of the reactor building. Selector switch
SW-20-1 positions solenoid valve SV-20-152 to one of two outside pressure taps, one on the south side of
ATR west of the truck airlock, and the other on the eastside of ATR. The test panel additionally contains
supply fan safety disconnect switch, building confinement differential pressure transmitter, and associated
valves.


Confinement fixed penetrations are sealed, and ventilation penetrations are equipped with gasketed
dampers. Upon detection of high radiation in the ATR building exhaust by the RMS-1 system, the
confinement will be closed by dampers and the shutoff of ventilation supply and exhaust fans, as further
described in Section 12.5.
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Management of liquid radioactive waste is discussed in Chapter 11. Chapter 5 discusses leakage


from primary coolant system components. The major overflow drains at the ATR are the canal overflow,
the degassing tank overflow, and the reactor vessel upper and lower drains. All of the overflow paths are
directed to the warm waste system. All systems that contain activatedlcontaminated water are provided
with warm or hot equipment drains to direct flow to the appropriate collection tanks. Sources of water
(vents, drains, etc.) from highly radioactive systems such as the experimental loops are hard piped directly
to the Hot Waste System described in Chapter 11. In the rare instance where leakage from these systems
occurs, the liquid is contained in the area, the evaporate is directed to the facility ventilation system and
the liquid is cleaned up as soon as possible using approved radiological procedures.


12.3.2 Facility Arrangement


The reactor building, as shown in Figures 12.1-3 to 12.1-5 and 12.3-1, is a complex of enclosed
areas approximately 200 ft by 200 ft, extending a maximum of 60 ft above grade and 60 ft below grade.
The average depth of the substructure is about 42 ft, and the average superstructure height is about 38 ft.


The first floor, shown in Figure 12.1-3, is located at grade and is divided into the following areas:
reactor area, storage canal area , utility area (including the diesel-generator pit), general storage and
laydown area, critical facility area , counting room, control rooms, and offices. The first and second
mezzanine floors, shown in Figure 12.3-1, are devoted to office and to H&V rooms, The first and second
basements, shown in Figures 12.1-4 and 12.1-5, are used for experiment cubicles and equipment,
electrical equipment, heat exchangers, demineralizer equipment, H&V equipment, and associated items.


Access between basement levels and the first floor is by means of four enclosed main stairwells,
located approximately at the midpoint of each face of the building. Stairways are provided to the
mezzanine levels from the first floor. Each major area is provided with access to adjacent areas within the
building by means of at least one door. Also, each area above grade, except for the offices in the SW
comer, and each stairwell leading from basement areas, except for stairwell No. 3, may be evacuated
directly to the outside without passing through any other area. The offices in the SW corner and stairwell
No. 3 each have two alternate exits. The SW corner offices evacuation may be through the reactor area or
critical facility area ; stairwell No. 3 evacuation may be through the storage canal area or utilities area,


12.3.2. 1 Confinement Area . The building is divided into confinement and areas outside of
confinement. The confinement, illustrated in Figures 12.1-3 to 12.1-5 and 12.3-1, has been selected to
include all areas where an accidental contaminated release from the reactor or loop experiments must be
contained or where sealed penetrations from such an area to an otherwise "clean" area would be difficult
to maintain during normal operation. The confinement volume of 46,440 m3 (1.64 x 106 ft3) represents
approximately 62% of the total building volume, The confinement includes the following: reactor area,
including the truck airlock; reactor control room (Room 100); instrument repair room; Reactor Data
Acquisition System (RDAS) area (Rooms 110 and 111); lunch room (located north of the reactor control
room); first basement, including the ATR Warm Waste Treatment Facility cubicle (located on the first
basement level, but outside the basement wall near the SW corner); and second basement,


The confinement boundary of the ATR also includes the doors and the canal structure.
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chemistry analysis is normally


The ATR Water Chemist ry Process Lab Room 124 on the ground floor of the ATR building,


Waste stream samples from the Motor Floor area below the Sub-Pile Room.


Each secondary loop cubicle for the experimental facilities.


No auxiliary facilities are available for taking water samples following upset or accident
conditions. During these conditions, the INEEL Emergency Plan/RCRA Contingency Plan would be
utilized for reentry activities, and would employ Radiological Controls personnel, as well as ATR
Operations personnel, to obtain any required post-accident samples. The normal capability of monitoring
ATR Stack releases and Primary-to-Secondary leakage would also be available during these conditions.


12.3.2.3 Radiation Areas . During power operation, access to high radiation areas is
restricted. If necessary, entry into high radiation areas, e.g., primary cubicles, is allowed for short periods
of time. Personnel entry is controlled by radiological control organization personnel and requires a
Radiological Work Permit approved by the radiation control organization management.


During shutdown conditions , entry into all areas ( high radiation , radiation , and contamination) is
controlled , with occupancy limited based on the need and duration of the activity. Access to high
radiation areas (an area where an individual could receive > 100 mrem in 1 hour at 30 cm) is normally
restricted , unless a need is demonstrated and an ALARA review has been completed , if required.


In general, high radiation areas are posted and locked. Personnel requiring access to these areas are
bound by Radiological Controls procedures, which prescribe entry limitations and requirements.


Access to the Reactor Main Floor, Canal Area, Laydown Area, and 1st and 2nd Basements is
unrestricted with unlimited occupancy. However, these areas are controlled as Radiological Buffer Areas
and require survey upon exit.


Table 12.3-1 presents a representative list of radiation levels in various portions of the ATR during
shutdown conditions.
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Table 12.3- 1. Radiation Fields Du ring Shutdown.


ATR Location


Nozzle Trench
I A Primary Cubicle


I C Primary Cubicle


ID Primary Cubicle


B/P Demin, and Press pump room
H/X Room
2A Primary Cubicle


2B Primary Cubicle


2C Primary Cubicle


2D Primary Cubicle


2E Primary Cubicle


Outer Shim Con.


Safety Rod Drive Room


SubPile Room


Rod Access Room


Remainder of ATR building


Primary Pump Cubicles


412.09 (0910312002 - R ev, 7
Identi fi er: SAR-153
Revision: 10
Page: 12-48 of 12-84
Effective Date: 08/10/04


Representative Radiation Field in mremlhr


5-50


< 5-10


5-15


10-50


< 5-10


< 5-20


3-8


100-150


30-50


30-60


80-120


10-30


< 5-10


8-25; 20-100 (two areas)


1-2
<I


< 1-2
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1ST MEZZANINE FLOOR PLAN


2ND MEZZANINE FLOOR PLAN


Figure 123-1. Confinement Area, Mezzanine Plan. (For Information Only)
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12.4 Shielding


12.4.1 Shielding Design Criteria


Although it is not explicitly stated in the 1965 version of the ATR Safety Analysis Report
(deBoisblanc and Cohen 1965) or in the Advanced Test Reactor Final Shielding Design Report (Howard
and Jacks 1963), the ATR was designed according to the 1963 version of the Health and Safety Design
Criteria Manual (AEC 1965). The design provided sufficient radiation shielding to allow an annual
personnel exposure of not greater than 500 mrem/yr for an individual in a full-time occupancy
(40 hr/week) area such as the office spaces on the mezzanine floor. The radiation dose rates tabulated in
Table 12.4-1 and extracted from Table 1-2 of the Advanced Test Reactor Final Shielding Design Report
(Howard and Jacks 1963) illustrate the design dose rates for various locations within the ATR reactor
building.


Historical data demonstrates that the original radiation source term and shielding calculations
produced adequate, and in some cases, conservative results. To date there has been no measurable neutron
dose to ATR personnel, and gamma doses have been within the expected parameters. Recent preliminary
calculations to verify the original gamma source term for a fueled experiment loop showed that the
gamma rays for the lower energy groups may have been slightly under-estimated, but the gamma rays at
these energy levels do not penetrate the high density concrete of the cubicle walls. The data showed that
the higher energy gamma radiation had been slightly over-estimated. This indicated that the shielding
material and thickness at the ATR are adequate. Gamma radiation fields are characterized by Radiological
Controls personnel during routine surveys. An examination of survey results confirms the shielding
design.


12.4.2 Radiation Shielding Codes


In the early 1960s when ATR was being designed, the Reactor Shielding Design Manual
(Rockwell 1956) was the standard of reference. The shielding calculations performed for the design of
ATR were accomplished with shielding codes, written by B&W that performed the calculations as
specified by Rockwell. These codes are discussed in the appendices to the Advanced Test Reactor Final
Shielding Design Report (Howard and Jacks 1963).


Neutron-flux values, described in Section 12.2.1, were generated using a B&W Company 20-group
diffusion code. In the region outside the core, where the thermal-neutron flux is important in
secondary-gamma calculations, the fluxes were checked with good agreement by scaling up Lid Tank
Shield Facility data. The fluxes had not been compared with removal theory fluxes at the exterior of the
shield because calculations showed the fluxes became insignificant outside the concrete surrounding the
reactor.


For the original shielding design calculations, all gamma-ray source strength and attenuation
calculations had unit energy intervals and the appropriate form of buildup for dose rate or heat-generation
rate. Nuclear Development Associates' infinite-medium buildup values (Mangum 1956), generated by the
moments method solutions of the time-dependent Boltzmann equation for the flux, were used. In most
cases, the Taylor sum-of-exponentials form of the buildup (Goldstein and Wilkins 1954) was used.
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Many of the reactor-shielding and cubicle-shielding calculations are based on the N-16 source term
(Howard and lacks 1963). There are some, however, such as canal-wall shielding and certain other
aspects of the cubicle shielding, that are at least partly due to a source term based on a fuel element with a
17-day operation.


12.4.3 Radiation Source Terms


The radiation source terms used for the design of the ATR core are based primarily on normal
operating circumstances. The design of the experiment cubicles, which are expected to be able to
accommodate failed fuel conditions, is based not only Co the N-16 source term but also considers
dispersion of fission products to some extent. The radiation source terms defined for the design of ATR
are discussed in Section 12.2.


12.4.4 Reactor


The major areas of the ATR referred to in this section can be referenced in the following figures in
Chapter 3: Figures 3.8-10, 3.8-11,and 3.9-2.


12.4.4.1 Primary Biological Shield. The primary biological shield is designed to attenuate
radiation from the core and primary coolant to a level of 5 mrem/hr at the outer surface of the shield. The
shield is composed of three sections. The first is a 3-ft-thick magnetite concrete shield surrounding the
pressure vessel and extending 8.5 ft above and 12.5 ft below the core midplane. The second section is a
2.5-ft ordinary concrete shield adjacent to the magnetite shield. The ordinary concrete is sized primarily
for structural requirements and must be relatively free from gamma heating and radiation damage. This
protection is provided by the magnetite concrete. The third section is a 5-1/2-ft ordinary' concrete shield
surrounding the piping corridor. This shield is designed to reduce the level of radiation from N-16 in the
primary coolant piping to 5 mrem/hr at the outer shield surface.


The calculation of primary- and secondary-gamma fluxes in the thermal shields and pressure vessel
was made during the early stages of Title 1 and employed a somewhat conservative calculation model.
However, because no design problems were encountered as a consequence of the results, it was deemed
unnecessary to recompute these fluxes with more refined methods during Title 11 design.


The gamma dose rates were computed along the core radial centerline with the aid of the B&W
computer program DER-074 [Appendix B of Howard and Jacks (1963)]. The dose rate profiles are shown
in Figures 12.4-1 and 12.4-2.


The neutron flux profile was calculated using the methods outlined in Section 12.2. Plots of the fast
and thermal fluxes along the core radial centerline are given in Figures 12.2-1 through 12.2-4.


The secondary-gamma fluxes and dose rates were computed from the above- mentioned
thermal-neutron flux profile. Details of the calculation are given in Appendix A of Howard and
Jacks (1963). Figures 12.4-3 and 12.4-4 are graphs of the secondary-gamma dose rates along the radial
centerline of the core.


The 5-5-ft-thick ordinary concrete shield surrounding the piping corridor is sized for shielding the
N-16 gammas from the primary-coolant piping. The contribution from primary and secondary gammas to
the total dose rate at the outer surface of this shield is negligible.
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12.4.4 . 2 Subpile and Rod Access Room Shielding . The shielding for the subpile room is
designed to permit entry into the room I hour after reactor shutdown. No access is allowed during
operation. The subpile room is shielded from the core by the 1-ft-thick vessel bottom head and by the
10-ft water depth between the core and bottom head. The dose rate from the core after 1 hour of shutdown
was computed at the lower surface of the bottom head using the truncated-cone geometry in computer
program DER-074. Gamma sources were taken from Figure 12.2-10; dose-buildup parameters used were
those for steel. Assuming a solid steel bottom head, the dose rate was computed to be less than
1.0 mrem/hr. Higher radiation levels can be expected locally, as a result of radiation streaming through
neck rod and inpile loop penetrations in the bottom head.


During the Title I phase of the ATR design, a procedure was devised whereby pressure tubes
containing stuck test assemblies would be removed from the vessel through the drop tube. The pressure
tube and element would then be stored temporarily in the deep end of the working canal adjacent to the
subpile room. Consequently, the wall between the subpile room and the working canal was sized for this
condition. It was assumed that an 800-kW test element, at 1 hour of shutdown following infinite
operation, was positioned 1 ft from the wall. Although the procedure for removing stuck test assemblies
was revised during Title 11 design, the shield wall was not changed, because nearly as much shielding is
needed to reduce the transient dose rates to design level in the subpile room during spent fuel removal.


The failure of a test specimen and the subsequent release of fission products to the test loop coolant
was considered in the shielding of the subpile and rod access rooms. Because it is impossible to predict
the nature of such a failure, the analysis was based on a postulated test element failure. The following
assumptions and parameters were used to determine the fission product source activity in the loop:


• Bottom reentrant loop with 200-gal capacity


• 800-kW test specimen, infinite operation


• Release of 10% of the gross fission product gamma activity in the specimen to the coolant within
30 seconds.


The fission-product gamma activity was taken from the tables in Appendix A of Roy and
Hawton (1960). The total fission-product gamma activity in the loop is shown in Table 12.4-2 as a
function of energy and time after failure.


Because it is assumed that the fission products are released to the test loop coolant in a few
seconds, the dose rates will be significantly higher during the first few minutes after a failure than at some
later time. Instead of increasing the shielding to lower these initial dose rates to the general design level,
the shielding was sized for an integrated dose from fission products during the first hour after a failure. In
this case, the dose rates are of a transient nature rather than a continuous background, and a higher limit
can be allowed.


The subpile room door is sized for a dose rate outside the door of 2.5 mrem/hr from N-16 in the test
loops and an integrated dose of 12.5 mrem from loop fission products during the first hour following a
test failure. The dose rate from N-16 was calculated for nine loops operating at 20 gpm (worst condition).


The floor between the subpile and rod-access rooms consists of 3 It of magnetite concrete, 4 in, of
steel, 6 in, of polyethylene, and local lead shielding. The concrete and steel are designed to shield the rod
access room from core radiation and from N-16 in the test loop piping. Using the truncated-cone
geometry in computer program DER-074, the dose rate from the core during operation was computed to
be less than I mrem/hr at the ceiling in the rod-access room.
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Where the test loop traps and exit piping (Figures 3 .9-2, 10.2-1, and 10 . 2-2) are embedded in the
subpile room fl oor, lead replaces concrete as the shielding material. A 6.5-in. lead shield was chosen,
resulting in a dose rate of 2.5 mremlhr in the rod access room.


In the rod access room, the design dose rate for a test specimen failure is a 25-mrem integrated
dose during the first hour following the failure.


Two cases were considered. In one, the fission products were assumed to be uniformly dispersed
throughout the loop. In the second case, it was assumed that 10% of the activity released to the loop was
concentrated in the loop trap. The resulting dose rates, at a point 1 ft below the shield surface, are shown
in Figure 12.4-5.


The wall between the piping corridor and the rod-access room is composed of 3 ft 8 in. of
magnetite concrete. The dose rate at the wall surface is estimated to be about 6 mrem/hr based on the
calculations for ordinary concrete. As seen in Figure 12.4-6, the dose rate from a 24-in. primary pipe
through 5 ft 6 in. of ordinary concrete is 6 mremlhr. The equivalent thickness of magnetite concrete
required for shielding purposes was determined by applying a ratio of the absorption coefficient of
magnetite concrete to that of ordinary concrete at 6.3 MeV.


12.4.4 . 3 Coolant Loop Shielding. The coolant loop shielding was based on calculations of
the dose rates from N-I 6 in the primary coolant. Using the calculated core exit equilibrium activity of
2.2 k 107 disintegrations/cm'-sec and the transit times to the various loop pipes, the volumetric activities
of coolant in various sections of piping were calculated.


Computer program DER-074 was employed in the calculations in this section . A discussion of the
methods of this program is found in Appendix B of Howard and lacks (1963).


12.4.4 . 3.1 Piping Tunnel-The thickness of the walls of the piping tunnel was
determined from the activity of the coolant in the 36-in. effluent pipe in the pipe tunnel. The shield
thickness is 5 ft 6 in., which limits the average dose rate to about 6 mremlhr at the outside surface of the
tunnel wall.


12.4.4 . 3.2 Heat Exchanger Room Walls-The heat exchanger room radiation
sources include piping in addition to the heat exchangers. The wall thickness around the heat exchangers
and piping is 5 ft 6 in., which limits the maximum dose rate to 6 mrem/hr at the outer surface of the shield
wall.


12.4.4.3.3 Pump Cubicles--The walls and ceilings around the pump cubicles are
constructed of ordinary concrete and are designed to allow personnel to work inside a particular pump
cubicle with that pump shut down, but with adjacent pumps operating.


The walls between the pump cubicles are 4 ft thick, and the resulting dose rate is about
6.5 mrem/hr at the wall surface in one cubicle from an adjacent operating cubicle. The wall between the
pump cubicles and the heat exchanger area is 5 ft 6 in. thick and limits the dose rate in the cubicles from
the heat exchanger and pipe sources to a maximum of 2.5 nuemlhr. The pump motor area is shielded from
the pumps by a 4-fl wall thickness. As seen from Figure 12.4-7, the dose rate at the surface of the wall is
about 6.5 mremlhr. The floor above the pump cubicles is 5 ft 6 in, thick and is designed to limit the
radiation level from the pumps to less than 1.0 mrem/hr at the surface of the floor.
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12.4.4. 3.4 Floor Above Heat Exchanger Room-The calculations of the dose rate
on the surface of the floor above the heat exchanger room were made for three dose point distances from
a location directly above Heat Exchanger 2. The shield thickness for a 1.0-mrem(hr dose rate on the floor
surface was found to be 611 of ordinary concrete.


12.4.4.4 Top Head Shielding. The arrangement of the top head shield assembly is shown in
Figure 12.4-8. The results of shield thickness calculations in the various areas is given below.


12.4.4 .4.1 Working Platform-The working platform is designed to restrict the dose
rate at its upper surface to I mrem/hr or less from the operating core and from the N-16 in the primary
coolant. A thickness of about 12 in, of steel is required to reduce the dose rate to the design level,


12.4.4 .4.2 Loop Transfer Shield Plate-The transfer plate, which is located on top
of the shield cylinder, was designed for a dose rate of 1 rem/hr at its outer surface during test specimen
transfer. A thickness of 14.75 in. of steel is required to meet design requirements for the transient dose
rate,


12.4.4.4.3 Shield Cylinder-The shield cylinder was sized to restrict the transient dose
rate at its outer surface to 1 rem/hr or less during test specimen transfer. Program DER-013 was used to
calculate dose rates as a function of shield thickness. The required thickness of steel to meet the design
specifications is 17 in. To reduce the bulk in this region, a bimetallic cylinder with a thickness of 3 in. of
steel and 9 in, of lead was used as an equivalent substitute.


12.4.4 .4.4 Instrument Lead Duct-The five instrument lead ducts, carrying neutron
detectors for startup instrumentation, extend from the removal sleeve in the top head shield cylinder out
under the working platform. A shield thickness of 5 in. of lead was calculated for a dose rate of I mrem/hr
at the shield surface during normal core operation.


12.4.4. 5 Nozzle Trench Shielding. The shielding for the nozzle access trench is designed to
restrict the general radiation level in the trench (neglecting streaming through the nozzle penetrations)
from elements in the core and temporary storage racks to 12.5 mrem/hr or less, 3 hours after shutdown.
The shielding consists of a 2-in.-thick steel skirt surrounding the pressure vessel and extending from the
floor of the nozzle trench to the 4-in.-thick vessel wall section.


12.4.4 . 6 Cubicle Shielding . The exterior walls around the test cubicles are constructed of
magnetite concrete and are designed to


• Attenuate radiation from N-16 in the test loops to 2.5 mrem/hr at the outer surface of the wall.


• Restrict the integrated dose from an accidental release of fission products during the first hour
following a test failure to 12.5 mremlhr at the outer surface of the wall.


The primary loop cubicles, containing the loop piping and loop coolant components, are designated
as "High Radiation Areas," and are locked. Representative cubicle radiological dose rates while shutdown
can be found in Table 12.3-1. These areas are not entered during reactor operation without specific prior
planning and use of established Radiological Control procedures.
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The wall thickness between the cubicles are based on a dose rate of 7.5 mremlhr inside a cubicle
(with test loop shutdown) from adjacent operating cubicles and from the primary loop piping. The dose
rate inside a cubicle from the primary loops is calculated to be about 5 mrem/hr. Because no cubicle is
bounded by more than one other cubicle, the walls and floors between cubicles are sized for a
2.5-mrem/hr dose rate. The thickness of the cubicle ceilings in the first basement are governed by the
1.0-mremlhr design dose rate on the reactor operating floor.


The cubicle areas are routinely monitored for hot spot locations. For any areas where dose rates
were found to be too high, the area is cordoned off and access limited to keep personnel exposure within
acceptable limits.


20
12.4.4 . 7 Canal Shielding. The overa ll building height limits the depth of the storage canal to


The condition that governs the highest predicted dose rate is the transient dose rate that occurs
when a spent fuel element is raised above the storage rack to be lowered into the rack.


An 8-fl water shield height results in a 50-mrem/hr transient dose rate at the surface of the water
from an average fuel element with a uniform power distribution after 10 days decay. Because of shielding
by the water, most of the dose rate is due to the upper 1 fl of the element. Calculating dose rates on this
basis was considered to be as conservative as using the "hottest" element and accounting for end effects.
The element was assumed to be a vertical line source and the dose rate was calculated directly above the
element in water by integrating point-source attenuation kernels along the length of the element. The
absorption coefficients of the element were assumed to be those of water.


The shielding calculations for the walls and floor of the storage canal are based on a row of 40 fuel
elements, 4-in. center-to-center spacing, 15 days shutdown, and 6 in. from both the wall and floor. To
meet a design dose rate of 1.0 mrem/hr outside the canal wall, 6 ft 6 in. of ordinary concrete is required.
To facilitate construction around support beams, a wall thickness of 7 ft was used.


The canal floor forms the ceiling of cubicles 2A and 2E and a portion of the pipe tunnel. The floor
thickness.over these areas is sized for a 5.0-mremlhr dose rate and is 5 fl 6 in. of ordinary concrete.
Elsewhere the floor is 7 ft thick with a resulting dose rate of less than 1.0 mrem/hr.
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Maximum calculated dose ra te du ri ng full power
Location opera tion (mrem/hr)


Outside reactor concrete shield 6.0
Outside experiment H2O loop cubicles (N-16 2.5
activit o l )y n y
Inside experiment H2O loop cubicles 5.0 from adjacent operating cubicles (N-16 only),


6.0 from reactor and primary piping
Subpile room No access


Rod access room 10.0
Floor above heat exchangers 1.5
Reactor area , first floor 1.0


Reactor vessel top head 1.0


Above storage canal and at fl oor level near parapet 1.0
Above storage canal during spent fuel transfer 50.0 transi
Below storage canal 1.0
Outside walls of storage canal 1.0
Outside pipe tunnel cubicles 6.0
Motor area outside pump cubicles 7.0
Inside pump cubicles 4.0 from heat exchangers and piping, 7.0 from


adjacent pump cubicle
Nozzle access trench No access


Office areas < 0.25


Maximum calculated dose rate aft er shutdown
(nvem/hr)


< 1.0
< 1.0


< 1.0


1.0 from co re through vessel bottom head (does not
include streaming through bottom head
penetrations)


< 2.5
< 1.0


<1.0 except during specimen and loop component
transfer
<1.0 except duri ng specimen and loop component
transfer


50.0 transient
1.0
1.0


< 1.0
< 1.0


12.0 from core and sto red fuel (does not include
streaming through vessel penetrations)
< 0.25 except duri ng specimen and loop component
transfer







Idaho National Engineering and Environmental Laborato 412.09 (09/03 /20(12 -Rev. 7


CHAPTER 12 - RADIOLOGICAL PROTECTION -
Identifier : SAR-153


I UPGRADED FINAL SAFETY ANALYSIS REPORT
Revisi on: 10


FOR THE ADVANCED TEST REACTOR
Page : 12-57 of 12-84
Effective Date : 08/10/04


Table 12,4-2. Fission -product gamma activity in the t est loop (disintegrationslsecond ).
Time aft er fission -product relea


Energy interval (Meld 0.6 min 6min 10 hr
0.5-1.5 1.3 x 1015 1.3 x IOIs 8.0 x 1014 3.0 x 1014


1.5-2.5 1.6 x 10'4 1.5 x 1014 7.7 x 1013 8.3 x 1012


2,5-3.5 1.0 x 1014 4 3 x 1012 1.4 x 1012 1.4 x 1011


3.5-4.5 33x10" 3.3x1011 2.3x1017 3.0 x 1010
4.5-5.5 2.5x1013 4.4x107 -
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Figure 12.4-1. Primary gamma dose rates along core radial centerline . ( For Information Only)
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Figure 12.4-2. Primary gamma dose rates along core radial centerline. ( For Information Only)
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Figure 12.4-3. Secondary gamma dose rates along core radial centerline . ( For Information Only)
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Figure 12.4-4. Secondary gamma dose rates along core radial centerline. (For Information Only)







Idaho National Engineering and Environ mental Laborato 412.09 (09103 12002 - Rev. 7)


Identifier: SAR-153CHAPTER 12 - RADIOLOGICAL PROTECTION - Revision: 10UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 12-62 of 12-84
FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


Lead thickness , indies
1B3 0697


Figure 12.4-5. Dose rates from fission products in loop trap through lead, dose point 1 ft from shield,
4-in. steel and 6-in. polyethylene shields included. (For Information Only)
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Figure 12.4-6. Dose rates at outer surface of piping corridor shield from single infinite-length primary
pipe. (For Information Only)
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Figure 12.4-7, Dose rate from a primary pump through concrete shield wall. ( For Information Only)
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Figure 12.4-8. Reactor top shielding general arrangement. (For Information Only)
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12.5 Ventilation


This section discusses the ATR ventilation system and its function in radiation protection. A brief
summary description of the confinement structure and associated ventilation systems is provided. This is
followed by a discussion of the major ATR radiation protection system (i.e„ the Radiation Monitoring
System, its protective functions, and the radiation monitors and ventilation system interlocks associated
with its functioning).


12.5.1 Ventilation Design Philosophy


The design philosophy of the ventilation system from a radiation protection viewpoint is based on
its function to (a) prevent an uncontrolled release of airborne radioactive contamination from the ATR
building and (b) minimize the dispersal of activity from one area to another within the building.


The ATR confinement structure is designed to delay the release of fission products from a severe
accident involving the reactor primary system and installed experiments, by providing a resistance to
radioactive material releases at low pressure when a sealing system is activated.


12.5.2 Confinement Areas


The confinement areas (deBoisblanc and Cohen 1965), illustrated in Figures 12.1-3 to 12.1-5 and
12.3-1, are those areas where an accidental radioactive release from the reactor or loop experiments must
be contained, or where sealed penetrations from such an area to an otherwise "clean" area would be
difficult to maintain during normal operation. Approximately 46,440 m3 (1.64 x 106 f13) or 62% of the
total building volume is included.


12.5.2.1 Ventilation Systems. The ATR ventilation system, as illustrated on figures in
Chapter 9 (Auxiliary Systems), is not an engineered safety feature, ATR uses a ventilation system,
including all associated components, to control confinement atmospheric conditions during normal
operation. ATR's ventilation system couples the supply and exhaust fans to prevent starting one system
without the other.


In case of high radiation in the confinement, the RMSS, which is an engineered safety feature, will
seal the confinement, thereby mitigating the consequences of the release of fission products within the
confinement.


12.5.2 . 1.1 General-Ventilation for the principal working areas in the building is
sectioned to minimize the dispersal of activity from one area to another. The individual ventilation
systems are independent of each other and generally may continue or discontinue operation without
affecting other spaces.







Idaho National Engineering and Environmental Laboraro 412 .09 (09/03 /2002 - Rev. 7


Identifier: SAR-153
CHAPTER 12 - RADIOLOGICAL PROTECTION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 12-67 of 12-84


FOR THE ADVANCED TEST REACTOR Effective Date: 08 1 10104


12.5.2.1.2 Criteria for Confinement Ventilation-In view of the importance of
maintaining the integrity of the confinement in the event of a release of activity, special criteria have been
established for that portion of the ventilation system serving this area.


The confinement is served by three supply systems as follows:


A. Reactor area supply


B. A branch from the utility area supply that feeds the first and second basements


C. Control room air conditioning.


These systems and their associated dampers will be closed on a high activity signal from the RMS
located in the reactor area, exhaust plenum, or stack. Since the control room is within confinement, it may
not remain habitable following an accident; the closure of dampers due to a high radiation signal will stop
ventilation of the control room. In this event, operating personnel would evacuate the control room to
limit dosage. Required actions for shutdown of the reactor can be performed quickly and do not require
the operator to remain in the control room for an extended period of time. The setting for the building seal
system is considered in Chapter 15, and provides an upper limit on the dose received by operating
personnel during an evacuation as a result of significant release of fission products to the primary coolant
system.


12.5.2 . 1.3 Operating Auxiliary and Radwasfe Areas Ventilation System-
Chapter 9 (Auxiliary Systems) describes the ventilation and air treatment for the operating areas, storage
canal, and waste area. The heating, ventilating, and air conditioning systems for the reactor building are
shown in Chapter 9's figures. The operating areas include the reactor operating area and basements. This
includes those areas of the reactor building inhabited by operating personnel during reactor operation and
control, the primary and secondary reactor cooling systems, and the experiment loops.


The ventilation stack is 250 ft high to allow a good dispersion of effluent for radiation protection. It
is a tapered, unlined, reinforced concrete structure, which handles 64,800 ft'/min of exhaust air at a
maximum temperature of 105°F. The stack is approximately 300 ft northwest of the ATR building. The
inside diameter of the stack is 5 ft at the top, resulting in a discharge velocity of 3,300 ft/min, which
permits good mixing with atmospheric air and excellent wind carry-off.


The degassing tank is maintained at a negative pressure through the use of exhaust fan HVE-78,
which draws air from the primary heat exchanger area through the tank. The fan normally discharges the
exhaust gasses to the Argon Delay Line System. The Argon Delay Line System can be bypassed which
routes the fan discharge directly into the plenum of the main exhaust system. The purpose of the Argon
Delay Line system is to reduce annual release of short-live radionuclides released from the main stack.
The system provides a large hold tank volume that permits decay of short-lived radionuclides released by
the degassing process. A beta--gamma monitor is used in the degassing system to sound an alarm on high
activity level.


The primary heat exchanger area is ventilated by exhaust fan LIVE-4, which draws air in from the
basement and discharges into the main exhaust system. This fan prevents backflow of contaminants from
the primary heat exchanger area to the basement and also ensures proper airflow direction in the primary
coolant pump motor area.







Idaho National Engin eering and Environmental Laboratory 412.09 t09t03/2002 - Rev.7j


Identifier: SAR-153
CHAPTER 12 - RADIOLOGICAL PROTECTION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 12-68 of 12-84FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


12.5.2. 2 Radiation Monitoring System. The purpose of the ATR Radiation Monitoring
System (RMS) is to measure, indicate, and warn of the presence of radiation at various locations within
the ATR building and to control ventilation equipment for radiation release control at preset radiation
levels. Thus, the RMS provides the basis for appropriate action to be taken by cognizant plant personnel.
As the locations and setpoints of some radiation detectors and monitors may change, a listing of the
monitors, their locations, and setpoints is not included in this document. This information is found in
ATR Detailed Operating Procedures and Operating R. Maintenance Manual chapters.


12.5.2. 2.1 RMS Protective Functions-During normal operation, the ventilation
system functions to purge the confinement area . This creates a negative pressure within the confinement
with respect to atmosphe ric pressure , and directs exhaust flow from areas normally occupied by reactor
operating personnel during operation . Flow is from clean to contaminated areas, through the building
exhaust system , and out the waste gas stack . It should be noted that the purge function does not perform
an essential protective function . However, it does provide a describable degree of personnel protection. It
also serves to relieve any possible pressure buildup in the confinement area that might accompany a
radioactive release.


Upon alarm of a sufficient number of stack radiation monitors, indicating the release of radioactive
material to the environment, the RMSS functions to isolate the confinement. Isolation consists of
automatic actuation of a sufficient number of ventilation penetrations of the confinement boundary to
ensure a building leak rate less than or equal to 100% of the confinement volume per day to the
atmosphere, for the bounding accident conditions.


12.5.2 . 2.1.1 Stack Radiation Monitors-The stack exhaust radiation monitors
are part of the RMSS. The isolation system is an engineered safety feature for control of significant
releases of airborne radioactivity from the ATR building.


The setpoint for the stack exhaust monitoring subsystem is based on radiological doses provided in
Peterson (1995b). The analysis determines the field in the stack breech that would result in a thyroid dose
that is less than 300 rem to a person located at a distance of 10,000 in from the ATR facility. Worst-case
meteorology and conservative assumptions regarding exposure time are assumed. The resulting calculated
limit for the stack monitor is 350 mR/hr. For conservatism, 315 mR/hr is used. Because this setpoint will
actuate the confinement seal, the actual dose at the location considered would not approach the limiting
value of 300 rem.


12.5.2. 3 Area Radiation and Airborne Radioactivity Monitoring Instrumentation.
This subsection discusses the types of monitoring instrumentation and their performance characteristics
used in the ATR RMSS and Radiological Control monitoring systems. The minimum radiation and
airborne radioactivity monitoring instrumentation requirements were evaluated and defined in Grant
(2002a) and Grant (2002b). The minimum monitoring requirements are based on consideration of
possible accident conditions in various facility locations and are intended to alert personnel in the event of
abnormal conditions where individuals could receive doses in excess of plant protection criteria.
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12.5.2 . 3.1 Digital Radiation Monitoring System (DRMS) RAMS-The Digital
Radiation Monitoring System (DRMS) provides information of radiation dose rate levels, airborne
radioactive particulate levels, radioiodine levels, and radioactive noble gas levels in the ATR. The system
RAMs have a maximum range of 0-2,000 RJhr.


Total system information from all local Data Acquisition and Control Modules (DCMs) is available
at two Radiation Control Unit color display terminals in the ATR RCT office, and two remote terminal
computers.


All DRMS RAMs have the potential for three alarm points. Setpoint I is an ALERT, Setpoint 2 is
an ALARM, and Setpoint 3 was designed to be used on RAMs for the TRA evacuation system , However,
Setpoint 3 is currently disabled for all RAMs. The evacuation system operation is discussed in
Section 12.5.2.3.2. All setpoints are adjustable over the entire detector range , The RAMs are equipped
with local alarm and readout . In addition , alarm and readout capabilities are available in the RCT office
and the reactor control room.


12.5.2.3.2 Evacuation System RAMS-The evacuation system functions to alert
control room operators and radiological control personnel of a condition that may warrant evacuation of
the facility, in order to minimize exposure to personnel. The system provides no protective function other
than a warning. Based on information from the affected RAMs and other plant conditions, the shift
supervisor may then manually initiate an evacuation from the control room. Eight of the DRMS RAMs
are associated with this function. RAMs are selected based on the assumption that alarms from at least
two instruments separated by distance and facility structures, indicates an event in progress that affects a
large portion of the facility. RAMs are arranged in three groups, two groups for the facility and one group
for the waste gas stack. The alarm trips are generated from pulse counters in the respective Data
Acquisition and Control Modules (DCM) for each RAM. The pulse counters take their signals directly
from the detector, separate from the DRMS software and communication system.


The following channel groups are used to actuate an evacuation alarm in the control room:


DRMS RAM 5, 6, 23 Group A Evacuation


DRMS RAM 2, 13, 24 Group B Evacuation


DRMS RAM 34, 35 Stack Monitor.


The logic to initiate the evacuation signal is as follows:


Two of three setpoints exceeded, Group A, or


Two of three setpoints exceeded, Group B, or


Either setpoint exceeded, Stack monitor.
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12.5.2.3.3 High Level Radiation Monitoring System-The High-Level Radiation
Monitoring System (HLRMS) is used to detect and measure radiation levels in the confinement area that
would result from any reactor accident up to the levels expected from a maximum hypothetical accident.
The HLRMS has a readout in the RCT office. A signal is tied into the RDAS; however, the RDAS will
not survive high radiation fields since it is not a radiation hardened system. The monitoring system is
capable of measuring up to I0fl Rlhr. The unit electronics is voltage calibrated for the range 100 to
10' R/hr, which encompasses the maximum gamma field expected in a maximum hypothetical accident.
Instrument response checks are performed at specified intervals.


12.5.2. 3.4 Fission Break Monitors--The fission break detection system offers rapid
reactor protection in the event of a gross fission break in the reactor core. The gamma-sensitive ion
chamber is located on the wall of the primary pipe space near the 40-11 elevation. The normal background
at the chamber will be primarily from the N-i 6 formed in the primary coolant water. A fission break in
the core will release gamma emitters to the coolant stream and increase the radiation levels at the
chamber. This increase is monitored by the detector chamber and displayed in the reactor control room.


'The fission break system is a subsystem of the Plant Protective System. The subsystem consists of
three separate identical channels. Each channel consists of a gamma ionization chamber, check source,
lead shield, high-voltage power supply, and linear picoameter.


12.5.2.3.5 Continuous Air Monitors-Continuous Air Monitors (CAMS) are in place
to detect radioactive airborne particulate in plant air. There are currently two systems in place that
monitor airborne activity. On some occasions, work in specific areas will be under the requirements of a
RWP. The RWP will specify the airborne radioactivity monitoring requirements.


12.5.2.3.5.1 RMSS CAMs-Two RMSS CAMS are tied into the plant interlock
system. Actuation of either of these CAMS will cause the ventilation in the canal to be secured. The
CAMS provide visual and local alarms and are annunciated in the reactor control room. Information is
also transmitted and recorded in the RCT office.


12.5.2. 3.5.2 Digital Radiation Monitoring System (DRMS) CAMS-Ile
DRMS is used to detect airborne particulate in plant air. There are two types of CAM units on the DRMS,
PIN (Particulate, Iodine and Noble gas) and PI (Particulate and Iodine) CAMS. Some of the DRMS
CAMS are mobile units. Each CAM channel (P, I, and N) has the potential for three alarm levels, set in
concentrations of pCitml. The three level alarms are ALERT (Level 1), ALARM 1, and ALARM 2
(Level 2 and Level 3). All levels are adjustable over the entire range of 0 to I x 10' pCilml. The CAMS
provide visual and local alarms and readouts and are annunciated in the reactor control room and the RCT
office. Information is automatically transmitted and recorded in the RCT office.


12.5.2 . 3.5.3 Airborne Effluent Monitoring Basis-The requirements on
airborne effluents are derived from the requirements of current DOE and DOE-ID orders and guidance
documents.


Stack effluents are continuously monitored using a self-contained radiation detection system.
Gaseous and particulate effluents are normally discharged through the stack. The SPING is configured to
monitor, record, and alarm on noble gases, iodine, and particulate stack release rates separately. The Stack
Effluent Real Time Monitor also provides continuous online monitoring and isotopic analysis of stack
effluents. Manual sampling and laboratory analysis are also available
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The action levels and alarm setpoints for the ATR Stack Effluent are included in Chapter 12
(Radiological Protection) because it is a significant source of anticipated dose to facility and off site
personnel (DOE 1993; Wagner 1995).


The baseline daily release rate used as a basis for actions is established annually. The specified
action levels for stack effluent release rates are consistent with requirements.


The first level of action is set to 3 times normal for gases and 10 times normal for iodine or
particulates. These are sufficiently above normal to identify a potentially abnormal fuel element or
experiment condition, and are also high enough to minimize unnecessary actions.


The second level of action is established at 20 times the normal baseline to ensure actions are taken
prior to reaching the dose limits for the public.


The third and highest action level is consistent with limiting doses to members of the public due to
ATR airborne effluents to the most restrictive of the DOE offsite radiation protection standards for
airborne releases, which is the 10 mrem/yr EDE from airborne releases (DOE 1993). The limits in this
action level are based on simple yet conservative dose calculations (Wagner 1995).


Normally, a planned release would not be expected to reach 20 times the normal baseline.
However, in the event it becomes necessary to initiate any planned release of 20 times the normal baseline
or greater, any such release will be treated consistently with unanticipated releases. Should a release of 20
times the normal baseline be required, an evaluation(s) and reporting will occur.


Annual off-site doses were calculated for each radioisotopic category (i.e., noble gases, iodines,
and particulates) in typical ATR stack effluents. The calculations were determined using requirements in
place at the time (10% of 25 mrem/yr) that were more restrictive than current limits. The limit for each
isotopic category was established by scaling the effluent resulting in the typical annual dose up to the
annual dose limit. The 2.5 mrem/yr effective dose equivalent is reached with an average release of
450 Ci/day of noble gases or 24 Ci/day of iodine or 620 Ci/day of particulates for 365 days per year
(Wagner 1995). The setpoints and the high action levels were based on the results of these calculations.
The setpoints and maximum action levels are 100% of the noble gas value and 1% of each of the iodine
and particulate values from the dose calculations. These setpoints are consistent with the typical mix of
airborne effluents from ATR, and ensure that the total dose from all isotopic categories does not exceed
2.5 mrem/yr.


I


The above calculations indicate that a total release of 162,000 Ci of noble gases over a l -year
period or a continuous average monthly release of 13,500 Ci/month of noble gases results in maximum
annual doses to the public of 2.5 mrem. Monthly averaging is allowed, thereby permitting flexibility to
evaluate the average daily release over a I-month period and the importance of the experimental data to
justify continued reactor operation.


Onsite doses to a maximally exposed worker resulting from the above daily effluent release limits
were shown (Wagner 1995) to be a small fraction of the annual federal limit of 5 rem (TEDE) for
occupational exposures from DOE activities, The maximally exposed worker is defined as a person who
is downwind and at a distance from the stack where the concentration in the plume is the highest for the
work year. This calculation is conservative because wind speed and direction are variable, and it is
therefore not credible for an individual worker to be exposed to the maximum concentration for a total
work year.
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12.5.2. 3.6 Whole Body Monitors and Survey Stations--Personnel Contamination
Monitors and/or contamination detection devices appropriate to the nature of contamination are deployed
at areas adjacent to Contamination, High Contamination, or Radiological Buffer Area exits in areas of
sufficiently low background radiation.







Idaho National Engineering and Environmental Laboratory


CHAPTER 12 - RADIOLOGICAL PROTECTION -
UPGRADED FINAL SAFETY ANALYSIS REPORT


FOR THE ADVANCED TEST REACTOR


Table 12.5-1. Environmental conditions.


412 .09 (09/0012002 -Rev. 7)


Identifier: SAR-153
Revision: 10
Page: 12-73 of 12-84
Effective Date: 08/10/04


Abnormal


RAMS Normal Con fi nement Area Health Physics Office Storage


Radiation 0 to 10 mR/hr TO to + 1 hr: IOs R/hr 10' Rlty maximum 0 to I mR/hr
I hr to + 24 hr: 6 x 10' R/hr


Water (humidity) 20 to 90% RH Main floor and first basement: 100% RH 0 to 99% RH
100% RH + water spray + local fl oor flooding


Second basement:
100% RH + water spray + floor fl ooded to 0.25-m
depth


Pressure 12 to 14 psi 0,25 psi differential pressure (bui lding design) No special requirement 12 to 14 psi


Temperature 70 to 106°F 32°F minimum No special requirement -29 to 151°F
TO to I hr < 205°F
I hr to 24 hr < 140°F
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12.6 Dose Assessment


12.6.1 Anticipated Dose Rates


The radiation designation for an area is determined by the maximum expected whole-body dose
rate that should be experienced in that area, whether from sources of radiation located within or external
to the area. Radiation areas are designated and controlled in accordance with the radiation-protection
program described in the following section. Maximum radiation doses are not expected to occur, and
indeed are not ascribed to, as a result of normal operation. The highest doses in the plant occur in rooms
containing equipment and pipe handling radioactive fluids.


Shielding, as described in preceding sections of this chapter, is used to maintain much of the plant
within the lowest radiation levels. Also, ATR operational experience indicates that the measured radiation
levels are usually considerably less than those used for shielding design objectives, for controlling
radiation doses, Therefore the annual radiation doses received by plant personnel are well below federal
limits specified in 10 CFR 835.


In addition to exposure from continuous radioactive sources (direct exposure), radiation exposure
within the plant from airborne radioactivity is possible. Occupational exposure from these sources is
insignificant at the ATR in comparison to that contributed by direct radiation. Ventilation systems
continuously direct air from areas of lesser radioactivity to areas of greater radioactivity and potential
contamination levels are monitored and controlled. Area monitors and radiological surveys also aid in the
control, and minimization of personnel exposures, so that the contribution of airborne radioactivity to the
total person-rem exposure is insignificant in comparison with that exposure contributed by direct
radiation.


Normal operation radiation exposures contributed by direct radiation sources located outside of the
ATR, excluding other site structures and operations not considered in this safety analysis report, are
minimal. This corresponds to the limited number of radiation sources in the area. An examination of the
historical exposure from the ATR from 1995 to 2001, described in the following sections, indicates that
the total exposure from the ATR is provided essentially by the occupational exposure from direct
radiation within the plant structures.


It is anticipated that the control room and the normally occupied areas will maintain a maximum
allowable dose rate that is well within the limits, based upon an extrapolation of the historical operating
experience since 1986, as discussed in the following section.


12.6.2 Exposure of ATR Facility Personnel


The ATR achieved initial criticality on July 2, 1967, and has been operating since then. For this
reason, ATR operating experience has been examined to determine the current annual personnel exposure
and to indicate future exposures, based upon an extrapolation of current trends. The period encompassing
1995 to 2001 was chosen to best represent typical modern ATR operation and current radiation-protection
practices. This period includes 59 operating cycles, several major equipment modifications, and sufficient
information to "highlight" any positive or adverse trends.
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Table 12.6-1 presents a summary of the personnel exposures due to normal operations and those
due to other activities, including maintenance on a daily or annual basis for the period reviewed. It should
be recognized that the information presented is conservative and "bounding" with respect to ATR
contribution. This is due to the inclusion of information from other facilities, located at the TRA, in the
database. These facilities do not include other operating reactors or projects that currently provide, or are
anticipated in the future to provide, a significant contribution to the aggregate exposures received by
personnel at the TRA. As many personnel receive radiation exposures during performance of their
workday activities from these multiple facility sources, the current practice is to maximize operational
efficiency and attempt to develop a system to record and allocate individual personnel exposures
explicitly to the separate facilities at the TRA site. It should be noted that for many discrete activities, the
present radiological control program does explicitly control and record personnel exposures.


It should be recognized that the dose rates presented provide a baseline of those expected for AIR
operation and associated activities. Variations in the working force, radiation levels, unplanned
maintenance, repair work, etc., may result in different exposures in the future as they have in the past. The
exposures presented are expected to provide a reasonable upper bound to those expected during normal
operation. The 10 year trend from 1993 to 2002 is shown in Table 12.6-1. The table indicates an initial
decrease in the daily exposures for ATR operations personnel followed by a steady rate at 0. 1 intern per
operator for each day. The daily exposure is not likely to decrease significantly below that level.


Table 12.6-1 summarizes the estimated annual dose contribution from the ATR to plant personnel.
The assumptions in the estimate are as follows:


Dose to operations personnel in these years does not include the larger doses that accompany a
Core Internals Changeout (CIC) outage and therefore better reflect a normal year of operation.


Collective dose is a function of all doses from ATR operations during the year, including
maintenance and outage operations. The daily exposures for this category are derived from the collective
dose, divided by the number of days in a year. The dose must then be divided by the number of personnel
working on a specific day, to determine the individual daily exposures.


Normal operations daily exposures are based on annual dosimeter data for ATR operations
personnel, divided by the number of personnel with a positive recorded dose and by the number of days
the reactor was operated for the year.


Technical staff personnel are included in the values only if they receive a positive recorded dose
for the year. In general, their collective radiation exposure is negligible, based upon an examination of the
historical data.


The technical staff spent most of their time in uncontrolled areas where the radiation levels are
sufficiently minimal to not require administrative controls. For example, the engineers will be involved in
office work. Likewise, radiological engineers and radiological control technicians will spend a
considerable portion of their work time in offices. The latter, however, will be engaged in periodic plant
surveys and be present during many maintenance operations. Approximately one-third of a radiological
control technician's shift may be spent in laboratory work and collecting certain samples.
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12.6.2 . 1 Normal Operation . Exposures received for normal operation are estimated to be
those primarily due to reactor operation and surveillance. An assumption is made that control room
operation, radiochemical laboratory work, and office work result in negligible exposures. Therefore, the
exposure attributed to reactor operation and surveillance stems primarily from routine patrol of ATR areas
housing potentially radioactive equipment; from periodic tests; and from operations and work activities
(excluding those work activities that entail assembly, disassembly, and repair between operating cycles,
which are then classified as maintenance activities).


Reactor operations and surveillance activities include local operations such as valve alignment,
starting and stopping pumps, patrolling, operation of the radwaste system (but not the actual handling of
the solid wastes), sampling, radiation and contamination surveys, and occasional lubrication.


12.6.2 . 2 Maintenanceltncidents/Other Activities. These activities include preparation for
operating cycles, refueling, test-sample preparation, and associated test-sample handling and evaluation at
the ATR. Estimated exposures from other than normal operating activities reflect the residual from that
attributed to normal operation activities and any incidents/deviations occurring in the time period
evaluated. The large number of operating cycles (59) during the 7-year historical time period examined
indicates that most maintenance activities are essentially inseparable from normal operations. This is in
contrast to the standard commercial nuclear power plant in which the operating cycle (between refueling
outages) is approximately 1-1/2 to 2 years in duration and further subdivision of personnel exposure
sources, the current practice, is of greater usefulness and relevance. The method followed in this safety
analysis report is to determine the personnel-exposure contribution from maintenance, incidents, and
other activities in excess of those explicitly associated with normative activities. Recourse to an
examination of historical operations and health physics logs was made to develop and apply criteria used
in the personnel-exposure data evaluation and to determine the effect and presence of incidents.


12.6.3 Dose Assessment Summary


ATR exposure data for 1993 through 2002 is shown in Table 12.6-1. The daily doses are not
expected to change significantly from these levels in years where no CIC outage is scheduled. During the
last CIC the collective dose was 46.6 rem with doses being significantly lower for the years following
CIC. Personnel exposures from other activities, including maintenance between cycles, are variable and
highly dependent on major maintenance and modifications that are planned for the year. It should be
noted that the 1997 to 2001 results are somewhat higher than the 1995 and 1996 values. Doses in 1998
were higher due to the major personnel exposures accumulated in replacing the 2B-SE loop line heaters.
The numbers from 1999 are also somewhat higher due to the large doses associated with modifying the
IA primary loop cubicle to install the Multiple Irradiation Capsule Experiment (MICE) infrastructure.
The 2000 and 2001 collective doses are elevated slightly due to major work associated with the 2E-NW
loop recirculating pumps. In 2002 the collective doses reflect the change out of a flux trap baffle.
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Normal operation personnel
ex osure


Year
Operating


davs
Daily
(mrem)


Annual
(mrem)


Other activity daily personnel
exposure`
(mrem)


Collective closest
( rem)


1993 137 0.3 100 87 31.7


1994 156 0.3 118 127 46,6


1995 296 0,2 70 19 7.1


1996 291 0.1 52 16 5.9


1997 289 0.1 39 33 12.1


1998 219 0.1 32 44 16.1


1999 250 0.1 33 46 16,8


2000 277 0.1 45 36 13.0


2001 241 0.1 46 36 13.1


2002 271 0.1 49 38 1 1 9


a. The doses presented in the Normal operation portion of this table are person-equivalent doses for workers whose normal assignment is at the AIR (i.e., shift workers).


h. Collective doses are the total doses of all personnel, including permanently assigned and transient workers, which worked at the ATR during any part of the indicated years.


c. Daily exposure for an avera ge day, for all personnel. This value must be divided by the number of personnel workin during the da to derive individual daily exposures.
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12.7 Radiological Control Program


The ATR facility management provides a safe work environment within the facility and assigns
responsibility to all management levels for implementing a radiological control policy in which there
should be no occupational exposure of workers to ionizing radiation without the expectation of an overall
benefit from the activity causing the exposure.


The radiological control program at the ATR facility is based on 10 CFR 835. The requirements of
10 CFR 835 and the Contractor's radiological control policies and procedures are implemented through
the Contractor's Radiological Control Manual and associated procedures. Radiological control staff
evaluate and monitor radiological conditions of operations at the facility and establish the radiological
procedures to be followed by all personnel. They provide assurance that all applicable regulations are
complied with and that all required radiation protection records are adequately maintained.


The radiological control program implementation at TRA handles Radiological Work Permits,
ALARA committee reviews, and post-job evaluations in a standard manner and without regard to specific
experiments or facilities at TRA.


The TRA Radiological Control program currently reports to the Environmental, Safety & Health
Manager who reports to the Director of Reactor Programs.


12.7.1 The ALARA Policy and Program


DOE Orders 5400.5 (DOE 1993), "Radiation Protection of the Public and the Environment," and
10 CFR 835, "Occupational Radiation Protection," require that radiation exposure be controlled in
accordance with the "as low as reasonably achievable" (ALARA) philosophy. This requirement is
implemented at the facility through the Contractor's radiological control program.


The ALARA policy at the ATR facility is to maintain occupational radiation exposure as far below
limits as is reasonably achievable. An aggressive approach is used at the facility to keep radiation
exposures to the minimum amount practicable, consistent with job/program needs and associated costs.
Employee ALARA goals and organizational level goals are established, and the associated records are
maintained.


12.7.1 . 1 ALARA Design Criteria . ALARA principles are an integral part of proposed
modifications to existing buildings involved in radiological environments , Although DOE limits allow
radiation fields of 0.5 mrem/hr in continuously occupied areas , continuing efforts during the
design/upgrade process are necessary to ensure exposure rates are consistent with ALARA objectives.


The best available technology, including cost-versus-benefit analysis for dose reduction, is used
and documented in the design process. The primary means for maintaining ALARA exposures are
through physical controls (e.g., confinement, ventilation, remote handling, and shielding).


Maintenance, decontamination, and decommissioning needs are also considered during the
design/upgrade phase and material selection.
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12.7.2 External Radiation Exposure Control


10 CFR 835 and 5400.5 (DOE 1993), supplemented by the Contractor's ALARA goals, establish
the external radiation exposure limits. The Contractor's Radiological Control Manual and associated
procedures provide practices used at the facility for controlling exposures, including radiation
surveillance, permanent and temporary shielding, exposure monitoring, and control of access to radiation
areas.


ATR facility management ensures that exposure of employees and visitors to external radiation
sources is ALARA and, in all cases, within DOE order requirements.


12.7.3 External Dosimetry


10 CFR 835 requires the use of external dosimetry. The Contractor's Radiological Control Manual
and associated procedures establish the policy, requirements, and training necessary for an individual to
be assigned external dosimetry and determine when dosimetry shall be used at the facility.


External dosimetry encompasses monitoring personnel radiation exposures from sources that are
external to the body, including personnel monitoring for routine radiation exposure, area/environmental
monitoring, and facility and personnel accident monitoring. External personnel monitoring includes
penetrating and nonpenetrating radiation contributions to a person's whole body and extremities, as
appropriate. External dosimetry is provided by the Contractor's Radiological Control organization.
External dosimetry will be accomplished using devices that arc accredited by the DOE Laboratory
Accreditation Program for the radiation types and categories encountered in the facility environment.


Thermoluminescent Dosimeter (TLD) badges, issued upon entering a radiological control area,
monitor external exposure. Results from the TLD badges are compiled in a report for evaluation.


In addition to the TLD badges, ionization chamber direct-reading pocket dosimeters and electronic
integrating pocket dosimeters are used. These are specified in Radiological Work Permits and written
procedures that control work practices at the facility.


12.7.4 Internal Radiation Exposure Control


Internal radiation exposure at the facility is controlled in accordance with the requirements in the
Contractor's Radiological Control Manual and associated procedures which provide information to
prevent and minimize internal radiation exposures in accordance with 10 CFR 835.


Internal radiation exposure is reduced by engineering and process controls, which are
supplemented by administrative controls. Where specific situations cause these controls to be insufficient,
respiratory protection maybe required.


12.7.5 Internal Dosimetry


10 CFR 835 specifies, and the Contractor's Radiological Control Manual and associated
procedures provide the requirements for monitoring personnel for internal exposures.


Individuals working at the facility are categorized by job tasks and exposure potential. Individuals
who exceed the Contractor's bioassay trigger levels are included in the bioassay program.
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12.7.6 Radiological Protection Instrumentation Programs


10 CFR 835 specifies requirements for radiological instrumentation. The Contractor's
Radiological Control Manual and associated procedures define the criteria for selection, design,
procurement, and installation of radiological instrumentation used at the facility. Also established are the
standards and practices for calibration and control. Properly selected, operated, maintained, and calibrated
radiological instrumentation is employed at the facility to implement an effective radiological controls
program.


The Contractor's radiological control program provides procedures for the calibration, response
check, and operational inspection of standard radiological instruments used at the ATR facility,


12.7.6. 1 Calibration and Control. Calibration and control for portable radiological
instrumentation used at ATR conform to American National Standards Institute (ANSI)-adopted standard
of the Institute of Electrical and Electronic Engineers (IEEE), Standard N323A-1997 (ANSI 1997). The
standards used for calibrating portable radiological instrument functions are directly or indirectly
traceable to a National Institute of Standards and Technology standard.


12.7.7 Respiratory Protection Program


The Contractor's Radiological Control Manual and associated procedures provide guidelines for
selecting respiratory protection equipment for protection against airborne radioactivity. This procedure
incorporates the requirements of ANSI 288.2 (ANSI 1992), "Practices for Respiratory Protection."
Respirators for radiological exposure control purposes are used at the facility in accordance with the
Contractor's Radiation Protection.


ATR uses equipment approved by the National Institute of Occupational Safety and Health, Mine
Safety, and Health Administration. This includes


• Air-purifying, full-face respirators


• Pressure-demand, self-contained breathing apparatus


+ Air-purifying, half-face respirators (not for use in the presence of radioactive contaminants without
prior approval).


All personnel employed at the ATR facility who use respiratory equipment are formally trained and
qualified before using respiratory equipment.


12.7.8 Work Place Air Monitoring


10 CFR 835 requires the monitoring of airborne radioactivity. Monitoring of airborne radioactivity
at the facility is performed in accordance with the Contractor's Radiological Control Manual and
associated procedures.
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12.7.8 . 1 Area Airborne Monitoring System. Ambient air monitoring is performed in
occupied ATR facility areas with the potential to exceed levels listed in the contractors Radiological
Control Manual and associated procedures. Representative ambient air monitoring samples are taken in
strategic locations to detect and evaluate radioactive material at work locations. Portable air samples or
lapel samplers are used to provide information on breathing zone conditions. The data obtained are used
for assessing control of airborne radioactivity in the workplace; it is not normally used to evaluate dose
equivalent to radiation workers.


Airborne radioactivity monitoring is performed during work expected to cause airborne
radioactivity, when opening radioactive systems, when initially entering confined spaces that could
contain airborne radioactive materials.


Any airborne radioactivity detected in occupied ATR facility areas is compared to the DAC values
listed in 10 CFR 835. Personnel exposure is controlled for any ATR area where airborne radioactivity
exceeds 30% of the DAC listed in 10 CFR 835. Personnel, including the public, who are in uncontrolled
areas, are not exposed to radioactivity levels greater than those listed. Personnel exposure to airborne
radioactivity is controlled as follows:


When the potential exists for ATR airborne radioactivity levels to exceed 30% of a DAC, ALARA
practices are imposed to reduce the airborne activity as much as possible.


Containment of contamination is also used to the maximum extent practicable to prevent ATR
personnel from being exposed to airborne radioactivity, as defined in the Contractor's Radiological
Control Manual and associated procedures, is used to the maximum extent practicable to prevent ATR
personnel from being exposed to airborne radioactivity above the limits.


12.7.9 Radiological Monitoring and Contamination Control


DOE Order 5400.5 (DOE 1993) and 10 CFR 835 specify the requirements to ensure control of
radioactive contamination. Radiological monitoring and contamination control at the facility is
maintained to ensure that radiation exposure and contamination limits contained in the Contractor's
Radiological Control Manual and associated procedures are not exceeded.


12.7.9. 1 Control of Personnel Contamination. External monitoring of the whole body for
beta-gamma contamination is required of each person upon exit from an ATR contamination area.


Contamination found on clothing is either contained or the clothing is removed before the
employee leaves the survey station. Containment may involve taping or covering to prevent the spread of
contamination. The occurrence of contaminated clothing is immediately reported to the individual's
manager and ATR radiological control personnel.


12.7.10 Radiological Protection Recordkeeping


Radiological protection records are generated at the facility in accordance with the requirements
specified in 10 CFR 835. Inventory, radiation survey, and air-monitoring records are maintained to
provide a history of radiological conditions for use in reconstructing exposures at a later time. Records
that document the appropriateness, quality, and accuracy of methods, techniques, and procedures in use
during any given period are maintained in accordance with Contractor Radiological Control Manual and
associated procedures.
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12.7.11 Radiological Area Boundaries , Posting , and Controls


Radiological areas at the facility are determined and their boundaries are marked and posted in
accordance with 10 CFR 835 and the DOE Radiological Controls Manual, which are promulgated at the
Contractor's facilities by the Radiological Control Manual and associated procedures. Based on survey
results, boundaries are defined and areas are posted by trained radiological control technicians following
the posting protocol.


12.7.12 Radiological Protection Training


All individuals requiring access to radiological controlled areas within the facility receive training
on their responsibilities for safely working with or around radioactive materials and radiation. The
training emphasizes the nature of radiological conditions and control of radiation exposure. The level of
training is based on each employee's category of involvement with radiological work at the facility and
meets the requirements specified in 10 CFR 835 and implemented in accordance with the Contractor's
Radiological Control Manual and associated procedures.


12.7.13 Entry and Exit Control Program


The radiological entry and exit control requirements for the facility are contained in the
Contractor's Radiological Control Manual and associated procedures. The manual provides information
on the minimum requirements for unescorted entry for purposes of radiation safety at all Contractor-
operated facilities at the Idaho National Engineering and Environmental Laboratory.
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ACRONYMS/ABBREVIATIONS


ACF
ARLFRO
ATR


BAO
BBWI


CFA
CFR
CSAP


DOE
DOE-ID
DOP
DAR


EAL
EAM
ECC
EG&G Idaho
EOC
ED
EM
EP
EPI
EPZ
ERO
ES&H
ESA
ETR


INEEL
INEEL VIZ
INPO
INTEC
IRT
IRTL


LMITCO


MSDS
MTR


NOAA


Access Control Facility
Air Research Laboratory Field Research Office
Advanced Test Reactor


Building Access Only
Bechtel BWXT Idaho, Inc.


Central Facilities Area
Code of Federal Regulations
core safety assurance package


U.S. Department of Energy
U.S. Department of Energy, Idaho Operations Office
Detailed Operating Procedure
Document Action Request


Emergency Action Level
Emergency Action Manager
Emergency Control Center
EG&G Idaho, Inc.
Emergency Operations Center
Emergency Director
Emergency Management
Emergency Preparedness
Emergency Plan Implementation Procedures
Emergency Planning Zone
Emergency Response Organization
Environmental, Safety, and Health
experiment safety analysis
Engineering Test Reactor


Idaho National Engineering and Environmental Laboratory
Idaho National Environmental Engineering Laboratory Visualization
Institute of Nuclear Power Operations
Idaho Nuclear Technology and Enginee ri ng Center
incident response team
Incident Response Team Leader


Lockheed Martin Idaho Technologies Company, Inc.


Material Safety Data Sheet
Materials Test Reactor


National Oceanic and Atmospheric Administration


O&MM Operating and Maintenance Manual
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Occurrence Report
Occupational Safety and Health Administration


probabilistic risk assessment


QRC Qualification Review Committee
RCRA Resource Conservation and Recovery Act
RP Reactor Programs


SAR Safety Analysis Report
SD (TRA) Standing Directive
SNM special nuclear material
SORC Independent Safety and Operations Review Committee
SP (RP) Standard Practice


TIM Training Implementation Matrix
TPM Training Program Manual
TRA Test Reactor Area
TSR Technical Safety Requirements


UFSAR Upgraded Final Safety Analysis Report
USQ unreviewed safety question


WCC Warning Communications Center
WO work order
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13. MANAGEMENT , ORGANIZATION,
AND INSTITUTIONAL SAFETY PROVISIONS


This chapter contains an overview of the management organization and institutional safety
provisions of the Advanced Test Reactor (ATR).


Section 13.1 describes (a) management functions and responsibilities of each ATR organization;
(b) administrative controls with emphasis on safety performance assessment; (c) processes by which the
form and technical content of plant procedures are developed, verified, and validated; (d) configuration
and documentation management programs for ATR, including the reporting of abnormal occurrences and
corrective action; and (e) ATR staffing, including personnel selection, qualification, certification, and
development.


Section 13.2 documents the methods used to develop, verify, and validate ATR personnel training.
The section describes (a) training process development and testing of the ATR training program,
(b) methods used to identify possible ATR training deficiencies, and (c) how the ATR Training Program
complies with the U.S. Department of Energy (DOE) Training Program requirements.


Section 13.3 describes the Emergency Management (EM) (Emergency Preparedness) Program and
the Test Reactor Area (TRA) implementation of the Program, which ensures the safety and health of
workers and protects property and the environment in the event of an operational emergency at the TRA.
This program enables the Emergency Response Organization (ERO) to respond to an emergency in a
timely, efficient, and effective manner, thus resulting in improved mitigation of consequences. The
Program is maintained to ensure adequate response for potential accident scenarios and to provide the
framework for responding to accident scenarios not specifically considered.


Section 13.4 describes (a) the physical security of the TRA and ATR; and (b) personnel security,
routine access, and security education for TRA.


Section 13.5 describes the conduct of operations at ATR. The 18 chapters in the Operations manual
correspond to the chapters in DOE Order 5480.19, "Conduct of Operations Requirements" (DOE 2001 b).
The Contractor tailored the manual for its operations at the Idaho National Engineering and
Environmental Laboratory (INEEL), and Reactor Programs (RP) developed supplemental procedures,
when necessary, for use at ATR.
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13.1 Organizational Structure , Administrative Controls,
Plant Procedures , Configuration and Document Management, and


Staffing and Personnel Development


This section identifies the responsibilities for the management, organization, and safety institutions
involved with the design, construction, and operation of ATR. This discussion includes the considerations
for organizational structure, responsibilities, interfaces, and controls necessary for providing adequate
mechanisms for safe operation. Administrative controls are described with emphasis on safety
assessment, In addition, plant procedures, configuration and documentation management, and essential
staffing and personnel-development requirements are summarized.


13.1.1 Organizational Structures , Responsibilities , and Interfaces


13.1.1 . 1 Organizational Structure. This subsection identifies the RP organizational
structure in terms of lines of authority established for the coordination and communication of safety issue
discovery, management, and resolution. Independent internal organizational units responsible for
providing surveillance over nuclear safety activities at ATR are also identified.


The RP organizational structure is presented and discussed in functional form. RP has specific
dedicated technical expertise in safety, including an independent safety review committee, industrial
safety, environmental compliance, industrial hygiene, radiological control, criticality safety, fire
protection safety, experiment safety, and reactor safety analysis personnel. RP line management is
responsible for the overall safe and efficient operation of ATR.


13.1.1.1.1 independent Review-An independent safety review committee, reportin
to and approved by the RP Director, independently reviews concerns that could impact reactor or
experiment safety.


13.1.1.1.2 ATR Operations-ATR Operations includes many functions, which are
carried out by a staff with expertise in a variety of technical disciplines. A staff of six typically operates
the reactor and experiments. These include the following positions: a Shift Supervisor, who is responsible
for over all operation of the reactor and the experiments; a Senior Reactor Operator, who is responsible
for control room activities during reactor operation and for refueling during reactor outages; a Reactor
Operator, who is responsible for surveillance and operation of the reactor controls within the reactor
control room; a Senior Reactor Auxiliary Operator, who is responsible for monitoring safety-related
equipment outside the control room and for operation of some safety-related equipment outside the
control room after certain events; an Experiment Operator, who is responsible for operation of the
experiment controls and monitoring alarms when the experiment facilities are being operated; and a
Radiological Control Technician (RCT), who shall be available at TRA at all times, except emergencies.
Personnel requirements are reduced when the reactor is not operating; however, appropriately qualified
personnel are required for fuel handling and operation of reactor auxiliary systems.


13.1.1.1.3 ATR Support-RP has organizations to provide functional support to the
ATR. The functional areas include radiological control, safety and environmental compliance,
quality-control engineering, construction projects management, maintenance, experiments, electrical
engineering, mechanical engineering, nuclear engineering, training, and document control.
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13.1.1 . 2 Organizational Responsibilities . The following subsections identify functional
responsibilities of organizations involved with safety aspects of facility design, construction, or operation.


13.1.1 . 2.1 Independent Review-An independent safety review committee, reporting
to and approved by the RP Director, is responsible for carrying out the RP independent safety review
requirements of DOE Orders for nuclear safety review.


13.1.1 .2.2 Reactor Operations-The ATR Operations Manager is responsible for all
aspects of the ATR operation and administration. His responsibilities include ensuring safe and efficient
operation of the reactor, experiments, and plant facilities to maximize plant availability and ensuring
compliance with all Federal, State, and local regulations.


The ATR Operations Manager ensures that the ATR is operated and surveillances are conducted in
accordance with ATR Technical Safety Requirements (TSR). As the primary internal customer for other
RP support organizations, the ATR Operations Manager interfaces with other RP managers, the
Contractor's support organizations, DOE-ID, and outside review groups to ensure operations are being
conducted safely and efficiently in accordance with customer objectives. The Operations Manager
develops operating objectives and establishes overall goals for ATR Operations; establishes necessary
controls and policies to ensure operations are conducted following approved procedures; and ensures that
ATR modifications necessary for meeting regulatory requirements and extending plant lifetime are
routinely identified, funded, and acted upon to satisfy projected customer needs.


13.1 .1 .2.3 Support Organizations-An Environmental Safety & Health (ES&H)
Manager is responsible for planning and executing TRA environmental, and health and safety functions.
The Contractor's Environmental, and Safety and Health Manuals provide the policies and requirements
related to these functions as well as the guidelines to implement and administer the policies. The general
goals of RP are to create and maintain a safe and healthful work environment, and to comply with
Federal, State, and local regulations in accordance with the Contractor's procedures. Goals are established
and performance indicators are in place to ensure that performance in the area of ES&H is measured and
continues to improve.


This Manager has the following responsibilities: (a) maintain and implement a routine radiological
monitoring program at TRA; (b) ensure environmental protection, management, and regulatory
compliance; (c) provide full compliance with contractual and regulatory requirements; (d) provide a
workplace free from hazards that may cause illness, serious physical harm, or death; (e) ensure
implementation of the Company Emergency Management Program; and (f) establish a TRA Industrial
Safety Program that stresses prevention through employee awareness and management planning.


The Quality Assurance Manager is responsible for planning and executing quality functions. The
TRA quality-control organization is chartered to (a) independently interpret and incorporate requirements
from 10 CFR 830, Subpart A, NQA-1 (ASME 1997 edition), and the Contractor's Quality and
Requirements Management into TRA documentation; (b) provide inspection services for such items as
welding, electrical, and mechanical as defined in quality assurance procedures, and (c) develop the
necessary procedures for performing quality-control responsibilities.


RP radiation protection and quality assurance are discussed in Chapters 12 (Radiation Protection)
and 17 (Quality Assurance) of this Upgraded Final Safety Analysis Report (UFSAR).
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The Maintenance Manager is responsible for the planning and execution of maintenance support
work at TRA. Maintenance is performed with the objective of maintaining and upgrading the ATR
reactor, experiment facilities, and various ATR support facilities in a safe and efficient manner, The
Maintenance Manager also has the following responsibilities: (a) review the execution of the Maintenance
Training Program to ensure personnel receive the training necessary to maintain job proficiency;
(b) maintain the Preventive Maintenance Program; (c) provide internal surveillance of maintenance
activities; (d) provide for the calibration and control of selected reactor plant instrumentation and
maintain a process to control measuring and test equipment; (e) identify, prepare, and review mechanical,
electrical, and instrument equipment maintenance procedures.


The TRA Engineering Manager is responsible for technical support from Experiment, Nuclear,
Mechanical, and Electrical Engineering, and Project Management. An Experiments Supervisor is the
primary interface in the coordination and direction of all ATR experiment operation. This supervisor
approves and directs all required activities to support the ATR Sponsor's Test Plan. ATR Experiments
provides project management, experiment safety analyses, loop and other experiment facility hardware
and test performance surveillance, operational documentation, inservice inspections, data acquisition and
reports, experiment handling, evaluations of conformance to requirements, and modifications to meet
operational or program requirements. TRA Engineering Management provides Nuclear, Mechanical, and
Electrical Engineering support to assist in investigation, analysis, and resolution of anomalous ATR
behavior. TRA Engineering Management also provides or performs the following: (a) provides
engineering and drafting support for ATR modifications, (b) performs technical surveillance of core and
fuel performance and provides nuclear engineering support (both analytical and experimental) to assist in
the investigation and resolution of anomalous reactor behavior, (c) initiates and coordinates the annual
review of the ATR TSR, (d) prepares Core Safety Assurance Packages (CSAPs), (e) maintains the ATR
(JFSAR and TSR, and (f) manages and coordinates the procurement of test reactor fuels. ATR safety
performance reviews are presented in detail in Section 13.1.2.2 of this chapter. The Project Management
Supervisor provides project direction for significant projects and TRA construction projects.


The Training Manager is responsible for providing training, qualification, and certification
programs for personnel who operate, maintain, and support ATR. This manager performs the following
functions: (a) evaluates DOE orders and directives and industry training program requirements and
standards for the commercial nuclear industry reactors; (b) provides recommendations to meet these
standards; (c) develops, implements, and maintains performance-based training programs for key Reactor
Operations personnel that meet DOE Order 5480.20A (DOE 2001a) requirements; (d) provides assistance
to other managers in RP to meet their requirements for training and orientation of personnel; (e) assists in
conducting emergency action training; (f) ensures that minimum eligibility requirements for certification
of personnel are met; (g) develops and conducts special training programs required because of experiment
or plant modifications; (h) ensures that standards for evaluation and content of oral examinations are
appropriate; (i) prepares and administers comprehensive written exams as part of the formal certification
process; and (j) establishes and maintains current training and qualification records for each individual
participating in formal training and qualification programs. The ATR Training Program is discussed in
detail in Section 13.2 of this chapter.


The document control group is responsible for document configuration control. Configuration and
documentation management are discussed in RP Standard Practices. Document review functions are also
discussed in RP Standard Practices.
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13.1.1.3 Organizational Interfaces . This subsection describes the interfaces that are
established within and between the groups dedicated to the ATR facility. All of the support organizatio
interface with each other.


The Experiments organization interfaces directly with the customer who supplies the tests and test
requirements. The customer is the ultimate user of data that are generated by ATR. As such, the
Experiments organization supplies the necessary experiment test conditions to ATR Operations. In
general, ATR Operations is responsible and accountable for ensuring (a) that the reactor is operated in
accordance with DOE requirements; and (b) that experiment testing is conducted in a businesslike and
professional manner, and in accordance with customer specifications. ATR support organizations provide
functional support in the area of radiological control, safety and environmental compliance,
quality-control engineering, construction projects management, maintenance, utility operations, electrical
engineering, mechanical engineering, nuclear engineering, training, and document control. Consistent
with availability of funding resources provided by DOE, the RP management team jointly develops
requirements, plans, and schedules to meet DOE and customer needs.


13.1.2 Administrative Controls


This subsection discusses the administrative controls necessary for maintaining a safe work
environment and assessing safety performance.


13.1.2.1 Safety Culture. The general safety policy is given in Safety and Health. It is the
policy of the Contractor to operate its safety and health programs to the standard of a "high level of
excellence." The following safety program characteristics are evident: (a) operations are conducted in
compliance with DOE directives and recognized national and local standards and requirements where
they are equal, exceed, and/or do not conflict with the DOE directives applicable to the Contractor; (b) the
programs are conducted in a preventative mode that recognizes and controls work place hazards;
(c) employee involvement in the total safety and health process is encouraged; and (d) first priority is
given to the safety and health of the work force and to the protection of the environment and the public.


A work-control document is normally required before any maintenance, fabrication, installation, or
intrusive inspections are performed at ATR. Certain low risk tasks do not require a work-control
document. The INEEL Standard for Integrated Work Control Process details how the work control
document is prepared, planned, and approved. It also details when a work-control document is not
required. When the risks exceed defined criteria, a safety review is required for TRA Work Orders
(WOs). A Safety Representative reviews these work-control documents and verifies the adequacy and
intent of safety involvement.


The safety culture is emphasized at ATR by including Safety, when required, with Detailed
Operating Procedure (DOP), Operating and Maintenance Manual (O&MM), and work-control document
changes; it is further emphasized by RP policy, which encourages employees to formally identify their
concerns about safety, quality, and environmental issues, However, documentation alone does not ensure
safe, efficient, and professional support or reactor operation. Individual employees are encouraged to
evaluate the safety of their own actions continually.


Reactor, personnel, and public safety is foremost in operating the facility. Each support activity is
performed with this policy in mind. Design projects consider state-of-the-art equipment and techniques to
ensure that plant systems can be safely and effectively operated. Safety analyses and documentation use
standards that provide a demonstrably safe and efficient operational envelope.
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13.1.2.2 Safety Performance Reviews. This subsection identifies the administrative control
and procedural mechanisms that are implemented to conduct contractor independent review and appraisal
of safety performance at ATR. Independent reviews and appraisals are discussed and safety enhancements
are implemented into ATR safety programs.


RP has an internal, independent safety review program that meets current practices in the nuclear
industry for Quality Assurance and Nuclear Safety as required in 10 CFR 830. This program, when
combined with other RP and non-RP review audits and appraisal programs, constitutes full compliance
with Contractor Policy, and DOE Orders for nuclear safety review.


13.1.2.2.1 Independent Review-The RP safety review program is implemented in
part through the functions and responsibilities of an independent safety review committee that reports to
and is approved by the RP Director: This committee is chartered with providing reviews and oversight to
maintain a high degree of safety in ATR facility programs and operations. The committee is responsible
for carrying out the RP independent safety review requirements of the orders referenced in
Section 13.1.2.2. This committee independently reviews selected documentation and operations to ensure
there are no unreviewed safety questions (USQs) or deviations from the TSR or other safety limits related
to nuclear safety.


A contractor designated independent review committee shall plan and conduct assessments and
audits to evaluate the performance of work processes with regard to requirements and expectations.


13.1.2. 2.2 Nuclear Safety-RP Nuclear Engineering provides reactor safety analysis
support for AIR operation, This unit performs the following functions: (a) prepares CSAPs for each ATR
reactor operating cycle and obtains reviews for these packages; (b) evaluates experiment irradiation
requests to determine their feasibility, safety, and conformance with respect to reactor capability and
TSR; (c) processes proposals for changes to the ATR TSR by receiving the changes, obtaining the
necessary reviews, and incorporating the changes into ATR TSR via DARs; (d) performs technical
surveillance of core and fuel performance and provides nuclear engineering support, both analytical and
empirical, to assist in the investigation and resolution of anomalous reactor behavior; (e) performs studies
and investigations to increase reactor fuel economy and provides for routine surveillance of ATR fuel
element performance on a cycle-to-cycle basis; (f) evaluates operational occurrences for safety
significance; and (g) performs and evaluates the results of nuclear requalification tests after major ATR
modifications that could affect core safety. Nuclear requalification tests are performed in accordance with
the applicable requirements of the Contractor's Quality and Requirements Management.


In addition to the functions described above, Nuclear Engineering also performs the following:
(a) initiates and coordinates the annual review of the ATR TSR to ensure consistency with the latest
design basis; (b) develops and maintains calculational techniques current for those calculations that are
routinely used in the preparation of CSAPs, and ensures that supporting documentation describing these
techniques is current; (c) maintains current Safety Analysis and TSR supporting documentation;
(d) maintains a record of neutron fluence (greater than I MeV) of the hafnium components in the ATR
control and safety systems; and (e) specifies replacement of the hafnium components before the time of
their specified exposure limit.


The supervisor of Nuclear Engineering has the responsibility for approving CSAPs. Once
approved, the CSAPs are reviewed by the independent safety review committee. After a CSAP has been
reviewed, approved, and issued, it becomes an operating document. Subsequent changes to the CSAP
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require independent safety committee review, Nuclear Engineering review, and approval of the ATR
Operations Manager.


13.1.2.2.3 Experiment Safety Assessment-The ATR Experiments organization
prepares, coordinates, presents, and files Experiment Safety Analysis Reports (ESAs) and supporting
documentation for all ATR experiments. The ESA process is discussed in detail in Chapter 10
(Experiments and Irradiation Facilities).


The ATR Experiments supervisor has the responsibility for approval of the ESA. The ESAs are
reviewed and approved by Nuclear Engineering and the RP independent safety review committee. After
an ESA has been reviewed, approved, and issued, it can be changed using a DAR. The DARs require
review by the RP independent safety review committee, Nuclear Engineering, and the ATR Experiment
Supervisor.


13.1.2. 2.4 Unreviewed Safety Questions-The contractor maintains a program for
evaluation and control of unreviewed safety questions based on the requirements of 10 CFR 830,
Unreviewed Safety Questions. The program is developed in the contractor's Engineering and Research
manual and implemented in RP Standard Practices (SP).


13.1.3 Plant Procedu re s


This subsection documents the processes by which the form and technical content of procedures
are developed, verified, and validated. Mechanisms to identify and correct technical or human-factors
deficiencies are discussed. DOE Order 5480.19, Attachment 1, Chapter XVI provides procedure
requirements that are met by RP procedures (DOE 2001b).


13.1.3.1 Development of Procedures. ATR procedures consist of reactor and experiment
operating procedures, administrative procedures, emergency preparedness procedures, and maintenance
procedures. ATR Operations procedures are divided into normal procedures, off-normal procedures, and
the emergency procedure network. The normal procedures are composed of DOPs and OMMs.
Maintenance procedures are discussed in Chapter 14 (Initial Test Program, Inservice Surveillance and
Maintenance). OMMs include plant operating procedures, experiment operating procedures, and a
chemistry manual. The off-normal procedures comprise abnormal operating procedures, the reactor alarm
procedures, experiment abnormal procedures, and experiment alarm procedures.


The Emergency Procedure Network is composed of symptom-based optimal recovery procedures
and function oriented-function restoration modules. The optimal recovery procedures include emergency
contingency action procedures, emergency operating procedures, and emergency recovery procedures.
The function restoration modules are composed of critical safety function status trees and function
restoration procedures to maintain subcriticality, core cooling, and confinement.


RP procedures are written to describe the format and standards to be used in developing new
procedures and changing existing procedures used within the RP organization.


13.1.3.2 Verification and Validation of Emergency Procedures. The methods used to
ensure appropriate verification and validation of emergency procedures are contained in RP procedures.
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13.1.3. 3 Verification and Validation of New or Revised Procedures. New procedures
are verified and validated. Verification and validation of new or revised/changed procedures are described
in a RP SP on configuration control of RP documents.


13.1.3.4 Identification and Correction of Procedure Changes. This subsection
documents the mechanisms that have been established to identify and to revise and upgrade procedures.


13.1.3.4.1 Methods to Identify Procedural Changes-Several mechanisms may
necessitate procedural changes, such as (a) facility modifications, (b) facility event and occurrence
reporting, (c) internal or external audits and technical safety appraisals, (d) quality inspections,
(e) employee-identified issues/concerns, and (f) facility self-assessment . Necessary procedural changes
can also be identified through ATR operating experience, personnel queries, and lessons learned from
other facilities.


13.1.3.4.2 Dissemination and Control of Changes in Procedures-Plant
procedures are controlled documents and are maintained in a document-control area. Procedure changes
are reviewed and approved before they can be officially made and the changed procedures transmitted.
The user groups ensure that procedures being used are the most current versions by crosschecking the
procedure issue dates against the latest revision of the procedure index. The RP SP on configuration
control of RP documents details the methods for performing procedure revisions and changes in
accordance with DOE Order 5480.19 (DOE 2001 b).


13.1.4 Occurrence Reporting


This subsection discusses reporting of abnormal occurrences as described in DOE Order 0 232.1 A,
"Occurrence Reporting and Processing of Operations Information" (DOE 1997).


13.1.4.1 Occurrence Reporting. RP occurrence reporting is accomplished in accordance
with DOE Order 0 232.IA (DOE 1997). RP adheres to the DOE order and has issued facility-specific
criteria as required by the DOE order. Facility-specific criteria is in the Contractor's Operations manual.


The ATR facility-specific criteria identify the facility manager and facility manager designees
responsible for preparing Occurrence Reports (ORs).


13.1.5 Staffing and Personnel Development


This subsection summarizes the development and use of bases for determining staffing,
qualification, and personnel development requirements. DOE Order 5480.20A, "Personnel Selection,
Qualification, and Training Requirements for DOE Nuclear Facilities," provides the basis for these
requirements (DOE 2001 a). Detailed information on staffing, personnel development, and the exceptions
to DOE Order 5480.20A are contained in the TRA Training Program, which is approved by DOE
(INEEL 2003b).


13.1.5.1 Bases Identification . DOE Order 5480.20A provides the basis for the requirements
for staffing, qualification, and personnel development (DOE 2001a). The requirements of DOE
Order 5480.20A for personnel selection, qualification, and certification are met for ATR Operations
personnel.
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13.1.5. 2.1 Position Requirements-The ATR reactor personnel requirements are
listed in Table 4-1 of PDD-105 (INEEL 2003b), Table 4-1 lists the DOE Order 5480.20A requirements
for each position.


13.1.5. 2.2 Personnel Selection-RP managers are responsible for personnel
selection in their own organizations. Personnel for the ATR operating organization are selected in
accordance with DOE Order 5480.20A requirements (DOE 2001a). The minimum experience, education,
and other requirements for selection and assignment of personnel for the various positions associated with
the ATR operating organization are controlled by RP.


13.1.5 . 2.3 Personnel Qualification-The positions requiring quali fi cation are listed
in the PDD-l OS (INEEL 2003b).


Essential ATR organizational personnel responsible for operating the reactor or experiments attain
certification by completing classroom training, on-the-job training checklists, written examinations,
operational evaluations, and Qualification Review Committee (QRC) oral examinations and/or
walk-throughs as appropriate to the position in accordance with the PDD-105 (INEEL 20036).


13.1.5.2.4 Personnel Certification-Certification of ATR operating personnel
requires comprehensive written final examinations, operational evaluations, oral examination, and review
by the ATR Operations Manager or designated alternate. Certification is controlled in accordance with the
PDD-105 (INEEL 2003b).


The positions certified at ATR that are equivalent to positions listed in DOE Order 5480.20A are
identified in the PDD-105 (INEEL 2003b).


Certification prerequisites are established and training programs exist for each level of a specific
progression (e.g., Experiment Operator through Reactor Operator). The progression ensures that each
individual obtains the training and experience necessary to support completing the next level or step in the
progression.


Each candidate for a certification is examined by an oral examination. Before an oral examination
can be convened, the following must be documented: (a) successful completion of a final written
examination, (b) successful completion of the applicable operational evaluation(s), and (c) the cognizant
manager has verified completion of the required training and completed an administrative review for
fitness for duty.


Following an oral examination, the examination results are submitted to the cognizant manager. An
overall satisfactory evaluation, concurrence of responsible management, and approval by the appropriate
line manager (other than the individual's immediate supervisor) constitutes certification.


The qualification and certification processes described above meet the requirements of DOE
Order 5480,20A (DOE 200]a),


13.1.5.2.5 Fitness for Duty-Managers are provided training to assess fitness for duty
of operating personnel. RP personnel are required to adhere to the Contractor's Drug Free
Workplace/Substance Abuse Policy. The Contractor requires a pre-employment drug screen and
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implements subsequent testing of all employees based on random selection, reasonable suspicion, or
involvement in accidents or incidents.


The Medical Examination Program is administered by the Contractor's Occupational Medical
Program in accordance with the Contractor's Safety and Health Manual. A medical examination for ATR
Operations personnel is conducted before assignment to the ATR to evaluate the physical condition and
ability of an individual to operate or supervise the operation of a reactor and associated systems.
Subsequent medical examinations are conducted periodically for the length of the employee's tenure at
TRA. Employees certified as Experiment Operator, Senior Reactor Operator, Shift Supervisor, or fissile-
material handler complete the medical examination at 2-year intervals in accordance with PDD-105
(INEEL 2003b). Whenever there is doubt of the medical ability of an employee to perform assigned work,
the employee is referred to the Occupational Medical Program for evaluation. The Contractor conforms to
medical policies for all employees in accordance with the Contractor's Safety and Health Manual.


Changes in the physical or mental health or known medical or substance-abuse related disability of
employees must be reported to RP managers and treated as Contractor confidential. Employees are
required to immediately report the awareness of any change in physical or mental health or known
medical or substance-abuse related disability that might adversely affect their continued operational
ability. Managers must be alert to symptoms of mental or physical impairment that indicate a health
problem or change in medical condition of the employee. The managers are required to remove him or her
from the work-assignment area if the employee's physical or mental health, or change in medical
condition, could affect his or her operational ability or job performance.


13.1.5.3 Personnel Development. The Contractor encourages, supports, and organizes
programs related to employees' professional development. The supported activities include
application-oriented development and general educational development.
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13.2 Training Program


This section identifies aspects of ATR Operations that are covered by training programs. The ATR
Operations training is described in detail in PDD-105, TRA Training Program," (INEEL 2003b). The
PDD-105 was written to meet the requirements of DOE Order 5480.20A (DOE 2001a). This section
discusses the development, verification, and validation of the training programs, the processes of training
development, the methods to identify training deficiencies, compliance with DOE training program
requirements, and the evaluation of the ATR training program.


13.2.1 Development and Evaluation of Training Program


PDD-105 provides training requirements for essential ATR Operations and support -organization
positions. Essential support-organization personnel include ATR technicians, technical staff, maintenance
staff, and their superv isors and managers.


13.2.1 . 1 Development of Training Programs. A five-phase model was used for the
systematic development, implementation, and evaluation ofjob-performance-based training programs for
the reactor operator and supervisory personnel. This approach consists of the following major elements:
training analysis, design, development, implementation, and evaluation.


The results of the ATR task and training requirements analysis (as well as job and task analysis
results available from the Institute of Nuclear Power Operations (INPO), and the guidance provided by
the Guidelines for Job and Task Analysis for DOE Nuclear Facilities were used to develop the training
programs for ATR Operations personnel (DOE 1983).


The training programs were developed based on the training analysis. After the training analysis
was completed, the sequencing of learning objectives was completed; instructional aids were developed;
lesson plans, laboratory guides, simulator exercise guides, and on-the-job training qualification cards and
standards were prepared; and test questions were developed.


13.2.1 . 2 Training Program Evaluations. Methods used to ensure that training programs are
appropriate include (1) reviews performed by a group independent of the Training Program Development
to ensure both technical adequacy and the ability of the training programs to support and guide human
interaction with the facility systems, (2) internal appraisal, and (3) program evaluations.


13.2.2 Processes of Training Development


As described in 13.2.1.1 training is developed using a five-phase model. The five phases are
analysis, design, development, implementation, and evaluation. These five phases meet the requirements
of DOE Order 5480.20A (DOE 2001a). These phases are implemented using training procedures
designed to ensure consistent training to all ATR personnel.


13.2.3 Identification and Correction of Training Program Deficiencies


This subsection documents the mechanisms that have been established to identify and correct
technical or human-factor deficiencies in training programs.
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13.2.3.1 Methods to Identity Training Deficiencies . The following methods can identify
training deficiencies: (a) facility event and occurrence reporting, (b) internal technical safety appraisal and
self assessment, (c) external audits, (d) cause determination, (e) employee-identified issues/concerns, and
(f) training-programs evaluation and improvements.


13.2.3.2 Dissemination and Control of Changes in Training Programs. Revisions and
modifications to instructional materials are routinely performed by the RP organization responsible for
training.


13.2.4 Compliance with DOE Training Program Requirements


This subsection documents the Contractor's commitment to training programs that comply with the
requirements of DOE Order 5480.20A (DOE 2001a). It also documents the methods used to derive the
program content and to accomplish training.


13.2.4 . 1 Training Program Descriptions . The RP training organization has the
responsibility for the conduct of ATR training for RP personnel and the maintenance of training records.
This responsibility includes training for Reactor Operations as well as for radiological control technicians,
maintenance, and technical support personnel.


The major goals of the training programs are to (a) ensure that ATR Operations and support
personnel are properly trained to perform their assignments in a safe and efficient manner, (b) maintain
and improve operational and maintenance proficiency through structured retraining, (c) conduct ATR
training programs that meet or exceed DOE requirements, and (d) implement and maintain
performance-based training programs for ATR Operations and support personnel.


Training programs have been developed for ATR Operations positions that require formal
certification in accordance with DOE Order 5480.20A (DOE 2001 a) and ATR Operations, maintenance,
and technical staff positions that require formal training and qualification. Job-performance-based training
programs are developed, implemented, and evaluated for reactor operator and supervisory personnel.
Training programs are developed based on training job analysis.


13.2.4. 2 Derivation of Training Program Content. The first step in deriving training-
program content is completing the training job analysis and task analysis. The next step is design of the
training program, followed by development.


13.2.4 . 3 Training Techniques . Detailed training information is contained in PDD-105.
Training schools are conducted within RP to assist ATR Operations personnel in completing training
programs, accomplishing job progression within a career path, and achieving training goals. The first step
in the training program is classroom training. The second step is through on-the-job training. The third
step usually consists of written examinations, which are used primarily to test the knowledge level of
individuals participating in training and qualification or certification programs. The fourth step usually
consists of operational evaluations, which are used to assess the proficiency of individuals participating in
training and qualification or certification programs. Operational evaluations are performed in the
workplace or plant, or on the simulator as applicable.
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Oral examinations and walk-throughs are used as the final assessment mechanism in determining
an individual's suitability for qualification or certification. QRCs are responsible for reviewing training
records and conducting oral examinations of candidates requiring certification and some candidates
requiring qualification. QRCs conduct these reviews in accordance with the PDD-105 (INEEL 2003b).
Oral examinations and walk-throughs are conducted for candidates requiring qualification in accordance
with PDD-105.


13.2.4.4 Training Instructor Qualifications . The selection and qualification of ATR
raining instructors, described in PDD-105 (INEEL 2003b), are in accordance with DOE Order 5480.20A.


13.2.4. 5 Operator, Maintenance and Technical Support Personnel Qualifications.
Qualification of operators, maintenance personnel, and technical staff described in PDD-105
(INEEL 2003b), is in accordance with DOE Order 5480.20A.


13.2.4 . 6 Certification Requirements for Positions. Essential positions must be filled by
certified personnel and the certification requirements for these positions are described in
Section 13.1.5.2.4 of this chapter.


13.2.4. 7 Analysis and Inclusion of Operating Experience into Training Programs.
Safety-significant factors derived from analysis of operating experience are included in training programs
through revisions and modifications to instructional materials. Revisions and modifications to
instructional materials are briefly described in Section 13.2.3.2 of this chapter.


Lessons learned, which are derived from ATR ORs, ORs from other DOE facilities, safety bulletins
from the Office of Nuclear Safety, etc., are included in training programs if they are pert inent to the
operation of the ATR.


13.2.5 Evaluation of Training Programs


RP personnel assess the training program's content and/or quality, and are requested to provide
input to the facility training organization. This input is used to improve the content and quality of training
programs.


Evaluation of training is requested of participants as well as from internal assessments conducted
by training instructors, management, and other reviewers, who are chartered to evaluate the quality of
RP training.
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13.3 Emergency Preparedness Program


13.3.1 Purpose


The Company Emergency Management (EM) (Emergency Preparedness) Program and RP
implementation of the Program ensure the safety and health of workers and the public, and protect
property and the environment in the event of an operational emergency. The INEEL EM program is a
function of the contractor. This EM program incorporates comprehensive emergency and RCRA
contingency planning into the INEEL Emergency PlantRCRA Contingency Plan. EM planning includes
(a) determining hazards and credible events that could result in emergency situations; (b) preparing for
those situations through the development of a trained emergency response organization (ERO);
(c) procuring and maintaining emergency equipment and facilities; (d) determining protective actions;
(e) developing standards and techniques for notifications, classification, consequences assessment,
reentry, medical support, and program administration; (f) proving timely and accurate public information,
and (g) identifying the diverse elements involved in recovery and reentry. By incorporating these
emergency planning elements, the INEEL Emergency PlanJRCRA Contingency Plan implements DOE
policy and requirements for the DOE emergency management system prescribed in the contractor
program requirements document and DOE Order 151.IA (DOE 2000).


The extent of emergency planning and preparedness required is based on and commensurate with
the major hazards and consequences associated with the TRA facility.


Hazards assessments provide the technical basis for the Emergency Management Program. The
extent of emergency planning and preparedness required for TRA directly corresponds to accidents or
events and evaluation of potential accident or event consequences.


A hazards assessment that evaluated radiological and nonradiological hazards and the
consequences of those hazards has been conducted for TRA. Available and applicable information from
safety analysis reports, toxicological data bases, hazardous materials data bases, weather information,
material safety data sheets, and other documents were used in developing these assessments. The specific
documents used in determining the extent of the hazards identified in this information are referenced in
the IRA Hazards Assessment (HAD-3) (INEEL 2003a). The hazards assessment includes a determination
of the size of the emergency planning zone (EPZ). The EPZ is the area surrounding the facility for which
special planning and preparedness efforts are required to ensure that prompt and effective protective
actions can be taken to minimize the risk to workers, the public, and the environment. Evacuation and
sheltering requirements for co-located workers are discussed in the INEEL Emergency PlanIRCRA
Contingency Plan and the TRA Facility Specific Addendum.


The basis for modeling emergency response is developed from the ATR PRA (Atkinson, Eide, and
Thatcher 1992). Source terms from various accident sequences have been modeled into plume
projections. The consequence assessment of the plume defines the geographical scope of the required
Emergency Preparedness Program at TRA. Analysis and model development associated with ATR
accidents takes into consideration the capabilities of the INEEL ERO, evacuation and sheltering
procedures, accident guidelines, and the potential consequences.
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13.3.2 Philosophy, Objectives, and Organization


The EM Department is charged with developing a comprehensive consolidated Company EM
program and with administering it. The EM Manager is responsible for hazards assessments, onsite
planning (ERO training, drills and exercises, and emergency plans and procedures), operating and
maintaining the INEEL EOC and the CFA ECC and for managing the offsite emergency planning
program. The EM Manager is the EM Program Administrator.


This consolidated approach to emergency planning and response provides for consistency in the
planning, preparedness, and response concepts for TRA as well as other company facilities.


In conjunction with the normal day-to-day operations, facility management has the responsibility
for the safety of personnel and the public, and for the protection of property and the environment during
an emergency. Facility managers meet EM obligations through the EP Program, which is developed and
maintained for them by the EM Department.


Landlords and functional managers have the responsibility of informing EM Department personnel
of any operation or configuration changes that may affect hazards or consequence assessments.


At TRA, an EP oversight steering committee, the Emergency Management Implementation Team,
consisting of key managerial personnel, meets periodically to discuss current EM topics, policies, and
procedures and makes recommendations to the EM Department on improvements in these areas.


13.3.3 Emergency Plan Description


The INEEL Emergency Plan/RCRA Contingency Plan, contains information that is general to all
contractor facilities. Information in the TRA addendum is facility specific and denotes any deviations or
additions to the base plan. The Plan provides the overall process developed to respond to and mitigate any
consequences of emergencies that might arise at the INEEL. The contractor intends this plan to be a
consolidated document that complies with all applicable DOE, federal, state, and local requirements for
plans that are variously called emergency plans, emergency response plans, emergency action plans,
emergency manuals, contingency plans, etc. This plan is the primary component in defining and directing
the INEEL EM Program. The plan and program are implemented by detailed procedures addressing
specific tasks (examples: programmatic tasks, response tasks, recovery tasks, and prior to recovery tasks).
Where appropriate and necessary, detailed emergency preparedness implementing procedures Emergency
Plan Implementing Procedures (EPIs) are summarized in this plan.


The plan contains EM Program administrative information . It defines the authorities and
responsibilities of INEEL emergency managers , i.e., Emergency Director (ED), Emergency Action
Manager (EAM), IRTs, EROs, and their interfaces with the contractor suppo rt organizations and other
emergency officials. The plan lists emergency response facilities and equipment , defines both on-site and
off-site relationships , outlines processes used to assess consequences and develop protective actions, and
describes program administration . It also describes the responsibilities of general employees in regard to
event initial response and notification requirements . The plan is a descriptive document and is not
intended for operations use; the plan is implemented through EPIs.
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13.3.4 Emergency Organization


The INEEL ERO is structured to fit the diversity of the INEEL and to optimize its resources. It is
an umbrella structure, which consists of three levels (a) on-scene, based at the On-Scene Command Post;
(b) facility, based at the ECC; and (c) contractor/DOE-ID management, based at the Emergency
Operations Center (EOC).


Senior managers and technical specialists form the consequence assessment/strategic arm of the
INEEL ERO, operating out of the EOC. The EDs are trained and qualified by the EM Department. The
ED has the overall responsibility for managing emergencies at the INEEL.


All INEEL ERO personnel are trained for their emergency response positions; however, the skills
they use in their normal work and the associated required training for that work are normally the basis for
their assignment. Other technical and operations personnel, normally assigned to the facility or from other
areas, may be used for technical support during an emergency.


ation of the emergency (tactical response) is conducted (in most cases) at the scene of the
incident by the On-Scene Commander. For most events (fire, hazardous material, and special rescue) the
On-scene Commander will be the senior fire department officer at the scene and the primary responders
will be firefighters. Support may be provided by the facility Incident Response Team (IRT), coordinated
by an IRT Leader (IRTL). In security-related incidents, the INEEL protective force would become the
primary responders, with the senior protective force officer at the scene acting as the On-Scene
Commander. Mitigation and the on-scene protective action are the primary focus of these responders.


The size, management, and composition of the TRA ERO were determined on the basis of the
facility complexity and type of emergency response anticipated. The TRA ERO is comprised of
managers, operations, maintenance, administrative, and environment, safety and health personnel, who
are familiar with the facility and its hazards and are trained to function in that environment.


The TRA ERO is further described in the TRA Addendum. The ERO is divided into four primary
functions: command, operations, planning, and logistics, The four functions are briefly described below:


• The command function is made up of the decision makers whose responsibilities are to make
appropriate notifications, to make protective action decisions onsite, to recommend protective
actions for offsite populations, and to mitigate the emergency.


• The operations function includes elements involved in the response (i.e., TRA Incident Response
Team) whose responsibilities include taking readings and measurements, and/or physical
mitigation of the emergency.


• The planning function is made up of personnel who collect and analyze data, determine the
possibilities/probabilities of the situation, and make recommendations to the command element.


• The logistics function is made up of personnel who provide the resources (i.e., equipment, supplies,
services, and personnel) necessary to accomplish all assigned or anticipated tasks delegated in
support of mitigation.


For events originating at TRA, the CFA ERO provides support to the logistics function.
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13.3.4.1 Participation Units and Commitment The INEEL Warning Communications
Center (WCC) facilitates notification and activation of off-facility participating emergency units. Units
may include INEEL Medical, Fire, Facility Emergency Control Centers, INEEL EOC, and county and
State emergency control centers.


The INEEL EOC supports the facility and coordinates with the facility in providing protective
action recommendations to appropriate off-site agencies, and coordinates response activities with local,
State, and Federal outside agencies. Implementation of Memoranda of Agreements, Memoranda of
Understanding, etc., are coordinated through the INEEL EOC as defined in the INEEL Emergency
Plan/RCRA Contingency Plan.


Management authority for commitment and coordination of support to outside agencies is
delegated to the INEEL EOC Emergency Director. The Emergency Director is a senior contractor official


13.3.4.2 Communication . The WCC is a facilitator for the TRA and relays emergency
communications to both onsite and offsite emergency entities.


13.3.4.3 Equipment. Special equipment is maintained to handle emergencies within the TRA
This equipment includes provisions necessary to mitigate possible emergencies that could occur in the
jurisdiction of the TRA. The following categories detail the types of equipment available for emergency
use at TRA.


93.3.4 . 3.9 Communications Equipment-Radios are strategically placed
throughout the INEEL to serve as the warning system to ensure the transmittal of emergency
communication to INEEL facilities. Transmissions on the emergency warning radio channel are limited to
actual emergencies, equipment tests, and emergency drills/exercises. The WCC is responsible for
monitoring, testing, and coordinating this system.


TRA management maintains dedicated emergency radios for communications with the INEEL Fire
Department, TRA Maintenance, TRA Incident Response Team, Facility Monitoring teams, and all other
associated TRA and INEEL emergency response personnel.


Dedicated emergency telephone and facsimile communications are maintained by the facility.


93.3.4.3.2 Equipment Maintenance-Equipment maintenance and inventory is
tracked as explained in the TRA Addendum. (The addendum is part of the companywide emergency
preparedness plan.)


Other emergency gear, such as heavy equipment and evacuation buses, are tested and maintained
by the appropriate Contractor organizations. Additional resources and equipment can be requested
through the CFA ECC during a TRA emergency.


93.3.4 . 3.3 Facilities-The majority of TRA-680 is maintained as a dedicated facility
which serves as the primary TRA ECC.
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93.3.4 . 3.4 TRA Alarm and Wind Direction Requirements--The INEEL


Emergency Plan/RCRA Contingency Plan and the TRA Facility Specific Addendum details the
evacuation process, where it is activated, how the activation takes place, where the various activation
centers are located, who is responsible for activation, the various alarm sounds or noises, and the
appropriate personnel responses to the varied alarms.


The EALs contain predetermined protective actions for incidents that require evacuation or
movement to a safer area. Employee actions are described in the ES&H and site access training, Voice
paging can be utilized to provide speci fi c direction to employees . If the incident is localized , verbal
communication or manual activation of a local area alarm may be used.


In the event that a TRA-wide evacuation is required (all personnel relocate to a relocation area),
and the conditions have become severe or are imminent as to require prompt evacuation ofTRA
personnel, it can be indicated in one of the following ways:


• An announcement over the voice paging system, followed by an alternating siren , and evacuation
area designated lights on the top of Material Test Reactor (MTR) and Engineering Test Reactor
(ETR)


An alternating siren and evacuation area designation lights on the top of the MTR and ETR


Vehicle (either security or Incident Response Team) public address system and/or alternating siren.


A take cover action is activated when conditions have become severe or are imminent as to require
prompt sheltering of all TRA personnel. This type of incident is indicated by one of the following
methods:


• An announcement over the voice paging system followed by a steady siren


• A steady siren


• Vehicle (either security or Incident Response Team), public address system, and/or steady siren.


The U.S. Department of Commerce, National Oceanic and Atmospheric Administration (NOAA)
Air Resource Laboratory Field Research Division (ARLFRD)is responsible for the measurement,
collection, quality assurance, archiving, and dissemination of high-quality meteorological data from
locations in and around the INEEL.


I Meteorological measurements collected by the ARLFRD for INEEL support are used to provide
climatological and operational information to DOE and its contractors to facilitate emergency response by
DOE and its contractors.


Operational and emergency assistance includes the provision for continuous online meteorological
data in the INEEL WCC as well as contractor facilities.
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1
The overall Meteorological Monitoring Program design is dictated by the need to produce


representative data for the INEEL area to meet specific operational and potential emergency situations.
Guidance is provided by the Idaho National Engineering Laboratory Environmental Monitoring Plan:
Baseline Document (DOE Idaho Operations Office (DOE-1D 1992)), and is applied on the basis of
professional meteorological judgment. Meteorological measurement network stations are arrayed to
represent local scale meteorological conditions. Measurement equipment is selected with guidance from
ANSI/ANS-2.5-1984 (ANSI 1984). The meteorological data is accessible through a near real time
computer display system called INEEL VIZ.


During ATR operation, wind-velocity and -direction instrumentation provides the information for
choosing an evacuation direction and for estimating offsite doses. The primary instrumentation receives
its signal from the TRA NOAA tower, and the secondary instrumentation is the INEEL VIZ. Both of
these systems provide data readout in the control room. The MTR wind sock or information from NOAA
through the WCC can be used as a backup in the event both the primary and secondary systems are not
operable.


13.3.5 Independent Audit


Periodically, an independent assessment of the Emergency Management Program implemented at
TRA is conducted. Any deficiencies and items needing improvement are formally tracked by the facility
or Emergency Management Department through to completion.
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13.4 Physical Security


Physical security of the ATR is ensured through implementation of the INEEL Site Safeguard and
Security Plan which includes TRA and ATR, and through ATR's own security plan. Both of these
documents are limited -access documents.


13.4.1 TRA and ATR


TRA is located in the southwest quadrant of the INEEL; the nearest INEEL boundary and access to
public domain is approximately 7 mi from TRA. TRA is a multiple-use facility consisting of
approximately 71 buildings and 55 structures located on 102 acres. Buildings and structures are erected
and removed to meet mission requirements. These facilities have been modified to fit the changing needs
of the fNEEL and now provide five major types of functional space: reactor, laboratory, office, storage,
and test areas.


The ATR section of TRA is located in the northwest quadrant of TRA and contains the ATR
Reactor Building/Advanced Test Reactor Critical Facility (inside the ATR building), the reactor cooling
tower, ATR maintenance support, and several other smaller buildings that are nonessential to the ATR
mission. See Chapter 1 (Introduction) for a complete description of the ATR facilities.


13.4.2 Physical Security


TRA is a property protection area enclosed by double perimeter fences, except for the Access
Control Facility (ACF), which is in the south fence. Perimeter personnel and vehicle access points are
provided for normal and emergency access. Figure 13.4-1 illustrates the position of the ATR building
(TRA-670) within IRA.


13.4.3 Personnel Security


Access to the ATR requires that all personnel be authorized entry by ATR management. All
personnel not holding DOE "L" or "Q" clearances must be escorted while in the ATR except during
extended outages, personnel having building-access-only (BAO) clearances may be allowed unescorted
access to ATR with approval from DOE-ID.


13.4.4 Routine Access


TRA access controls limit routine access into TRA to approved individuals who require admittance
to perform their official duties.


Random IRA entrance/exit inspections and searches of personnel include the protective force
personnel. Random searches of vehicles, and hand-carried item are conducted to provide assurance that
prohibited articles are not introduced into the area without authorization and that Contractor property,
classified information, and/or special nuclear material (SNM) do not exit the areas without authorization.


13.4.5 Security Education


All ATR personnel are involved in the Contractor's Security Education and Awareness Trainin
Program as specified in the Contractor's Safeguards and Security manual. RP and IRA tenant
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organizational managers who enter ATR ensure that their subordinates receive the following security
education training: initial security briefing, comprehensive security briefing, when required, annual
security refresher briefing, on-the-job security briefing, and ongoing RP security awareness,


ide the TRA. ( For Information Only)
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13.5 Conduct of Operations


This section describes the Conduct of Operations Program required by DOE Order 5480.19,
"Conduct of Operations Requirements for DOE Facilities" (DOE 2001b) as implemented at the ATR with
the Contractor's Operations manual , Additionally, the following subjects are addressed in this section:


• Fire protection


• Handling of SNM


• Security


• Review and audit.


13.5.1 Topics Covered By Operations Manual


The following subsections, summarized from the Contractor's Operations manual , describe the
scope and purpose of operations conducted at ATR.


13.5.1 . 1 Operations Organization and Administration . A high level of performance at
the ATR is accomplished by establishing high standards, which are endorsed by management and
communicated to the staff. Chapter I of the Contractor's Operations manual includes guidance to all
employees. Major Provisions of the Operations manual are as follows:


• Provides a list of principles of operation (good practices) to apply, which promote cost-effective
and safe operation, and minimize error and rework.


• Provides the procedures for professional conduct of operations so that operator performance meets
the expectations of the Contractor and DOE. Includes professional conduct and good
watch-standing practices that result in appropriate attention to facility conditions. It also
emphasizes effective equipment monitoring that is necessary to detect abnormal conditions or
adverse trends so that appropriate action can be taken before equipment malfunction occurs.


• Presents provisions for permitting and limiting occupancy of controlled areas.


• Presents the requirements for accuracy and reliability of the communications that are essential for
the safe and efficient operation of a facility.


• Provides instruction for the control of training in situations where a trainee must perform under an
instructor's supervision to avoid errors by the trainee that might affect safety.


• Describes the established review process to investigate and resolve abnormal events. Abnormal
events are all off-normal , unusual , and emergency occurrences as defined by DOE Order 0 232.1A
(DOE 1997).


• Provides direction for notifying the DOE and other appropriate agencies of events or conditions
that have or may have safety, health, quality-assurance, security, public, or environmental
concerns.


Controls equipment and system status to ensure the facility operates within its safety and operating
limits for the safety and welfare of employees, the public, and the environment.
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• Provides a consistent method for equipment status control through component tagging or locking
that protects personnel from injury, protects equipment from damage, maintains operability of
facility systems, and maintains the integrity of the systems' physical boundaries. This procedure is
based on 29 CFR 1910, "Occupational Safety and Health Standards (OSHA)," and DOE
Order 5480.19, "Conduct of Operations Requirements for DOE Facilities," (DOE 2001b), which
require the use of danger tags, caution tags, and locking devices. The tags and devices ensure that
before an employee performs any servicing or maintenance on a machine or equipment where
unexpected energizing, startup, or release of stored energy could occur and cause injury or
equipment damage, the machine or equipment shall be isolated from the energy source and
rendered inoperative.


• Establishes a system for independent verification of the correct positioning of components that are
critical to the safe operation of a process, system, or facility. Independent verification provides a
high degree of reliability in ensuring correct facility operation and correct positioning of
components such as valves, switches, and circuit breakers.


• Provides direction for establishing and maintaining operating logs to record the data necessary to
provide an accurate history of facility operations.


• Provides instructions to be followed during operations turnover to ensure that incoming personnel
are provided pertinent information about the overall status of the operation.


• Establishes the actions necessary to ensure that the parameters for facility/operations chemistry or
unique processes are properly maintained.


• Provides instructions for establishing a uniform, formally required reading program for operations.


Provides instructions for the dissemination of essential short-term information and administrative
instructions to affected individuals.


• Provides minimum standards for the preparation, approval, and control of operations procedures.


• Establishes the method for controlling and auditing operator aids.


• Establishes an equipment- and piping-labeling program to ensure personnel are able to positively
identify systems and equipment.


13.5.2 Fire Protection


This subsection identifies the fire protection program for ATR and discusses the safety sufficiency
of provisions for the control of chemical and radioactive hazards identified in DOE Order 420,1A,
Facility Safety (DOE 2002).


13.5.2. 1 Programmatic Elements


13.5.2.1.1 Fire Protection Program-The ATR Fire Protection Program is consistent
with the requirements of the DOE Fire Protection Program outlined in DOE Order 420.IA, Facility Safety
(DOE 2002).


13.5.2.1.2 Assessments-Provisions for fire-protection assessments are included in
RP administrative procedures.
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13.5.2. 1.3 Fire Hazards Analyses-The Combination Fire Hazard Analysis and Fire
Safety Assessment ATR Building TRA-670 (HAD-I 16) (INEEL 200] a) provides an analysis of the
fire-protection features of the ATR. The combination Fire Hazard Analysis and Fire Safety Assessment
ATR Support Buildings (HAD-] 14) (INEEL 2001 b) provides an analysis of the fire-protection features of
the ATR support buildings.


13.5.2.2 Physical Features of the Program. The physical features and hardware of the
ATR Fire Protection Program are described in Chapter 9 (Auxiliary Systems) of this UFSAR.
Additionally, a fire department, located at CFA, provides engines, additional equipment, and a
professional fire-fighting force trained to respond to fires in nuclear and reactor facilities.


13.5.2. 3 Administrative Features of the Program. The Fire Protection Program for ATR
and supporting facilities is governed by requirements in the following documents:


• The Contractor's Safety and Health


• RP's SPs and MCPs that provide specific procedures for use at TRA.


13.5.2 . 3.1 Contractor Safety and Health-Fire protection for the Contractor's
facilities is currently designed to meet the requirements of DOE Order 420.IA. The objectives of section
4.2 are to establish requirements for a comprehensive fire and related hazards protection program for
facilities sufficient to minimize the potential for:


• occurrence of a fire or related event


• a fire that causes an unacceptable on-site or off-site release of hazardous or radiological material
that will threaten the health and safety of employees, the public or the environment


vital DOE programs suffering unacceptable interruptions as a result of fire and related hazards


• property losses from a fire and related events exceeding defined limits established by DOE


• critical process controls and safety class systems being damaged as a result of a fire and related
events.


The Contractor's ES&H organization develops and implements Contractor-wide requirements and
standards, directs Contractor fire protection initiatives, gathers Contractor fire data, and conducts
independent fire-protection audits, and identifies and implements Contractor fire protection requirements.
A Fire Marshal is established within ES&H to be responsible for formulating and maintaining a
Contractor fire-protection plan and maintaining the fire-protection section of the Contractor
fire-protection procedures.


The TRA fire-protection engineer reports to line management and the Fire Marshal and provides
support on applicable appraisals and audits, conducts fire-protection evaluations of facilities, and
performs fire- protection reviews of applicable design projects, Work Orders, and facility changes. The
fire- protection engineer also provides (a) assist the training department regarding such topics as fire
prevention, fire-detection and -suppression systems, and fire-hazard analysis; (b) review, follow-up, and
acceptance testing for fire-protection-related construction projects; (c) support for loss investigations,
fire-protection impairments; and (d) guidance and direction on the inspection and testing of fire-
protection equipment performed by the Contractor's fire-protection technicians.
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TRA/ATR facilities and activities (including design and construction) shall be characterized by a


level of fire protection that is sufficient to fulfill the requirements of the best protected class of industrial
risks ("Highly Protected Risk" or "Improved Risk") and shall be provided protection to achieve
"defense-in-depth." This includes meeting the applicable building code and National Fire Protection
Association Codes and Standards, or exceeding them (when necessary to meet safety objectives), unless
an exemption has been granted. The applicable codes and standards are those in effect when facility
design commences ("code of record"). When significant modifications to a facility occur, the current
edition of the code or standard shall apply to the modification.


Fire hazards analyses (FHA) are developed for all TRA/ATR nuclear facilities, significant new
facilities and facilities that represent unique or significant fire safety risks as required by DOE 0 420.1 A.
The conclusions of a FHA shall be incorporated in the Safety Analysis Report (SAR) Accident Analysis
and are integrated into design basis and beyond design basis accident conditions.


The Contractor 's Safety and Health provides procedures that dictate fire protection throughout the
Contractor and at ATR ; typically these include the following:


• The procedure for managing fi re-protection impairments describes responsibilities and processes to
minimize the duration and impact of impairments to fire-protection systems.


• The procedure for cutting and welding fire safety implements DOE order requirements and
identifies responsibilities to minimize risks to employees , property , and the environment from fire
hazards associated with cu tt ing, welding, brazing soldering , and other hot work.


• The procedure for inspection, testing, and maintenance of fire-protection systems and equipment
implements DOE order requirements and national fire code standards and identi fi es responsibilities
for the inspection , testing, and maintenance of the Contractor ' s fi re-p rotection systems and
equipment to ensure their proper operation in emergency situations . This procedure gives guidance
on what needs to be tested , the frequency of testing , and by whom it should be tested.


• The procedure for the storage and use of flammable and combustible liquids implements DOE
Order 420 . IA requirements and identifies responsibilities to minimize risk and vulnerabilities to
employees , property , and the environment from the fire hazards associated with the storage and use
of flammable and combustible liquids approp ri ate for the occupancy or operation involved. This
procedure applies to all such storage and use of flammable and combustible liquids at the
Contractor ' s facilities including work performed by outside contractors.


• The fire-protection design - review procedure provides instructions for Fire Protection Engineering
Design Review.


Fire Protection Program elements as listed in the Site-Wide Fire Protection Program are
implemented through the oversight and support of the TRA/ATR Fire Protection Engineer, those
elements include:


• Fire Protection Design and Installation


• Inspection, Testing, and Maintenance of Fire Protection Systems and Equipment


• Fire Protection System Impairments


• Storage and Handling of Radioactive and Hazardous Materials
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• Control of Hot Work Activities


+ Tracking of Fire Protection Deficiencies


• Fire Hazard Analysis


+ Quality Assurance and Configuration Control


• Fire Protection Assessments


• Fire Protection performance Indicators


• Fire Protection Exemptions and Equivalencies


Emergency Services


• Fire Reporting and investigation


Fire Prevention


• Training Requirements.


13.5.2.3.2 TRA Specific Fire Protection Procedures-Specific fire protection
procedures for use at "IRA are implemented in such documents as RPs, SPs, SDs, and DOPs.


13.5.3 Handling of Special Nuclear Materials


This subsection describes the safe storage and criticality safety criteria for any SNM to be stored
within the responsibility of ATR management under the terms of ATR's authorization to operate. The
administrative requirements outlined below are based on DOE and DOE-ID orders covering the
protection, accountability, control, transport, handling, and storage of SNM and fuel.


13.5.3.1 Storage . A description of the facilities for fuel storage and handling of new and
irradiated fire] is provided in Chapter 9 (Auxiliary Systems) of this UFSAR. Relatively small amounts of
fuel and SNM may also be present in experiments. Storage and handling of experiments containing fuel
and SNM is also covered in Chapters 9 (Auxiliary Systems) and 10 (Experiment and Irradiation
Facilities). The storage and handling of SNM, including fuel, is governed by the following Contractor and
RP administrative procedures:


• The Contractor's Engineering and Research provides requirements for criticality safety and
criticality control areas.


• The Contractor's Radiation Protection cover radioactive material identification, storage, and
control; on-site and offsite release and transport of radioactive material; and radioactive-source
controls.


• The RP SPs provide specific requirements that govern TRA security-area access control, the
nuclear criticality safety program, and TRA uniirradiated fissile material control.


• The ATR Operations SDs also provide specific requirements that gove rn new fuel handling , reactor
canal operations , and reactor shutdown operations.
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13.5.3.2 Criticality Safety. A discussion of the hardware, facilities, and analyses that provide
protection against inadvertent criticality is given in Chapter 9 (Auxiliary Systems) of this UFSAR. The
control of criticality of fuel and SNM is governed by the Contractor and RP administrative procedures
outlined below, which implement DOE orders and DOE-ID supplemental directives covering criticality
protection:


• The Contractor's Engineering and Research provides requirements for criticality safety and
criticality control areas.


• The Contractor's Radiation Protection furnish requirements governing radioactive-material
identification, storage and control, release, and onsite and offsite transport of radioactive material.


• The RP SPs provide specific requirements that govern TRA security-area access control, the
nuclear criticality safety program, and TRA unirradiated fissile material control.


• The ATR Operations Standing Directives (SD) also provide specific requirements that govern new
fuel handling, reactor canal operations, and reactor shutdown operations.


13.5.4 Security


This subsection describes the measures established to protect against unauthorized removal of
fissile and radioactive materials, including access regulations and security systems. The following
administrative procedures are the governing documents that provide the security measures to protect
against unauthorized removal of fissile and radioactive materials.


• The Contractor's Safeguards and Security delineates the responsibilities of the safeguards and
security organization, line management, and employees.


• The Contractor's Safeguards and Security provides requirements covering protection of SNM,
physical protection of unclassified irradiated fuel in transit, nuclear-materials accountability and
control, and nuclear-materials management.


• The Contractor's Radiation Protection provide requirements covering radioactive-material
identification, storage and control; release and onsite and offsite transport of radioactive material;
and radioactive-source controls.


• The RP SPs provide specific requirements that govern TRA security- area access control, the
nuclear criticality safety program, and TRA unirradiated fissile material control.


• The Site Safeguards and Security Plan provides the plan for the Contractor to perform safeguards
and security functions.


• Protective Force Special Orders provide a procedure for detecting and responding to unauthorized
removal of SNM from TRA security areas.


13.5.5 Review and Audit


I
RP has an internal, independent safety review program. This program, when combined with oche


RP and non-RP review, audit/assessments, and appraisal programs, constitutes compliance with
Corporate Policy.







Idaho National Engineering and Environmental Laborato 412,22_(09/0312002 - Rev. 7)
CHAPTER 13 - MANAGEMENT, ORGANIZATION, Identifier: SAR-153
AND INSTITUTIONAL SAFETY PROVISIONS - Revision: 9
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 13-34 of 13-36


FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


The RP safety review program is implemented in pan through the functions and responsibilities of
a RP independent safety review committee described in RP SPs. This committee reporting to and
approved by the RP Director provides a high degree of safety in RP facility programs and operations.
Other aspects of the review and audit process are described in the Contractor's procedures and in
Chapter 17 (Quality Assurance) of this IJFSAR. The review and audit processes are governed by the
following administrative procedures:


• RP Procedures address self-assessment surveillances, internal independent appraisals and audits,
the accountability program, the commitment tracking system, restart of reactor and nonreactor
nuclear facilities, the independent safety review committee, the line management independent
review system, and readiness reviews. Procedures are also provided that cover work-control
procedures, engineering design verification, engineering analysis, unreviewed safety questions
(USQs), line/field safety review, quality engineering reviews, tracking radiation exposure with
dose cards, and cross-connection control inspections and testing.


• The RP procedures provide instructions that govern a variety of review, audit/assessments, and
tracking activities for hardware, personnel, management, documentation, and software systems.
Procedures are also provided for identifying and resolving concerns and issues.







Idaho National Engineering and Environmental Laboratog 41'2.09(0910312002 -Rev. 7


CHAPTER 13 - MANAGEMENT, ORGANIZATION, Identifier: SAR-153
AND INSTITUTIONAL SAFETY PROVISIONS - Revision: 9
UPGRADED FINAL SAFETY ANALYSIS REPORT Page : 13-35 of 13-36


FOR THE ADVANCED TEST REACTOR Effective Date: 08/10104


13.6 Reference


ANSI, 1984, Determining Meteorological Information at Nuclear Power Sites (R 1990),
ANSI/ANS-2.5-1984, American National Standards Institute, New York, NY, 1984.


ASME, 1997, Quality Assurance Program Requirements for Nuclear Facilities , NQA-1, Ameri can
Society of Mechanical Engineers, New York, NY, December 31, 1997.


Atkinson, S. A,, S. A. Eide, and T. A. Thatcher, 1992, Advanced Test Reactor Risk Summary,
PG-T-92-129, EG&G Idaho, Inc., September 1992.


CFR, 2002, Nuclear Safety Management, 10 CFR 830, Code ofFederal Regulations, Office of the
Federal Register, February 4, 2002.


CFR, 2003, Occupational Safety and Health Standards, 29 CFR 1910, Code ofFederal Regulations,
Office of the Federal Register, July 21, 2003.


Companywide Manual , Engineering and Research.


Companywide Manual, INEEL Emergency Ptan/RCRA Contingency Plan, with TRA Facility Specific
Addendum.


Companywide Manual , Quality and Requirements Management.


Companywide Manual, Operations, with Reactor Programs supplemental procedures.


Companywide Manual, Radiation Protection.


Companywide Manual, Safeguards and Security.


Companywide Manual , Safety and Health.


DOE, 1983, GuidelinesforJob and Task Analysis for DOE Nuclear Facilities, DOE/EP-0095,
U.S. Department of Energy, Washington, D.C., June 1983.


DOE, 1997, Occurrence Reporting and Processing of Operations Information, 232.1A, U.S. Department
of Energy, Washington, D.C., July 21, 1997.


DOE, 2000, Comprehensive Emergency Management System, 151.1 A, U.S. Department of Energy,
Washington, D.C., November 1, 2000.


DOE, 2001 a, Personnel Selection, Qualification, and Training Requirements for DOENuclear Facilities,
Order 5480.20A, U.S. Department of Energy, Washington, D.C., July 12, 2001.


DOE, 2001 b, Conduct of Operations Requirements for DOE Facilities, Order 5480.19, Change 2, U.S.
Department of Energy, Washington, D.C., October 23,2001 .


DOE, 2002, Facility Safety, Order 420.IA, U.S. Department of Energy, Washington, D.C., May 20, 2002.







Idaho National Engineering and Environmental Laboratory 412.09 (09/03/2002 - Rev. 7
CHAPTER 13 - MANAGEMENT, ORGANIZATION, I Identifier: SAR-153
AND INSTITUTIONAL SAFETY PROVISIONS - Revision: 9
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 13-36 of 13-36


FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


DOE-ID, 1992, Idaho National Engineering Laboratory Environmental Monitoring Plan: Baseline
Document, INEL EMP, U.S. Department of Energy, Idaho Operations Office, Idaho Falls, ID,
June 1992.


INEEL, Site Safeguards and Security Plan.


INEEL, 200 ]a, Combination Fire Hazard Analysis and Fire Safety Assessment A TR Building TRA-670
(HAD-116), March 19, 2001.


rNEEL, 2001 b, Combination Fire Hazard Analysis and Fire Safety Assessment ATR Support Buildings
(HAD-114), Rev. 0 , March 19, 2001.


INEEL, 2003a, Test Reactor Area (TRA) Hazards Assessment (HAD-3), Rev. 6, July 23, 2003.


INEEL, 2003b, TRA Training Program, PDD-105, Rev. 1, August 28, 2003.







Idaho National Engineering and Environmental Laboratory
CHAPTER 14 - INITIAL TEST PROGRAM,


INSERVICE SURVEILLANCE, AND
MAINTENANCE - UPGRADED FINAL SAFETY
ANALYSIS REPORT FOR THE ADVANCED TEST


REACTOR


CHAPTER14


412 ,09 (0910312002 - Rev.
Identifier: SAR-153
Revision: 9
Page: 14-1 of 14-36
Effective Date: 08/10/04


INITIAL TEST PROGRAM , INSERVICE
SURVEILLANCE , AND MAINTENANCE







Idaho National Engineering and Environmental Laboratory 412.09 ( 09/0312002 - Rev. 7)
CHAPTER 14 - INITIAL TEST PROGRAM,


INSERVICE SURVEILLANCE, AND
MAINTENANCE - UPGRADED FINAL SAFETY
ANALYSIS REPORT FOR THE ADVANCED TEST


REACTOR
I


Identifier: SAR-153
Revision: 9
Page: 14-2 of 14-36
Effective Date: 08/10/04


INTENTIONALLY BLANK







Idaho National Engineering and Environmental Laborata 41209 (09/0312002. Rev. 7


CHAPTER 14 - INITIAL TEST PROGRAM, Identifier: SAR-I53


I INSERVICE SURVEILLANCE, AND Revision: 9
MAINTENANCE - UPGRADED FINAL SAFETY Page: 14-3 of 14-36


I ANALYSIS REPORT FOR THE ADVANCED TEST
REACTOR


Effective Date: 08/10/04


CONTENTS


ACRONYMS/ABBREVIATIONS ....... ........................... ......... .... ......... .... ...... ..................... .............. 14-5


14.. INITIAL TEST PROGRAM, INSERVICE INSPECTION, TESTING,
AND MAINTENANCE .................... ....... ........................... : .... ...... .................. . ............ .. ....... .. 14-7


14.1 Initial Test Program ...... .................. . ................ . ............ . ...... ...... ....... .. ......................... 14-7


14.1.1 Summary of Initial Test Program and Objectives ....................................... 14-7
14.1.2 Initial Test Descriptions ........ ._ ............. ............. ............................... . ..... 14-8
14.1.3 Postneutron Tests ...................................................................................... 14-8


14.2 lnservice Inspection ................................................................................................... 14-22


14.2.1 Inservice Inspection and Testing of the Primary Coolant
Pressure Boundary (Class 1)......... .................... ._................................... 14-22


14.2.2 Inservice Inspection of Class 2 and 3 Components ................................... 14-24


14 3 Inservice Testing .......... ............................. ...... ................... ........................................ 14-25


14.3.1 Inservice Testing of Pumps ......... .......... . ....... ..... ...................... .._... ........ 14-25
14.3.2 Inservice Testing of Valves.. . ...... ....... ............... __ ....... ....................... 14-25


14.4 Maintenance .............................................................................................................. 14-26


14.4.1 Maintenance Organization and Administration ........................................ 14-26
14.4.2 Training and Qualification of Maintenance Personnel .............................. 14-27
14.4.3 Maintenance Facilities, Equipment, and Tools ......................................... 14-28
14 4.4 Types of Maintenance ............................................................................. 14-28
14.4.5 Maintenance Procedures .......................................................................... 14-29
14.4,6 Planning, Scheduling, and Coordinating Maintenance .................._ ......... 14-29
14.4 .7 Control of Maintenance Activities ............ _ ............................................. 14-30
14.4.8 Post-maintenance Testing ........................................................................ 14-31
14.4.9 Procurement of Parts, Materials, and Services .. . ........ __ ...... _ ...... ....... 14-31
14.4.10 Material Receipt, Inspection, Handling, Storage, Retrieval,


and Issuance ............................................................................................ 14-31
14.4.11 Control and Calibration of Measuring and Test Equipment ...................... 14-32
14.4.12 Maintenance Tools and Equipment Control ............................................. 14-32
14.4.13 Facility Condition Inspection ................................................................... 14-33
14.4.14 Management Involvement ....................................................................... 14-33
14,415 Maintenance Historv ............................................................................... 14-34
14.4.16 Analysis of Maintenance Problems .......................................................... 14-34
14.4.17 Modification Work .................................................................................. 14-34
14.4.18 Additional Maintenance Management Requirements ............................... 14-35


14,5 References ................................................................................................................. 14-36







Idaho National Engineering and Environmental Laboratory
CHAPTER 14 - INITIAL TEST PROD


INSERVICE SURVEILLANCE, AND
MAINTENANCE - UPGRADED FINAL SAFETY
ANALYSIS REPORT FOR THE ADVANCED TEST


REACTOR


TABLES


14.1-1. Brief list of the Advanced Test Reactor startup chronology ............................................... 14-11


14.1-2. Major Advanced Test Reactor Component Continuity Tests .............................................. 14-12


14.1-3. Advanced Test Reactor System Operations tests ............................................................... 14-13


14.1-4. Advanced Test Reactor/Principal Tests and Experiments .................................................. 14-14


412.09 (09/0312002 - Rev. 7)


I Identifier: S
Revision: 9


5


Page: 14-4 of 14-36
Effective Date: 08/10/04







daho National Engineering and Environmental Laboratory 4 12.09 ( 09/038002 - Rev. 7
APTER 14 - INITIAL TEST PROGRAM,
INSERVICE SURVEILLANCE, AND


MAINTENANCE - UPGRADED FINAL SAFETY
ANALYSIS REPORT FOR THE ADVANCED TEST


REACTOR


Identifier:
Revision: .
Page:
Effective Date


SAR-I 53
9
14-5 of 14-36
08/10/04


ACRONYMS/ABBREVIATIONS


AEC U.S. Atomic Energy Commission
ASME American Society of Mechanical Engineers
ATR Advanced Test Reactor
ATRC Advanced Test Reactor Criticality Facility


CC component continuity
CFR Code of Federal Regulations


DOE U.S. Department of Energy


IPT inpile tube
ISi inservice inspection


LMITCO Lockheed Martin Idaho Technologies Company, Inc.


MBWA management by walking around
MIP maintenance implementation plan
MORT Management Oversight Risk Tree


NRC U.S. Nuclear Regulatory Commission


PCS primary coolant system


RP Reactor Programs


SO system operations
SSC structures, systems, and components


TRA Test Reactor Area
TRAMO Test Reactor Area Maintenance Operations


WO work order
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14. INITIAL TEST PROGRAM , INSERVICE INSPECTION,
TESTING, AND MAINTENANCE


The Advanced Test Reactor (ATR) Upgraded Final Safety Analysis Report incorporates
information required by U.S. Department of Energy (DOE) Orders 5480.23, 10 CFR 830, and 433.1
(DOE 1994, 2001a). DOE Order 5480.23, "Nuclear Safety Analysis Reports," and 10 CFR 830 requires
the preparation of a safety analysis report to document the facility safety envelope (DOE 1994).
DOE Order 433.1, "Maintenance Management Program for DOE Nuclear Facilities," provides policy and
objectives for maintenance and repair of DOE facilities (DOE 2001a).


14.1 Initial Test Program


14.1.1 Summa ry of Initial Test Program and Objectives


The ATR equipment and hardware were subject to vendor testing to ensure satisfactory
performance. In addition to these vendor tests, the equipment installed at ATR was subjected to
component continuity (CC) tests by the construction contractor. These tests and the results were reviewed
by the U.S. Atomic Energy Commission (AEC), the design contractor, and the operating contractor. The
completed systems, after turnover to the operating contractor, were subjected to operational testing and
performance evaluation by the operating contractor. These system operation (SO) tests and results were
reviewed by the AEC and design contractor.


The startup program for ATR was an organized series of experiments and proof tests that, in
conjunction with the experiment program in the ATR Critical (ATRC) Facility, demonstrated that
equipment and systems were properly installed and that the reactor was completely capable of operating
according to design specifications set forth in the original ATR Safety Analysis Report (deBoisblane and
Cohen 1965). The program was divided into two major parts: preneutron (Part 1) testing and postneutron
(Part 11) testing. The postneutron program was further divided into three parts: (a) Part 11 A, initial fuel
loading and zero power experiments (Henscheid et al. 1967), (b) Part 11 B, intermediate power physics
and engineering tests (Kaufman et al. 1969; Durney et al. 1972), and (c) Part 11 C, high power
demonstration (Durney et al. 1972).


The preneutron and postneutron testing followed a general sequence outlined below.


1. All tests on equipment and systems that were either independent of the reactor or that were
conducted with the temporary vessel bypass.


2. Tests that in essence were a continuation of Part I tests, but that required the vessel to be a
connected part of the primary coolant system (PCS).


3. Tests that required the vessel, its internals, all drive systems, all instruments, etc., to be complete.
These tests began after the construction contractor turned the ATR over to Phillips Petroleum
Company, the operating contractor.


4. Tests with neutrons, including first criticality, physics tests, and power approach.


5. Postpower tests.


Table 14.1-1 shows a brief list of the ATR startup chronology.
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14.1.2 Initial Test Descriptions


Table 14.1-2 lists the major CC tests (deBoisblanc and Cohen 1965).


Table 14.1-3 lists the SO tests for the ATR (deBoisblane and Cohen 1965). These tests included
check-out and performance of the entire system, including instrumentation and control response. In
several of the operational tests, equipment specifications did not exist to compare the results of the test.
Therefore, the assumed or calculated parameters used or determined in design were compared to test
results.


These SO tests were the minimum required to be completed for ATR operation. This list is not the
complete list of all SO tests run. For example, other SO tests were performed at later dates to provide
confirmatory data and new data for newly developed equipment. A list of all SO tests run is available
from the Federal Record Center in Seattle, Washington.


14.1.3 Postneutron Tests


ATR was subjected to extensive testing, which covered preloading, hydraulic, critical loading,
low-power physics, approach to power, and full-power tests.


14.1.3.1 Preloading Procedures and Tests. After all CC and SO tests were completed, the
following preloading tests and procedures were begun:


• A Hydraulic Program. This was a series of full core tests using instrumented dummy fuel elements
to determine if any hydraulic instabilities or undesirable interactions occur between fuel elements.


• Instrument System Response Tests. The reactor and process control instrumentation were subjected
to open loop, frequency response tests that provided data to initially adjust control modes.


• Fuel Inspection Procedures. The ATR fuel elements were inspected to ensure dimensional
specifications were met and gamma scanned for fuel content, Each element for the first core was
tested in the hydraulic facility at conditions of temperature and flow more severe than expected
during operation. The entire core was evaluated in the ATRC Facility relative to reactivity and
power profile measurements.


• Control and Safety Rod Poison Determination. The ATR control and safety rod poison sections
were neutron source checked for absorption properties, and reactivity worths were measured in the
ATRC Facility,


• Detector Arrangement. The detector arrangement used in the ATR for initial loading was checked
in the ATRC Facility. The arrangement minimized shadowing effects and ensured adequate
sensitivity of the detectors.
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14.1.3. 2 Criticality Tests and Full Core Loading for the ATR. The ATR was loaded in
the same manner as the ATRC Facility. After source insertion, detectors were calibrated and auxiliary
detectors were installed as required. Fuel loading was performed in a stepwise manner previously
determined to be safe in the ATRC Facility. The total reactivity of each step was limited, and careful
counting checks were made during each element insertion. After achieving a critical loading, a
preliminary safety rod calibration was made to ensure adequate shutdown capability for the full core
loading. After the full core loading was complete, a preliminary power calibration was made by foil
measurements. These measurements permitted detector calibration and provided a comparison with
ATRC Facility results. A preliminary estimation of shutdown reactivity was made to obtain a base for
detailed rod calibrations.


14.1.3.3 Low-Power Physics Tests for ATR. Postneutron, low-power physics tests
measured the following reactor parameters:


• Preliminary Rod Calibrations. Control rod intercomparisons provided an approximation of total
reactivity and also yielded a rough statistical weight map of the core.


• Determination of Excess Reactivity. The excess reactivity of the reactor was determined by the
distributed poison method.


• Detailed Flux Measurements for Balanced Core. Detailed core flux mapping was performed with a
balanced lobe power arrangement to provide data for predicting core and heat transfer performance.


• Detailed Rod Calibrations. The reactivity worths of individual and ganged rod configurations were
determined for the safety, outer cylinder, and neck rods, including interaction effects. Methods
were based on the multiplication method, period measurements, pulsed neutron measurements, rod
drop procedures, and intercalibration.


• Void Coefficients. Detailed void measurements, made in various core areas, are required to
determine important void effects (both positive and negative) on reactivity in the ATR.


Fuel and Poison Statistical Weights. A determination was made of the relative spatial distribution
of the response to a small amount of poison and of a small fuel sample. Comparing the values of
the measurements with the corresponding quantity calculated using the adjoint flux aided in setting
up the core loading computational procedures to be used in future operations.


• Detailed Flux Maps for Unbalanced Core Configuration. Detailed maps of thermal flux and fast
neutron flux were prepared for the ATR with the 40-50-60-MW power split.


• ATR-ATRC Facility Intercalibration Tests. Detailed measurements of flux, power, and other
parameters were made in the ATR and ATRC Facility to establish equivalency.


• Reactor Safety Stability Studies. Measurements of the effective delayed neutron fraction, neutron
lifetime, interlobe kinetic behavior, and transfer function were made to check calculated values for
the ATR and to ensure that the safety studies based on calculations were valid. Techniques
included pile oscillator, noise, and pulsed neutron measurements.
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14.1.3.4 Approach to Power. Many of the tests previously performed on the ATR were
repeated during the approach to power. These tests included


• Hydraulic capability tests


• Final rod performance tests


• Stepwise power increase tests


• Heat transfer tests


• Reactor safety stability studies at power


• Temperature coefficient tests


• High power flux mapping


• Fuel inspection.


14.1.3 . 5 Full Power Core 1 . The ATR operated at full power with a balanced lobe
configuration . During this period , detailed data were obtained relative to reactor, process, and radiation
systems to evaluate overall facility performance (Griebenow and Hanson 1976). Following the shutdown,
the core was unloaded and subjected to detailed hot cell examination including destructive testing.


14.1.3.6 Ongoing Testing. Because of the ATR mission, the reactor core and various other
parameters are subject to change each time the plant is shut down and experiments are changed. ATRC
Facility measurements may be required to support new experiments or cores. Initial testing may be
required before startup when new experiments have been inserted or a new core has been installed. The
testing after startup, when required, is typically not as extensive as the initial Core I testing; however, it
does cover the important affected parameters.
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14.1.3.7 Record of ATR Principal Tests and Experiments. A list is kept of all the
principal tests and experiments conducted for the ATR and the ATR fuel, This list also represents the tests
and experiments that support the UFSAR. This list is shown in Table 14.1-4.


Table 14.1-1. Bri ef list of the Advanced Test Rea
Date ATR Startup Chronology


August 1960 Final conceptual design
December 1961 Construction be ins.


May 1962 through August 1963 ATR critical experiments conducted.


May 1964 ATRC Facility begins operation.
July 1967 Initial criticality and zero-power test program (Core 0)
Feb ru a ry 1968 Installed Core 1.


March 1968 -Completed low-power phase of Power Escalation Programs.
Novem be r 1968 Resume wer escalation ro am , lllennal hydraulic tests.
February 1969 Resume power escalation program.


April 1969 Resume power escalation program ( 170 MW).
September 1969 Began powe r demonstration program (250 MW). --�


}December 1969 Power Demonstration Program completed.


or startup chronol
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Table 14.1-2. Major Advanced Test Reactor Component Continuity Tests.


CC Test No. Components Tested


CC-1 Special doors


CC-3 Elec trically operated cranes


CC-4 Chain hoists


CC-7 Building leak test


CC-10 High-pressure air system


CC-1 I Primary system cleanin , flushing. and hydrosta ti c testing


CC-12 Horizontal pump mounting, leveling, and alignment


CC-13 Vertical pump mounting. leveling, and alignment


CC-14 Air compressor moun ti ng, leveling. and alignment


CC-16 Diesel generator and auxiliary equipment


CC-17 Demineralizers


CC- 1 8 Cooling tower


CC-19 Cleaning and testing of seconda ry coolant piping and equipment


CC-20 Cleaning and testing of lant general service systems


CC-21 Process instruments


CC-23 Electrostatic shielding


CC-25 Transformers


CC-26 Motors


CC-27 Switchgear. motor control centers, and control panels


CC-28 Motor-gene ra tor sets


CC-29 Batte ri es


CC-33 Data processing equipinent


CC-34 Motor operated valves


CC-38 Heating and ventilating systems


CC-40 Commercial power system


CC-41 Diesel power system


CC-42 Telemete ri ng and supervisory control


CC-43 Cathodic protection system


CC-44 Lighting


CC-45 Communications and alarm systems
CC-101 Electrical check-out of reactor control, safety, and nuclear inst rument systems


CC- 102 Handling sling


CC-106 Reactor instrumentation drives







Idaho National En ineerin and vi nmental oratory 412.09 (09/03 /2002 - Rem


CHAPTER 14 - INITIAL TEST PROGRAM, Identifier: SAR-153
INSERVICE SURVEILLANCE, AND Revision: 9


MAINTENANCE - UPGRADED FINAL SAFETY Page: 14-13 of 14-36
ANALYSIS REPORT FOR THE ADVANCED TEST


REACTOR
Effective Date: 08/10/04


Table 14.1-3. Advanced Test Reactor System Opera ns tests.


SO Test No. ATR System Operation Tested


SO-1 Primary coolant system


SO-2 Secondary coolant system


SO-3 High-pressure demineralized water system


50-4 Low-pressure demineralized water system


SO-5 Utility cooling-water system


SO-6 Gland sea] water system


SO-7 Liquid waste handling system


SO-8 High-pressure air


SO-9 Cooling tower


SO-10 Underwater saw


SO-I I Raw-water system


SO-13 Bypass demineralizer system


SO-14 Cooling tower chemical treatment system


SO-16 Pumps horizontal


SO-17 Pumps vertical


so-is Instrument air system


SO-19 Compressed air dryer


SO-20 Telemeterin and supervisory control


SO-21 Cathodic protection system


SO-23 Equipment load tests


SO-26 Radiation monitoring system


SO-27 Process instrumentation


SO-101 Reactor control. safety, and nuclear instrumentation system


SO-102 Reactor internals hydraulic
SO-107 Safety rod drives


SO-108 Neck shim drives


SO-109 Outer shim drives


SO-110 Storage space systems


SO-111 Reactor handling tools


SO-112 Canal transfer devices
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ID Authors Title Date UFSAR Subject Notes
ANCR-1015 M, L. Oriebenow ATR Extended Burnup November, Chapters 4, 15 Fuel Test Program to extend bumup


(ed.) Pro ram 1971 Performance limits for ATR fuel
ANCR-1016 R. M. Bragger, Nuclear Technology October, 1971 Chapter 4 Fuel pp. 132-134, fuel plate blister


E. E. Burdick, Division Annual Progress performance resistance testing
W. C. Francis, Report for Period Ending
R. L. Heath, and June 30, 1971
J.F. Kunze


ANCR-1027 M. J. Graber, G. O. Performance Evaluation October, 1971 Chapter 4 Fuel Fuel plate operating performance
Hayner, R. R. of Core II and III performance tests
Hobbins, and Advanced Test Reactor
G. W. Gibson Fuel Elements


ANCR-1080 J. L. Durney, et al. Reactor Physics Results October 1972 Chapters 4, 14 Core Physics Core flux stability measurements,
from the ATR Power power coefficient, and other data
Demonstration m am


BAW-1322 R. F. Manoli Advanced Test Reactor May 1968 Chapter 3 Vessel Summary of ATR internals
Internals Vibration internals vibration tests
Summary


BNWL-216 E. D. Waters Heat Transfer May, 1986 Chapters 4, 15 Fuel thermal- Ex-reactor burnout tests for
Experiments for the hydraulics simulated fuel element
Advanced Test Reactor


BNWL-CC-456 J. L. Bates Thermal Diffusivity of January, 1966 Chapter 4 Fuel design Thermal diffusivity measurements
MTR-ETR Type Fuel on sample fuel plates
Plates, Final Report


CHO-08-93 . OhC . H High Pressure CHF Data October, 1993 Chapter 15 Fuel thermal- By reference, ATR-specific low::::
hydraulics now CHF tests at 20, 35, and 50


sia
CI-1035 W. C. Francis, Quarterly Report, Status February, Chapter 4 Fuel design Tests for fuel plate thermal stress


F. H. Tingey, et al. of Test Reactor Fuel 1967 and buckling resistance
Development Activities,
period Ending January
11 1041
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ID Authors Title Date UFSAR Subject Notes


CI-1045 D. R. deBoisblanc ATR primary Coolant June, 1967 Chapter 3 PCS Preoperational test program
and S. Cohen System Rework Digest including rework found necessary


for Safety Evaluation
Cl-I 108 H. L. Magleby ATR emergency Flow July, 1968 Chapter 15 PCS By reference to TRA-ATR-739,


Following Primary Flow performance primary pumps coastdown test
Coastdown


Fra-113-74 W. C. Francis Transmittal of INC-16-2 July 1974 Chapter 4 Fuel Fuel plate sample irradiation tests
Results performance for extended burtrup


Fra-219-71 W, C. Francis Microcracking November, Chapter 4 Fuel Tests indicating lower blister and
Phenomena 1971 performance cracking resistance for low


temperature irradiation


Havn-38-70 G. O. Hayner Best Estimate of the November, Chapter 4 Fuel Test results for strength of
Compressive Yield 1970 performance composite Ualx fuel plate
Strength vs. Temperature
of Unirradiated ATR
Plate 19


IDO-17021 D. R. deBoisblanc Safety Analysis Report, April. 1965 Chapters 4, 5, Testing Summaries of development tests


and S. Cohen Advance Test Reactor 6, 14, 15 summaries for ATR


IDO-17154 W. C. Francis (ed.) Annual Progress Report November, Chapter 4 Fuel design ATR fuel fi ssion gas retention
on Reactor Fuels and 1965 tests
Materials Development
for FY 1965


DO-1721$ W. C. Francis and Annual Progress Report November, Chapter 4 Fuel, Reflector ATR fuel fission gas retention
R. A. Moen (eds.) on Reactor Fuels and 1966 design tests and beryllium swelling and


materials Development corrosion tests
for FY 1966


IDO-24460 D. W. Koch, Advanced Test Reactor, August, 1963 Chapters 4, 5 Materials Corrosion tests for ATR reactor
K, F. Riskevics, Investigation of the performance materials (excluding fuel)
and E. E. Ritchie Corrosion Behavior of


Materials for
Construction
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Table 14. 1-4. (continued),
ID Authors Title Date UFSAR Subject Notes


IDO-24461 R. E. Deville Differential Thermal October, 1963 Chapter 4 Fuel design Tests for fuel plate thermal stress
Expansion Tests on and buckling resistance
Advanced Test Reactor


IDO-24463 H. D. Ferris and Advanced Test Reactor October, 1963 Chapter 4 Fuel Design Fuel plate buckling tests
J. C. Moyers Fuel Elements Hydraulic


Bucklin Tests
IDO-24465


_
M. W. Croft Advanced Test Reactor January, 1964 Chapters 4, 15 Fuel thermal- Ex-reactor burnout tests for


Burnout Heat Transfer hydraulics simulated fuel element
Tests


IN-1036 H. D. Gronbeck ETR Radiation Damage February. Chapter 4 Fuel design ETR data applied to ATR
Surveillance Programs, 1967
Progress Report H


IN-1136 J. W. Henscheid, et ATR Startup, Zero-Power December, Chapters 4, 14 Core physics ATR zero-power physics test and
al. Experiments and 1967 comparison to ATRC


Comparison with ATR
Critical Facility


IN-1158 M. L. Griebenow Isothermal Hydraulic September, Chapter 4 Fuel In-core fuel elements hydraulic
Measurements in Fuel 1968 performance test
elements in ATR Core


IN-I 179 K. C. Sumpter A primary Study on the April. 1968 Chapter 4 Fuel design Tests to determine composite fuel
Compressive Properties plate strength properties
of Composite Nuclear
Fuel Plates


IN- 1186 T. L. Bridges and ATR Primary Coolant May, 1968 Chapter 15 PCS Tests to determine corrective
T. K. Burr System Check Valve performance measures for primary pumps check


problem Analysis and valve closing problem
Correction


IN-1260 N. C. Kaufman, Reactor Physics Results Februan, Chapter 14 Core Physics Initial, low power ATR physics
et al. from Low-Power 1969 tests


Measurements in the
Advanced Tesi Reactor
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Table 14. 1-4. (continued).
ID Authors


IN-1437 W. C. Francis (ed.
Tide Date UFSAR Subject Notes


) Metallurgy and Materials November, Chapters 4, 15 Fuel, reflector ATR fuel fission gas retention,
Science Branch Annual 1970 performance blister resistance testing and
Re ort, Fiscal Year 1970 beryllium swelling


INEL-94/089 R. T. McCracken, Results of nuclear December, Chapter 4 Core physics ATR low power physics tests for
et al. Requalification Testing 1994 reconfigured ATR core


following the ATR
Reflector V Core
Internals Changeout
Outage


KDB-4-75 K. D. Bulmahn Evaluations of ATR Gas September, Chapter 15 Core heat Experiments to define potential
Leakage Experiments 1975 transfer gas flow paths to core from in-pile


tube leak


Liv-6-86 R. A. Livingston ATR Requalification May, 1986 Chapter 4 Core Reflector IV hydraulics
Hydraulic Test PST-5 h dmulics measurements


Mag-4-68-M H. L. Magleby ATR Pressurizing System February, Chapter 15 PCS System operations test data for
SO-102 Tests 1968 performance 1, ressurizin system operation


Ned-29-71 M. J. Neder Irradiation of an ATR January, 1971 Chapters 4, 15 Fuel Isothermal flow blockage tests
Fuel Element with known performance
defects


Ni-10-77 H. H. Nielson ATR Reflector III Design August 1977 Chapter 4 Core Reflector III hydraulics
Criteria Compliance h dmulics measurements


Nucl. Tech., 49 J. M. Beeston, R. Development and June, 1980 Chapter 4 Fuel design pp. 136-149, development tests for


R. Hobbins, G. W. Irradiation Performance ATR fuel
Gibson, and W. C. of Uranium Aluminide
Francis Fuels in Test Reactors


ORNL-3541 J. C. Griess, J. C. Effect of Heat Flux on the February, Chapter 4 Fuel Fuel plate oxide corrosion buildup
Saveage, and J. L. Corrosion of Aluminum 1964 performance tests
English by Water
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Table 14,1-4 continued).
ID Authors Title Date UFSAR Sub ect Notes


ORNL-3557 W. R. Marti n and Mechanical Prope rt ies of February, Chapter 4 Fuel design ATR fuel element mate ri al
J. R. Weir X8001 and 6061 1964 prope rt ies test data


Aluminum Alloys and
Aluminum-Bas Fuel
Dispersion at Elevated
Tem ratures


ORNL-TM-3300 J. R. Weir, Jr., and Irradia ti on Damage to July, 1971 Chapter 4 Materials PP. 276-294 , irradiation damage
R. T. King Aluminum and performance tests for ATR fuel cladding and


Aluminum Allo s intern als
PG-T-84-010 R. T. McCracken ATR Power Inc rease Test June, 1984 Chapter 15 core physics By refe rence in NRRT-N-92-009,


Data Rev. I, reg. rod withdrawal tests
with measured power data


PG-T-84- 011 M. A. Tupper Hafnium Irradiation July 1984 Chapter 4 Hafnium Hafnium material proper ti es tests
Damage, Continued performance for loss of ductility due to
Su rveillance irradiation


PG-T-86-007 J. E. Dwight, R. T. Results of Physics Tests July, 1986 Chapters 4, 15 Core physics ATR low power physics tests for
McCracken , W. D. Following ATR Core new reflector and intern als (used
Grego ry , and W. Internals Changeout for physics code benchmarks)
M. Yarbrou h


PG-T-87-009 J. L. Dumey, W. ATR Lifetime and December , Chapters 4, 5 Vessel Vessel irradia ti on fluence
G. Reuter, G. K. P rimary Coolant System 1987 performance
Miller, and G. A. IGSCC Assessment
Reiman


PG-T-89 -001 S. M . Graham, W. Fracture Toughness and May, 1989 Chapter 5 Materi als Unirradiated vessel material
It Lloyd, and W. Tensile Test Results for performance prope rt ies
G. Reuter Unirradiated Weldment


of Type 304 Stainless
Steel


PG-T-89-024 W. R. Lloyd Evaluation of Axial Shear September, Chapters 4, 15 Fuel design Tests for swage j oint shear or slip
Forces in Swaged Joints 1989 resistance
of AIR Fuel Elements
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ID Authors Title Date UFSAR Subject Notes


PG-T-93-022 R. T. Mccracken Results of ATR Critical November, Chapter 4 Core physics ATRC tests for reconfigured ATR
Facility Core 1993 core
Reconfiguration and
Requalification Testing
for Post Process Control
U rade ration


PG-T-94.002 R. T. McCracken Results of Nuclear March, 1994 Chapter 4 Core physics ATR low power physics tests for
and W. M. Requalification Testing reconfigured ATR core
Yarbrough following the ATR


Process Control Upgrade
Outage


PG-T-94-006 R, T. McCracken Results of ATR Critical June, 1994 Chapter 4 core physics ATRC tests for reconfigured ATR
and L. S. Loret Facility Core core


Reconfiguration and
Requalification Testing
for Post Core Intern als
Chan eout erations


PR-T-77-003 J. L. Durney ATR Burnup Extension December, Chapter 4 Fuel Extended bumup testing of ATR
1977 rfannance fuel elements


PR-T-80-009 R. N. Beatty ATR Primary Coolant February, Chapter 4, 5 Fuel Reference by
System pH Test Run 92 1980 performance JLD-17- 82; test for acceptability


of operation up to pH of 5.4


PTR-732 M. L. Griebenow Ex-Reactor Heat Transfer December, Chapters 4, 15 Fuel thermal- Ex-reactor forced convection heat
Experiments Simula ti ng 1964 hydraulics transfer tests for simulated fuel
ETR Fuel Element element
Geomet


RE-M-77-011 J. M. Beeston and Bu rnup Exiension November, Chapter 4 Fuel Extended bump testing of A
R. K. Malik Analysis of Two 7F Fuel 1977 performance fuel elements


Elements
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Table 14. 1-4. (cont inued


ID Authors Title Date UFSAR Sub'ect Notes
RTMc-4-94 R. T. McCracken Review of hafnium May, 1994 Chapter 4 Hafnium Reactivity measurements to


Depletion Data from performance determine hafnium poison
Reflector IV Control depletion
Element Reactivity
Measurements


SDT-E91-1296 Babcock & Wilcox Autoclave Boehmite September, Chapter 4 Fuel Referenced by BHH-21-96; testing
Prefilming of ATR 1995 performance for using autoclave to prefiim
Elements, Final Re ort ATR fuel elements


TR-140 S. Cohen Advanced Test Reactor December. Chapter 6 Confinement Base confinement leak test
Building Leak Test 1967 performance
Summary Report


TR-386 Aerojet Nuclear ATR Operating Envelope May, 1973 Chapters 4, 15 Core Physics Summaries of tests for reactivity
Company Extension worths and care phys i cs__


TR-639 G. C. Gose and D. ATR Siphon Breaker April, 1975 Chapter 15 PCS Siphon breaker performance tests
T. Neill Performance performance at Idaho State University


Investigation
TR-727 M. L. Griebenow ATR Core-I Thermal- September. Chapters 4, Fuel thermal- In-core fuel thermal-hydraulics


and G. H. Hanson Hydraulic Test Results 1976 14,15 hydraulics tests


TRA-ATR-1094 G. N. Fillmore ATR Fuel Element November, Chapter 4 Fuel History of ATR fuel element
Hydrau lic Testing History 1995 performance hydraulic tests


TRA-ATR-I 123 E. L. Shaber Boehmite Coating February, Chapter 4 Fuel Referenced by MGG-21-96; fuel
Evaluation 1996 performance plate examinations for autoclave


prefiltrung of ATR fuel
TRA-ATR-656 R. A, Clemons Document Draft Report April. 1992 Chapters 4. 15 Core Test summaries for ATR core


of ATR S. 0.-102. hydraulics internals hydraulics tests
Reactor Internals
H draulics Test


TRA-ATR-932 J. A. Close Large Scale Molten October, 1996 Chapter 15 Core heat Experiments to determine
Aluminum/Water Quench transfer likelihood for steam explosions in
Experiments for the ATR molten ATR core
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ID Authors Title Date UFSAR Subject Notes
TREE-1063 J. M. Beeston Properties of Irradiated October, 1976 Chapter 4 Bery llium Irradia ti on induced swelling of


Beryllium , Statistical
Evaluation


performance beryllium'E.1 140


J. M. Beeston Hafnium Irradiation June . 1977 Chapter Hafnium Tests for Hafnium irradiation
Dania a rformance effects


TRTSB-ATR- S. Fershutut ATR Building Leak Rate November. Chapter 6 Confinement Base confinement leak test using
023 Test Evaluation 1981 performance ressure deca method


TRTSB-ATR- C. B. Delaney and Capacities of Battery April , 1986 Chapter 8 Batte ry banks Batte ry bank rundown test data
040, Rev. I G. J. McCarty Banks Supporting ATR performance


O erations
TRTSB-ATR-F R. A. Livingston ATR Hafnium Fluence Septembe r, Chapter 4 Hafnium Hafnium material prope rt ies tests
093. Rev. I Limits 1984 performance for loss of ductility and fluence


limits
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14.2 Inservice Inspection


The ATR Inservice Inspection (1S!) Plan has been developed for selected plant systems and
components using the American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel
Code, Section XI, as a guide (ASME 1989, no addenda). Original construction radiographs, where
available, are used as baseline data unless they are replaced with more recent inspection results. In
accordance with the ATR ISI Plan (INEEL 2002), inspection results are evaluated, and indications that
acceptance criteria are not met are resolved by repair, replacement, or analysis. System pressure tests are
conducted on the ATR primary coolant system (PCS) (a) before startup following shutdowns in which the
PCS is depressurized to atmospheric pressure, and (b) once each 10-year inspection interval. System
pressure tests are conducted on individual loop facilities (a) prior to operation after each experiment
change out (the required inspection will only be required in the area of the loop inpile tube (IPT) Closure
Assembly provided maintenance was not performed in other areas of the loop), and (b) once each 10-year
inspection interval.


14.2.1 Inservice Inspection and Testing of the Primary Coolant Pressure Boundary
(Class 1)


The ATR ISI Plan (INEEL 2002) provides a detailed, comprehensive plan for periodic examination
of the ATR to monitor for degradation. The plan is developed from an adaptation of criteria established
by the AEC/U.S. Nuclear Regulatory Commission (NRC) in Section 50.55a of 10 CFR 50 (Code of
Federal Regulations) and Regulatory Guide 1.26 (NRC 1976), In accordance with these criteria, one of
four safety classifications is assigned to a fluid system based on the relative importance of the system to
plant safety. Overall inspection requirements are established commensurate with the safety classification
of the system. Class 1, Class 2, and Class 3 component inspection is discussed in this section. Class 4
components are not important to safety and are not discussed. The experiment loop IPTs are in-core
components that form a part of the Class I pressure boundary and the loop piping (greater than 1/2 in.
nominal pipe size) connected to the IPTs are classified as a Class 3 pressure boundary.


ASME Section XI is used as a guide to provide a systematic organizational method and
standardized nomenclature for establishing detailed inspection requirements. Since Section XI was
developed for commercial power plants and after the ATR was designed and constructed, the detailed
inspection requirements are tailored to the specific features of the ATR (e.g., the ATR primary coolant
pressure boundary has some inaccessible areas).


The ISI plan for the ATR (INEEL 2002) is intended to be flexible and amenable to change as
required to accommodate changing inspection requirements and field conditions. As the plan is
implemented, it is updated to field conditions in order to develop the most effective and efficient
long-term plan.
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14.2.1 . 1 System Boundary Subject to Inspection. The IS] plan for the ATR
(INEEL 2002) was formulated to cover periodic inspection requirements for (a) the primary system
including the primary coolant flow loop, reactor vessel, emergency coolant pumps, pressurizing system,
degassing system, and the surge tank, (b) the bypass demineralizer system, (c) the demineralized water
makeup system, (d) the emergency firewater injection system, (e) the vessel vent system, (f) the gland
seal and warm seal water systems, and (g) the experiment loop piping systems. The components to be
examined are specifically identified, the inspection method is recommended, and a schedule for
conducting the examinations is provided.


14.2.1 . 2 Accessibility. The ATR was designed and constructed before implementation of the
ASME Section XI Code for 1SL Therefore, ISI accessibility at the ATR was not a design consideration.
As a result, some areas of the systems are partially or totally inaccessible. These access limitations are
caused by radiation levels, equipment and support interferences, insufficient personnel working space,
and safety considerations.


14.2.1 . 3 Examination Techniques and Procedures . The three types of examination
techniques used are visual, surface, and volumetric. All nondestructive examinations are performed in
accordance with Contractor's procedures, which are based on the applicable industry standards.
Alternative examination methods, combinations of methods, or newly developed techniques may be
substituted for the designated method provided that the equivalence or superiority of the method can be
demonstrated.


14.2.1.4 Inspection Intervals. An inspection interval is typically a 10-year interval, which is
consistent with ASME Section XI requirements. Specific details concerning the program, such as the
schedule, interval overlap, and rotational basis for disassembly of components, are found in the ATR IS]
Plan (INEEL 2002).


14.2.1. 5 Evaluation of Examination Results . IS] examinations are performed by
inspectors qualified in accordance with Contractor's procedures. Data taken during these examinations
are interpreted in an expeditious manner, and those indications not meeting acceptance criteria are
reported for evaluation in accordance with the Contractor's Quality and Requirements Management,
control of nonconforming items.


14.2.1 .6 System Pressure Tests. ATR fluid systems are periodically pressure-tested as
defined in the ATR IS] Plan (INEEL 2002).


Components within the Class I ATR primary pressure bounda ry are subjected to system leakage
tests following each refueling outage.


Hydrostatic pressure tests are performed at least once during each inspection interval. A hydrostatic
pressure test may be performed at or near the end of each inspection interval. Any repairs, replacements,
or modifications that affect the pressure boundary of the loop have a pressure test conducted per the ATR
IS] Plan (INEEL 2002).
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14.2.2 Inservice Inspection of Class 2 and 3 Components


The IS] plan provides a detailed, comprehensive plan for periodic examination of selected systems
and components. A general description of the plan is located in Section 14.2.1. Section 14.2.1 discusses
the use of safety classifications. Further detail is found in the ATR IS] Plan (INEEL 2002).


14.2.2.1 Systems and Components Subject to Inspection . The systems and
components subject to inspection are discussed in Section 14.2.1.1. These components and systems are
further broken down into Code Classes 1, 2, and 3. The components to be examined are specifically
identified, the inspection method is recommended, and a schedule for conducting the examinations is
provided. This information is available in the ATR IS) Plan (INEEL 2002).


14.2.2.2 Accessibility. The accessibility for IS] Code Class 2 and 3 components and systems
follows the same guidelines for Code Class I components as stated in Section 14.2.1.2. Details of these
guidelines are found in the ATR 1S1 Plan (INEEL 2002).


14.2.2.3 Examination Techniques and Procedures. The examination techniques used for
Code Class 2 and 3 components and systems are identical to Code Class I components and systems and
are covered in Section 14.2.1.3. All nondestructive examinations are performed in accordance with the
Contractor's procedures.


14.2.2 .4 Inspection Intervals. An inspection interval is typically a 10-year interval which is
consistent with ASME Section Xl requirements. Further description and detail of the inspection
interval(s) are located in the ATR 1S1 Plan (INEEL 2002).


14.2.2.5 Evaluation of Examination Results. Code Class 2 and 3 components and systems
undergo the same detailed evaluation process as is performed for Code Class I systems and components.
A description of the evaluation of examination results is located in Section 14.2.1.5 and the ATR IS] Plan
(INEEL 2002).


14.2.2. 6 System Pressure Tests. ATR fluid systems are periodically pressure-tested as
described in Section 14.2.1.6.
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14.3 Inservice Testing
14.3.1 Inse rv ice Testing of Pumps


14.3.1 . 1 Scope and Requirements . The functional test acceptance criteria are defined in the
ATR IS) plan. Pumps which are subjected to periodic testing to verify operational readiness are identified
in the ATR IS] Plan.


14.3.1 . 2 Test Requirements . During each inservice test , the pump operates at nominal motor
nameplate speed and reference differential pressure or flow. The quantities to be measured or observed
are defined in the ATR 151 Plan (INEEL 2002).


14.3.1 . 3 Test Schedule. The testing frequency and reference conditions for the ATR pumps
are selected by ATR Operations to meet the intent of Section XI with minimum perturbation of the
normal ATR operating cycle. Two sets of reference conditions may be selected to permit testing during
both normal operation and shutdown.


14.3.2 Inse rv ice Testing of Valves


14.3.2.1 Scope and Requirements. The functional test acceptance criteria for valves are
defined in the ATR IS] plan. The valves which are subject to periodic testing to verify operational
readiness are identified in the ATR IS] Plan. Valves which perform functions in the ATR experiment loop
are subjected to periodic inspection and testing to verify operational readiness. The functional test
acceptance criteria are taken from criteria defined in the ASME Code, Section XI (ASME 1989).


14.3.2. 2 Test Requirements. The necessary valve stem or disk movement is established by
exercising the valve while observing either an appropriate indicator that signals the required change of the
valve stem or disk position, or indirect evidence, such as changes in system pressure, flow rate, or
temperature that reflect stem or disk position.


The safety relief valves are tested in accordance with the requirements of ASME Section XI
(ASME 1989).







Idaho National Engineering and Environmental Laboratory 412.09 (09/03/2 002 -Rey. 7


CHAPTER 14 - INITIAL TEST PROGRAM, Identifier: SAR-153
I INSERVICE SURVEILLANCE, AND Revision: 9


MAINTENANCE - UPGRADED FINAL SAFETY Page: 14-26 of 14-36
ANALYSIS REPORT FOR THE ADVANCED TEST


REACTOR
Effective Date: 08/10/04


14.4 Maintenance


Test Reactor Area Maintenance Operations (TRAMO) is responsible for conducting maintenance
at the ATR. The ATR Operations also performs some of the ATR maintenance. ATR Operations uses
TRAMO's work control organization and its maintenance history capability. The current maintenance
program at the TRA has evolved over approximately 40 years of operation. This program has made
continual improvements over the years and is in full compliance with DOE Order 433.1 (DOE 2001a).


The approach to maintenance is graded to optimize the existing resources while ensuring a
continued high level of availability and reliability of the facility structures, systems, and components
important to safe and reliable operation. Implementation of the DOE Order is being achieved through a
balanced combination of written guidance, personnel training and qualification, work site supervision,
and management involvement. Self-assessments, maintenance analysis activities, independent
audits/appraisals, and feedback from corrective action activities are used to monitor progress of
improvements and their effectiveness.


14.4.1 Maintenance Organization and Administration


14.4.1 . 1 Maintenance Organization Policies. TRAMO conducts maintenance operations
in accordance with various Contractor and TRA documents. The scope of TRAMO's responsibilities is
defined in Reactor Programs (RP) procedures. Adherence to these procedures ensures that the
maintenance policy is implemented in a safe, reliable, and consistent manner.


TRAMO is assigned the preventive maintenance responsibilities for various systems and performs
corrective maintenance, support work, and fabrication work as requested by individual organizations. The
TRAMO manager is responsible for assigning qualified craftworkers to perform the requested
maintenance. The TRAMO manager also oversees the required planning, job coordination, and
supervision necessary to perform the job safely and efficiently. The ATR Operations manager and other
TRA customers provide access to equipment and ensure that the equipment is in a safe condition for
maintenance. ATR Operations is responsible for performing all maintenance and surveillances involving
systems designated as their responsibility by RP procedures. Designated systems are primarily associated
with reactor control and nuclear instrumentation. ATR Operations interfaces with TRAMO to plan, track,
and collect history on designated systems.


The ATR Facility Manager has the p ri mary responsibility for modifications at AIR and interfaces
with engineering , construction management , and outside suppo rt organizations . The ASR Facility
Manager ensures that requirements for the plant ISI Plan based on ASME Section XI ( INEEL 2002) are
met, and then coordinates analysis of the results received from preventive maintenance and the ISI. TRA
Engineering helps suppo rt the ATR Facility Manager by performing engineering analysis serv ices and
evaluations as requested.


14.4.1. 2 Maintenance Strategy. The relationship among the supporting organizations as
related to overall facility maintenance is accomplished by defining organizational responsibility,
authority, and accountability. Personnel and procedural interfaces are identified within the procedures that
direct the activities of the support organizations. A procedure has been written describing the work
control system and how the various organizations interrelate to effectively conduct maintenance activities.
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14.4.1 . 3 Staffing Resources . The selection of qualified personnel is the responsibility of the
TRAMO manager. TRA Engineering provides engineering support to maintenance . Normally Structures,
Systems, and Components (SSC) engineers have been established and are responsible for developing and
maintaining technical expertise on their assigned plant system(s) or area(s), or both. SSC engineers ensure
that the overall performance, reliability, safety, and condition of the assigned system meet high standards.


14.4.1 .4 Goals and Objectives . Maintenance performance indicators have been established
for many of the performance areas. The status of the performance indicators is updated periodically.
Challenging goals are established for many of the performance areas and are periodically revised as
necessary to assist in improving performance.


14.4.1 . 5 Accountability. A program has been established which recognizes and rewards good
employee performance and which ensures that appropriate corrective action is taken for
less-than-adequate performance. Non Bargaining unit employee performance appraisals, as part of the
accountability program, are conducted when appropriate.


14.4.2 Training and Qualification of Maintenance Personnel


14.4.2 . 1 Responsibilities . Responsibilities for training maintenance personnel, including
crafts, support personnel, supervisors, and managers, are established.


14.4.2 . 2 Maintenance Training Programs. TRAMO has training programs defined for its
craftworkers and foreman. Supervisors within the organization also receive additional training.


14.4.2 . 3 Training Schedules and Support. Training schedules are prepared as needed with
input from the TRAMO manager, supervisors, and foreman to support continuous training requirements.


14.4.2.4 On-The-Job Training. Reactor Programs procedures specify the requirements for
and the conduct of on-the-job-training. Craftworkers are not assigned to work independently on tasks
until they have completed the necessary training requirements.


14.4.2. 5 Qualification . A formal qualification program is in place for TRAMO foremen,
reactor instrument control technicians and selected crafts. Training and qualification records are
maintained.


14.4.2 . 5 Training in Root Cause Analysis . Personnel are selected to perform root cause
analysis, and root cause analysis training has been provided.


14.4.2.7 Training Program Approval, Effectiveness and Feedback. The TRAMO
manager or designee is required to periodically evaluate the training program and provide feedback to the
training manager concerning the effectiveness and adequacy of the program's content. The TRAMO
manager is required to approve changes to the training program.


The ATR Operations manager is responsible for ensuring that the training received by ATR
Operations personnel for performing maintenance is adequate.


14.4.2 . 8 Management and Supervisory Training. The implementation of DOE
Order 5480,20A, addresses management and supervisory training (DOE 2001 b).
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14.4.3 Maintenance Facilities , Equipment, and Tools


14.4.3 . 1 Facilities . Maintenance shop and satellite work areas have been established to
provide work areas with adequate safety and environmental controls, and utilities have been designed into
the structure to support shop work. Laydown and staging areas have been established to support major
maintenance activities. Temporary facilities (e.g., radiological confinements) have been established as
required. Facilities are provided for decontaminating tools, parts, and building surfaces.


14.4.3.2 Too/ and Equipment Storage. Adequate space is available for tool and equipment
storage.


14.4.3 . 3 Office Equipment. The supply of office equipment necessary to support the
maintenance is adequate.


14.4.4 Types of Maintenance


14.4.4 . 1 Master Equipment List. A list of equipment included in the maintenance program
is maintained and updated on an as-needed basis. The list identifies both safety and non-safety related
systems, structures, and components.


14.4.4.2 Types of Maintenance . TRAMO uses corrective, predictive, and preventive
maintenance to provide a high degree of confidence that facility equipment degradation is identified and
corrected and that equipment life is optimized. Various methods are available to personnel to identify the
need for corrective maintenance. Methods for detecting defects include surveillances, inspections
performed as preventive or predictive maintenance, self-assessments, ISIs, and other activities that result
in evaluation of a component's condition.


Predictive maintenance is performed on selected equipment included in the maintenance program.
Various techniques are considered including vibration analysis, oil analysis, thermography, motor circuit
evaluations, and check valve signature tests and analyses.


Preventive maintenance is performed on selected equipment and scheduled on a predetermined
frequency. Frequency and scope of preventive maintenance activities are periodically reviewed and
revised to improve equipment performance and cost effectiveness.


14.4.4 . 3 Maintenance Action and Frequency Selection . A process is in place that
establishes scope and frequency of preventive maintenance tasks. Generally, the frequency for preventive
maintenance tasks is derived from historic task frequencies and the assigned system engineer's
assessment of the effectiveness of previous task frequencies.


14.4.4.4 Scheduling. Preventive maintenance actions are scheduled based on previously
developed frequencies. These actions are scheduled in the same manner as other types of maintenance.
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14.4.5 Maintenance Procedures


14.4.5.1 Procedures Development and Writing. Procedures are established to identify the
different types of work instructions that may be used to provide craft work direction. These procedures
also provide information on the method used for change control and approval requirements.


14.4.5.2 Procedure Verification . Procedures require document owners to ensure that
procedures are technically accurate, meet source requirements, and are administratively and functionally
correct.


14.4.5. 3 Procedure Validation. A process is in place that identifies when new or revised
procedures should be validated and the various methods of validation that may be used.


14.4.5.4 Procedure Approval. All new and major revisions of procedures are reviewed and
approved as appropriate. Review and approval of corrective maintenance work orders is determined by
the planner based on criteria defined in the procedures. Preventive maintenance activities are approved by
the equipment custodian (person responsible for equipment), and others, as appropriate, for the scope of
work involved.


14.4.5 . 5 Procedure Use. Work orders contain the necessary instructions to perform an
assigned task. Some higher risk maintenance work is performed using detailed operating procedures.
Instructions are in place to identify how detailed operating procedures are to be used and describe the
change control process.


14.4.5 . 6 Procedure Control, Periodic Review, and Revision . Procedures required for
the performance of maintenance are either issued with the work document or in some cases issued
separately upon beginning the work. Procedures are in place to ensure that work is performed to the most
current revision of detailed operating procedures. Procedures are periodically reviewed at intervals
specified in RP procedures. Procedures are in place to control both temporary and permanent procedure
changes. Administrative requirements ensure that procedures affected by facility modifications are
revised when the modification is completed.


14.4.6 Planning , Scheduling , and Coordinating Maintenance


14.4.6 . 1 Planning for Maintenance Activities . A centralized planning organization is in
place to develop and issue work orders. Procedures describe the planning process.


14.4.6 . 2 Scheduling Maintenance Activities. An organization has been established to
schedule maintenance activities during both outage and nonoutage periods.


14.4.6. 3 Coordination of Maintenance Activities . Procedures delineate the
responsibilities and interorganizational relationships of the different organizations with the scheduling
organization.
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14.4.6 .4 Outage Planning , Scheduling, and Coordination. The TRAMO scheduling
organization develops and maintains ATR outage schedules. ATR scheduled outages typically last one to
two weeks and occur normally every 15 to 40 days. Periodically, major outages are scheduled, which
typically last two to five months and have usually occurred every seven to nine years. These outages are
scheduled to allow for major modifications or to replace major reactor core internals.


Because of the short operating cycle between outages, the planning effort typically begins about
one month before the outage. Milestones are determined and placed on the schedule, and the final
schedule is usually published one week before the outage. The performance objective to provide an
adequate and effective outage schedule is then met. During the outage, scheduling meetings are normally
held to coordinate maintenance activities and to determine job status. Updates to the schedule are
distributed to the appropriate organizations, as needed.


A critique is generally held when the outage is completed to identify lessons learned. Results of
this critique are routed to appropriate personnel. Past outage schedules are retained and used as
appropriate in scheduling future outages. Forced outages are managed on a case-by-case basis.


14.4.7 Control of Maintenance Activities


14.4.7.1 Work Control Procedure. The work control system is described in administrative
procedures. The work control system is used to control, direct, and record the performance of all
maintenance activities.


The review and approval cycle for work orders is a well-defined process that involves the planning
supervisor and others as appropriate. The review and approval cycle assists the maintenance organization
in ensuring that personnel safety and post-maintenance tests are adequately addressed and that no
unauthorized modifications are made to the facility.


14.4.7. 2 Work Request. Procedures describe the generation, review and approval process for
maintenance work control documents. A Planners Guide, controlled by the Planning Supervisor, is in
place to provide a ready reference to planners for the generation and planning of work orders. This Guide
includes items identified by DOE Order 433.1 and applicable contractor procedures.


14.4.7. 3 Supervision of Maintenance Activities . Procedures assign the responsibility to
coordinate and direct maintenance work to the craft foreman, who can further delegate this function to
others, as appropriate, for the performed work.


14.4.7.4 Review of Completed Work Requests. Procedures describe the work order
closeout process. This closeout process includes review of the completed work order by appropriate
organizations.


14.4.7.5 Temporary Repairs. Temporary modifications are normally processed similar to
permanent modifications but can be controlled through the use of approved work packages or appropriate
management approved administrative controls.
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14.4.7. 6 Control of Non-TRA Facility Personnel . Non-TRAMO Personnel that perform
maintenance or major modifications are required to follow the same procedures that TRAMO personnel
are required to follow.


14.4.8 Post -maintenance Testing


14.4.8. 1 Post-maintenance Test Requirements. The Work Control Procedure requires
post-maintenance testing to be integrated into the work order. The integration is done during work
planning.


14.4.8.2 Post-maintenance Test Program Scope. The Planner's Guide identifies
representative types of post-maintenance testing dependent on the scope of the maintenance performed.


14.4.9 Procurement of Parts , Materials , and Se rv ices


14.4.9 . 1 Procurement Policy and Procedures. The procurement of services and materials
at the TRA are controlled by Contractor procedures. These procedures include the authority to acquire
materials and services from outside sources. These acquisitions are made according to applicable
Government regulations.


14.4.9 . 2 Procurement Initiation . The responsibility for determining spare part requirements
is formally addressed in the appropriate procedure.


14.4.9 . 3 Procurement Control. Current procedures establish controls for the procurement of
spare parts, materials, and services. These controls include the following:


• Specification of minimum requirements for the suppliers' quality assurance program


• Timely resolution of supplier nonconformance


• Receiving inspection and tagging requirements


• Materials tracking of the requisition by the procurement organization.


14.4.9 . 4 Services. Special service agreements are established on a limited basis and typically
involve specialized equipment or components.


14.4.10 Material Receipt , Inspection , Handling , Storage, Retrieval , and Issuance


14.4.10. 1 Receipt and Inspection . Procedures are in place to ensure quality assurance
requirements for receipt inspection are identified and performed. A program is in place to upgrade a pan,
component, or material purchased as commercial grade to a higher quality designation for subsequent
installation.


14.4.10.2 Handling . All Contractor crane and forklift operators are required to be qualified and
certified before operating the equipment. The cranes and forklifts are included in the inspection program
for hoisting and rigging requirements.
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14.4.10.3 Storage of Material and Equipment. Spare parts are stored and protected.
Procedures are in place to ensure shelf-life items are identified and tracked.


14.4.10.4 Retrieval and Issuance. A spare parts catalog is maintained. The spare parts
catalog contains the equipment number, any spare parts associated with that equipment number, and the
location of that part. A Stores requisition normally documents the issuance of all spare pans. The quality
control numbers are recorded on the material when appropriate.


14.4.11 Control and Calibration of Measuring and Test Equipment


14.4.11.1 Identification . Each item of Measurement and Test Equipment (M&TE) is identified
and traceable through a unique number, which is attached. The Contractor's Standards and Calibration
Laboratory maintains a list of all M&TE calibrated for the ATR. This list identifies the portable
equipment that crafiworkers use to check or calibrate the process instrumentation and perform
measurements. The laboratory also maintains computer data bases concerning M&TE.


14.4.11 . 2 Calibration . Process instrumentation is calibrated using M&TE that has been
calibrated by standards traceable to the National Institute of Standards and Technology or other nationally
recognized standards. The Contractor's Standards and Calibration Laboratory supplies all the standards
and calibrates the majority of measuring and test equipment used for maintenance. The Contractor's
Standards and Calibration Laboratory maintains records and a recall system for the equipment that it
calibrates.


14.4.11.3 Control. M&TE is stored in a manner to ensure that it is retrievable and not damaged.
Calibration procedures ensure that measurement and test equipment used have current calibrations.
M&TE with special uses, limitations, or restrictions is labeled.


14.4.11 .4 Evaluation. Procedures require an evaluation of M&TE when a piece of equipment is
found out of tolerance.


14.4.12 Maintenance Tools and Equipment Control


14.4.12. 1 Storage and Issuance. TRAMO stores and issues many common use tools from
contaminated and noncontaminated tool cribs, and issues measuring and test equipment from various
satellite work areas.


14.4.12.2 Tool and Equipment Maintenance. Equipment and tools requiring periodic
maintenance are normally included in the preventive maintenance program.


14.4.12.3 Use of Special Tools and Equipment. Special training and qualification in crane
operation and in hoisting and rigging are required before a crafts worker may perform these activities.







Idaho National Engineering and Environmental Laboratory 412 ,09 (09103(2002 -Rev, T


CHAPTER 14 - INITIAL TEST PROGRAM, Identifier: SAR-153
INSERVICE SURVEILLANCE, AND Revision: 9


MAINTENANCE - UPGRADED FINAL SAFETY Page: 14-33 of 14-36
ANALYSIS REPORT FOR THE ADVANCED TEST


REACTOR
Effective Date: 08/10/047


14.4.13 Facility Condition Inspection


14.4.13.1 Standards. ATR Operations has an established inspection program which ensures the
ATR facilities are maintained clean and in an acceptable physical condition. The ATR Operations
Manager ensures this standard is met through periodic inspections with feedback to others on
deficiencies.


14.4.13.2 Training. Personnel are aware of the standards expected through both the types of
deficiencies identified and participation in the inspections.


14.4.13 . 3 Procedures. ATR Operations maintains a procedure that describes the ATR
inspection program.


14.4.13 .4 Scope of Inspections . The inspectors are required to perform a walkthrough of
their assigned area. The procedure for this program gives a list of the types of deficiencies to inspect.


14.4.13.5 Inspection Program Elements. The inspection program identifies the area and
inspection frequency.


14.4.13.6 Reporting Deficiencies. Inspectors are responsible for initiating corrective action.
If the deficiency cannot be corrected within a short time, it is identified for additional follow-up.


14.4.13.7 Deficiency Follow-up. Deficiencies identified for additional follow-up are tracked
until resolved.


14.4.14 Management Involvement


14.4.14 . 1 Manager Involvement. A "management by walking around" policy is used to foster
open communication and self-assessment of daily operations. Managers and supervisors are encouraged
to practice this policy on a regular basis. Management by walking around (MBWA) means having
personal, informal, face-to-face contact, seeking employee input, improving understanding, and instilling
commitment.


14.4.14 .2 Results of Performance Indicators, Goals, and Objectives . Performance
indicator data are collected, plotted, and evaluated against goals on a periodic basis (normally monthly).
The data are provided to selected TRAMO personnel for information and action, as appropriate.


14.4.14 . 3 Feedback. Various feedback mechanisms ensure that open communication is
promoted at all levels within the maintenance organization. These include regular staff meetings,
management by walking around, management open-door policy, periodic meetings between management
and craftworkers, craft steward meetings corrective action teams ( minimal ), design reviews, and work
order reviews. A lessons learned program, described in Contractor procedures, has been implemented.


14.4.14 .4 Program Review. A self-assessment program has been implemented. Results of the
self-assessments are documented. Deficiencies not readily resolved are entered into a deficiency tracking
system. This ensures that the item is tracked until it is resolved.
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14.4.15 Maintenance History


14.4.15. 1 Program Development. Maintenance history is maintained for most of the
components and equipment included in the preventive maintenance program.


14.4.15. 2 Data Collection . Data is gathered from completed work orders for inclusion in
maintenance history.


14.4.15 . 3 Program Use. Maintenance history data are maintained on a personal computer data
base and on the Computerized Maintenance Management System (CMMS).


14.4.16 Analysis of Maintenance Problems


14.4.16 . 1 Information Collection . Contractor procedures are in place and implemented that
describe collection of datalinformation as part of the event investigation.


14.4.16 . 2 Event Analysis. Contractor procedures describe methods for investigating events to
ensure all the facts are available,


14.4.16 . 3 Cause Determination . Root cause analysis techniques used are as described in the
Contractor procedure on event investigation and occurrence reporting.


14.4.16.4 Corrective Action. Corrective actions are identified and implemented to remove or
abate the impact of the identified root cause. The specific corrective action taken depends on the root
cause identified.


14.4,16.5 Corrective Action Follow-up. Post maintenance testing is appropriately used to
document successful completion of corrective maintenance where equipment problems were included in
the cause of the event.


14.4.16 . 6 Generic Follow-up. Generic follow-up is treated the same as corrective action
follow-up.


14.4.17 Modification Work


14.4.17. 1 Maintenance Program Interface with Modifications . Several procedures
describe how modifications are made. A process is in place to identify changes that must be made as a
result of performing the modification. The SSC engineer is held responsible to ensure that these items are
appropriately addressed during the design phase and are completed before closure of the project.


14.4.17.2 Temporary Repairs or Temporary Modifications . Temporary modifications are
normally processed similar to permanent modifications but can be controlled through the use of approved
work packages or appropriate management approved administrative controls.
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14.4.18 Additional Maintenance Management Requirements


14.4.18.1 Seasonal Facility Preservation Requirements . A freeze protection plan is in
place at the TRA. Procedures have been developed and implemented requiring development and
implementation of a winterization plan.
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1. Title: SE-2003-171
2. Index Codes:


Building/Type TRA-670 SSC ID N/A Site Area 531 TRA


3. NPH Performance Category: or ® N/A


4. EDF Safety Category: SC or ❑ N/A . SCC Safety Category: SC or F1 NIA


5. Summary:


This Engineering Design File (EDF) was prepared to serve as an addendum to the
Advanced Test Reactor (ATR) Upgraded Final Safety Analysis Report (UFSAR) (SAR-1 53)
for presentation of the resolutions of six new-information unreviewed safety questions
(USQ). In August, the Department of Energy (DOE) Office of Independent Oversight and
Performance Assurance (OA) performed an in-depth vertical slice review of selected safety
systems at the ATR. During the investigation of an OA team question, Reactor Programs
personnel identified a USQ related to an unanalyzed delay time in the ATR emergency
firewater injection system (SE-2003-126).


At the time of the OA team's departure from the ATR, several technical questions remained
under investigation. These issues and the related issues identified by Reactor Programs
personnel were evaluated via the USO process as applicable. Of the issues investigated
related to the CA assessment, two additional new-information USO determinations were
positive. USQ determination SE-2003-145 relates to the way the ATR firewater supply
system is modeled in the ATR safety basis and the controls that are derived from that model.
USQ determination SE-2003-146 relates to the potential for failures in non-safety-related
equipment to adversely impact the function of nearby safety-related equipment.


Recent seismic evaluations were prompted by both OA team questions about the
characterization of seismically-induced loss of coolant accidents and by new site-specific
seismic design criteria for soil for the Test Reactor Area that were drafted in September
2003. Site-specific seismic criteria for rock and soil have been under development for
several years in response to current DOE orders and standards and the open DOE
comments in the safety evaluation report from the original approval of the ATR upgraded
final safety analysis report. The seismic criteria for rock have been added to the site-wide
DOE Idaho Operations Office (ID) architectural engineering standards. The draft seismic soil
design criteria are currently under review for inclusion in the DOE-ID architectural
engineering standards. As part of an effort to update the existing ATR seismic upgrade
plan, Reactor Programs contracted the services of ABS Consulting to review the draft
seismic design criteria and to expand previous walkdowns of Seismic Category I
safety-related equipment. The ABS Consulting reports identified several areas of concern
with the ATR seismic safety basis. Three of these issues have resulted in positive new-
information USO evaluations.
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1. Title: SE-2003-171


2. Index Codes:


Building/Type TRA-670 SSC ID N/A Site Area 531 {TRA)


The six positive new-information USQs addressed in this EDF are:


USO Evaluation
Document Number Title


SE-2003-126 Emerenc !firewater injection system time delay


SE-2003-145 ATR firewater supply stem modettnq issues


SE-2003-146 Potential deficiencies identified during system interaction walkdowns


SE-2003-155 Seismic walkdown o1 bypass demine ralizer cation and anio n tanks


SE-2003-171 ATR degassing tan k seismic capacity


SE-2003-156 Seismic walkdown of M-11 utility uninterruptible power supply


The QA team also identified a deficiency in that the tubing related to measuring the surge
tank level was not on a facility drawing. In addressing this deficiency, Reactor Programs
personnel noted that the uncertainty in the position of this tubing was not considered in the
determination of the TSR setpoints. Accounting for this uncertainty results in a change to
the TSR control limit for surge tank level. Consistent with the USQ procedure, this issue can
be accommodated with a TSR change (requiring DOE approval) and does not require a
USQ evaluation. This change is included in this submittal package.


Resolution of these USQs required plant modifications and derivation of additional
operational controls including revision to the ATR Technical Safety Requirements. These
resolution activities are described herein,


Revision 1 makes editorial corrections in Table 2.2,2-1 (firewater pump equipment numbers)
and Section 1.1.6 (equipment number 670-E-103), clarifies the commitments derived in
Section 2.2.3, and corrects other minor typographical errors.


ENGINEERING DESIGN FILE


EDF No.: 4334 EDF Rev. No.: 1 Project File No.:


Page 2 of 23







431.02
01/30/2003
Rev. 11


ENGINEERING DESIGN FILE


EDF No.: 4334 EDF Rev. No.: 1 Project File No.:


SUMMARY OF RESOLUTION OF ADVANCED TEST REACTOR UNREVIEWED SAFETY
QUESTIONS - SE-2003-126, SE-2003-145, SE-2003-146, SE-2003-155, SE-2003-156, and


1. Title: SE-2003-171


2. Index Codes:
Building/Type TRA-670 SSC ID N/A Site Area 531 TRA


6. Review (R) and Approval (A) and Acceptance (Ac) Signatures:
(See instructions for definitions of terms s i t s i g na t u r e s . )


R/A T ed Name/Or anization Si nature Date
Performer/
Author N/A A. T. McCracken
Technical
Checker R G. L. Sharp - .5- U
Independent
Peer Reviewer
if a licable R N/A


Approver A K Penn
Requester
r1a licable Ac N/A


Doc. Control Q t t FS' /D Q


7. Distribution:
(Name and Mail Stop )


Reactor Programs Document Control (original + 1), R. T. McCracken, S. K. Penny,
O . W. Suthers, J. E. Dwight, D. E. Hale (2 conies) J C. Chapman


8. Does document contain sensitive unclassified information? ❑ Yes ® No
!!Yes, what cate off:---


9. Can document be external) distrib uted? ❑ Yes ® No


10. Uniform File Code: 250 Disposition Authority: ENV1-b-4-a
Cut oft when superseded, obsolete or canceled. Destroy 75 years after


Record Retention Period: cutoff,


it. For QA Records Classification Only: ❑ Lifetime ® Nonpermanent ❑ Permanent
Item and activity to which the OA Record apply:


12. NRC related? Yes 0 No
13. Registered Processional Engineer's Stamp (it required)


Page 3 of 23







431.02
0113Q/2003
Rev. 11


1.0 INTRODUCTION


ENGINEERING DESIGN FILE


This Engineering Design File (EDF) was prepared to serve as an addendum to the Advanced Test
Reactor (ATR) Upgraded Final Safety Analysis Report (UFSAR) (SAR-153) for presentation of the
resolutions of six new-information unreviewed safety questions (USO). In August, the Department
of Energy (DOE) Office of Independent Oversight and Performance Assurance (OA) performed an
in-depth vertical slice review of selected safety systems at the Advanced Test Reactor (ATR)
(DOE 2003). During the investigation of an OA team question, Reactor Programs personnel
identified a USQ related to an unanalyzed delay time in the ATR emergency firewater injection
system (EFIS) as documented in SE-2003-126 (BBWI 2003a).


At the time of the OA team's departure from the ATR several technical questions remained under
investigation. These issues and the related issues identified by Reactor Programs personnel were
evaluated via the USQ process as applicable. Of the issues investigated related to the OA
assessment, two additional new-information USQ determinations were positive. USO
determination SE-2003-145 (BBWI 2003b) relates to the way the ATR firewater supply system is
modeled in the ATR safety basis and the controls that are derived from that model. USQ
determination SE-2003-146 (BBWI 2003c) relates to the potential for failures in non-safety-related
equipment to adversely impact the function of nearby safety-related equipment.


Recent seismic evaluations were prompted by both OA team questions about the characterization
of seismically-induced loss of coolant accidents (LOCA) and by new site-specific seismic design
criteria for soil for the Test Reactor Area drafted in September 2003 (Payne 2003). Site-specific
seismic criteria for rock and soil have been under development for several years in response to
current DOE orders and standards and the open DOE safety evaluation report comments from the
original approval of the ATR upgraded final safety analysis report (DOE 1996). The site-specific
seismic criteria for rock have been added to the site-wide DOE-ID architectural engineering
standards (DOE-ID 2002). The draft site-specific seismic soil design criteria are currently under
review for inclusion in the DOE-ID architectural engineering standards. As part of an effort to
update the ATR seismic upgrade plan (Lucoff 1999), Reactor Programs contracted the services of
ABS Consulting to review the draft seismic design criteria and to expand previous walkdowns of
Seismic Category I safety-related equipment. The ABS reports (ABS 2003a, 2003b) identified
several areas of concern with the ATR seismic safety basis. Three of these issues have resulted in
positive new-information USO evaluations SE-2003-155, SE-2003-156, and SE-2003-171
(BBWI 2003d, 2003e, 2003f).


I


The OA team also identified a deficiency in that the tubing related to measuring the surge tank
level was not on a facility drawing. In addressing this deficiency, Reactor Programs personnel
noted that the uncertainty in the position of this tubing was not considered in the determination of
the TSR setpoints. Accounting for this uncertainty results in a change to the TSR control limit for
surge tank level. Consistent with the USQ procedure, this issue can be accommodated with a TSR
change (requiring DOE approval) and does not require a USQ evaluation. This change is included
in this submittal package.


1.1 Summary of Resolution Efforts


This section provides a summary and the details and references can be found in Section 2.
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1.1.1 ATR emergency firewater injection system time delay


The original design of the ATR emergency firewater injection system (EFIS) included drained
piping between the EFIS actuation valves and the reactor vessel check valves. The length of
drained piping was substantial and would have caused a significant delay in the injection of water
into the reactor vessel. The delay could be significant to the performance of the EFIS in mitigating
certain loss of coolant accident (LOCA) sequences and was not modeled in the safety basis
(SE-2003-126). This USQ was resolved by completing a plant modification to fill the drained
piping. With the piping filled with water, water injection into the vessel commences when the
actuation valves open, resolving the discrepancy between the plant configuration and the safety
basis. Requirements to maintain the piping water filled have been added to the ATR Technical
Safety Requirements (TSR) (TSR-186).


1.1.2 ATR firewater supply system modeling Issues


The ATR firewater supply system is a multipurpose system. One of the functions of the system is
to supply water for the EFIS for LOCA mitigation. The safety basis modeling of the firewater supply
system did not account for other usage demands on the system, additional demands created by
potential failures outside of the safety-related boundary of the system, or potential failure to start
firewater pumps required for LOCA mitigation (SE-2003-145). This USO was resolved by
constructing a more complete model of the firewater supply system, testing the system to validate
the model, and using the model to demonstrate that with a firewater pump operating there is ample
firewater to meet the EFIS flow rates assumed in the LOCA analyses. The requirement to maintain
an operating firewater pump has been added to the ATR TSR. Additional requirements for
firewater system operation are derived herein as safety analysis commitments.


Requiring an operating firewater pump is considered an interim resolution. In the long term,
system modifications to ensure adequate delivery of water for the EFTS will be investigated.


1.1.3 Deficiencies identified during system interaction walkdowns


The OA team identified a concern with the restraint of compressed gas cylinders in the ATR
building. If inadequately restrained, the gas cylinders could become missiles that could damage
safety-related equipment.


A walkdown was completed to identify other safety-related system interaction issues. The issues
were evaluated for potential USOs, and three issues required correction prior to reactor startup.
These issues are the seismic restraint of in-service compressed gas cylinders, constant air
monitors, and storage cabinets in proximity to Seismic Category I safety-related equipment
(SE-2003-146). These issues were resolved by plant modifications that meet seismic design
criteria or by removal of the equipment.


1.1.4 Seismic capacity of bypass demineralizer cation and anion tanks


The ABS consultants concluded the supports for the cation and anion tanks in the ATR bypass
demineralizer system would not resist the loads generated by a design basis earthquake. Failure
of these supports could result in a more severe seismic LOCA at a higher frequency than
addressed in the safety basis (SE-2003-155). A plant modification was completed to adequately
support the tanks for a design basis earthquake.


Failure of the bypass demineralizer tanks could result in catastrophic failure of the bypass
demineralizer piping. This piping branches off from the primary coolant system (PCS) inlet piping
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where it is isolated by a 2.5-in. diameter orifice (flow element FE-37). It returns to the PCS piping
at the pump suction header through the CK-B-90 check valve that would provide isolation in the
event of a failure in the bypass demineralizer system. The ABS consultants recommended some
additional analyses of the bypass demineralizer piping. In lieu of completing that analysis, a
catastrophic failure of that piping has been assumed and the resulting 2.5-in. diameter seismic
LOCA has been analyzed as a Condition 3 event. The results of that analysis are included herein.


1.1.5 ATR degassing tank seismic capacity


The ABS consultants identified the supports for the PCS degassing tank (670-M-13) needed
further evaluation. A previous analysis was reviewed and with the completion of additional
analyses, it was concluded that the supports would not resist the loads generated by a design
basis earthquake.


Failure of these supports could result in a more severe seismic LOCA at a higher frequency than
addressed in the safety basis (SE-2003-171). A plant modification was completed to adequately
support the tank for a design basis earthquake.


1.1.6 Seismic walkdown of M-11 utility uninterruptible power supply


The ABS consultants identified that the anchorage for electrical system cabinets (670-E-23,
670-E-105, 670-E-103, 670-E-459, 670-E-28) related to the uninterruptible power supply for the
M-1 1 emergency coolant pump needed further evaluation. A previous analysis was reviewed, and
this review coupled with review of the as-built configuration, did not support the conclusion that the
cabinets would resist the loads generated by a design basis earthquake.


Seismically-induced failure of electrical power for the M-11 emergency coolant pump could result in
a loss of flow that is more severe than addressed in the safety basis (SE-2003-156). A plant
modification was completed to adequately support the cabinets.


1.1.7 Surge tank level setpoint change


An error was identified in the engineering design tile that described the calculation of the Technical
Safety Requirement (TSR) setpoints for the PCS surge tank water level (SAR-153
Section 16.2.2.4). This error was corrected and found to have an insignificant impact on the
calculated setpoint. The tubing related to measuring the surge tank level did not appear on a
facility drawing. In addressing this deficiency, it was noted that the uncertainty in the position of
this tubing was not considered in the determination of the TSR setpoints. The position uncertainty
(t 0.25 in.) is significant in this setpoint derivation because the range of the instrument is small
(i.e., only 10 in.). Accounting for this uncertainty results in a change to the TSR control limit for
surge tank level (Vetter 2003) from > 27% but < 73% to > 28% but < 73%. A TSR change is
included in this submittal package.
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2.0 DETAILED DISCUSSION OF THE ISSUES


2.1 ATR emergency firewater injection system time delay


The original design of the EFIS left provision for sections of drained piping in the EFIS between the
actuation valves and the reactor vessel check valves. This drained piping provided isolation
between the reactor PCS and the firewater system. The drained piping also had provisions for
detection of leakage through the EFIS actuation valves or the PCS check valves.


When the actuation valves open the air in this drained piping would be pushed into the reactor
vessel ahead of the water thus delaying the injection of water. The air injection and delay time
have been neglected in the accident analysis modeling since the original design of the facility.


The development of the current safety basis with its more detailed analytical models has placed
additional emphasis on the EFIS actuation time. The low reactor vessel pressure actuation system
was added as a result of facility safety analysis upgrades and the setpoint has been raised several
times to improve injection timing. Thus the discovery condition of the longer than analyzed delay
time for water injection resulted in the USQ. The USO evaluation for this issue was documented in
SE-2003-126.


2.1.1 Concerns with drained piping


Julius (2003) determined drained EFTS piping lengths and volumes. The air volumes contained in
the drained piping were 20.4 ft3 in the bottom head EFIS and 7.3 ft3 in the upper vessel EFIS
(Julius 2003). The bottom head EFIS included about 58 ft of drained 8-in. diameter piping and
about 4 ft of drained 3-in, diameter piping. Using the initial bottom head EFIS flow rates of about
1,200 gpm from the UFSAR model (Atkinson 1999) resulted in an estimated time delay of about
8 seconds before water is injected via the bottom head EFTS. RELAP5 calculations (Davis 2003)
predicted a delay time of 10 seconds for the bottom head system. The RELAP analysis included
the effect of the compressibility of the air. The upper vessel EFIS had less drained piping than the
bottom head EFIS so the delay time was lower (5 seconds as estimated by RELAP5).


As noted in SE-2003-126, the additional time delay would worsen the consequences of two
accidents discussed in the UFSAR. The Condition 3 3-in. diameter LOCA with failure of the LOCA
pump shutoff engineered safety feature (ESF) to trip all of the operating primary coolant pumps
(PCP) (SAR-153 Section 15.6.5.2) and the Condition 4 3-in. diameter LOCA with failure of one
PCP check valve (SAR-153 Section 15.6.5.4) were adversely affected.


An adverse safety impact from air injection (other than the associated time delay) was not
expected so a USO evaluation was not performed for air injection. Air from the upper vessel EFIS
is injected into the inlet plenum of the core where it would tend to rise to the top of the reactor
vessel. With PCS flow provided by either the PCP or an emergency coolant pump (ECP), air in the
upper plenum should be carried out of the vessel through the siphon breakers to the outlet piping
thus bypassing the core. The amount of air (approx. 7.3 ft) would not adversely impact pump
performance and is not much different than air volumes that might exist after normal vessel fill and
vent operations. With natural circulation flow, the air would remain in the top of the reactor vessel
or exit the top of the vessel if the vessel was open. The air volume is very small relative to the inlet
plenum volume (1850 ft) and would not pose the risk of uncovering the core or degrading fuel
element heat transfer.
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Air from the bottom head EFIS is injected into the outlet flow distribution tank via the four 1 7/8-in.
lower injection pipes. The air injection rate would be on the order of 2 to 3 ft3/sec for about
10 seconds (depending on the firewater injection flow). The geometry of four injection pipes and
the structure in the lower flow distribution tank would tend to break the air into bubbles. With PCS
flow provided by either the PCP or the ECP, the air should be carried out of the vessel via the
outlet piping.


As with the upper vessel EFIS, the amount of air (approx. 20 ft3) would not adversely impact pump
performance. With natural circulation flow, the air would rise 10 ft to the bottom of the core then
pass through the core to the upper plenum of the reactor vessel. For power operation, natural
circulation occurs in accidents that result in complete loss of all AC power, but only after operation
of an ECP for a minimum of 30 minutes decay after scram. This amount of air passing through the
fuel coolant channels at natural circulation velocities and 30-minute decay heat rates would not
compromise fuel cladding temperatures. The air volume is very small relative to the inlet plenum
volume (1,850 ft) and would not pose the risk of uncovering the core. Natural circulation also
occurs during depressurized shutdown operations but for this condition the decay times are much
longer than 30 minutes and during depressurized operation which is done with new fuel at very low
power levels. The small amount of air passing through the fuel coolant channels at natural
circulation velocities and these much lower power levels would not compromise fuel cladding
temperatures.


Scoping analyses were performed to support the above qualitative arguments (Davis 2003). The
2-in. diameter seismic LOCA, the 3-in. diameter design-basis LOCA with a stuck open primary
coolant pump check valve, and a simulated complete loss of flow accident were analyzed. The
scoping analyses showed the air in the EFIS lines did not affect the macroscopic response of the
PCS for the transients analyzed. The system pressure, temperature, and flow rates into and out of
the vessel were similar with and without air. There were some slight increases in fuel temperatures
when air injection was modeled. The analyses showed the qualitative USO evaluation
(SE-2003-126) was conservative for the 3-in. diameter LOCA with a failed primary coolant pump
check valve. Thermal-hydraulic margins for this case were not significantly different from those in
the UFSAR. The analyses concluded that the air in the EFTS lines should not significantly affect
the response of the ATR during any of the transients analyzed. The scoping analyses did not
specifically address the 3-in. LOCA with failure of the LOCA pump shutoff ESF, As reported in the
USO SE-2003-126 evaluation, the time delay in water injection could lead to complete draining of
the surge tank for this event so the consequences of this event would be worse than presented in
the safety basis.


2.1.2 EFIS piping modifications


The EFIS piping was modified to provide for filling and venting the previously drained sections of
piping. The fill status of the piping can be verified via sight glasses.


Thus the system configuration will be consistent with the assumptions on system performance in
the safety basis. Water injection will commence when the actuation valves open.
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The previously open orifice drains were removed, and replaced with double-isolation drain valves.
The high points in each of the EFIS piping headers were penetrated, and a double isolation vent
was installed (a total of five vents - a vent was installed upstream and downstream of each upper
vessel check valve and at a single high point on the lower vessel system). Sight glass level
indicators were installed on each of the three EFTS piping headers. Normally accessible, double-
isolated low pressure demineralized water (LDW) fill lines were installed to each of the three EFTS
piping headers (two upper vessel EFIS headers and one bottom head EFIS header). All of the
LDW fill and EFIS vent lines were constructed of 3/8-in. diameter, 0.065-in. wall thickness tubing.
The sight glass drains were constructed of 1/2-in. diameter, 0.065-in. wall thickness tubing. The
modifications are shown in the Figure 2.1.2-1. As in the past, EFIS flow may be diverted out of the
vent and drain lines when EFIS actuates. This diversion flow is estimated to be 15.5 gpm per
opening (Hardy 1987). Total diversion flow rates would be 46.5 gpm for the normal configuration
(three vents open, two vents closed, and three drains closed) and 124 gpm for the worst case (all
eight vents and drains open).
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2.1.3 Derivation of controls for use of the modified fill and vent system


Filling the previously drained piping with water eliminates the time delay; therefore, the EFTS will
perform as modeled in the safety basis. No reanalysis is necessary. Controls for use of the fill and
vent system can be derived from existing analyses. A TSR level control is required to ensure the
bottom head EFTS piping between check valves (CK-B-1-77, 78, 79, and 80) and level control
valves (LCV-1-7A and 713), upper vessel EFIS piping between check valve (CK-1-618) and level
control valve (LCV-1-616), and upper vessel EFIS piping between check valve (CK-1 -617) and
level control valve (LCV-1 -615) are filled with water . This requirement applies in the low power
operation mode, the power operation mode, and the pressurized standby mode following power
operation until the fuel element cooling time requirement is met. At this point EFTS can be placed
in manual. Based on the analysis in Davis (2003), it can be concluded that any small amount of air
left in the EFIS piping will not be significant to the results presented in the safety basis.


After the fuel element cooling time is met and EFIS is placed in manual, the EFIS piping will be
routinely drained to prevent inadvertent injection of firewater into the PCS. The EFIS piping will be
filled during pre-startup checks prior to reactor operation. A routine surveillance is required to
ensure the lines stay water filled during operations.


The controls allow the pipe to be drained after EFIS is placed in manual, which is not permitted
prior to depressurizing the PCS or prior to decay time meeting the TSR for fuel element cooling
time. The fuel element cooling time is met 4 to 10 hours alter reactor scram depending on
operating power level. EFTS remains in manual during depressurized shutdown operations and
during depressurized reactor operation. With the EFTS in manual, the water injection delay time is
not significant relative to the time (approximately 9 minutes) required for manual EFIS actuation.
Manual EFIS actuation would be necessary in the event of a shutdown or depressurized operation
LOCA (SAR-153 Section 15.9). The concern for shutdown or depressurized operation LOCAs is
ensuring the fuel elements remain covered with water. Air injection at these low decay or
operating power levels would not adversely affect fuel element heat transfer.


All of the necessary controls are included in the TSR revisions. There are no additional safety
analysis commitments necessary.


2.1.4 Equipment classification


The vent and fill equipment are classified as safety related Seismic Category I consistent with the
guidance in SAR-153 Section 3.2. The vent and fill equipment support operability of the EFIS and
maintain the EFIS capability to mitigate the consequences of design basis accidents that result in
potential off site exposures comparable to the 10 CFR 100 guidelines. Seismic analysis for the
modification is documented in Nitzel (2003).


2.2 ATR firewater supply system modeling issues
USO evaluation SE-2003-145 identified deficiencies in the modeling of the firewater supply system
delivery of water to the EFTS. The timing of EFIS actuation and the EFTS water flow rate into
reactor vessel are important parameters in the LOCA analyses, The previous evaluations of the
EFIS flow rate to the reactor vessel were based on firewater system flow data that predates a
major upgrade of the firewater supply system that occurred in the late 1970s or early 1980s. The
upgrade increased the size of the underground piping supplying the ATR building fire loop.
Therefore, the models did not accurately reflect the current system configuration.
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The previous evaluations did not consider the normal water usage loads (i.e., the so-called hotel
loads) that are fed from the overhead tank, feed water pump and the firewater loop. These hotel
loads would compete with the EFTS for firewater when EFTS is fed from the overhead tank thus
lowering the flow rate to the reactor vessel. Also the firewater supply system provides backup to
utility cooling water (UCW) for the diesel generators when the UCW system pressure drops. These
competing demands could exist until a firewater pump starts.


The previous EFTS flow rate evaluations did not consider transient conditions that may occur during
the transition from the overhead tank to an operating firewater pump, if the first pump failed to start,
or in starting the second firewater pump if fire suppression flow demands were very high. The
overhead tank must provide the total flow rate (safety-related EFIS flow plus non-safety-related)
until the pump starts and spins up to speed. Since the overhead tank could be empty when the
pump start setpoint is reached, there is no water volume to provide the needed flow rate and
system pressure, and flow would drop rapidly as the level in the overhead tank standpipe drops.
Firewater system pressure and flow rate would continue to drop until a firewater pump starts and
provides Slow. During this pump start time, the flow rate to the vessel could be less than predicted
by the model.


The UFSAR has been ambiguous about the potential to mitigate a LOCA and provide fire
suppression. SAR-153 Chapter 9 of the UFSAR states, "The hydraulic demand created by the
simultaneous operation of the EFIS and cooling tower deluge systems can be met by the TRA
water supply, depending on the number of operating firewater pumps" The TSR bases states,
"One firewater pump can supply the minimum requirements for the EFIS. However, in order to
provide more reliability and excess capacity to accommodate a simultaneous fire, two operable
pumps are required." The previous evaluations have been inconsistent in considering
simultaneous demand for LOCA mitigation and fire suppression.


These deficiencies in UFSAR modeling of the firewater system delivery to the EFIS indicate that
the firewater system was not adequately controlled to ensure delivery of assumed flow rates to the
reactor vessel leading to the declaration of a USQ.


2.2.1 Analysis of firewater supply system


Firewater system testing and analytical modeling were performed to understand the impact of the
above deficiencies. The testing provided useful information for validation of the analytical model
and provided information on some dynamic effects that are outside the scope of the analytical
model. Scenarios were derived consistent with the assumptions in the UFSAR accident analysis.
The scenarios were analyzed with the model and the results compared to the minimum flow rate
assumed in the UFSAR analysis. Based on the results, operating requirements were established
for the firewater supply system.


The simplified models used in the past do not adequately represent the multipurpose usage of the
firewater supply system. Therefore, a system model was developed using the commercially
available PIPEFLO computer software. While the PIPEFLO code is a fairly simplistic steady-state
code, it is adequate for the application of investigating firewater supply system flow rates. The
PIPEFLO code was supported by completion of instrumented firewater supply system flow testing.
The testing and analysis of the firewater supply system are documented in Rowsell (2003).
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The combination of testing and computer modeling showed that the previous models greatly
under-predicted firewater supply system flow rates. The piping friction loss in the older models was
over estimated relative to the currently installed larger diameter piping. However, the testing and
modeling substantiated the basic concern of the USO evaluation that the system could be
over-taxed such that delivery rates to the reactor vessel were less than predicted, The
fundamental issue with the firewater supply system is that the firewater pump start setpoints are
not derived from performance requirements for either reactor accident mitigation or fire
suppression, rather the setpoints have been established based on experience using a criterion that
minimizes pump starts during normal facility operation.


The test data show that firewater pumps can start due to dynamic pressures well before the
overhead tank is drained when flow demand is high enough. These effects have not been fully
evaluated, but are likely due to the flow paths established during the testing. Both the north and
south flow paths to the TRA-670 firewater piping loop were open during testing. EFIS flow rates
with all actuation valves open appear to be high enough to start a firewater pump, however, EFIS
flow rates for the faulted condition (one upper EFIS valve failed) do not appear to be high enough.
This dynamic pump start phenomenon is not well enough understood for reliance on it as the
primary pump actuation method in the reactor safety analysis.


The firewater supply analysis in Rowsell (2003) considered:


1, A design-basis LOCA with full operation of the EFIS


2. A design-basis LOCA with a faulted EFIS


3. A design-basis LOCA with simultaneous fire suppression demand, and


4. A seismic LOCA with loss of AC power, simultaneous fire suppression demand and UCW
demand.


The analyses considered each of the above cases with the EFTS supplied by:


1. The normal firewater system lineup (operating feed water pump and overhead tank at
normal level)


2. The 619-12 electric firewater pump, and


3. A TRA-688 firewater pump.


The TRA-688 firewater pumps have the smallest capacity of any TRA firewater pump. Based on
the results in Rowsell (2003), the 619-12 electric firewater pump provides the lowest EFIS flow
rates of the firewater pumps outside of TRA-688. So modeling these pumps provides enveloping
results. Hotel loads up to 1,200 gpm were modeled. A cooling tower deluge flow rate of
3,500 gpm was used to envelop the fire suppression demand. The UCW demand was modeled as
700 gpm. The diversion flow through the EFIS piping vent and fill system was not explicitly
modeled, however, the conservatism in the hotel load would account for this diversion. An
acceptance criterion was established based on the total EFIS flow rate used in the ATR accident
analysis (i.e., 2,085 gpm with the reactor vessel pressure at 17 psia) (Atkinson 1999).
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2.2.1.1 Normal system lineup


The analysis shows the normal system lineup will provide adequate total EFIS flow rates for all
cases. For the LOCA with simultaneous fire suppression demands, the feed water pump was
operating outside of the vendor pump curve, so its reliability and performance are unknown.
Additionally, the safety analysis cannot rely on non-safety-related equipment. For the seismic
LOCA, the feed water pump was tripped off due to loss of AC power. For this seismic case, the
total EFIS flow rate was only slightly above the acceptance criterion. The operation of the teed
water pump may adversely delay firewater pump starts since the bailey valve and feed water pump
will attempt to maintain normal system pressure.


The safety-related overhead tank alone can supply acceptable flow rates for all cases. However,
the inventory of the overhead tank is limited and the previously discussed issues concerning
firewater pump start times are not completely resolved when only the overhead tank is modeled.


2.2.1.2 619-12 electric firewater pump


The analyses show the 619-12 electric firewater pump provides adequate flow rates for all cases.
The electric firewater pump maintains system pressure high enough to close the check valve that
isolates the overhead tank and operating feed water pump for the first two LOCA cases. The
619-12-firewater pump is augmented by flow from the overhead tank and the feed water pump
when the simultaneous fire suppression demand is modeled. With a simultaneous fire suppression
demand, the 619-12-firewater pump does not maintain system pressure high enough to isolate the
overhead tank. For the design-basis LOCA with simultaneous fire suppression demand, the feed
water pump is operating outside of the vendor pump curve. For the seismic case, both the
619-12-firewater pump and the feed water pump are assumed failed due to loss of AC power, and
the overhead tank alone provides the flow rate.


2.2.1.3 TRA-688 firewater pump


The analyses show a TRA-688 pump provides acceptable flow rates for all cases . However, the
TRA-688 pump is augmented by flow from the overhead tank and the feed water pump when the
simultaneous fire suppression load is modeled . The TRA-688 pump does not maintain system
pressure high enough to isolate the overhead tank . The feed water pump is again operating
outside of the vendor pump curve . For the seismic case the feed water pump is assumed failed
due to loss of AC power, and the overhead tank alone augments the flow rate from the TRA-688
firewater pump.
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2.2.2 Other firewater supply system issues


The firewater supply system safety-related boundaries are defined in Table 9.2-3 of the SAR-153.
Some of these boundary valves are normally open to provide operable fire suppression systems
for TRA buildings. There have been concerns about the seismic capacity of the underground
piping, the penetrations of the underground piping into buildings, and the masonry buildings with
fire suppression piping. Reviews by ABS Consulting (ABS 2003a) concluded the underground
piping and penetrations into buildings other than TRA-670 should not fail for events up to the
design basis earthquake. ABS recommended further review to determine if masonry buildings
were reinforced and to determine the type of penetrations of fire suppression system piping into
TRA-670. Collapse of masonry buildings could lead to fire suppression system piping failures
outside of the safety related boundary. Since TRA-670 is supported to bedrock, differential
movement between the building and the underground piping could lead to piping failures. Both
issues have been investigated. Drawings and design documents indicate that the masonry
buildings at TRA are reinforced (Smith 2003). The fire suppression piping penetrations into
TRA-670 are designed to accommodate differential movement (Smith 2003).


The ATR safety basis does not develop an upper limit for EFIS flow rate. There were some
concerns with the potential for the bottom head EFIS flow to lift fuel elements out of the core.
Testing (Clemons 1992) showed there was no evidence of fuel element lifting at measured bottom
head EFIS flow rates of 1,600 gpm. The fuel element T-bars were removed from the test fuel
element for this test, the vessel water was lowered to reduce the core pressure, and there was no
ECP driving downward flow through the core.


The maximum bottom head EFIS flow rate predicted in Rowsell (2003) was about 2,050 gpm.
Normally there would be an ECP running during EFIS injection and there would be a net downward
flow through the core. The maximum flow case had the electric firewater pump running. EFIS flow
rates during LOCA mitigation are very transient in nature. The LOCA calculations supporting the
ATR safety basis show that the EFIS flow rate is initially high, but then decreases rapidly as the
EFIS pressurizes the PCS. Within one to two minutes the EFIS flow equilibrates such that EFTS
flow rate equals the break flow rate at a constant system pressure. EFIS and break flows are
typically less than 1,200 gpm for the current safety basis EFIS model with a source pressure of
63 psig at the firewater pump outlet. With a source pressure about two times higher in pressure
than currently assumed, the total EFIS flow rate would be expected to be less than 1,800 gpm
(total of both upper vessel and bottom head EFTS) after the flows and pressures stabilize. With the
total EFIS flow rate at 1,800 gpm the bottom head EFIS flow rate would be significantly less than
the 1,600 gpm test flow rate.


In the event of a shutdown LOCA after the operating firewater pump is secured and with no forced
flow in the reactor vessel, the bottom head EFIS would be supplied from the overhead tank and
operating feed water pump. For this case the predicted bottom head EFIS flow rate is less than
1,700 gpm (Rowsell 2003). The higher than expected EFIS flow rates are not sufficient to lift a fuel
element from its seat because of the fuel element T-Bars.
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2.2.3 Derivation of controls for the firewater supply system


The testing and analysis described in Rowsell (2003) indicate that reactor vessel delivery rates will
be greater than the values assumed in the safety basis when a firewater pump is running. Thus a
TSR level control has been established to maintain an operating firewater pump. This requirement
applies in the low power operation mode, the power operation mode, and the pressurized standby
mode following power operation until the fuel element cooling time requirement is met. The
requirement for maintaining an operating firewater pump is only necessary when the PCS is
pressurized and decay heat is high (limited to the operating modes listed above). A TSR
surveillance is required to ensure a firewater pump is operating.


Typically, the electric firewater pump (619-12) will be selected for operation. The electric pump is
powered from commercial/diesel power. Currently the pump is configured to start either manually
or automatically based on the low-pressure setpoint. With the current configuration and the pump
in continuous operation it will stop on loss of the power source. It will not start automatically when
the alternate power source becomes available unless the system pressure is below the setpoint.
However, by isolating the pressure switch and bleeding off the pressure a continuous start signal
will be generated and the pump will start automatically, after a 25-second delay, if the primary
power source is lost and the alternate power source becomes available.


The seismic LOCA sequence assumes a complete loss of AC power (commercial and diesel);
therefore the electric pump would shutdown. The 633-1 diesel firewater pump receives an
automatic start signal when its starting battery charger loses AC power. This feature must be
operable to provide for an operating firewater pump for the seismic LOCA sequence when the
electric pump is selected as the operating pump. The time delay on this feature has the pump
started before the EFIS actuation in the design basis seismic events.


This typical lineup with the electric pump operating and the 633-1 diesel firewater pump in standby
with an automatic start feature on loss of AC power provides a success path for seismic LOCA
mitigation. The four diesel-driven firewater pumps are sufficiently robust that they are expected to
survive the design basis earthquake so lineups with a diesel pump operating do not need a pump
with a standby auto start feature. The current requirement to maintain at least two operable
firewater pumps with irradiated fuel elements in the reactor vessel is not changed (TSR-186).


The SAR currently assumes complete loss of AC power at 2 seconds into the seismic LOCA
sequence. EFIS actuation is predicted to occur at 3.5 to 4 minutes into the 2-in. and 2,5-in.
seismic LOCAs, and 2.2 to 2.4 minutes into the 3-in. seismic LOCA
(Davis and Polkinghorne 1999). EFIS does not contribute substantially to thermal margins until the
M-11 emergency pump flow coastdown at 30 minutes. EFIS flow between initial actuation and
30 minutes increases vessel pressure, reduces fuel temperatures, maintains emergency pump net
positive suction head, and maintains vessel inventory. The analysis supports a time delay of
s 120 seconds for the auto start feature on total loss of AC power on the 633-1 firewater pump.


I Page 16 of 23







431.02
01130/2003
Rev. 11


ENGINEERING DESIGN FILE


The Rowsell (2003) analysis predicts the overhead tank will augment the operating firewater pump
when there are simultaneous fire suppression and LOCA mitigation demands. If the operating
firewater pump fails, the overhead tank alone will supply the demands. In either case, the
overhead tank level will decrease fairly rapidly. The low-pressure pump start features would be
operable on the other firewater pumps. The analysis in Rowsell (2003) predicts that in either case
(overhead tank alone supplying EFIS, fire suppression, UCW, and hotel loads or overhead tank
augmenting a pump with these loads) that the high flow rates would reduce pressures such that
firewater pump start signals would occur prior to draining the overhead tank or reaching minimum
vortex submergence levels in the overhead tank. Air entrainment from a vortex in the overhead
tank would not harm the firewater pumps since these pumps take suction from the storage tanks
not the overhead tank.


The normal overhead tank level is 32 It or 110,000 gallons and the overhead tank level is alarmed
at 25 ft or 82,000 gallons. Even with the tank alone supplying the all of the above loads at a total
flow rate of 7,550 gpm (Rowsell 2003), there would be nearly 11 minutes between the low level
alarm and complete draining of the tank. Several pump start signals should have occurred prior to
that time.


The requirement for minimum firewater system supply volume (a 500,000 gallons) is not changed
(TSR-186). However, with the change to require an operating firewater pump, the overhead tank
inventory may not be available for LOCA mitigation. The operable firewater pump lineup must be
supported by the selection of ground level storage tanks providing the volume.


The water level in the ground level storage tanks (TRA-719A, B, and C) is maintained
automatically by automatic start and stop features on the deep well pumps. These features are
actuated by calibrated tank level instrumentation. In order to maintain an adequate water
inventory, the nominal setpoints are at z 22 ft for the pump start and s 26 ft for the pump shutoff for
the deep well pump selected to start first. ABS (2003a, 2003b) recommended additional seismic
analysis of the TRA-719C. The tank will be isolated until the analysis is completed.


The TRA-781 tank is filled manually using cooling tower makeup water . The instrumentation used
to monitor water level must be calibrated.


The pump-start circuits include time delays that stagger pump starts to avoid severe water hammer
effects from simultaneous starting of several pumps. These are shown in Table 2.2.2-1.


Table 2. 2.2-1 Firewater pump sta rt pressure setpoints and delay times.


Pump
Start Pressure Setpoint


si
Start Time Delay


(seconds)
619-10 65±2 5
633-1 60 t 2 15
619-12 55 t 2 25
688-M-1 65 t 2 35
688-M-2 60 t 2 45
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The requirement to have an operating firewater pump will be included in the TSR. The other
requirements are safety analysis commitments . These are summarized below:


The following controls are to be invoked whenever an operating firewater pump is required per
TSR-186:


In order for the 619-12 electric firewater pump to qualify as the operating firewater pump
(preferred option), the following conditions must be met.


a. The 619-12 firewater pump pressure switch must be isolated with pressure removed in
order to send a continuous sta rt signal.


b. The 633-1 diesel firewater pump automatic start signal actuated when its starting battery
charger loses AC power must be operable.


c. The time delay on the 633- 1 diesel firewater pump must be less than 120 seconds.


Both the north and south flow paths to the TRA-670 firewater piping loop must be open.


The following controls are to be invoked whenever EFIS is required to be operable as established
by TSR-186.


• Consistent with the firewater pump alignment and water supply selected to meet TSR-186
requirements, the instrumentation that controls the automatic start and stop features on the
deep well pumps must be calibrated and have nominal setpoints Z 22 ft for the pump start and
s 26 ft for the pump shutoff for the deep well pump selected to start first, or the level indication
instrumentation for the TRA-781 tank must be calibrated.


• The instrumentation that measures water level in the overhead tank must be calibrated and
have a nominal low level alarm setpoint of 2 24.5 ft.


• Each operable pump selected for TSR compliance must have a minimum supply volume of
z 500,000 gallons available.


• The ground level storage tank TRA-719C must be valved out of service until a seismic analysis
is completed.


2.2.4 Equipment classification


The TRA-688 firewater pumps, the TRA-781 water tank, and the associated piping for delivery of
water from the TRA-781 tank to the TRA-670 firewater piping loop are safety related Seismic
Category I. The 633-1 auto start feature on total loss of AC power is safety related Seismic
Category 1.


2.3 System interaction and seismic issues


2.3.1 Deficiencies identified during system interaction walkdowns


An OA team concern with the restraint of compressed gas cylinders in the ATR building led to an
overall concern about the coverage of potential system interactions in the ATR safety basis
(DOE 2003). In response to this concern, the system interaction coverage in SAR--153 was
reviewed and supplemented by a systematic walkdown to identify other safety-related system
interaction issues.
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Section 3.6.2 of SAR-1 53 discusses the determination of rupture locations and dynamic effects
associated with the postulated rupture of piping. A recent systems interactions walkdown
evaluation (Penny 2003) identified high energy piping in the ATR first and second basement areas
that included gland seal water system, N-16 system, and Naval Reactors makeup system piping.
No significant vulnerabilities to nearby safety related equipment were identified.


Section 3.7.2.8 of the SAR-1 53 discusses the interaction of non-Seismic Category I structures with
Seismic Category I structures. Evaluations performed to assess the effect of seismic motion of
non-Seismic Category I structures on the performance of Seismic Category I structures include
seismic walkdowns of the plant completed as part of the ATR probabilistic risk assessment (PRA)
(Eide, Khericha, and Thatcher 1989, 1991) and recent systems interactions walkdowns that
addressed seismic stability of non-installed items including in-service compressed gas cylinders,
CAMs, and storage cabinets (Penny 2003). Storage racks for in-service compressed gas cylinders
in proximity to Seismic Category I equipment were installed that would secure the gas cylinders
during a Performance Category (PC) 4 seismic event (Hawkes 2003a, 2003b). CAMs and storage
cabinets were either relocated or restrained to prevent interaction with Seismic Category I
equipment. These corrective actions resolve the conditions noted in SE-2003-146. Surveillance
will be conducted to provide assurance that no new seismic interactions are introduced.


2.3.2 Seismic capacity of bypass demineralizer cation and anion tanks and the ATR
degassing tank


ABS Consulting was contracted to expand previous walkdowns of Seismic Category I
safety-related equipment. Previous walkdown by ABS Consulting were used to evaluate seismic
fragility for the ATR PRA and to develop the ATR Seismic Upgrade Plan (Lucoff 1999). The ABS
Consulting reports (ABS 2003a, 2003b) identified several areas of concern with the ATR seismic
safety basis.


Section 3.9.3.4 of SAR-153 supports the section discussing mechanical systems and components.
Seismic walkdowns conducted in 2003 by a team of Seismic Qualification Users Group (SQUG)
trained Seismic Capability Engineers (ABS 2003a) led to the modification of the seismic restraints
of the degassing tank and bypass demineralizer cation and anion tanks that interface with
non-radiographed piping that is connected to the PCS. The systems reviewed were typical of
commercial power plants; therefore, SQUG training was applicable. Restraint of the degassing
tank was evaluated to meet PC 4 seismic criteria (Lacy 2003). Restraints for the bypass
demineralizer tanks were evaluated to meet PC 4 seismic criteria (Winn 2003). These
modifications resolve the conditions noted in SE-2003-155 and SE-2003-171.


Entries in Table 3.9-11 that do not correctly reflect the component fragilities include:


Item #20: The ground level storage tank TRA-719C does not necessarily have 2 g capacity
following past upgrades


Item #35: The estimated values for the degassing tank were for the unmodified tank and were too
optimistic. The fragility of the modified tank is unknown at this time. It can be
reassessed during activities that would be part of the Seismic Upgrade Plan.
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2.3.2.1 2 . 5-in. seismic LOCA


One poorly supported run of piping in the bypass demineralizer system was noted in the ABS
Consulting report (ABS 2003a). This piping is not expected to catastrophically rupture and thus it
is consistent with the seismic LOCA safety basis. In consideration of the other findings of the ABS
consultants, a rupture of the bypass demineralizer line (1-42) was analyzed (Polkinghorne 2003).
The rupture was assumed to occur downstream of the 2.5-in. diameter orifice (FE-37). The
consequences of this 2.5-in. break were evaluated according to the ATR Plant Protection Criteria
for Condition 3 events.


The UFSAR RELAP51MOD2.5 code was used to calculate the thermal-hydraulic response of the
core and PCS, and the ATR-SINDA and SINDA-SAMPLE models were used to evaluate protective
margins for Plate 19 of the ATR fuel element. The initial conditions and sequence definition for the
seismic LOCA analyses were the same as for the seismic LOCA analysis discussed in SAR-1 53
Section 15.6.4.


Similar to previous seismic LOCA analyses, thermal limits were approached twice during this
event. The first approach to limits occurred as the PCPs coasted down (due to loss of AC power),
and the second occurred after the DC power supply for the M-1 1 emergency coolant pump was
depleted (30 minutes into the accident), causing ECP M-11 to coast down.


Since the late thermal margins for a 3-inch-diameter seismic LOCA meet the Condition 3 ATR plant
protection criteria, only the early margins were evaluated for the 2.5-inch-diameter break. The
minimum critical heat flux and flow instability margins were 3.46 and 3.830, respectively, which
meet the Condition 3 ATR plant protection criteria.


2.3.3 Seismic capacity of utility uninterruptible power supply


Section 3.10.4.2 of SAR-153 supports the section discussing seismic qualification of Seismic
Category I instrumentation and electrical equipment. Seismic walkdowns conducted in 2003 by a
team of SQUG trained Seismic Capability Engineers (ABS 2003a) led to the modification of the
seismic anchorage for electrical cabinets associated with the motor starter and electrical power for
operating the M-1 1 emergency coolant pump. The electrical cabinet restraints were evaluated to
meet PC 4 seismic criteria (Richins 2003). These modifications resolve the conditions noted in
SE-2003-156.


The information in Table 3.10-1 is correct, except that 670-E-28 and 670-E-459 should be
included. The seismic fragility associated with 670-E-26 is provided in entry #11. And the seismic
fragility associated with 670-E-459 can be combined with entry #12.


2.3.4 Review of seismic analyses for USO resolution


SAR-153 Sections 3.7.1 and 2A.2.6.2 describe seismic design parameters for the ATR.
DOE-ID 2002 defines the current TRA seismic design parameters for rock. Different seismic
design parameters were used in the seismic analyses referenced herein; therefore, Richins (2003),
Nitzel (2003), Lacy (2003), Hawkes (2003a, 2003b), and Winn (2003) were reviewed.
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The review of the five EDFs resulted in the following observations regarding the seismic loads that
were applied:


Richins (2003), Nitzel (2003), and Lacy (2003) all referenced and considered seismic loads based
on the current SAR design parameters. Lacy (2003) also considered additional seismic loads
based on response spectra scaled from data contained in Appendix S of the DOE A-E Standard
(DOE-ID 2001). These spectra are slightly more conservative than the RG-1.60 spectra for
frequencies above approximately 14 Hz; thus, seismic loads at least equal to the minimum
required by the SAR design parameters were used throughout the analysis documented in
Lacy (2003).


The analysis documented in Hawkes (2003a, 2003b) was originally performed using seismic loads
based on accelerations found in Table 0111-3 of the previous version of the DOE-ID AE Standard
(DOE-ID 2001) for a Performance Category 2 (PC-2) component. The calculations also included
evaluation for seismic loads based on the highest performance category, PC-4. The seismic loads
used were based on response spectra scaled from data contained in Appendix S of
DOE-ID (2001). The acceleration values used are higher than those that would be obtained using
RG-1.60. Thus, conservative results for the PC-4 seismic evaluation were obtained.


The analysis documented in Winn (2003) did not use dynamic analyses or the RG-1.60 curves as
cited in SAR-153. The analysis used a static analysis with 0.5 g loads in the horizontal direction.
A typical dynamic analysis can have horizontal seismic loads for a tank that exceed 1 g. The
actual design of the belly bands, anchors, and support structures were very conservative and the
original analysis showed adequate margins to failure.


2.3.5 Derivation of controls


The modifications installed passive safety related Seismic Category I supports. Surveillance will be
conducted to provide assurance that no new seismic interactions are introduced,


2.3.4 Equipment classification


The new seismic racks for gas bottle storage are safety related Seismic Category I. The new
restraints for the bypass demineralizer cation and anion tanks, PCS degassing tank, and utility
UPS are safety related Seismic Category I.
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Summary Of Resolution Of Advanced Test Reactor Unreviewed Safety Questions -
USQ-SE-2004-038, TRA-USQ-2004-070, and TRA-USQ-2004-341.1. Title: TRA-


Codes:2. Index
Building/Type TRA-670 SSC ID N/A Site Area 531 (TRA)


3. NPH Performance Category: or N/A


4. EDF Safety Category: SC or ❑ N/A SCC Safety Category: SC or El N/A


5. Summary:
Advanced Test Reactor Programs personnel have recently undertaken an Advanced Test Reactor
(ATR) design reconstitution effort in order to identity and correct safety basis deficiencies that might
have developed over the 40 plus years of ATR operations. Some of those deficiencies lead to USQs
with interim operating restrictions. This Engineering Design File (EDF) was prepared to serve as an
addendum to the ATR Safety Analysis Report (SAR-153) for Unreviewed Safety Question (USQ)
resolution and to support changes to the ATR Technical Safety Requirements (TSR-186).


The following table lists the three positive USQs addressed in this EDF including a short description of
the issue, imposed restrictions, and resolution to the USQ.


USQ Evaluation Description
Document Number


TRA-USQ-SE-2004-038 Reactor Core Feedback During Loss of Power


Issue: Calculation models took credit for AIR core negative feedback prior to
reactor scram when the regulating rod system would automatically
compensate keeping reactor power constant.


Restrictions: Maintain a minimum of three operable experiment loop commercial
power under voltage relays during reactor operation. The under voltage
relays cause a reactor scram upon a loss of commercial power.


Resolution: Loss of commercial power transient was re-evaluated to remove credit
for ATR core negative feedback and to correct other deficiencies.
Results show that thermal margins remain acceptable and the interim
restrictions can be removed.


TRA-USQ-2004-070 Low Reactor Vessel Differential Pressure Safety Limits


Issue : Accident analyses credited the ATR negative feedback to lower power
prior to a scram when the regulating rod system would automatically
attempt to keep reactor power constant. These assumptions lead to the
conclusion that the reactor vessel differential pressure (low) safety limit
may be too low,


Restrictions: None - An increase in vessel differential pressure (low) safety limit
(SL) does not affect the TSR-186 limiting control setting (LCS) 3.1.1,
vessel differential pressure (low), since the LCS still protects the SL.


Resolution: Loss of commercial power was re-evaluated to determine the correct
SLs. Results of the updated evaluation show that TSR-186, SL 2.1.2,
differential pressure (low) safety limits need to be changed to 30.6 psid
and 39.3 psid for 2 and 3 primary cooling pump (PCP) operations,
respectively,
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Summary Of Resolution Of Advanced Test Reactor Unreviewed Safety Questions -
1. Title: TRA-USQ-SE-2004-038, TRA-USO-2004-070, and TRA-USO-2004-341.


2. Index Codes:
Buildingtfype TRA-670 SSC ID N/A Site Area 531 TRA


TRA-USQ-2004-341 Fuel Element Thermal Conditions During Loss of Heat Sink


Issue: Calculation models assumed Emergency Firewater Injection System
(EFTS) actuation 75 seconds after opening the vessel vent valves.
TSR-186, LCO 3.3.9 states depressurize the reactor vessel prior to
reaching 200°F and open vessel vent valves and actuate EFIS prior to
exceeding a reactor shutdown system (RSS) outlet temperature of
228°F. These high temperatures indicate that'required fuel cladding
thermal margins might not be met for all accident sequences bounded
by the calculation.


Restrictions: None - The ATR was in an extended outage for core internals
changeout. Procedure revisions are required prior to resumption of
operations.


Resolution: An updated evaluation was completed to address a complete loss of
heat sink and a complete loss of flow accident. Results of the
evaluation show that discussions in SAR-153 remain valid and thermal
margins are acceptable. TSR-186 limiting condition for operation
(LCO), LCO 3.3.9 must be revised to actuate EFTS and open vessel
vent valves prior to reaching an RSS outlet temperature of 200°F.


A change to the ATR TSR bases for the loss of coolant accident (LOCA) PCP shutoff system is
required to include pertinent physical phenomena that are expected during the event. The TSR-186,
LCO 3.2.3.3 allows the system to be bypassed when one PCP is running which brings into question
the length of time a pump would operate under cavitation conditions should a LOCA occur at that
time. Resolution of this concern involves changing the TSR basis to support bypassing the LOCA
PCP shutoff system with one operating pump. The second part of the resolution involves increasing
the EFTS (TSR-186, LCO 3.2.3.3) actuation pressure setpoint to z 29.62 psia. This change reduces
the length of time a pump would operate under cavitation conditions should a LOCA occur.


Two other issues associated with the emergency coolant pump recirculation system did not result in
positive USQs but their correction is discussed. The first issue is evaluated in
TRA-USQ-SE-2004-039. This negative USO describes an error in the selection of the Emergency
Coolant Pump Recirculation Flow (EPRF) Setpoint and an assumption involving a start signal to the
standby emergency coolant pump (ECP). No interim operating restrictions were invoked because the
in-plant setpoint is sufficiently conservative to ensure that accident evaluations remain valid. These
discrepancies can be corrected by changing TSR-186, LCO 3.3.3 to ? 150 gpm ± 9 gpm.


The last issue associated with the EPRF Comparator RSS Trip LCS did not result in a positive USO.
This issue is evaluated in TRA-USQ-SE-2004-082. This negative USO describes errors in the
calculation of the instrument loop setpoint and uncertainty. No interim operating restrictions were
invoked because this system is not relied on for preventing or mitigating any accident sequence. The
discrepancy is corrected by changing TSR-186, LCS 3.1.1 Emergency Pump Recirculation Flow to
95.7 in. we (water column) or a LCS of a 101.3 gpm.
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1.0 INTRODUCTION
The format of this Engineering Design File (EDF) was selected to support an Advanced Test
Reactor (ATR) Technical Safety Requirement (TSR) revision and therefore does not follow the
guidance in GDE-305 or the format in MCP-2374. Formats listed in these two documents are
intended for EDFs that present calculations and results that safety analysis documents
reference.


ATR Programs personnel have recently undertaken an ATR design basis reconstitution program
(DBRP) in order to identify and correct safety basis deficiencies that might have developed over
the years of ATR operations. This EDF was prepared to serve as an addendum to the ATR
Safety Analysis Report (SAR-153) for Unreviewed Safety Question (USQ) resolutions and to
support changes to the ATR TSRs (TSR-186) that were determined to be required before
resuming power operations following the ATR core internals changeout (CIC).


The following sections provide a summary of the positive USQs and any associated issues that
require resolution prior to ATR power operations following completion of CIC.


1.1 TRA-USO-SE-2004-038, Reactor Core Feedback during Loss of
Power


The ATR DBRP previously identified a,potential issue concerning the loss of commercial power.
The detailed analysis is documented in Terry 1994. The analysis includes modeling of the ATR
core temperature reactivity feedback. The overall temperature reactivity feedback of the ATR
core is negative, which can cause the core power to decrease between the initiation of the loss
of commercial power and the plant protection system scram. The resulting flow coast down
causes a reactor power-coolant flow mismatch and an increase in the average core
temperature. The ATR control system includes a regulating rod system that automatically
attempts to maintain a constant reactor power and can overcome the core negative temperature
reactivity feedback. This automatic feature was not correctly modeled (INEEL 2004a).


Resolution of the error was accomplished by updating the loss of commercial power analysis
(Polkinghorne 2004a). This analysis concluded that even with the regulating rod control system
holding core power constant prior to scram, ATR plant protection criteria are met.


The control system for the ATR experiment loop facilities includes under voltage protective
relays on the commercial power loop pumps. Operating experience shows these relays function
and initiate a reactor scram after any substantial drop in commercial power voltage. The
response time of the loop under voltage relays is 0.2 to 0.3 seconds. The power-coolant
mismatch at the time of the scram is less severe than during the approximate 1 second delay for
the low reactor vessel inlet pressure scram. The experiment loop control system under voltage
relays were judged to be reliable enough to support interim operation. Three operable
experiment loop under voltage relays established a one out of three scram reliability.
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1.2 TRA-USO-2004-070, Low Reactor Vessel Differential Pressure
Safety Limit


The SAR-153 includes results from a loss of commercial power analysis in which both the low
vessel inlet pressure and low vessel differential pressure scrams were disabled. The purpose of
the analysis was to determine when the minimum margin to the critical heat flux (CHF) in the
core decreased to three standard deviations (3a). The results of the analysis were used to
define safety limits (SLs) on reactor vessel low differential pressure. Even though the analysis
conservatively modeled effective plate powers greater than the current TSR limits, the analysis
incorrectly credited the negative reactivity feedback. The SLs (TSR-186, SL 2.1.2) on reactor
vessel differential pressure (low) might be too low (INEEL 2004b). The updated loss of
commercial power analysis (Polkinghorne 2004a) revealed that the vessel differential pressure
safety limits were incorrect. It should be noted that the setpoints selected for plant operations
were conservative with respect to the updated analysis . A new analysis (Polkinghorne 2004b)
was completed to determine the SLs. This analysis shows that the low reactor vessel differential
pressure SLs are 30.6 and 39.3 psid for 2 and 3 primary coolant pump (PCP) operation,
respectively.


The current limiting control settings (LCSs) for vessel differential pressure (low) are
conservative and the in-plant settings are conse rvative relative to the analytical setpoints. The
TSR change control process ensures that LCSs are not changed without the approval of the
Department of Energy.


1.3 TRA-USQ-2004-341, Fuel Element Thermal Conditions during
Loss of Heat Sink


The concern is that TSR-186, LCO 3.3.9 states open the reactor vessel vent valves and actuate
Emergency Firewater Injection System (EFIS) prior to exceeding an RSS outlet temperature of
228°F, while the analysis assumed that EFIS was actuated 75 seconds after opening the vessel
vent valves (INEEL 2004c). This discrepancy is resolved by updating the analysis for a loss of
heat sink and a complete loss of flow accident (Bayless and Polkinghorne 2005). The analysis
results indicate that plant protection criteria are met for Condition 2, 3, and 4 faults, when EFIS
is actuated and the vessel vent valves are opened prior to reaching an RSS outlet temperature
of 200°F.


The actuation of EFTS and opening the reactor vessel vent valves prior to the RSS outlet
temperature exceeding 200°F is consistent with the TSR requirement to actuate prior to
reaching 228°F. The procedural steps related to delaying EFIS in conjunction with opening the
vessel vent valves in response to a loss of heat sink event must be revised prior to ATR power
operation.


1.4 Loss of Coolant Accident Primary Coolant Pump Shutoff System
A change to the ATR TSR bases is required to include pertinent physical phenomena that are
expected during a loss of coolant accident (LOCA) when the PCP Shutoff System Engineered
Safety Feature (ESF) is placed in bypass. The TSR-186, limiting condition for operation
(LCO) 3.2.3.3 allows the system to be bypassed when one PCP is running which brings into
question the length of time a pump would operate under cavitation conditions should a LOCA
occur at that time. Resolution of this concern involves changing the TSR basis to support
bypassing the LOCA PCP shutoff system with one operating pump. The second part of the
resolution involves increasing the EFIS (TSR-186, LCO 3.2.3.3) actuation pressure setpoint to
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z 29.62 psis. This change reduces the length of time a pump would operate under cavitation
conditions should a LOCA occur during the time the LOCA PCP Shutoff ESF is bypassed.


The function of the PCP Shutoff System ESF is to trip the PCPs on low PCS pressure. The PCP
trip time delay is set to assure the thermal margins will be met and the PCS surge tank is not
drained before the ESF actuates to trip the PCPs. The analysis indicates that the surge tank will
not drain even if one PCP is in operation. Therefore, the applicable plant conditions that require
the ESF to be operable are power operation and following power operation until one or no PCP
is operating.


Of concern is the time that the PCPs operate following a LOCA. The PCPs require a net positive
suction head (NPSH) of 50 It to operate per manufacturer's recommendations and the ECPs
require 20 If NPSH. An analysis has been completed that considers the break of a 2 in. air line
on top the PCS surge tank (Polkinghorne 2003). That analysis predicts that the PCPs would
operate for up to 60 seconds with an inadequate NPSH and also indicates that the ECPs would
be subject to operations for about 0.5 seconds with inadequate NPSH. Pump operation with
inadequate NPSH has been evaluated and indicates that the pumps are expected to operate
(Smith 2005a). Another evaluation (Smith 2005b) concludes that the PCPs would not
catastrophically fail due to cavitation during these times. A more recent analysis has been
completed (Polkinghorne 2004c) that considers a base case 3 in. LOCA followed by partial
failure of the LOCA PCP Shutoff ESF If PCP continues to run for the duration of the transient).
Results of these analyses indicate that even though a PCP operates in a cavitation condition,
the length of time in this condition is not expected to fail the PCP, but also assumes that EFIS
analytical actuation pressure is increased from 17 to 28 psia.


1.5 TRA-USO-SE-2004-039 and TRA-USO-SE-2004-082 Evaluations,
Emergency Coolant Pump Recirculation Flow


Emergency coolant pump (ECP) recirculation flow (EPRF) is relied onto determine whether an
ECP is operating when required. The DBRP has identified three discrepancies that lead to two
negative USQs (INEEL 2004e and INEEL 2004f). The first is a discrepancy between the
analysis (Terry 1994) recirculation flow setpoint and its derivation in the TSR-186 bases. The
second is the minimum nominal ECP flow used in calculating the EPRF setpoint. The third
involves an assumption concerning the calculation of the uncertainty associated with the ECP
recirculation setpoint. These items are closely related and Section 2 presents the issues
regarding the calculation error and associated uncertainties. Correcting these three
discrepancies involves changing the setpoints and incorporating the updated uncertainty
analysis. The plant protection system (PPS) reactor shutdown system (RSS) trip LCS should
be? 95.7 in. we (water column) or a LCS of ? 101.3 gpm. The ECP start signal LCO should also
be changed to 150 ± 9 gpm.
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2.0 DETAILED DISCUSSION OF THE ISSUES


2.1 TRA-USO-SE-2004-038, Reactor Core Feedback During Loss of
Commercial Power


Loss of commercial power is a Condition 2 fault analyzed in the safety basis. Loss of
commercial power causes the operating PCPs to coast down. The resulting reduction in core
flow causes an increase in the core average temperature due to the core power-coolant
mismatch which results in a gradual lowering of reactor power prior to the scram. The safety
analysis models the plant protective system subsystem (low vessel inlet pressure scram) for the
scram that reduces core power. The low vessel inlet pressure scram occurs about one second
after the loss of commercial power as the primary coolant pumps coast down and their pumping
head is lost.


The ATR plant protection criteria require a margin of greater than or equal to 3a to CHF and
flow instability (FI) for Condition 2 faults. The analysis described in the original analysis
(Terry 1994) states that calculations showed that the required margin was not met if reactor
power was assumed constant during the time before scram. The core feedback model predicted
that the feedback would insert -0.05$ during the approximate one second before the low vessel
inlet pressure scram actuated. Feedback reduced the core power at the time of the scram by
approximately 8%.


2.1.1 Concerns


The analysis described in Section 2.1 assumed that the reactor power was decreasing prior to
the reactor scram and thus would meet the applicable margins. However, the analysis neglected
to account for the effect of the regulating rod control system, which would automatically attempt
to maintain a constant reactor power. The regulating rod control system in the event of the loss
of normal power receives power from the diesel electric system so that the regulating rod control
system would remain operational a fter a loss of commercial power. The regulating rod control
system includes a nuclear instrument that monitors core power and a control system that moves
regulating rod control elements to maintain a constant power. The regulating rod control system
can easily overcome the feedback insertion of -0.05$ in one second. Facility Management has
imposed a restriction to maintain a minimum of three operable experiment loop commercial
power under voltage relays (reactor scrams) during reactor operation to establish a minimum
one out of three scram reliability until this issue is resolved (INEEL 2004a).


2.1.2 Analysis of Core Feedback During Loss of Commercial Power
Concerns regarding the power decrease prior to a scram upon a loss of commercial power were
re-examined considering that the regulating rod control system would attempt to keep reactor
power constant (Polkinghorne 2004a), The RELAPS code was used to calculate the overall
response of the reactor and the SINDA code was used to calculate the response of the limiting
fuel plate. Both 2 PCP and 3 PCP operations were modeled. The models are consistent with the
other various assumptions presented in SAR-153 Section 15. It should be noted that the
margins of safety are greater than previously calculated because reactor scram occurred earlier
primarily because the locations of PPS pressure taps in the model were corrected and the core
power densities are lowered to the TSR limits.
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These calculations result in minimum margins to FI and CHF of 7.30 and 5.14 for 2 PCP
operation and 9.12 and 5.81 for 3 PCP operation, respectively. These values meet the
Condition 2 ATR plant protection criteria of a margin of safety to Ft and CHF of greater than 3a.
Thermal margins of safety are also acceptable for a loss of commercial power in which the inlet
pressure PPS subsystem fails (Condition 4 fault) and the vessel differential pressure subsystem
scrams the reactor. Because these results are acceptable, the discussions in SAR-153
regarding bounding and bounded sequences remain valid.


2.1.3 Derived Controls
Calculations were performed to determine whether any TSR revisions are required considering
that the regulating rod control system would keep reactor power constant upon a loss of
commercial power event until reactor scram. The analysis results show that no corrections are
required. Further, the analysis confirms that vessel differential pressure and the vessel inlet
pressure PPS subsystems are diverse.


Re-evaluating the loss of commercial power shows that thermal margins are met for both
Condition 2 and Condition 4 faults of concern. These results establish that discussions in
SAR-153 remain valid. Therefore, the facility management restriction of three operable
experiment loop under voltage relays (reactor scrams) to establish reactor scram reliability
(INEEL 2004a) is no longer necessary and can be removed. The USO (INEEL 2004a)
associated with this issue is resolved.


2.1.4 Equipment Classification


The reanalysis of the loss of commercial power accident corrects previous invalid assumptions
along with other errors and confirms that current equipment classifications remain valid. That is,
the PPS vessel inlet pressure and vessel differential pressure subsystems are safety related.


2.2 TRA-USO-2004-070, Low Reactor Vessel Differential Pressure
Safety Limits


SAR-153 includes results from a loss of commercial power analysis in which both the low vessel
inlet pressure and vessel low differential pressure scrams were disabled. The purpose of the
analysis was to determine when the minimum margin to CHF in the core, without scram,
decreased to three standard deviations (3o). The results of the analysis were used to define
TSR-186 SLs on reactor vessel low differential pressure. The SLs on reactor vessel low
differential pressure were found to be low (INEEL 2004b) because the analysis incorrectly
credited negative core reactivity feedback even though the analysis conservatively modeled
effective plate powers greater than the current TSR limits.


The SLs on reactor vessel low differential pressure define when 3a to the CHF is reached if the
reactor is not scrammed during a loss of commercial power. The SLs (TSR-186, SL 2.1.2) are
currently 21.3 psid for 2 PCP operations and 38.6 psid for 3 PCP operations. An updated
analysis (Polkinghorne 2004b) shows that the margins to Ft and CHF during a loss of power
accident in which the reactor fails to scram on low vessel inlet pressure, but scrams instead on
vessel low differential pressure (Condition 4 fault) are greater than 3a. The reactor vessel low
differential pressure trip selpoints used in the safety analysis are 38 psid for 2 PCP operations
and 45.8 psid for 3 PCP operations (TSR-186, LCS 3.1.1).
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2.2.1 Concerns


A concern involves the loss of commercial power with failure of the low vessel inlet pressure
subsystem (INEEL 2004b). This event is considered to be a Condition 4 fault. For this event, the
scram is further delayed (vs. low vessel inlet pressure scram) until the vessel low differential
pressure scram setpoint is reached. The time delay between loss of commercial power and the
reactor scram is up to 1.8 seconds. The previous analysis credited core negative reactivity
feedback. The regulating rod control system is powered from the diesel power system in the
event of a loss of commercial power. The regulating rod control system would attempt to
maintain a constant reactor power up to the point of scram. The concern in this case is whether
the selected ATR reactor vessel differential pressure limits are too low.


2.2.2 Reactor Vessel Differential Pressure Safety Limit Analysis
The RELAP5 code was used to calculate the overall response of the reactor and the SINDA
code was used to calculate thermal safety margins for the high power fuel plate using the
boundary conditions from RELAP5 (Polkinghorne 2004b). The effective plate powers in the
SINDA calculation were selected to be 10% higher than those in the ATR TSRs. Ten percent
was selected to account for any other uncertainties and to ensure conservative results. The
SINDA and SINDA-SAMPLE models used the same input as previous analyses except that new
core power histories and hydraulic boundary conditions were obtained from the new RELAP5
model and fuel plate power densities were increased 10%. That is, the effective plate powers
were increased to 459.0 MW and 489.7 MW for 2 PCP and 3 PCP operations, respectively.
Consistent with the model described in Section 2.1.2 the ATR regulating rod control system was
assumed to keep the reactor power constant until scram.


The results of these models show that in all cases, the CHF margin of safety decreased to 3a
before the FI margin and thus the FI margin was not considered further for the selection of SLs.
Based on these results, TSR-186 SLs for reactor vessel low differential pressure (SL 2.1.2) are
30.6 psid and 39.3 psid for 2 PCP and 3 PCP operations, respectively.


It should be noted that the associated ATR TSR-186 LCS 3.1.1 is not affected by this change
since the LCS low differential pressures are sufficiently larger . That is, the low differential
pressure LCSs will be reached well before the SLs.


2.2.3 Derived Controls


The above analysis leads to two controls. The first is the selection of ATR SLs for 2 PCP and
3 PCP operations. Reactor vessel low differential pressure SLs (TSR-186, SL 2. 1.2) are
30.6 psid or 39.3 psid for 2 PCP or 3 PCP operations, respectively. Second, LCSs are selected
(see LCS 3.1.1) at greater differential pressure than the SLs to ensure that the ATR protection
criteria are not approached. For this case, leaving ATR TSR LCS 3.1.1 at their current
evaluated values of 38 psid and 45.8 psid for 2 PCP and 3 PCP operations, respectively, is
conservative. The reanalysis of vessel low differential pressure shows that the ATR SLs have
increased and are closer to the ATR LCSs, The margins of safety in both operating cases
remain adequate. The updated uncertainty analysis (Picker 2005a) shows that the current LCS
uncertainty analysis is conservative. Considering instrument uncertainty, calibration procedures,
and as left conditions indicate that the current LCSs are conservative.


No interim restrictions were put in place because the SLs were protected by the LCSs and
increasing the SL does not affect the results of the safety analysis (SAR-153). The USO
(INEEL 2004b) associated with this issue is resolved by revising TSR-186, SL 2.1.2.
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2.2.4 Equipment Classification


The reanalysis of the loss of commercial power accident corrects previous invalid assumptions
along with other errors and confirms that current equipment classifications remain valid.


2.3 TRA-USQ-2004 -341, Fuel Element Thermal Conditions during
Loss of Heat Sink


The TSR-186, LCO 3.3.9 specifies opening the vessel vent valves prior to exceeding 200°F and
actuating EFIS prior to exceeding an ASS outlet temperature of 228°F. The analysis for this
event actuated EFIS 75 seconds after opening the vessel vent valves instead of at an RSS
outlet temperature of 228°F. This indicates a discrepancy between the derivation of the TSR
and the supporting analysis and lead to completion of a USO (INEEL 2004c). Further review of
the analysis presented in Pafford (1994) shows that 75 seconds after opening the vent valves,
the inlet temperatures are much less than 228°F- Additional modeling is required to resolve this
discrepancy. The procedural steps related to delaying EFIS in conjunction with opening the
vessel vent valves in response to a loss of heat sink event must be revised prior to ATR power
operation.


2.3.1 Concerns
The concern involves the bases for the TSR control for opening of the vent valves. The control
establishes that the vessel vent valves, are to be opened prior the ASS outlet temperature
exceeding 200°F. This is consistent with the analysis. The next statement in the TSR directs
actuation of the EFTS prior to the outlet temperature reaching 228°F. The analysis actuates
lower EFIS 75 seconds after opening the vessel vent valves. The TSR action is inconsistent
with the analysis and lead to a USQ (INEEL 2004c). This concern is resolved by reevaluating
two accident sequences and confirming the appropriate actions and their timing.


2.3.2 ATR SAR Accident Analyses


An updated analysis has been completed to address the above concerns (Bayless and
Polkinghorne 2005). The following sections describe the updated CLOHS (SAR-153, 15.2.1)
and CLOFA (SAR-1 53, 15.3.3). The presentation method in SAR-1 53 is used here so that the
bounded sequence discussions in SAR-1 53 remain valid considering the results from the
updated analysis presented below.


2.3.2.1 Decrease in Heat Removal by Secondary - SAR-153, Section 15.2
The following sections describe the new analysis (Bayless and Polkinghorne 2005) performed to
address the above vessel venting issues. The results of this analysis will be incorporated into
SAR-153, Section 15.2.1 since the current discussions in SAR-153 remain applicable.


2.3.2.1. 1 Identification of Causes and Accident Description
The evaluation presented here follows the same methodology as those presented in SAR-153,
Section 15.2.1. Only that information that is in addition or different than described in SAR-153 is
presented-here.


2.3.2.1.1.1 Analysis of Effects and Consequences
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2.3.2.1. 1.2 Method of Analysis
The thermal-hydraulic response for the ATR system as a result of a CLOHS is contained in
SAR-153. The previous analysis results showed that thermal-hydraulic margins were met for
Condition 2, 3, and 4 faults, but only considered system response over a fairly short period of
time. An additional analysis was completed (Bayless and Polkinghorne 2005) using most of the
assumptions presented in SAR-153 except that a worst case coolant inlet temperature was
calculated and the analysis was performed for an extended period of time. The longer period of
time is necessary to assure that minimum thermal margins did in fact occur early in the transient
and not at a later time near when EFIS is actuated and the reactor vessel vents are opened.


Calculations were performed with different steady state reactor vessel inlet temperatures to
determine which provided the fastest heatup to the vessel vent valve opening. The result of
these calculations is that an inlet temperature of 112°F provided the fastest heatup . Another
scoping calculation was performed where EFIS was not actuated until the vessel outlet
temperature reached 228°F. Depressurization through the vessel vent valve was initiated when
the vessel outlet temperature reached 206°F and resulted in boiling in the core- Boiling in the
core is not acceptable for a Condition 2 fault. Therefore, the models were changed to actuate
EFIS at the setpoint temperature and then open the vent valves as follows.


A vessel vent case was initiated from a reactor power of 250 MW with a vessel inlet temperature
of 112°F- The EFIS was manually actuated when the calculated vessel outlet temperature
reached 206°F which includes current instrument uncertainty. It should be noted that the
updated instrument uncertainty results -in about ± 3°F (Falibota 2005b). The reactor trip was
from the high vessel inlet temperature subsystem at 150°F, with a 40-sec response time, The
PCPs were assumed to be manually tripped 10 minutes after the reactor scram and one ECP
(M-10) operates throughout the transient (the second ECP is prevented from starting). One of
the two reactor vessel vent valves is available and assumed to require 90 sec to open. Only the
bottom head EFIS is actuated and it is assumed that a check valve in one of the four injection
lines fails, reducing flow by 25%.


The reactor protection criteria thermal margins were evaluated for this new model using
ATR-SINDA and SINDA-SAMPLE with boundary conditions from the RELAPS results (Bayless
and Polkinghorne 2005).


2.3.2.1. 1.3 Results
The sequence of major events from the RELAPS calculations is shown in Table 1 for a reactor
power of 250 MW with a core inlet temperature of 112°F. The vessel relief valves lift soon after
transient initiation. The peak hot channel temperature which occurs is 293.8°F and a peak outlet
temperature of 208°F.


The SINDA models were used to calculate the thermal safety margins for two cases: 1) EFIS
was actuated at 206°F (late vent case) and 2) EFIS is actuated at 194°F (early vent case).
These were completed to determine which is more limiting. Only the vessel vent phases of
these CLOHS transients were simulated because SAR•153 presents the results showing that
thermal safety margins near the time of reactor scram are acceptable,


Actuation of the vessel vent system caused the core flow rate to decrease (because coolant
was diverted out the open vent valve), which caused fuel and coolant temperatures to increase
(- 5°F). When the calculations were stopped, core temperatures were decreasing because the
firewater that is being injected into the flow distribution tank has made its way around the PCS
to the top of the core.
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Table 1. Sequence of events for the loss of heat sink transient calculations (three-pump
operation}


Event Time (sec)


Transient initiated 0


Safety relief valves first lift 5.8


Reactor scram on high inlet temperature (includes 40.0 121.0
second delay)


Peak hot channel exit temperature reached 121.0


(Peak temperature) 293.8°F


PCPs manually tripped 721.0


Vessel outlet temperature reaches 206°F, EFIS actuated 4208.0


Vent valves manually opened 4508.0


EFIS injection begins 4585.0


Peak vessel outlet temperature reached 4625.0


(Peak temperature) 208.0°F


Transient calculation terminated 6000.0


Following actuation of the vessel vent valves, decreasing pressure and flow caused thermal
margins to decrease. For the late venting case, the minimum CHF and FI margins were 8.30
and 13.50 and occur at about 5180 seconds, respectively. For the early vessel venting case, the
minimum CHF and F1 margins were 8.34 and 15.0a at about 2580 seconds, respectively.
Thermal margins are slightly lower for the late vent case because the coolant in the reactor
vessel had more time to heat up prior to EFIS actuation. These margins are acceptable for
Condition 2, 3, and 4 faults and this sequence can be used to bound the other events as
described in SAR-153.


2.3.2.1. 1.4 Conclusions


The above analysis shows that thermal margins are acceptable and this sequence as described
in SAR-153 can be used to bound Condition 2, 3, and 4 faults. Controls (TSR-186, LCO 3.3.9)
are required to actuate EFIS and open the vessel vent valves prior to the vessel outlet
temperature reaching 200°F.


2.3.2.2 Decrease in Reactor Primary Coolant Flow Rate - SAR-153, Section 15.3
The following sections describe the new analysis (Bayless and Polkinghorne 2005) performed to
address the above vessel venting issues . The results of this analysis will be incorporated into
SAR-153, Section 15,3.3, Complete Loss of Flow Accident (CLOFA), since the current
discussions in SAR-153 remain applicable.


2.3.2.2. 1 Identification of Causes and Accident Description
The evaluation presented here follows the same methodology as those presented in SAR-153,
Section 15.3.3. Only that information that is in addition or different than described in SAR-153 is
presented here.
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2.3.2.2. 1.1 Analysis of Effects and Consequences


2.3.2.2. 1.2 Method of Analysis
The thermal-hydraulic response for the ATR system as a result of a CLOFA (Condition 4) is
contained in SAR-153. The previous analysis results showed that thermal-hydraulic margins
were met for Condition 3 and 4 faults, but only considered system response over a fairly short
period of time. An additional analysis was completed (Bayless and Polkinghorne 2005) using
the applicable assumptions presented in SAR-153 and for an extended period of time. The
longer period of time is necessary to assure that thermal margins during vessel venting are
acceptable.


At transient initiation, a loss of power causes the reactor to scram and the operating coolant
pumps to trip. The backup ECP (M-1 1) starts on low recirculation flow in the M-10 ECP line,
then runs for 30 minutes before the battery power is assumed to be depleted and the pump is
tripped. The loss of forced flow starts a countdown to actuating EFIS and opening the one
available vessel vent valve (assumed that one of two valves is operable ), based on the
operating power and the reactor vessel outlet temperature at the time forced flow is lost. The
base case assumed that only bottom head EFIS is actuated and the flow is reduced by 25%,
simulating one injection line check valve failing to open. All transients were initiated from
steady-state conditions with a reactor vessel inlet temperature of 125°F. `


Two sensitivity cases were completed to determine the effects of EFIS configuration changes.
The first case is where only the upper EFIS was actuated and the second case is where both
upper and lower EFIS are actuated. -


SINDA models were used to calculate thermal safety margins for the CLOFA with bottom head
EFIS. Only the vessel vent phase of the transient was simulated because SAR-1 53 presents the
thermal margins near the time of reactor scram and during flow reversal near 1800 seconds.


2.3.2.2. 1.3 Results
The sequence of major events from the RELAP5 calculations is shown in Table 2 for the
CLOFA. The depressurization associated with vessel vent valve opening removed less than
200 ft3 of liquid, leaving the surge tank more than 75% full at the end of the calculation. The
core temperatures were decreasing at the end of the transient calculation. The calculations
show a zero void fraction, indicating that no boiling occurred during the calculation.


When only the upper EFIS was modeled, boiling in the core begins shortly after EFIS flow
begins. Calculations indicate boiling is present in each channel, but none of the channels dried
out completely.


Maximum fuel and coolant temperatures were calculated with ATR-SINDA. Subcooled boiling
began at about 4120 seconds, followed by saturated boiling near 4360 seconds. Maximum fuel
temperature was well below the saturation temperature when the calculation was terminated.


Minimum CHF, fuel plate buckling, and AWIT thermal margins were calculated with
SINDA-SAMPLE. The minimum CHF was 4.108 (at 4424 seconds), the minimum buckling
margin was 18.88 (at 4494 seconds), and the minimum AWIT margin was always greater than
408. These margins are acceptable for Condition 3 and 4 faults.
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Table 2. Sequence of events for the base case CLOFA transient.
Event Time (sec)


Primary and operating ECP trip 0.0


Reactor Scram 0.75


Backup ECP sta rts 5.9


Backup ECP tripped 1806


Relief valve cycling starts 2175


EFTS actuated 4176.2


Peak fuel cladding temperature reached 4462


Peak fuel cladding temperature 442.2 OF


Vent Valve opened 4476.2


EFTS injection begins 4560


Transient calculation terminated 8000


2.3.2.2. 1.4 Conclusions
Previous analyses (presented in SAR-153) showed acceptable thermal margins early in the
CLOHS and CLOFA near the time of reactor scram and the initial flow coastdown. The following
present the conclusions following the depressurization of the PCS through the reactor vessel
vents.


For the CLOHS transient, all heat transfer to the secondary coolant system is lost at transient
initiation. The reactor scrams on high coolant inlet temperature . The PCPs are tripped
10 minutes after scram , and one ECP continues to run throughout transient . Bottom head EFIS
is actuated when the vessel outlet temperature reaches 200 ± 6°F and one reactor vessel vent
valve was opened 5 minutes later. Scoping calculations identified an initial coolant inlet
temperature of 112 ° F to be the limiting case in that it provides the earliest opening of the vessel
vent valves . System thermal hydraulic calculations were pe rformed for the nominal outlet
temperature (200°F) and for the bounding cases ( 194 and 206° F). The core remained highly
subcooled throughout the transient . Thermal safety margins were calculated for the two
bounding cases . The results show that the higher temperature case ( later venting ) was more
limiting, with minimum CHF and FI margins of 8 . 30 and 13 .5x, respectively . These margins are
acceptable for Condition 2, 3, and 4 faults.


The CLOFA was initiated by a loss of power , which caused the operating coolant pumps to trip
and the reactor to scram on low vessel inlet pressure . The remaining ECP sta rt s sho rt ly after
the transient begins on low recirculation flow, but is assumed to trip 30 minutes later due to
battery depletion . This leads to a flow reversal in the reactor core . EFTS actuation occurs
2370 seconds a ft er the backup ECP trips. EFTS actuation is based on the initial operating power
and the coolant outlet temperature when forced flow is lost . One vessel vent valve was opened
5 minutes 'after EFIS actuation. With only the bottom head EFIS actuated , the RELAP5
calculation did not predict any boiling in the core , while the SINDA calculation predicted some
boiling in the hot channel . The minimum buckling and AWIT margins were 18 . 8 and > 40o,
respectively . These margins are acceptable for Condition 3 and 4 faults.
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The analyses shows that thermal limits are met for both transients near depressurization
following vessel vent valve opening. For the CLOFA, the bottom head EFIS is more effective
than the upper vessel EFTS in providing core cooling.


2.3.3 Derived Controls
The above discussions indicate that TSR-186, LCO 3.3.9 must be changed. The changes are
that EFTS is actuated and the vessel vent valves are opened prior to the reactor outlet
temperature reaching 200 OF. These actions ensure that the above analysis remains valid and
the indicated thermal safety margins are met.


A USO related to actuation of EFIS before 228°F (INEEL 2004c) is resolved given
implementation of the described TSR-186 changes.


2.3.A Equipment Classification
Equipment classification of the various reactor systems described above does not change from
that stated in SAR-153.


2.4 Loss of Coolant Accident Primary Coolant Pump Shutoff System
A change to the ATR TSR-186 bases is required to include pe rtinent phenomena that are
expected during a LOCA when the PCP Shutoff ESF is placed in bypass. The TSR-186,
LCO 3.2.3.3 allows the ESF to be bypassed when one PCP is running. This raises a concern
about the length of time a pump would operate under a cavitation condition should a LOCA
occur while the ESF is in bypass.


The LOCA PCP Shutoff ESF is designed to trip running PCPs following a LOCA, The LOCA
ESF is designed to shut off all of the running PCPs on low primary coolant pressure; however,
failure of one pump to trip has been analyzed and is tolerated. The bypass switch allows
disabling the LOCA PCP Shutoff ESF for system testing and for facilitating PCS startup and
shutdown.


The 3-in. small break LOCA event with concurrent partial failure of the LOCA PCP Shutoff ESF
(Condition 3) described in SAR-153, Section 15.6.5 establishes the requirements for the LOCA
PCP Shutoff ESF. During a LOCA, the rapidly decreasing system pressure, while the core
decay heat is still significant, results in rapidly deteriorating thermal margins. To maintain
acceptable thermal margins, a significant amount of PCS flow (e.g., greater than emergency
flow) is required for approximately 40 seconds following the reactor scram. The decrease in
PCS pressure results in PCP cavitation (based on the manufacturer's recommended minimum
of 50 ft net pump suction head (NPSHJ) but the pump flow is sufficient to maintain adequate
thermal margins. The minimum allowable surge tank air volume (alternately maximum liquid
level) is an important parameter in determining the PCP suction pressure and thus system flow;
the smaller the air volume, the greater the pressure decreases during the LOCH. However,
continued operation of the PCPs shows that the pumps are capable of drawing down the surge
tank liquid level such that the surge tank blanket air is eventually drawn into the PCS.
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The maximum surge tank air volume (or minimum liquid level) is also an important parameter. It
will determine at what system pressure surge tank air will commence entering the PCS; the
larger the initial air volume, the higher the system pressure will be when air enters the PCS. It
has not been demonstrated that this air in the system would not compromise the performance of
the ECPs, perhaps resulting in a loss of their ability to pump coolant. As system pressure
decays as a result of the LOCA, the PCPs will eventually quit pumping as suction pressure
drops. The loss of the ECPs due to air in the PCS would result in a complete loss of flow for the
system,


The LOCA PCP Shutoff ESF will shut down the PCPs after a time delay of approximately
65 seconds following a low-pressure trip signal. Thus, the PCPs will be allowed to continue
pumping early in the event to provide sufficient flow to maintain thermal margins, then be shut
down prior to the point at which the surge tank would be drained and air drawn into the PCS.
This approach keeps air from being drawn into the PCS that could degrade the operation of the
ECPs, Continued PCS leakage, however, results in the possibility that air from the surge tank
may still be drawn into the PCS. To mitigate the problem, the EFIS is actuated on low vessel
pressure. EFIS flow sufficiently repressurizes the PCS to prevent surge tank air from entering
the system. With the action of the LOCA PCP Shutoff ESF to trip the PCPs on low pressure,
EFIS actuation on low vessel pressure and the control of the initial surge, tank liquid level, the
thermal margins of > 3o to CHF and FI are maintained during the accident.


2.4.1 Concerns
The concern is that TSR-186, LCO 3.2.3.3 allows the LOCA PCP Shutoff ESF to be disabled
following power operations when one PCP is operating. Should a LOCA occur during this time,
the possibility exists for cavitation of the operating PCP. Allowing the LOCA PCP Shutoff ESF to
be disabled with one PCP operating could lead to the PCP operating much longer in a cavitation
mode than has been evaluated should a LOCA occur. The current TSR basis does not address
the cavitation issue.


2.4.2 Modeling Issues


An analysis was performed (Poikinghorne 2004c) that modeled a 3 in. base case LOCA with
2 and 3 PCP operations. This analysis contains the models from which calculations were
completed to determine the PCP NPSH during the transient. Initial operations with 2 PCPs
assuming 1 PCP continues to run results in the PCP running in cavitation for the longest period
of time (-420 sec with EFIS actuation at 17 psia or -140 sec with EFIS actuation at 28 psia).


Evaluation of the PCPs operating in cavitation conditions concludes that there should be no
damage for 230 seconds (Smith 2005a). This evaluation is based on the PCP operating below
the manufacturer's recommended pump suction head of 50 ft. Further, another evaluation
describes potential damage to the pump casing caused by failure of the pump internals (Smith
2005b). This concern addresses the creation of a larger opening in the PCS caused by pump
internals failing, causing a break in the pump casing. The results of this evaluation conclude that
no evidence could be found that indicate a concern and the fact that a failure of a similar pump
at TRA (operating in cavitation for 4 months) did not cause a pump case break. Because of
these considerations, PCP damage caused by operation under cavitation conditions is not
expected and allowing the LOCA PCP Shutoff ESF to be bypassed when one PCP is running
meets current analysis assumptions. EFIS actuation pressure is being increased from 17 to
28 psia to ensure that PCPs are not exposed to cavitation conditions for unnecessary lengths of
time. This increase in EFIS actuation pressure reduces the time a PCP operates under
cavitation conditions to about 140 seconds and is well within the time frame of the above
discussion.
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Models have been developed to assess the thermal margins and timing issues associated with
various accident sequences. An additional analysis (Polkinghorne 2004c) has been completed
to determine the overall effects of increasing the EFIS actuation pressure from 17 to 28 psia.
This analysis provides the calculation results for the time a PCP operates under cavitation
conditions. Credit for increasing the EFIS actuation pressure is necessary to show that the time
PCPs operate under cavitation conditions are limited and do not lead to failure of the PCPs.


2.4.3 Derived Controls
The LOCA PCP Shutoff ESF is required to assure that air is not drawn into the PCS. Pa rt ial
failure of the ESF has been evaluated (one PCP remains running) and shows that a PCP failure
due to operation under cavitation conditions is not expected. However, credit is taken for
increasing EFIS actuation pressure from 17 psia to 28 psia to reduce the length of time the
PCPs are expected to operate below the manufacturer's recommended NPSH. No change to
LCO 3.2.3.3 is necessary. However, changes to the bases for this LCO are necessary to ensure
the derivation of the LCO and the analyses are in agreement . In addition, a change to
LCO 3.2.1.1 is necessary to ensure EFIS actuation at 28 psia.


An updated uncertainty analysis (Pickar 2005h) has been completed to determine the accuracy
of the EFIS actuation pressure instrument loop. This analysis indicates that the EFIS setpoint to
ensure actuation at 28 psia should be z 29.62 psia. This increase accounts for total uncertainty
in the instrument loop of ± 1.16 psia.


Changes to TSR-186 LCO 3.2.3.3 bases will bring the bases into agreement with the safety
analysis (SAR-153). Increasing EFIS actuation pressure helps ensure that the PCPs do not
operate under cavitation conditions for an extended length of time, but also compensates for
additional uncertainties associated with the surge tank level instrument (see Section 2.3)


2.4.4 Equipment Classification


Classification of equipment different than is currently presented in SAR-153 is not required. The
LOCA PCP Shutoff ESF is a safety related system as currently defined in SAR-153.


2.8 TRA-USQ-SE-2004-039 and TRA-USQ-SE-2004-082 Evaluations,
Emergency Coolant Pump Recirculation Flow


The following sections describe three aspects of the EPRF system. These items are closely
related and will be described individually first and then as needed to develop the appropriate
discussion for safety analysis purposes in the following sections. Note that both USO
evaluations were negative because either the in-plant settings were conservative or the system
is not relied on to prevent or mitigate an accident sequence.
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2.5.1 Emergency Pump Recirculation Flow Discrepancies


2.5.1.1 TRA-USQ-SE-2004-039 Evaluation , Emergency Pump Recirculating
Setpoint


SAR-153, Section 15.3.1 describes the loss of commercial power transient and assumes failure
of the operating ECP as the limiting single failure . The requirement to start the standby ECP
comes from the limiting single failure assumption described in SAR-153, Section 15.0.12. The
analysis (Terry 1994) assumes that the operating ECP fails at the beginning of the transient
(loss of commercial power) requiring transition to the standby ECP. For this case, the transition
to the standby ECP occurs while the PCPs are coasting down. The analysis assumed the
standby ECP receives a sta rt signal when the low recirculation flow rate setpoint of 97 gpm is
reached. The standby pump is assumed to spin up to full speed in 10 seconds.


The basis for TSR-186, LCO 3.3.3 and the derivation in SAR-153, Section 16.2.2 indicate that
the loss of flow from the PCPs concurrent with the failure of the operating ECP would cause the
standby ECP to sta rt at a recirculation flow of 90 gpm. A previous analysis of the EPRF
established 90 gpm as the nominal setpoint, but this value does not include any uncertainties
(Reilly 1977). Uncertainty was stated to be ± 7 gpm. This results in an EPRF setpoint of 97 gpm,
which was then used by Terry (1994) to evaluate the loss of commercial power concurrent with
the failure of the operating ECP. The TSR-186 bases for the LCO describe 90 gpm as the
minimum with an associated uncertainty of ± 9 gpm. This value should be 97 gpm with an
uncertainty of ± 9 gpm. This discrepancy is documented via the USO process in INEEL 2004e
and 20048.


The setpoint methodology for the ATR uses a worst-case setpoint in the analysis. The
instrumentation uncertainty and time response are then added to the worst-case setpoint to
establish the LCO setting in the TSR. Setting the instrument equal to or more conservatively
than the LCO setting is also required by the TSR. The EPRF pump start instrumentation
uncertainty, as documented in the TSR-186 is ± 9 gpm. The current TSR selpoint was therefore
written ? 99 gpm (90 + 9 gpm). The setpoint derived from the analysis (see above) should be
>_ 106 gpm (97 + 9 gpm).


2.5.1.2 TRA-USQ-SE-2004-039 Evaluation, Emergency Pump Recirculation Flow
Setpoint Calculation Error


TSR Bases, Section 3.3.3 describes the recirculation flow setpoint. The setpoint is based on a
ratio of flows given in Reilly (1977):


(Required minimum emergency flow)
Setpoint? x(normal recirculation flow)


(Normal emergency flow)


Atkinson (1994) established that a core flow of 2000 gpm provides ample margins to FI
immediately following the coast down of the PCPs (adequate flow for decay power). The
accident scenario evaluated by Terry (1994) assumed that the operating ECP failed at the
initiation of the transient. During PGP coast down, the recirculation loop check valves isolating
the ECPs from the PCS open and the standby ECP supplies flow. Normal emergency pump
flow is assumed to be about 4690 gpm. The recirculation flow in this configuration (M-1 1 running
and no PCPs running) is about 123 gpm (Reilly 1977) and recirculation flow with 3 PCPs and
1 ECP running is about 210 gpm (Reilly 1977). SAR-153 and TSR-186 are both based on
analysis that incorrectly uses a recirculation flow of 210 gpm resulting in a setpoint of 90 gpm.
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Flow tests were performed and revealed that the ECP output flows are somewhat different than
assumed depending on the flow data that was reviewed. This was resolved by benchmarking
the data and RELAPS models (Davis 1999). Test data reported shows that ECP M-10 has the
lowest average flow output of 4460 ± 35 gpm. The M-11 ECP has an average flow output of
4620 ± 190 gpm. This discrepancy is documented via the USO process in INEEL 20048 and
INEEL 2004e.


Further review of the analysis in Terry (1994) indicate that assuming failure of the operating
ECP at initiation of the transient may not result in the most limiting power-coolant flow
mismatch. Assuming the operating ECP fails immediately results in a start signal being sent to
the standby ECP at initiation of the transient. Delaying the start signal to the ECP while the
PCPs coast down might result in a low flow situation that does not meet CHF and Ft thermal
margins. This condition has not been formally evaluated and is further discussed in conjunction
the other related issues in Section 2.5.2.


2.5.1.3 TRA-USO-SE-2004-082, Emergency Pump Recirculation Flow
Comparator RSS Trip Limiting Control Sett ing (GAP-014-04)


Instrument uncertainty associated with the ECP recirculation flow was examined and found to
have some issues. Two separate subsystems are associated with ECPs: The recirculation
circuitry and the circuitry that issues the start function are separate and should have different
uncertainties. Specifically, the instrument uncertainty associated with the recirculation
subsystem was found to have a questionable assumption. A more recent analysis of instrument
and process uncertainties indicates that the uncertainty should be ± 49.4 in. water column (wc)
instead of ± 7 gpm (Falibota 2005a). This discrepancy is documented via the USO process in
INEEL 2004h and INEEL 20041.


2.5.2 Concerns
Several concerns arise given the existing analysis and basis for ATR TSR controls . First is the
discrepancy between the analyzed value and that described in the ATR TSR Basis for ATR
LCO 3.3. 3. Analysis (Terry 1994 ) pe rformed for the loss of commercial power transient
assumed that the standby ECP would receive a sta rt signal once EPRF reached 97 gpm (not
90 gpm as originally derived). This can be reconciled by re-calculation of the setpoint. The
analysis used 97 gpm to which is added the unce rtainties associated with the instrument,
response time, and pump spin up time (± 9 gpm). This results in a setpoint of ? 106 gpm and an
unce rtainty of ± 9 gpm for ATR LCO 3.3.3.


The loss of commercial power evaluated in Terry (1994) would result in the PCPs and the
operating ECP coasting down immediately following initiation of the event. Therefore, the flow
produced in the recirculation loop would initially be 210 gpm since the recirculation loop isolation
check valves have not yet opened. Further, the ECPs have been found to have a slightly lower
output flow than reported in SAR-153, Test data reported in Davis (Davis 1999) shows that ECP
M-1 0 has the lowest average flow output of 4460 ± 35 gpm. The M-1 1 ECP has an average flow
output of 4620 ± 190 gpm. Using the flow scaling approach described in Section 2.5.1.2 and the
minimum average flow output from either ECP (minus 2a) results in a recirculation flow of
4240 gpm.(this value is rounded up to 4300 gpm). Therefore, the following setpoint represents
the minimum ECP recirculation flow corresponding to the analysis presented in Terry (1994).


98gpm > (2000 gpm)
x(210 gpm)


(4300 gpm)
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The accident analysis for loss of commercial power only takes credit for the start from low
EPRF. SAR-153, Section 16.2.1 assumes that action to start the standby ECP would occur
when the recirculation flow rate drops to 90 gpm vs. 98 gpm shown above (worst-case setting;
non-PPS instruments FT-1-23 and FT-1-24). This assumption demonstrated adequate time to
start the second pump. This part of the SAR is referring to the sequence analyzed in Terry
(1994). However, the analysis (Terry 1994) used a setpoint of 97 gpm instead of 90 gpm as
stated in the SAR-1 53, Section 16.2.1.


Failure of the operating ECP at the beginning of the loss of commercial power transient may not
result in the most limiting power coolant flow mismatch. Assuming that the operating ECP failed
at the beginning of the transient would result in a start signal being sent to the standby ECP
once the recirculation flow dropped to 97 gpm (as evaluated). This results in the start signal
being generated early in the transient. However, if the operating ECP failed at some time after
initiation of the transient, flow through the core could be less than required to meet CHF and F1
margins. This scenario has not been formally evaluated.


Another issue is the PPS EPRF subsystem that scrams the reactor if there is no ECP running
(note that the scram only occurs if the standby ECP does not provide the minimum flow rate
within 10 seconds). Requiring an ECP to be running anytime the reactor is operating was
designed into the system and therefore there is no accident sequence that relies on this
subsystem for transient mitigation. The setpoint for this subsystem is based on depressurized
operation and detecting a decrease in the recirculation flow when no PCPs are running. For
consistency, this setpoint was chosen to also apply to power and low-power operations. This
setpoint is appropriately based on the relation where the recirculation flow rate is the flow rate
with no PCP running. The nominal recirculation flow rate with M-1 1 running (no PCPs are
running) is 123 gpm (Reilly 1977).


57 -pm >_ (2000 gpm) x (123 gpm)
(4300 gpm)


The functional requirement for loss of flow mitigation is to scram the reactor before the core flow
drops below 2000 gpm. This functional requirement is met with a setpoint of >_ 57 gpm for the
EPRF subsystem. A revised uncertainty for this subsystem is estimated to be ± 49.4 in. we
(water column) (Falibota 2005a). Using the conversion equations from Falibota (2005a), the
LCS would be >_ 95.7 in. we after consideration of both measurable and unmeasurable
uncertainty. The uncertainties are nonlinear and therefore are not symmetrical.


2.5.3 Emergency Pump Recirculation Flow Setpoint Analysis
The two PPS subsystem EPRF setpoints are not consistent with the analyses. The subsystems
are the low EPRF that starts the standby ECP and the low EPRF that shuts down the reactor.


To resolve the above discrepancies in the EPRF low setpoint to start the standby ECP, the ECP
recirculation flow is chosen sufficiently high so that a signal to start to the standby ECP is
generated as near to the initiation of the transient as possible. The setpoint is selected to be
above the minimum required recirculation flow of 98 gpm (as calculated above) but below the
normal recirculation flow of 210 gpm. Analysis provided in Terry (1994) has presented cases
where the recirculation flow is 97 gpm and 180 gpm, both producing essentially identical results.
Both cases result in margins to CHF and Fl being acceptable.
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The calculation for the reactor shut down setpoint shows that the current TSR-186, LCS 3.1.1 of
97 gpm is conservative. To remain consistent with the updated uncertainty analysis, TSR-186,


LCS 3.1.1 will be a 95] in. we or a LCS of ;101.3 gpm.


2.5.4 Derived Controls
Loss of commercial power transients have led to two separate controls. The first controls the
initial condition that at least one ECP is running during reactor operations and is TSR-186,
LCS 3.1.1. This LCS setpoint should be a 95.7 in. we or a LCS of 2:101.3 gpm.


TSR-186, LCO 3.3.3 states the minimum acceptable flow for operations. This control ensures
that a start signal to the standby ECP is generated before the flow through the core drops below
that required to meet minimum CHF and Fl margins. The sequence of concern is a loss of
commercial power. For this case, PCPs and one ECP are operating and the recirculation flow is
about 210 gpm. The minimum recirculation flow required to ensure that a start signal is sent to
the standby ECP is calculated above to be 98 gpm. The loss of commercial power analysis
assumes that the operating ECP fails at the beginning of the transient . This failure could lead to
a low flow through the core because a start signal on a recirculation flow of 98 gpm would
supply the minimum needed flow after the ECP spins up. Therefore, a higher recirculation flow
setpoint is required. This setpoint is selected to be between 210 gpm and 98 gpm as follows.
(210 - 98)12 + 98 = 154 gpm. For convenience, this setpoint is rounded to 150 gpm and is
assumed to include the instrument uncertainty of 9 gpm. TSR-186, LCO 3.3.3 then becomes
150 gpm± 9 gpm (141 + 9). Selecting this setpoint ensures that a start signal occurs early in


the transient, allows a higher in-plant setting to protect the LCO (margin), and protects against
spurious start signals that might be caused by routine operations (oscillation about a normal
recirculation flow of 210 gpm).


The TSR-186 changes described above correct deficiencies and errors associated with the PPS
RSS ECP recirculation flow trip set point and the ECP start signal set point. Both USO
evaluations were negative and did not impose any operational restrictions.


2.5.5 Equipment Classification
No change to the subsystems (or components) classification is necessary. Both the PCS ECP
subsystems and the PPS RSS EPRF instrumentation are properly classified as safety related
systems.
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1.0 Introduction


During the Advanced Test Reactor (ATR) extended outage for core internals replacement, some
concerns in the facility safety basis were identified that impact reactor operation. Each of these
concerns was evaluated through the unreviewed safety question (USQ) process and resulted in
operational restrictions that must be addressed before resuming normal ATR power operation
and the experiment test program. The concerns include 1) TRA-USQ-2004-214 Revision 1
(ATR Seismic Safety Basis Deterioration), 2) TRA-USQ-2004-396 (ATR Seismic Primary
Coolant System Break Size and TRA Support Building Vulnerabilities), and
3) TRA-USO-2004-413 (ATR Seismic Primary Coolant System Break Size Contribution from
Letdown Valves). In addition, some of the concerns identified above, and the respective
resolutions, Impact the interim resolution for USO evaluation SE-2004-145 (ATR Firewater
Supply System Modeling Issues), documented in McCracken (2004). The concerns are
summarized below.


1.1. TRA-USO-2004-214, Revision 1, AIR Seismic Safety Basis Deterioration


This USO determination (INEEL 2004) challenges the basis for reliable long-term water
inventory from the emergency firewater injection supply system (EFTS Supply). Prior
Department of Energy (DOE) review and approval of the ATR safety basis concluded that
outstanding seismic comments did not pose an unanalyzed condition for the facility because the
seismic probabilistic risk assessment (PRA) was considered to accurately describe the seismic
risk for the facility and showed that the risk was acceptable. The PRA model assumes that
long-term EFTS supply will be provided through post-seismic event restoration of commercial
electrical power. On-site raw water supplies, however, are not sufficient to last until commercial
power can be reasonably assumed to be restored. Therefore, uninterrupted EFTS delivery to the
ATR vessel is not ensured following a seismically induced loss of coolant accident (LOCA).


1.2. TRA-USQ-2004-396, ATR Seismic Primary Coolant System Break Size and
TRA Support Building Vulnerabilities


Seismic impact walk-downs were conducted at TRA by ARES Corporation consultants. The
ARES report (ARES 2004) identified several structures, systems and components (SSC) that
could be vulnerable to failure during Performance Category 3 (PC-3) and/or Performance
Category 4 (PC-4) seismic events. These include:


• Several small primary coolant system (PCS) lines ( 1 in. or less),


• The bypass demineralizer shielding block partition wall, and


• Several older masonry block buildings (e.g., TRA-619) that have not been shown to have
adequate reinforcement.


These potential failures could contribute to an increase in the LOCA leakage currently analyzed
in the safety basis and unexpected firewater system losses (pumps and/or pipe breaks) that
could challenge the ability of the EFTS Supply to deliver the minimum required EFTS flow rate to
the ATR vessel assumed in the safety basis ( INEEL 2005a).
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1.3. TRA-USQ-2004-413, ATR Seismic Primary Coolant Break Size Contribution
from Letdown Valves


The PCV-1-1 and LCV-1-3C letdown valves are automatically controlled by the distributed
control system (DCS), which was not previously seismically qualified. Additional inventory loss
due to continued PCS letdown was not modeled in the safety basis analyses and would result in
the equivalent break area being greater than that analyzed for a seismically-induced LOCA
(INEEL 2005b).


1.4. TRA-USQ-SE-2003-145, ATR Firewater Supply System Modeling Issues


Deficiencies in the Upgraded Final Safety Analysis Report (SAR) modeling of firewater delivery
to the EFIS indicated that the firewater system was not adequately controlled to ensure delivery
of the assumed flow rate to the reactor vessel (INEEL 2003). McCracken (2004) documents
evaluation of an EFTS operational configuration that ensured a success path for providing the
assumed EFIS flow rate to the ATR following postulated LOCAs. The EFTS configuration
discussed in McCracken (2004) is impacted by the postulated SSC seismic failures discussed
above. This includes additional evaluation of available EFTS water inventories and non-safety
related firewater demands and a basis for improved firewater pump reliability and firewater
pump start delays. An acceptable configuration of the EFIS supply, that ensures firewater
delivery to the EFIS, is reestablished herein. The controls established in Section 2.2.3 of
McCracken (2004) are revised herein.


1.5. Purpose


The purpose of this Engineering Design File (EDF) is to address the aforementioned concerns
and support power operation of the ATR and the experiment test program. This EDF, which will
be submitted to the DOE for review as an evaluation of safety of the situation (ESS) for the
above USQs, revises existing operational restrictions in support of reactor operation. This EDF
is to be included as an addendum to the SAR, supporting reactor operation and the revised
Technical Safety Requirements (TSR), until such time that the above issues are fully resolved
and appropriately incorporated into the SAR. Revisions to the ATR TSR and additional controls
required for ATR operation (e.g., SAR commitments) are summarized in Section 3.0
(Conclusions). This EDF supersedes portions of the SAR Addendum EDF-4334, Revision 1
(McCracken 2004).


A separate EDF has been prepared to address selected concerns (USOs) resulting from gaps
identified through the in-progress Design Basis Reconstitution Program (Harwood 2005).


Revised TSR controls are established herein for the following TSR sections:


• Section 3.2.1.2, Emergency Firewater Injection Supply System


• Section 3.3.6, Primary Coolant Leakage


• Section 3.5.5, Cask Handling and Irradiated Fuel Element Storage


The format of this EDF was selected to support SAR and TSR revisions and therefore does not
follow the guidance in GDE-305 or the format in MCP-2374, Format and content listed in these
documents are intended for EDFs that present analysis and calculations.







431.02 ENGINEERING DESIGN FILE EDF-5614
01/30/2003 Page 5 of 21
Rev. 11


2.0 Detailed Discussion and Evaluation


2.1. TRA-USQ-2004-214 Revision 1, ATR Seismic Safety Basis Deterioration


2.1.1. Concern


Review of the long-term EFIS water supply, as part of developing a final resolution to the
firewater modeling USO (INEEL 2003), included review of the available raw water inventory
following a seismic event. The review resulted in TRA-USQ-2004-214, Revision 1 (INEEL 2004)
which identified discrepant conditions between assumptions in the ATR seismic PRA and the
ability of the EFIS Supply to provide long-term injection to the reactor vessel. Long-term EFIS
injection has historically been dependant on commercial electrical power being restored and
operation of at least one deep-well pump. The deep-well pumps are driven by electric motors
and were not originally designed with an emergency power source. The aboveground raw water
storage inventory was found to be insufficient to provide continuous fire protection and EFIS
demands until such time that offsite commercial power could be assumed to be restored
(Thatcher 2005).


USO determination TRA-USQ-2004-214 (INEEL 2004) challenges the availability of reliable
long-term water from the EFIS Supply. Prior DOE review and approval (Lange 1998) of the ATR
safety basis concluded that outstanding seismic comments did not pose an unanalyzed
condition for the facility because the seismic probabilistic risk assessment was considered to
accurately describe the seismic risk for the facility. The seismic PRA model assumes that
long-term EFTS water inventory will be provided via restoring commercial electrical power
following the seismic event.


The potential for reduced or interrupted EFIS injection to the vessel also impacts the
assumptions in the LOCA analyses presented in the SAR. The LOCA analyses generally
quantify the consequences from accident initiation until a time at which long-term post-accident
conditions are stable and can be maintained. Continuous EFIS injection is key to maintaining
the reactor core in a stable and coolable condition following a LOCA; therefore, long-term EFIS
Supply is inherently assumed in the SAR Chapter 15 LOCA analyses. Failure of the EFIS or
EFIS Supply to continuously provide the minimum required flow rate to the reactor vessel would
ultimately lead to worse consequences than currently presented in the SAR.


2.1.2. Evaluation of Seismic PRA Basis and EFIS Long-Term Water Supply


Aboveground EFIS Supply water storage is maintained in the overhead storage tank (TRA-718)
and four ground-level storage tanks (TRA-781 and TRA-719A, TRA-719B & TRA-719C). The
ATR TSR currently requires a supply volume ? 500,000 gallons. The SAR (McCracken 2004)
specifies that this supply volume must be available to each operable firewater pump that is
selected for TSR compliance. The SAR (McCracken 2004) further requires an alarm to alert
operators, if the indicated water level in the overhead tank (TRA-718) drops below 24.5 ft. This
corresponds to maintaining a water volume in the overhead tank (TRA-718) of approximately
80,000 gallons (Sharp 2005a).


Following a LOCA the total volume of all firewater supply tanks was not sufficient to provide
long-term core cooling for 24 hours or 72 hours. (Note that these inventories are also revised as
part of evaluating TRA-USQ-2004-396 in Section 3.2). The aboveground water inventory must
ultimately be replenished by operation of at least one deep-well. The deep-well pumps,
however, have been dependent on commercial power to operate. In order to address this
condition, an emergency diesel power supply has been installed on deep-well pump Number 3.
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The diesel power design requires an immediate fuel tank capable of fueling the diesel for at
least 20 hours, and a second readily-available fuel supply which provides an additional 52 hour
fuel supply. Hence, an onsite deep-well pump emergency power supply, lasting 72 hours
without offsite support, is now available. The basic design requirements for the emergency
power source and the deep-well pump are documented in Sharp (2005b). A 72-hour
readily-available fuel supply is consistent with the PRA guidance in ANSI/ANS-28.51-2003 for
assuming recovery of offsite commercial power following a seismic event. A 72-hour commercial
power recovery time is also assumed in an interim seismic PRA for the ATR (Thatcher 2005).
The interim seismic PRA concludes that the risk is 4.8E-05/yr for all seismic risk contributors.
Seventy-two hours also provides sufficient time, with high confidence, to be able to obtain
additional fuel for continued operation of the diesel generator, if required.


Note that the evaluation in Thatcher (2005) is an interim seismic PRA that is intended to update
the previous PRA models with the best available information in order to provide an estimate of
risk, The complete seismic qualification of SSCs, as outlined in PLN-588 (2004), has not yet
been performed. Some of the fragilities used are also preliminary. Thatcher (2005) evaluates
the risk of ATR fuel damage due to seismic events during full power operation, reactor
shutdown with fuel in the reactor vessel, and irradiated fuel storage in the canal.


The above evaluation is also supported by revised firewater supply inventory requirements and
usage rate analysis discussed in Section 2.2. The available (required) inventory and usage rate
supports the time required for operator action to start the emergency deep-well pump diesel and
establish flow from at least one deep-well pump (see Section 2.2.2.2),


The newly installed emergency diesel generator and the Number 3 deep-well pump and
required components to ensure the safety function are required to be seismically qualified.
Novascone (2005b) documents the seismic evaluation of the diesel generator and the deep-well
pump. This and other recent seismic analyses have used the seismic spectra for rock
documented in Payne (2002) and for soil documented in Payne (2004). The deep-well pump
mounting and piping were also evaluated in Johnson (2005). The deep-well pump houses are
not seismically-qualified. However, the ARES (2004) report provided a preliminary fragility
estimate and an estimate of the high-confidence-of-a-low-probability-of-failure (HCLPF) slightly
below the design basis earthquake, The interim seismic PRA used the fragility estimate in the
estimation of seismic risk.


Overall reliability and defense-in-depth considerations require the availability of the
commercially-powered deep-well pumps and deep-wells. Hence, TSR controls are also
established for operability of commercially-powered deep-wells.


2.1.3. Derived Controls


An operable emergency diesel power source supplying a deep-well pump is required in order to
reestablish an acceptable risk level. A TSR control (TSR-186, Section 3.2.1.2) is implemented
requiring an operable deep-well pump with an emergency power source. A seismic survivability
evaluation of the diesel generator, all supporting SSCs transferring power to the pump, the
deep-well pump, and the deep-wells (except the buildings as noted above) has been performed.
A seismically robust flow path for providing EFIS to the reactor vessel is also required,


Two operable deep-wells (total) are required in TSR-186 (Section 3.2.1.2) in order to establish a
minimum level of deep-well reliability. (One emergency-powered deep-well is required to be
operable, hence one commercially-powered deep-well is also required to be operable.)
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An acceptable allowed outage time is included in the TSR, and discussed in the TSR bases.
The allowed outage time is based on the analysis and assumptions in Thatcher (2005).
Surveillance and functional testing requirements are also established in the TSR.


2.1.4. Equipment Classification


The deep-well pump emergency-power diesel generator, the deep-well pumps, and the
deep-wells are safety related Seismic Category 1 equipment. A seismically robust flow path
providing EFIS to the reactor vessel is also required.


The commercially-powered deep-wells are safety related.


2.2. TRA-USCG-2004-396 , ATR Seismic Primary Coolant System Break Size and
TRA Support Building Vulnerabilities


2.2.1. Concern


Seismic impact walk-downs were conducted at TRA by ARES Corporation consultants and ATR
support personnel. The ARES (2004) report identified several SSC that could be vulnerable to
failure during PC-3 and/or PC-4 seismic events. These include:


• Several small PCS lines (1 in. or less),


• The bypass demineralizer shielding block partition wall, and


• Several older masonry block buildings (e.g., TRA-619) that have not been shown to have
adequate reinforcement.


These potential failures would contribute to both an increase in the net LOCA break size
currently analyzed in the safety basis and unexpected firewater system losses (pumps and/or
pipe breaks) that could challenge the ability of the EFIS Supply to deliver the assumed EFIS
flow rate to the ATR vessel (INEEL 2005a).


2.2.2. Evaluation of Seismic Prima ry Coolant System and Support Building
Vulnerabilities


2.2.2.1 Seismic Primary Coolant System Break Size Evaluation


Wagoner (2005) develops revised break scenarios for postulated Condition 3 and Condition 4
seismic LOCAs, considering the potential PCS failures identified in the ARES report (ARES
2004). The revised break sizes were analyzed in Polkinghorne (2005a). This analysis also
modeled PCS leakage of 50 gpm (at system pressure) to account for normal system leakage
during reactor operation. The analysis demonstrated that core safety margins meet ATR plant
protection criteria. The fuel buckling margin was greater than two standard deviations (>2a) for
the Condition 3 fault, and the margin to the aluminum-water ignition threshold (AWIT)
temperature was >3a for the Condition 4 fault.
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In addition to the above analysis, several deficiencies in the PCS piping and in piping attached
to the PCS have been repaired (Wagoner 2005). Piping structural supports for seismic restraint
of piping outside of the radiograph boundary play an important role in limiting postulated LOCA
break sizes. An analysis of the shielding wall in the bypass demineralizer area within TRA-670
has also been completed (Novascone 2005a). The analysis concludes that the seismic capacity
of the wait exceeds the bad demand; hence this waif is not expected to fail during a PC-4
seismic event.


2.2.2.2 Seismic Support Building (Firewater System) Vulnerabilities Evaluation


The firewater system provides the water supply and injection for the ATR EFTS and for fire
suppression throughout the RTC site area. Many of the older buildings at RTC are built of
masonry block and are susceptible to failure during a PC-3 or PC-4 seismic event. The firewater
water system piping in buildings that fail is also expected to experience at least partial failure.
The resulting breaks in the firewater system piping reduce both the flow rate and the total water
inventory available for accident mitigation.


Rowsell (2005a) documents an analysis of the firewater supply system assuming severe failures
in the firewater piping. The analysis assumes > 70% of the total susceptible break area is
exposed. Revised upper vessel and bottom head EFIS flow rates were developed and modeled
in the revised seismic LOCA analyses (Polkinghorne 2005a). The model demonstrates that with
two running firewater pumps (668-M-1 and 688-M-2 or 633-1 and one 688 pump) that the
minimum required EFIS flow is provided to the reactor vessel.


Engineering has been working to solve the Seismic PRA USQ and new seismic concerns
identified from a recent walkdown (ARES 2004). Because of this work, a recent walkdown and
review by seismic engineers of the firewater piping in the TRA-671 cooling tower pump house
revealed that the firewater supply piping in the building is not well supported. Isolation of the
building, using existing valves, would isolate a portion of the ATR firewater loop. This is a 12-in,
diameter firewater pipe that supplies water for the cooling tower deluge system and fire
suppression systems in the TRA-671 building.


Based on the Rowsell (2005a) analysis, an additional large leak in the firewater system piping in
TRA-671 would be outside of the analysis. This issue must be addressed prior to reactor
operation. The firewater piping in the TRA-671 building must be isolated from the firewater
supply system during reactor operation until the piping can be seismically supported and
qualified.


The Rowsell (2005a) firewater system model was also used to calculate the maximum firewater
demand and drain rates (pump output) from the ground-level storage tanks (TRA-781,
TRA-719A, TRA-719B, and TRA-719C). The available volume and usage rates were used to
establish the supply inventory requirements and the minimum time available for operator action
to establish long-term firewater supply and delivery (Sharp 2005a). Long-term flow is obtained
by starling a deep-well pump and its emergency diesel generator (if applicable) and must be
established before the ground-level storage inventory is depleted. No credit was taken during a
postulated seismic event for the inventory in the overhead tank (TRA-718) since potential
failures in the raw water system could deplete this source, The calculations also assume that
the TRA-619 firewater pumps (619-10 and 619-12) do not operate during the event (auto start
feature defeated). The inventory and drain rate calculations (Sharp 2005a) demonstrated that a
TSR required inventory of 900,000 gal in TRA-781 and combined inventory of 725,000 gal in the
TRA-719A, B, & C tanks provides 50 minutes for operator isolation of the ATR firewater loop,
and an additional 1 hour and 15 minutes to establish deep-well flow and to realign the firewater
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piping, including break isolation where possible, for delivery to the ATR core. Isolation of the
ATR firewater loop requires closing the firewater loop cross-connect valves (BF-10-12 &
BF-10-13). Closure of these valves, while under flow, has been successfully tested (Rowsell
2005d). Finally, Rowsell (2005a) demonstrates that a deep-well pump will develop enough
pump head and flow to provide the minimum required flow to the ATR core under post-seismic
conditions with the southern portion of the RTC firewater loop isolated.


2.2.2.3 Safety Basis Evaluation of the Revised Emergency Firewater Injection Supply System
Operational Configuration


In the process of addressing seismic vulnerabilities, a revised basis for pump start and
operation of the firewater supply system has been developed. This includes requiring that the
688-M-1, 688-M-2 and 633-1 firewater pumps be operable, the 619-10 and 619-12 pumps be
placed in manual start, and increased ground-level tank required inventories. Operation of the
619 pumps could result in depleting the inventory of the TRA-719 tanks too quickly (Sharp
2005a). The revised operational configuration is also evaluated against the existing ATR safety
basis and conditions where the firewater system is required to provide core protection.


Firewater Pump Start Setpoints :


An updated basis, including an uncertainty analysis, for the firewater pump start pressure
setpoints has been established. Rowsell (2005a) documents the analytical limit for the pump
start pressure setpoint (50 psig). Kirkpatrick (2005a) and (2005b) document an uncertainty
analysis, and the resulting TSR setpoints (Limiting Conditions Operation) for the pump pressure
starts. Automatic start of the firewater pumps is credited to mitigate LOCA consequences.
Firewater pumps are assumed to operate following a seismic event. The TSR pressure setpoint
for the firewater pumps is a 55 psig, based on the analytical limit of 50 psig (Rowsell 2005a) and
an uncertainty (accuracy) of ± 5 psi (Kirkpatrick 2005a, 2005b). (Note that the uncertainty from
Kirkpatrick (2005a, 2005b) has been rounded up to the nearest whole number.)


The pump start setpoints are established such that if firewater system pressure drops below the
pressure required to provide the minimum required EFIS flow, then a pump start signal will be
generated. This ensures that it a first or second firewater pump is required in order to meet
demands, a pump start signal will be generated. Analysis (Rowsell 2005a) has shown that two
operating pumps will provide sufficient EFIS flow under worse case postulated (post-seismic)
conditions. A third firewater pump is required to be operable in order to improve firewater supply
system reliability and to allow for an assumed single failure in the accident analyses. Accident
analyses discussed herein also model or have evaluated up to a 2-minute delay from the time
that firewater system pressure drops below the pump start setpoint until pump start occurs and
injection begins. For any condition where firewater system pressure remains greater than the
pump start setpoint, the EFIS flow rate will be greater than the minimum required EFIS flow rate.


Revised Non-Se ismic LOCA Analysis with E FIS Infection Provided by Gravity Feed:


The ability of the firewater system to reliably mitigate a Condition 2 LOCA is sensitive to the
reliability of diesel-driven firewater pumps. The reliability is further challenged by the new
requirement to place the electric firewater pump (pump 619-12) in manual start mode. This
condition has been addressed by a revised analysis which demonstrates that gravity feed from
the TRA-781 tank provides sufficient flow for this LOCA event. The revised analysis
(Polkinghorne 2005b) demonstrates that the minimum critical heat flux and flow instability
margins are acceptable for Condition 2 faults with EFTS provided by gravity feed. Gravity teed
was shown to provide adequate EFTS flow for several hours. This analysis does not credit a
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running firewater pump, the overhead tank (TRA-718), or rapid/automatic startup of a diesel
firewater pump. Rowsell (2005b) also demonstrates that adequate flow can be provided by
gravity-feed from the TRA-719 tanks.


Revised Seismic LOCA Analysis with Increased Leakage. Reduced EFIS Flow Rate, and
2-Minute Delay for Firewater Pump Start :


Calculations were performed to investigate ATR thermal safety margins during two new and
potentially more limiting seismically-induced LOCA scenarios. For the first LOCA, a Condition 3
fault, an earthquake is assumed to cause a 1-in. reactor inlet break and valves PCV-1-1 and
LCV-1 -3C are assumed to fail open. The second case, a Condition 4 fault, an earthquake is
assumed to cause a 1-in. reactor inlet break, a rupture of the bypass demineralizer inlet line,
and valve PCV-1-1 to fail full open. Although assumed to fail, seismic upgrades to the DCS are
being pursued to reduce the likelihood that PCV-1-1 and LCV-1-3C fail open. In each case,
numerous breaks in the firewater supply system piping are assumed to occur, resulting in a
reduction in the EFIS injection flow rate. In addition, no credit for injection or inventory supplied
from the overhead storage tank (TRA-718) is assumed. In the analysis emergency firewater
injection is initiated > 2 minutes from the time of EFIS actuation in order to allow time for the
firewater pumps to sense low pressure in the firewater piping and to supply EFIS injection. The
analyses concluded that core safety margins were acceptable for each postulated seismic
LOCA (Polkinghorne 2005a).


Non-Seismic LOCA (3-inch) with Concurrent Failures :


As discussed above, a revised LOCA analysis was prepared for the non-seismic (base case)
3-in. break presented in the SAR (Polkinghome 2005b). The existing analyses for the
non-seismic LOCA events with concurrent failures, presented in Section 15.6.5, have not been
reanalyzed modeling the reduced EFIS flow rates or 2-minute pump start delay.


The SAR Section 15.6.5 LOCA evaluations below rely on a minimum water volume of
Z 40,000 gal in the overhead storage tank (TRA-718). This corresponds to a tank level of
approximately 15 ft (Sharp 2005a). The tank level is maintained much greater than 15 ft by a
nominal low level alarm at z 24.5 ft (McCracken 2004), which corresponds to approximately
80,000 gal (Sharp 2005a). The maximum drain rate from the overhead tank (TRA-718) is less
than 5000 gpm (without seismic firewater system failures), which results in a minimum
submergence level for potential vortex formation of 6.8 ft (Erickson 2003). A water level of 6.8 If
in the hemispherical bottom of the overhead tank (TRA-718) corresponds to less than
11,664 gal of unusable volume.


Vol. (partial sphere) = (1/6)(n)(6.8 ft){(3)[(13 ft)2 - (13-6.8)2]
= 1559 ft3
= 11,664 gal


Therefore , the available volume of 28 , 336 gal (40,000 gal - 11,664 gal ) draining at 5000 gpm
will provide - 5.7 minutes (28,336 gal / 5000 gpm) of EFIS injection during a non-seismic event.
Assuming 7 ft for unce rtainty in the level indication ( expected to be ve ry conse rvative ) results in
a minimum required water level of 22 ft and a corresponding water volume of 70,147 gal (Sharp
2005a ). The available water volume at 22 ft is 58,483 gal (70,147 gal - 11,664 ). The TSR
required water volume is 58,000 gal (rounded ), corresponding to a level of ;? 22 ft.


The existing LOCA with concurrent failure event analyses are evaluated below in order to
demonstrate that the conclusions presented in the SAR remain valid.
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Section 15.6.5.1 (Upper Vessel or Bottom Head EFIS Out-of-Service) : The current SAR
analysis for this event is documented in Polkinghorne (1999). The analysis concludes that the
minimum margins occur prior to EFIS actuation, and therefore, are bounded by the base case
3-inch LOCA discussed in SAR Section 15.6.4. Reduced EFIS flow and a potential pump start
delay in EFIS injection does not affect the results prior to the time of EFIS actuation. Therefore,
the calculated minimum margin will not be reduced provided the accident conditions following
EFIS actuation are mitigated such that they do not become more limiting. Initial EFIS injection
(flow rate and time of initiation) is not affected due to availability of the overhead storage tank
(TRA-71 8) to provide more than 5 minutes of flow in response to a non-seismic LOCA. Once the
overhead tank (TRA-718) inventory is exhausted, a reduced EFIS flow (gravity-feed from
TRA-781) would be provided during firewater pump start (5 2 min), following which full EFIS flow
would be restored. During the 2-minute time period of reduced EFIS injection, the postulated
accident conditions may not be bounded by the SAR analysis. Polkinghorne (2005b) showed
that gravity-feed flow was sufficient for a 3-inch LOCA with one upper EFIS injection path failed
closed (3-in base case). The worst case condition for the 3-inch break with one EFIS path
unavailable would be with the upper vessel EFIS out-of-service and only the bottom head EFIS
path operable. Bottom head injection includes four 2-inch injection lines of schedule 40 pipe.
This piping has an inside diameter of 2.067 in., hence the total area of tour lines is
4(n)[(112)(2.067 in)]2 = 13.4 int. The area of the 3-inch postulated break is 7.1 int. Since the
injection area is nearly twice the break area in this inflow-outflow system, gravity-feed will be
sufficient during the brief 2-minute period of reduced flow to maintain emergency coolant pump
NPSH. Therefore, margins will remain greater than the minimum calculated margins earlier in
the transient.


Section 15 . 6.5.2 (Failure to Shut Off One PCP) : The current SAR analysis for this event is
documented in Polkinghorne ( 1999). This event is analyzed to demonstrate that air from the
surge tank does not enter the primary coolant system and degrade emergency pump
pe rformance . By doing so , this postulated accident is shown to be bounded by the base case
3-inch LOCA analysis (SAR Section 15.6.4 ). The analysis shows that the minimum surge tank
water level occurs at the time of EFIS injection . Once EFIS injection is initiated , the surge tank
water level begins to increase . The overhead tank (TRA-718) is available to provide EFIS
injection for more than 5 minutes following EFIS actuation ; therefore , initial EFIS injection (flow
rate and time of initiation ) modeled in the analysis is not affected and surge tank draining will be
initially reversed as predicted . Once the overhead tank (TRA-718) inventory is exhausted, a
reduced EFIS flow (gravity -feed from TRA-781 or TRA-719) would be provided during firewater
pump sta rt up (5 2 min ), following which full EFIS flow will be restored . During the period of
reduced EFTS flow (beginning after 5 min ) the surge tank would start draining again , but at a
lower rate than predicted prior to EFIS actuation . From Polkinghorne (2004 ), the surge tank
level would have recovered to approximately 100 in . Based on the drain rate calculated in
Polkinghorne (2004 ), a 2-minute surge tank draining period late in the transient would not result
in completely draining the surge tank . Note that Polkinghorne (2004) assumes a revised EFIS
actuation setpoint of 28 psia. The revised analytical setpoint (28 psia ) is being implemented
simultaneously with this EDF through Harwood (2005).


Interim controls for USO TRA-USO-2004 -385 (INEEL 2005c) may be affected by the above
evaluation . The interim controls developed for TRA-USO-2004-385 must be reevaluated prior to
loading the core with irradiated fuel.
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Section 15.6.2.3 (Failure of FPS Low-Vessel-Inlet Pressure Subsystem) and Section 15.6.5.4
(One PCP Check Valve Fails to Close) : The current SAR analyses for these events are
documented in Polkinghorne (1999). The analyses conclude that the minimum margins occur
near the time of EFIS actuation. The overhead tank (TRA-718) is available to provide EFTS
injection for more than 5 minutes following EFTS actuation; therefore, initial EFIS injection (flow
rate and time of initiation) modeled in the analysis is not affected and the minimum margins
presented in the SAR will not be reduced. Once the overhead tank (TRA-718) inventory is
exhausted, a reduced EFIS flow (gravity-feed from TRA-781) would be provided during firewater
pump start (s 2 min), following which full EFIS flow will be restored. Minimum calculated
margins would not be reduced during the 2-minute period of degraded EFIS flow because the
period of reduced flow follows the limiting conditions of the accident and gravity-feed from the
TRA-781 tank is sufficient to maintain net positive suction head for the running emergency
coolant pump that maintains forced core flow.


Canal Make-up and Inventory:


TSR-186, 3.5.5 currently requires a canal make-up inventory of z 50,000 gal. This inventory is
based on providing canal make-up for 24 hours. This requirement is revised to be more
consistent with the basis for tank inventory requirements for reactor operation and the firewater
supply system requirements.


Following a seismic event, canal make-up flow requires a single firewater pump (overhead tank
[TRA-718] not available). Due to the very slow canal drain rate (< 38 gpm), neither automatic
pump start nor continuous operation are required. Hence, an operable firewater pump with
automatic or manual start capability will provide the required flow, The firewater pump will
require a supply inventory (TRA-781 or TRA-719 tanks). For convenience in monitoring
inventory levels, the inventory requirements are assigned to be the same as those developed
for reactor operation. Therefore, with irradiated fuel in the canal, TRA-781 must contain
z 900,000 gal or the TRA-719 tanks must contain z 725,000 gal. Deep-well operability is not
required without irradiated fuel in the reactor vessel. Therefore, normal water usage loads must
be managed (or isolated if needed), in response to a canal drain event. The reactor operation
inventory levels provide sufficient water to supply normal water usage loads, until isolated.


2.2.3. Derived Controls


Reactor primary coolant system total leakage at system pressure (identified and unidentified)
may not exceed 50 gpm (TSR-186, 3.3.6).


In order to ensure at least 2 firewater pumps start and run, allowing for an assumed single
failure, 3 firewater pumps must be operable during power operation, low power operation, and
pressurized standby following power operation until the fuel cooling time is met. The operable
firewater pumps must be 688-M-1, 688-M-2, and 633-1, with a TSR pump start setpoint of
2 55 psig (accuracy ± 5 psi) and start time of s 2 min (TSR-186, 3.2.1.2). These firewater pumps
must be seismically qualified and not rely on commercial power.


The fuel damage risk is much lower following reactor operation and after having met the fuel
cooling time limit. Therefore, the requirement for firewater pump operability is relaxed to
2 pumps (both 688 pumps or one 688 pump and 633-1) when irradiated fuel is in the reactor
vessel. For this condition, the ground-level storage tank inventory requirements must be met for
the tanks supplying the operable firewater pumps. (TSR-186, 3.2.1.2)
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The 619-10 and 619-12 firewater pumps must have the auto start function disabled whenever
the minimum ground-level tank inventories are required. This will be ensured by placing these
pumps in manual start mode (SAR commitment).


The ability for operators to isolate the ATR firewater loop within 50 minutes of the seismic scram
followed by starting a deep-well pump and establishing long-term firewater supply within an
additional 75 minutes must be shown and these actions initiated from the emergency procedure
network (EPNs). (SAR commitment)


The compliment of operators must support the ability of the operations staff to perform the
operator actions discussed above. (TSR-186 AC 5.3.2)


Minimum required water inventories of 900 ,000 gal in the TRA-781 tank and 725,000 gal in the
TRA-719 tanks must be maintained with irradiated fuel in the reactor vessel (TSR-186, 3.2.1.2).


The overhead raw water storage tank (TRA-718) must have a TSR required invento ry of
? 58,000 gal (TSR-186, 3. 2.1.2). In addition , the instrumentation that measures water level in
the overhead tank (TRA-718) must be calibrated (SAR Commitment).


TRA-671 firewater piping must be isolated in order to prevent unacceptable firewater supply
losses (SAR Commitment).


A minimum required water inventory of 900,000 gal in the TRA-781 tank or 725,000 gal in the
TRA-71 9 tanks must be maintained with irradiated fuel in the ATR canal (TSR-186, 3.5.5). (For
this condition, the ground-level storage tank inventory requirements must be met for the tanks
supplying the operable firewater pumps.)


A single firewater pump (688-M-1, 688-M-2 or 633-1) must be operable in manual or automatic
start mode with irradiated fuel in the ATR canal (TSR-186, 3.5.5).


2.2.4. Equipment Classification


The 688-M-1, 688-M-2, and 633-1 firewater pumps and pump start controls are safety related
Seismic Category 1 equipment, including assurance that the buildings that house the pumps
(TRA-633 and TRA-688) will not fail and cause the pumps to fail.


The TRA-781 and TRA-719A, B, & C ground- level storage tanks are safety related and Seismic
Catego ry 1 structures.


The overhead tank (TRA-718) is a safety related and Seismic Category 1 structure. (EFIS flow
from the overhead tank (TRA-718) is not credited in response to seismic events; however,
collapse of the tank could cause damage to other SSCs beyond that modeled in safety basis
analyses.)
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2.3. TRA-USQ-2004-413, ATR Seismic Primary Coolant Break Size Contribution
from Letdown Valves


2.3.1. Concerns


The PCV-1-1 and LCV-1-3C letdown valves are automatically controlled by the DCS, which is
not seismically qualified. The current seismic LOCA scenarios analyzed and presented in the
SAR do not include additional inventory loss due to continued PCS letdown. Therefore, failure of
the letdown valves could result in a more limiting seismically initiated LOCA (increased overall
inventory loss) than was analyzed in the safety basis (INEEL 2005b).


2.3.2. Evaluation of Potential PCV-1 -1 and LCV-1-3C Failure


Revised analyses of the Condition 3 and Condition 4 seismic LOCA events have been
performed (Polkinghorne 2005a). The analyses model PCV-1-1 and LCV-1-3C in the failed
open position. The analyses demonstrate that core safety margins are acceptable for each
event. The fuel buckling margin is greater than two standard deviations (>2o) for the Condition 3
fault, and the margin to the aluminum-water ignition threshold (AWIT) temperature is >3a for the
Condition 4 fault.


2.3.3. Derived Controls


No new controls are required.


2.3.4. Equipment Classification


No new safety related SSC are required.


2.4. TRA-USQ-SE-2004 -145, ATR Firewater Supply System Modeling Issues


2.4.1. Impact on Interim Safety Basis and Controls


McCracken (2004) documents an interim safety basis addressing concerns identified in USO
SE-2003-145. The interim basis implemented the requirement for a running firewater pump
during reactor power operation, low power operation, and during pressurized standby following
power operation until fuel element cooling time is met. Additional supporting controls were also
defined in McCracken (2004) and that were applied when an operating firewater pump was
required:


• In order for the 619-12 electric firewater pump to qualify as the operating firewater pump
(preferred option), the following conditions must be met:


a. The 619-12 firewater pump pressure switch must be isolated with pressure
removed in order to send a continuous start signal.


b. The 633-1 diesel firewater pump automatic start signal actuated when its starting
battery charger loses AC power must be operable.


c. The time delay on the 633-1 diesel firewater pump must be less than
120 seconds.


• Both the north and south flow paths to the TRA-670 firewater piping loop must be open.
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Also, the following controls were to be invoked when EFIS was required to be operable as
established by TSR-186 (McCracken 2004):


• Consistent with the firewater pump alignment and water supply selected to meet
TSR-186 requirements, the instrumentation that controls the automatic start and stop
features on the deep-well pumps must be calibrated and have nominal setpoints z 22 ft
for pump start and :5 26 ft for the pump shutoff for the deep well pump selected to start
first, or the level indication instrumentation for the TRA-781 tank must be calibrated.


The instrumentation that measures water level in the overhead tank (TRA-718) must be
calibrated and have a nominal low level alarm setpoint of ? 24.5 ft.


Each operable pump selected for TSR compliance must have a minimum supply volume
of >_ 500,000 gal available.


• The ground level storage tank TRA-719C must be valved out of service until a seismic
analysis is completed. (This analysis was completed in Lacy (2004).)


The McCracken (2004) controls are impacted by the interim safety basis developed herein.
Hence, these controls are revised as follows.


2.4.2. Evaluation of EFIS Supply System Modeling and Required Performance


2.4.2.1 Running Firewater Pump during Reactor Operation


A running firewater pump during reactor operation addressed the concerns that firewater system
pressure start setpoints for pump start might not be timely and reliable and that the delay for a
pump(s) to start was not bounded by safety basis analysis models. The concern with pump
reliability and start delay included conditions where the overhead tank (TRA-718) could provide
initial EFIS flow, but once depleted a firewater pump would be required for continued flow.


Revised LOCA analyses and evaluation of existing analyses are discussed in Section 2.2.2.3.
These analyses and evaluations rely on gravity-feed from the ground-level storage tanks, flow
from the overhead storage tank (TRA-718), and allow for greater than 2 minutes for firewater
pumps to start and provide flow. The revised analyses support deleting the TSR requirement
for a continuously running firewater pump.


2.4.2.2 North and South Firewater Flow Paths Open


This control is unchanged at this time. However, analysis in Rowsell (2005c) has shown that
the required minimum EFTS flow rate can be provided through a single open flow path. This
control may be further investigated and relaxed at a future date. Note, the Critical Firewater
Path, required by the TSR, includes the firewater loop piping north of loop isolation valves L-2
and L-7 that is aligned from the TRA-781 and TRA-719 tanks and the operable deep-well
pumps to the reactor. The firewater flow path south of isolation valves L-2 and L-7 will normally
be open, but may be required to be isolated following a seismic event.


2.4.2.3 Ground-Level Storage Tank Inventory Requirements


The ground- level storage tank inventory requirements are revised based on Sharp (2005a), as
previously discussed in Section 2 .2. A minimum inventory of 900 , 000 gal in TRA-781 and a
combined minimum inventory of 725, 000 gal in the TRA-719A, B, & C tanks is required.
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2.4.2.4 Overhead Tank (TRA-718) Inventory Requirements


McCracken 2004 establish a requirement for the overhead tank (TRA-718) level instrumentation
to be calibrated and to alarm if the water level drop below 24.5 ft. This requirement is also
required by this EDF. The overhead tank (TRA-718) is assumed to provide initial EFIS injection
for the postulated Condition 3 and Condition 4 non-seismic LOCA scenarios discussed in SAR
Sections 15.6.5 (3-inch breaks with concurrent failures). A TSR control is established that
58,000 gal be maintained in the overhead tank (TRA-718).


2.4.2.5 Operable Pump TSR Compliance and Corresponding Inventory Supply


This requirement is fundamentally unchanged, although the revised inventory basis requires
both the TRA-781 and TRA-719 tanks be in-service with irradiated fuel in the core. Hence,
pump and supply volume alignment is ensured.


2.4.3. Derived Controls


The revised firewater supply system controls, which supersede those identified in Section 2.2.3
of EDF-4334 Revision 1 (McCracken 2004) are summarized below. These controls (SAR
Commitments) are applicable when EFIS is required to be operable as established by TSR-186.


• Both the north and south flow paths to the TRA-670 firewater piping loop (cross-connect
lines) must be open. (The Critical Firewater Path open is required by TSR-186, 3.2.1.2)


• The instrumentation that controls the automatic sta rt and stop features on the deep-well
pumps must be calibrated and have nominal setpoints ? 22 ft for pump sta rt and <_ 26 It
for the pump shutoff for deep-well pump selected to sta rt first . (A minimum inventory in
TRA-719A, B, & C tanks of >_ 725,000 gal is required by TSR-186, 3.2.1.2.)


• The level indications instrumentation for the TRA-781 tank must be calibrated and level
surveillances must ensure a minimum volume of >_ 900,000 gal . (A minimum combined
invento ry in TRA-781 of >_ 900,000 gal is required by TSR-186 , 3.2.1.2.)


• The instrumentation that measures water level in the overhead tank (TRA-718) must be
calibrated. (A minimum inventory in the overhead tank [TRA-7181 of ? 58,000 gal is
required by TSR-186, 3.2.1.2.)


• The TRA 619-10 and 619-12 firewater pumps must be placed in manual start mode.


2.4.4. Equipment Qualification


No additional equipment qualifications are required.


3.0 Conclusions


Concerns identified in TRA-USQ-2004-214 Revision 1 (ATR Seismic Safety Basis
Deterioration), TRA-USQ-2004-396 (ATR Seismic Primary Coolant System Break Size and TRA
Support Building Vulnerabilities), and TRA-USO-2004-413 (ATR Seismic Primary Coolant
System Break Size Contribution from Letdown Valves) have been evaluated to support an
interim safety basis for ATR power operation. In addition, the impact of the interim safety basis
on previous evaluations for USO evaluation SE-2004-145 (ATR Firewater Supply System
Modeling Issues) has been addressed.
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This EDF is an ESS for the above USQs and revises prior operational restrictions. This EDF is
to be included as a temporary addendum to the SAR, supporting reactor operation and TSR
revisions, until such time that the above issues are fully resolved and appropriately incorporated
into the SAR. Revisions to the ATR Technical Safety Requirements (Sections 3.2.1.2, 3.3.6,
and 3.5,5) and additional controls required for ATR operation (e.g., SAR commitments) are
summarized below.


The existing EDF-4334 Revision 1 (McCracken 2004) remains applicable as an addendum to
the ATR SAR. However, controls defined in Section 2.2.3 of EDF-4334 Revision 1 have been
revised and are included in the TSR requirements and SAR Commitments developed herein.


TSR action statement completion times were developed with consideration of seismic and
non-seismic fuel damage frequency and expected equipment reliabilities. With the limited
flexibility in equipment operability requirements, and considering the condition of current plant
equipment, there may be an increase in the frequency for entering into action statements.
Therefore, a program to track safety related equipment failure experience, particularly TSR
equipment, and to track the duration of time spent in action statements will be developed and
implemented.


3.1. Summary of TSR Controls and SAR Commitments


TSR-186 Section 3.2.1.2 :


• The 688-M-1, 688-M-2, and 633-1 firewater pumps with automatic start setpoint
z 55 psig, based on an accuracy of t 5 psi, and start time of 5 2 min must be
operable during power operation, low power operation, and pressurized standby
following power operation until the fuel cooling time is met. These firewater pumps
must be seismically qualified and not rely on commercial power.


• Minimum water inventories of a 900,000 gal in the TRA-781 tank and 2 725,000 gal
in the TRA-719 tanks must be maintained during power operation, low power
operation, and pressurized standby following power operation until the fuel cooling
time is met.


• Two firewater pumps (both 688 pumps or one 688 pump and 633-1) must be
operable when irradiated fuel is in the reactor vessel. (For this condition, the
ground-level storage tank inventory requirements must be met for the tanks
supplying the operable firewater pumps.)


um water inventories of z 900,000 gal in the TRA-781 tank and z 725,000 gal
in the TRA-719 tanks must be maintained with irradiated fuel in the reactor vessel.
(For this condition, the ground-level storage tank inventory requirements must be
met for the tanks supplying the operable firewater pumps.)


• The overhead raw water storage tank (TRA-718) must have an inventory of
z 58,000 gal during power operation, low power operation, and pressurized
standby following power operation until the fuel cooling time is met.
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One seismically-qualified deep-well pump with diesel emergency-power source
must be operable with irradiated fuel in the reactor vessel.


• Two deep-wells must be operable with irradiated fuel in the reactor vessel. The
operable emergency-powered deep-well required above qualifies as one of the two
required operable deep-wells.


TSR-186. Section 3.3.6 :


Reactor primary coolant system total leakage at system pressure (identified and
unidentified) may not exceed 50 gpm.


TSR-186 Section 3.5.5 :


A required water inventory of z 900,000 gal in the TRA-781 tank or ;2: 725,000 gal
in the TRA-719 tanks must be maintained with irradiated fuel in the ATR canal.
(For this condition, the ground-level storage tank inventory requirements must be
met for the tanks supplying the operable firewater pumps.)


A single firewater pump (688-M-1, 688-M-2 or 633-1) must be operable in manual
or automatic start mode with irradiated fuel in the ATR canal.


TSR-186 Section 5.3.2:


• The ATR required shift compliment must support the ability of the operations staff
to complete operator actions to isolate the ATR firewater loop and establish
long-term firewater supply as discussed in the SAR Commitment below.


SAR Commitments :


• Both the north and south flow paths to the TRA-670 firewater piping loop (cross-
connect lines) must be open when EFIS is required to be operable as established
by TSR-186.


The instrumentation that controls the automatic start and slop features on the
deep-well pumps must be calibrated and have nominal setpoints z 22 ft for pump
start and <_ 26 it for the pump shutoff for the deep-well pump selected to start first.


The level instrumentation for the TRA-781 tank must be calibrated and level
su rveillances must ensure a minimum volume of z 900,000 gal.


The instrumentation that measures water level in the overhead tank (TRA-718)
must be calibrated and have a nominal low level alarm setpoint of >_ 24.5 ft.


The 619-10 and 619-12 firewater pumps must have the auto start function disabled
(e.g., pump in manual start mode) whenever the TRA-719 tank inventory
requirements are applicable.







431.02 ENGINEERING DESIGN FILE EDF-5614
01/30/2003
Rev. 11


Page 19 of 21


The ability for operators to isolate the ATR firewater loop from the RTC firewater
loop, within 50 minutes of the seismic scram followed by aligning and starting a
deep-well pump in order to establish long-term firewater supply within an additional
75 minutes must be supported by facility procedures and initiated from the EPNs. A
seismically robust flow path providing EFIS to the reactor vessel is also required.


• TRA-671 firewater piping must be isolated or seismic issues remedied in order to
prevent unacceptable firewater supply losses prior to loading the core with
irradiated fuel.


The interim controls developed for TRA-USQ-2004-385 must be reevaluated prior
to loading the core with irradiated fuel.


• A program to track safety related equipment failure experience, particularly TSR
equipment, and to track the duration of lime spent in action statements will be
developed and implemented..
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17. QUALITY ASSURANCE


17.1 Policy Statement


Reactor Programs (RP) management has the responsibility to meet the requirements of the
Contractor's Oualiry and Requirements Management Quality Assurance Program Description (QAPD).
The Contractor's QAPD defines the Contractor's Quality Assurance Program and is based on the
requirements of the American Society of Mechanical Engineers (ASME) NQA-1. The QAPD also
implements requirements from 10 CFR 830, Subpart A, and Department of Energy (DOE) Order 0
414,1 A (DOE 2001). The QAPD is annually reviewed and updated. The quality requirements and
responsibilities for design, procurement, fabrication, installation, testing, and operation (including
planning and scheduling) of structures, systems, and components are well-defined and are implemented
by Contractor's Quality Assurance and Oversight Organization (QA&O) as part of the overall
Contractor's Quality Assurance Program. RP management is responsible for achieving quality, and all
individuals are responsible for the quality of their work.
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17.2 Quality Assurance Program


The Advanced Test Reactor (ATR) Quality Assurance Program is defined by the QAPD. The
QAPD establishes the requirements to control all phases of quality activity associated with the ATR, The
QAPD is implemented by various Contractor procedures and RP-controlled documents. The QAPD is a
risk-based, graded-approach program. The rigor of quality requirements is commensurate with the risk
associated with failure of the system, structure, or component.


17.2.1 Organization


The QAPD describes and refers to the Quality Assurance (QA) organizational structure, functional
responsibilities, levels of authority, and interfaces. The descriptions include the onsite organizational
elements that function within the scope of the Contractor's Quality Assurance Program.


17.2.2 Quality Assurance Outline


Specifically, the Contractor's Quality Assurance Program outlines the following quality aspects:


• Defines the applicable quality requirements for the Program


• Identifies the types of personnel and management levels with quality performance responsibilities
and their organizational relationships


• Identifies the procedures to be followed in performing quality-related tasks.


The QAPD controls:


• Structures, systems, and components


- Design


- Procurement


- Fabrication and construction


- Inspection


- Surveillance and testing


- Handling, storage, and shipping


Controlled documents


- Preparation


- Review and approval


- Issuance and change


- Record storage and retention requirements


Measuring and test equipment


• Nonconforming materials
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• Personnel training


• Work processes.


The QAPD specifies:


• Corrective actions for conditions adverse to quality


• QA personnel qualifications


• Quality improvement program


• Independent quality audits.


Work assigned to parties outside the RP organization is identified. For assigned work, management
controls are established, responsibilities are assigned, and lines of communication are identified. Initial
planning estimates are based on sound data and assumptions about RP personnel, material and service
costs, availabilities, and productivity.


Reviews are performed in accordance with the QAPD before any major scheduled or planned work
to verify, at a minimum, the following:


• Work prerequisites have been satisfied.


• Detailed technical and QA procedures have been reviewed for adequacy and appropriateness.


• Personnel have been suitably trained and qualified.


+ Proper equipment, material, and resources are available.


Responsibility and authority to stop unsatisfactory work are assigned so that planning and schedule
considerations do not override safety considerations. After any stop-work action, work is restarted in
accordance with the Contractor's Safety and Health stop work procedure
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17.3 Design Control


The RP Management ensures that the design of structures, systems, or components is defined,
controlled, and verified consistent with requirements in the QAPD.


17.3.1 Design Requirements


Design inputs, processes, analyses, verification requirements, and output documents are identified
in a RP-controlled document and in Contractor procedures. Each design planning tabulation includes
assigning a quality level to the system, structure, or component impacted by the design. Problem
prevention and quality improvement processes are integrated into the design process, which includes peer
reviews, design reviews, value engineering, and reliability/availability/maintainability reviews. RP
personnel review the design to ensure acceptance of the design process and that the appropriate level of
design detail is being applied according to the requirements set forth in the QAPD. Essential design
records are assembled and placed in a project file or engineering design file, and are controlled according
to the QAPD.


17.3.2 Design Verification


The adequacy of a design is verified through design reviews, alternate calculations , or qualification
testing . The QAPD and Contractor procedures contain considerations to be addressed with these methods.


17.3.3 Design Changes


Changes to approved designs are reviewed and approved at the same level as the original design.
Documents used to implement design changes (such as design drawings, specifications, facility change
forms, code requirements, and work releases) are controlled commensurate with that of the original
design.


17.3.4 Fabrication


Fabrication of structures, systems, and components (SSC) are controlled by (a) controlling the
instniclion, procedures, and drawings that describe or define SSC or work to be performed, (b) controllin
special processes, (c) controlling procurement, or (d) requiring inspection. These quality activities are
defined in the QAPD and are discussed in this chapter.
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17.4 Procurement Control


Procurement of materials and services is controlled by controlling the purchase requisition
documentation, supplier selection, and acceptance of material or service- General plant project and capital
equipment items are procured by Contractor's Procurement organization and are controlled under a
separate system.


17.4.1 Purchase Requisition Documentation


The preparation, review, approval, and control of procurement documents are done by following
the QAPD and applicable Contractor procedures. Procurement documents include or reference applicable
design bases and other requirements necessary to ensure the adequate quality of the item or services.
Changes to procurement documents are subject to controls commensurate with those applied to the
processing of the original documents. Requisitions for materials and services are consistent with the
QAPD and applicable Contractor procedures. The end use application will determine the appropriate
Quality Level assignment for the procurement activity and as applicable, may include the following:


• The performance, interface, acceptance, and other requirements as appropriate


• Approved, released drawings or specifications that are required to describe technical requirements
for items to be used in configuration controlled systems


• A detailed statement of work for requisitions where services are to be performed


Identification of any documentation that must be submitted by the supplier


• Requirement that suppliers and their own suppliers have a QA program consistent with the
technical requirements of the item or service being procured


• Identification of data from the supplier concerning quality and technical information for orderin
spare and replacement parts as appropriate.


17.4.2 Purchase Requisition Review


Review and approval of requi
Contractor procedures.


nd services are conducted according to


17.4.3 Procurement Document Changes


Revisions to procurement documents, excluding editorial clarifications, receive the same level of
review and approval as the original document.


Procurement coordinates any contract changes at the direction of the requester. Supplier data
accompanying requisitions are maintained with Procurement; however, copies of supplier data can be
obtained on request.


17.4.4 Supplier Selection


Suppliers who furnish items and services are evaluated and selected using a graded approach in
accordance with the QAPD.
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17.4.5 Acceptance of Items or Se rv ices


An inspection instruction sufficiently detailed to ensure that source or receiving inspection
accurately verifies product conformance to specified requirements is prepared in accordance with the
QAPD.


Reporting and controlling items that do not satisfy specified acceptance criteria is performed as
required by the QAPD. Control of nonconforming materials, components, and fabrication and
construction features is discussed in Section 17.11.
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17.5 Instructions , Procedures , and Drawings


RP personnel perform work processes tinder controlled conditions using work controlling
documents such as approved instructions, procedures, or drawings consistent with requirements of the
QAPD. The instructions, procedures, and drawings contain or reference appropriate acceptance criteria
necessary to perform the work. Instructions, procedures, and drawings are developed, issued or released,
reviewed, approved, and controlled under Contractor and RP-controlled procedures.


Work instructions are used to provide sufficient technical information to ensure successful
completion of quality-related activities. As required, work instructions are reviewed by certified quality
engineers to ensure inclusion of appropriate acceptance criteria. Work directions provide a level of detail
commensurate with the risk, complexity, and importance of the work.


In accordance with the QAPD revisions to documents receive the same or commensurate level of
review and approval as the document's original review, unless changes do not affect the expertise by the
organization(s). A Document Action Request (DAR) system is used to document and authorize changes
to RP-controlled documents with the exception of work instructions. Changes to work instructions are
completed in accordance with Contractor procedures.


Minor changes (such as punctuation, spelling, grammar, and other editorial corrections that do not
alter the technical content) are not required to return through the review and approval cycle
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17.6 Document Control


17.6.1 General Requirements


The preparation, review, approval, issuance, and changes to documents that specify quality
requirements or prescribe activities affecting quality are controlled in a manner consistent with the
QAPD, Contractor Procedures, and RP-controlled procedures. RP personnel are responsible for ensuring
that RP-controlled documents are properly reviewed, maintained, distributed, stored, and archived or
discarded.


The document preparer, reviewers, and approvers are responsible for ensuring that the document is
adequate and complete Document review and approval requirements are in accordance with the QAPD,
Contractor Procedures, and RP-controlled procedures. Preparation, review, approval, issuance, and any
changes in instructions, procedures, and drawings are performed in accordance with the QAPD.
Contractor procedures, and RP-controlled procedures.


17.6.2 Change


The DAR System is used to document and authorize changes to all RP-controlled documents with
the exception of work instructions Changes to work instructions are completed in accordance with RP
procedures. The requirements and responsibilities of the DAR System are specified in the Contractor
procedures and RP-controlled documents. Revisions to controlled documents require the same level of
review and approval as the original documents unless the changes are not applicable to the reviewing
organization. Documents not under RP control, such as engineering drawings, are controlled by
Contractor procedures.


Minor changes (such as spelling, grammar, punctuation, and other editorial corrections that do not
alter the technical content) are not required to return through the review and approval cycle.


17.6.3 Inte rval Reviews


All controlled documents are reviewed periodically by authorized personnel and are updated to
ensure that documents remain current . The authorities and time intervals for review and approval are
specified in Contractor and RP -controlled documents.
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17.7 Control of Processes


17.7.1 General Requirements


Processes are controlled according to the Contractor's QAPD. RP provides control for any facility
process that controls or verifies quality. These processes include, but are not limited to, welding, brazing,
heat treating, and nondestructive evaluation.


ATR operations and maintenance activities routinely involve the control of processes where qua
cannot be verified by final inspection alone. These processes follow written procedures and depend
instead on the operator's skill, equipment capability, and defined process parameters to ensure quality.
They generally fall into the categories of special inspection processes and special manufacturing
processes.


17.7.2 Special Processes


Special processes are performed by qualified personnel using proper equipment and following
approved written procedures. All nondestructive evaluation procedures are reviewed and approved by a
Contractor's Certified Level II I Inspector in his or her respective discipline according to applicable code
requirements. The qualifications of personnel and approved procedures are available.


Qualification of special processes, equipment, and personnel is the responsibility of the RP
manager for activities under his or her purview. Procedures delineate the requirements of special
processes. These procedures ensure that evidence is recorded to verify acceptable accomplishment of
special processes using qualified procedures, personnel, and properly controlled equipment.


y
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17.8 Inspection , Surveillance , and Test Controls


17.8.1 Inspection


Inspections for acceptance of items and activities are performed in accordance with the QAPD by
qualified personnel independent from those performing the activity being inspected. Inspection activities
are performed to ensure work activities and conditions comply with specified requirements. For required
inspections, inspection plans are prepared and followed; they also specify characteristics to be inspected,
personnel authorized to perform inspections, inspection sequence if important, methods to be employed,
acceptance criteria, and documentation of inspection results. When sampling methods are used, they are
based on recognized sampling practices.


Personnel, who are qualified and/or certified, perform or verify acceptance of inspection and tests
to satisfy code, standard, or other technical requirements. These personnel are independent of the activity
that they are inspecting.


Personnel need not be certified to perform information or self-check type inspections unless the
inspections involve hardware or software acceptance.


Inspection planning instructions, procedures for in-process and final inspection, or other documents
describe inspections planned for work activities. These documents contain criteria for when inspections
are to be performed and requirements for documenting inspections. Hold points are placed on associated
work documents, when required, to ensure work does not proceed beyond the hold point without the
inspector's approval. Unsatisfactory conditions encountered during inspection are either resolved before
proceeding or documented to permit evaluation and resolution.


Quality inspection records comply with the QAPD.


Procedures and work instructions are reviewed by qualified personnel before work is performed to
ensure that inspection criteria are established. This review ensures that inspection requirements, methods,
and acceptance criteria have been clearly identified.


17.8.2 Surveillance


Periodic surveillances by knowledgeable and experienced personnel ensure that required standards
of performance, procedural compliance, and equipment safety are maintained. The requirements for
conducting and documenting surveillance activities, including the documentation for resolution of any
nonconforming conditions, are found in the QAPD.


17.8.3 Test Control


Testing of TRA facility items, structures, systems, and components is conducted consistent with
the requirements given in the QAPD. ATR Facility personnel conduct the testing as necessary to ensure
that structures, systems, and components will perform satisfactorily in service. The testing requirements
are specified in RP-controlled procedures.


Test procedures include:


Instructions for performing the test
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Test prerequisites such as calibrated instruments, adequate equipment, trained or certified
personnel, preparation conditions, and completeness of item to be tested


Required controlled environment


• Provisions for data collections


• Required hold points


• Acceptance criteria.


The status of test-related activities is documented using approved written procedures including test
objectives and prerequisites, identification of test items, pretest conditions, calibration status of
measurement equipment, test setup, environment, test methods, test calculations, test data, and acceptance
criteria.


Test records identify the following, as a minimum:


• Item tested


• Date of test


• Inspector, tester, or data recorder


• Type of observation


• Measuring and test equipment used


• Results and acceptability


• Traceability to nonconformance reports generated, if any


• Final test approval and person evaluating test results.


Review of test procedures is conducted to ensure that quality issues are addressed adequately and
that acceptance criteria are specified in the test requirements documents. Reworked or repaired items
require retesting in accordance with Company level documents.
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17.9 Control of Measuring and Test Equipment


17.9.1 General Requirements


The control of measuring and test equipment associated with the ATR Facility is conducted in
accordance with the requirements of the QAPD.


17.9.2 Calibration Control


All calibration control activities meet the requirements of the established Calibration Program.
Calibration intervals are established and maintained to ensure acceptable accuracy and reliability of the
measurement devices. The RP has defined the reliability target for measurement devices and established a
system for adjusting the calibration interval when the reliability target is not met. Calibration
requirements for instruments are to be traceable to the National Institute of Standards and Technology
(NIST), formally National Bureau of Standards (NBS). If this relationship does not exist, the basis of
calibration is documented and approved by responsible managers. The calibration requirements are based
on the use, accuracy requirement, stability, and amount of usage of the measuring and test equipment
(M&TE).


RP assigns personnel to be responsible for ensuring that M&TE is uniquely identified and available
for calibration. The user managers ensure that selected equipment is calibrated at sufficient range,
accuracy, stability; and resolution to satisfy specific requirements. The ATR Operations Manager ensures
that the equipment is used under environmentally safe conditions and the inspection or test results
obtained with equipment that is later found to be out-of-tolerance are evaluated and documented to
determine the validity of measurements and tests involving this equipment since the last calibration.


RP-controlled documents define the requirements and responsibilities for calibration of M&TE at
TRA. RP supervision ensures that all M&TE used for gathering of test data, and for activities affecting
quality, are controlled and calibrated at specified intervals and adjusted to maintain required accuracy.
RP-controlled documents give guidance for handling, transporting, storing, and using M&TE,


17.9.3 Measuring and Test Equipment Records


Records include an individual record of calibration for each item of M&TE and provide a
description of the item, calibration interval, date calibrated, identification of the calibration source,
calibration procedure used, calibration results, and actions taken,
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17.10 Handling , Storage, and Shipping Control


17.10. 1 General Requirements


ATR Facility personnel control the handling , storage, cleaning , preservation , and shipping of
materials consistent the Contractor 's QAPD.


17.10. 2 Requirements and Instructions


RP-controlled documents provide additional requirements and instructions not included in the
previously referenced QAPD section for handling, storage, and shipping of quality-related items,
hazardous materials, radioactive materials, etc. The RP documents also identify Contractor or higher level
documents that require radioactive shipment control, which apply to the ATR Facility.


17.10. 3 Records


The control system for quality records is in accordance with the Contractor's QAPD.
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17.11 Control of Nonconforming Materials , Components,
and Fabrication/Construction Features


It is the responsibility of all RP personnel to ensure that ATR Facility items that are unacceptable
or that cannot be verified to meet requirements are controlled to prevent their inadvertent use or
installation consistent with requirements for control of nonconforming items.


17.11. 1 Identification of Nonconformances


All RP personnel are responsible for ensuring that nonconforming items are identified and
documented. If practical, identification and segregation of these items occur at the time the
nonconformance is documented. If items are found to be unacceptable or unverifiable, a Nonconformance
Report (NCR) is issued as required by the QAPD. The cognizant quality engineer or inspector is
responsible for maintaining the NCR file.


17.11.2 Disposition and Closure of Nonconformances


The responsibility for dispositioning of the NCR is assigned by TRA QA&O to an individual or
group. The responsible individual or group then determines the best solution for the nonconforming
condition. This disposition is reviewed and approved.


Requirements for the disposition, documentation, and subsequent reinspection of reworked or
repaired items are set forth in Contractor procedures.


Items that require rework, repair, or replacement are inspected and tested to the same standards as
the original item unless alternative methods are approved by the same level of review as the original
acceptance criteria.


17.11 . 3 Stop Work Order


Work may be stopped because of either an unsafe condition, the performance of unsatisfactory
work, or a breakdown in the quality system. The line organization has the responsibility for issuing
formal stop work and for assuring reviews by other required organizations such as quality, safety, and
environmental of restart actions prior to the release from a stop work condition.


Every knowledgeable employee has the ability and authority to issue a stop work order for safety
purposes.
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17.12 Corrective Actions for Identified Conditions Adverse to
Quality


ATR Facility personnel correct any ATR conditions adverse to quality as soon as practical.
Documentation of corrective actions for hardware is contained within the procedures for control of
nonconforming items, as described previously.


ATR Facility personnel are responsible for promptly reporting to management any identified
conditions that are adverse to quality. Conditions adverse to quality are identified by methods which
include inspections, surveillances, audits/assessments, and routine and special operations. Once identified,
these conditions are documented in inspections reports, NCRs, self-assessment and appraisal forms, and
surveillance and audit reports. The ATR Operations Manager is responsible for ensuring that corrective
action or follow-up is initiated for items identified or reported to be adverse to quality, including
assessment of root cause and documentation of corrective action taken to prevent recurrence. The ATR
Operations Manager ensures that the condition is identified and reported to appropriate management.
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17.13 Control of Personnel Training and Qualifications


17.13.1 ATR Facility Personnel


Achieving a quality product or service within The ATR Facility is the responsibility of the ATR
Operations Manager and employees consistent with their level of responsibility- Employees receive
indoctrination and training appropriate with their assigned activities and level of responsibility. The
requirements for indoctrination and training of ATR Facility personnel are set forth in the QAPD.


ATR Facility management is responsible for providing training to operations personnel on new or
significantly revised quality procedures to ensure acceptable proficiency, knowledge, and understanding
of QA principles.


17.13 . 2 Quality Assurance Personnel


Professional qualifications for QA&O personnel are defined by the QAPD.
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17.14 Quality Improvement


Items and processes that do not meet established quality requirements are identified, controlled,
and corrected. Processes are established and implemented to promote continuous improvement in
accordance with the QAPD.


17.14 . 1 Problem Detection


Conditions adverse to quality are identified by personnel awareness and judgement, inspections,
reviews, testing, surveillances, self-assessments, and internal and external audits. Contractor and
RP-controlled procedures are in place in accordance with the QAPD.


17.14. 2 Problem Prevention


Quality improvement reduces the variability of processes that influence the product's quality.
Performance data, internal and external failure costs, prevention costs, and other quality-related
information are analyzed to identify trends that adversely impact quality, and to identify opportunities to
improve items and processes.


The ATR Facility quality improvement process is implemented in the QAPD in four steps:
(a) Plan, (b) Do, (c) Check, and (d) Act.


17.14 . 2.1 Plan . Planning occurs at all levels within the organization, supporting and promoting
accomplishment of the strategic plan and mission. Each work process is planned to Marc that it adds
value to the operation, contributes to strategic goals, and produces outcomes that meet customer
requirements and expectations.


17.14.2.2 Do. Plans are implemented by employees equipped with proper knowledge, tools, and
equipment. During implementation, adjustments are made to improve the process. Data is collected to
monitor the activity.


17.14.2.3 Check. Processes are monitored by identifying performance indicators and
developing measurements for each indicator to gauge progress, plot trends, and reflect success.
Inspections and assessments are tools for measuring effectiveness in meeting customer requirements and
expectations and identifying opportunities for process improvement. Nonconforming items are identified,
reponed, and dispositioned to ensure that they do not result in failures in the process. Assessment
deficiencies are identified and prioritized, and corrective actions are monitored using the issue
management process. Issues are resolved using the issue management process, which focuses on
identifying root cause(s) and implementing corrective action(s) that not only prevent recurrence but also
improve the process. Performance measures are monitored to determine process effectiveness, and the
results feed the planning and acting phases.


17.14.2.4 Act The process is improved, based on data from performance measures and
assessment results. Assessments may occur throughout the work process and focus on pertinent work
process activities. Areas of performance that most directly affect the process's ability to meet customer
requirements receive the most attention. Corrective actions identified in the Check phase are aimed at
refining systems rather than addressing a current event. Employees are recognized and rewarded for their
contribution toward process success and improvement.







Idaho National Engineering and Environmental Laboratarv 4 t2.oy Co9to312oo2=Rev. 7


CHAPTER 17 - QUALITY ASSURANCE - Identifier: SAR-153


UPGRADED FINAL SAFETY ANALYSIS REPORT
Revision:
P


9
24 f 17 2817


17 4
age: o ---FOR THE ADVANCED TEST REACTOR Effective Date: 208/10/04


17.14 . 3 Process Improvement


ATR personnel are encouraged by management to identify problems and suggest improvements.
Procedures currently in place allow individuals to provide recommendations for improvement and to
identify problems with existing processes. Process improvement is defined in Contractor and RP
controlled documents.


17.14.4 Trend Analysis


The ATR Operations Manager is responsible for a timely analysis of item reliability and quality
information such as audit/assessments reports, inspection reports, surveillance reports, and corrective
action reports. Cost-related information (such as internal and external failure costs, prevention costs, and
the price of nonconformance) is also analyzed by the manager to identify trends that adversely impact
quality and to identify opportunities to improve items and processes.
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17.15 Quality Assurance Documents and Records


ATR Facility personnel maintain quality records consistent with requirements of the QAPD to
ensure the maintenance and retrievability of objective evidence of quality for the ATR Facility. A
document is considered a quality record when it is completed. Documents do not require the control
elements of quality records. Quality records are legible, accurate, traceable, complete, and validated by
authorized personnel.


Corrections to quality records are made by authorized personnel according to controlled
procedures. If a quality record has been lost or damaged, the ATR Operation Manager uses the
appropriate and necessary resources commensurate with the importance of the record to reconstruct
information contained in the record.


For quality record protection, the access to quality record storage areas is limited and controlled.
The RP managers identify personnel authorized to have access to quality record storage areas. The RP
records coordinator maintains a list of personnel, designated by line managers, who have unescorted
access to quality records. Records are not removed from the storage areas except by the RP records
coordinator or an alternate.


Records are filed and stored in a temporary storage facility in a manner that will ensure their
protection from damage or loss during the normal course of business. This temporary storage facility is
adequate storage for meeting the requirements of NQA- 1. Issue record sheets in front of documents or
other appropriate methods are used as a ready indicator of whether the document has been maintained
properly.


If designated by management, quality records are submitted to the Contractor's Records
Management for permanent storage at the end of their retention in temporary storage.
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17.16 Independent Quality Audits


17.16 . 1 Independent Management Assessment


ATR Facility management , implementing the whole or pans of the Contractor's Quality Assurance
Program, regularly assesses the adequacy of the facility management part of the program to ensure its
effective implementation.


17.16.2 Audits


In accordance with the QAPD the ATR Facility is p
d to satisfy these requirements.


odically valuated or assessed . The QA&O


17.16 . 3 Surveillances


Periodic surveillances by qualified personnel ensure that required standards of performance,
procedural compliance, and equipment safety are maintained. RP-controlled procedures provide
instructions for conducting self-assessment surveillances.


The ATR Operations Manager is responsible for


• Developing, tracking, and updating the surveillance plan.


• Providing training to personnel as necessary to conduct effective surveillances.


• Ensuring that (a) root causes are identified for all significant conditions adverse to quality,
(b) lessons learned are disseminated, and (c) priorities are established.


• Ensuring appropriate managers are apprised of major findings, strengths, weaknesses, proposed
corrective actions, and their completion.
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ACRONYMS /ABBREVIATIONS


ANSI American National Standards Institute
ATR Advanced Test Reactor


CFR Code of Federal Regulations


DCS distributed control system
DOD U. S. Department of Defense
DOE U.S. Department of Energy


EDF engineering design file
EFTS emergency firewater injection system
ESF engineered safety features


HFE human factors engineering


IEEE Institute of Electrical and Electronics Engineers


LOCA loss of coolant accident


MIL-STD Military Standard


NRC U.S. Nuclear Regulatory Commission
NUREG Nuclear Regulatory Commission Report


ORPS Occurrence Reporting and Processing System
OSHA Occupational Safety and Health Administration


PRA probabilistic risk assessment


RDAS reactor data acquisition system


TRA Test Reactor Area


UCI user-computer interface
UCRL University of California Research Laboratory
UFSAR Upgraded Final Safety Analysis Report


VVS Vessel Vent System
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HUMAN FACTORS ENGINEERING


This chapter describes a systematic inquiry into the importance to safety of reliable, correct, and
effective human-machine interactions for the operation of the Advanced Test Reactor (ATR)
(DOE 1994).


18.1 Human Factors at the ATR and Identification
of Safety Significant Human Actions


18.1.1 Human Factors at the ATR


Between 1980 and 1985, the first formal Human Factors Engineering (HFE) review of the ATR
reactor control room was conducted (Boone and Banks 1980). Initial function and task analyses were
conducted on the reactor, process, and experimental loop control functions, and the analyses were used to
allocate staffing and operating responsibilities. In addition, upgrades to the ATR Process Distributed
Control System (DCS) and the Reactor Data Acquisition System (RDAS) were pursued, in part, to
respond to operator information needs during all phases of reactor facility operation.


Between 1985 and 1989, a number of FIFE design reviews and evaluations were conducted, again
focusing collectively on the reactor, process, and experimental loop control functions (Ward and
Warburton 1985; Chapman 1993; Byers 1990; Haney 1989).


Since 1990, a series of interrelated FIFE studies have been conducted as part of the design of
upgrades to the experimental loop, reactor, and process control functions, and for locating process control
and reactor control in a single room (Byers 1991; Richards 1990a, b, and 1992).


In lieu of published DOE standards and guidelines, post- 1990 ATR HFE design, review, and
evaluation initiatives rely primarily on standards and guidelines developed for commercial nuclear power
and for the military. Among these are 29 CFR 191 0. 132, 1910.133, and 1910.134, DOE Handbook
Design Consideration, DOE-HDBK-1132-99, MIL STD-1472D, ANSI Standard 288.2-1992, and
U.S. Nuclear Regulatory Commission (NRC) reports NUREG-0700 and NUREGICR-4227 (DOE 1999;
DOD 1989; ANSI 1992; NRC 1981, 1985).


In summary, FIFE has been an explicit design and operational consideration at ATR dating back at
)cast to the early 1980s. Current instrumentation, work station layouts, and communications used by ATR
personnel during normal operations, consider human-machine requirements established by the above HFE
standards and guidance documents, as appropriate for a test reactor facility. Likewise, HFE criteria
established by these standards and guidelines are considered for the design of the general working
environment involving such factors as heat, light, noise, and protective clothing as they may impact
performance, especially under abnormal operating conditions.
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18.1.2 Identification of Safety -Significant Human Actions


In order to assess the adequacy of HFE for supporting ATR responses to potential accident
situations, the events in Chapter 15 (Accident Analysis) and the ATR probabilistic risk assessment (PRA)
(Eide, Khericha, and Thatcher 1991) were used to identify safety-significant human actions. For most of
the design basis accidents analyzed in Chapter 15, the Plant Protective System automatically provides the
required protective action . However, there are events that require operator action. These events are
bounded in Chapter 15 by four limiting accidents: the Complete Loss of Secondary, the Complete Loss of
Flow, the Large Crack or other Failure of the Storage Canal, and the Shutdown Loss of Coolant Accident
(LOCA) with Irradiated Fuel in the Core. A review was made of the sequences in the PRA Human
Reliability Analysis and no additional events were identified from the dominant accident scenarios that
require a human factors evaluation.
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HFE Area DOE Orders FIFE Standards
Operational aids Order 5480.23, NUREG-0700: 6.3.1; DOE-STD-1062-93a


Attachment I: 14a
Control/display Order 5480.23, NUREG-0700: 6 . 5, 6.7.1; DOE-STD- 1062-93; MIL-STD-1472D: 5.1,
integration Attachment 1: 14b 5.2, 5.15.3 _


Controls - Order 5480 . 23, NUREG-0700 : 6.4, DOE-STD - 1062-93
genera ] Attachment 1: 14b


Hand-operated Order 5480 . 23, NUR EG-0700: 6.4; DOE-STD-1062-93
controls Attachm ent 1: 14b


Controls for Order 5480 , 23, NUREG-0700: 6.4 ; DOE-STD-1062-93
user-computer Attachment 1: 14b
i nt erface ( UCI)
Visual displays Order 5480 . 23, NUREG-0700 : 6.5, 6.7 ; DOE-STD-1062 -93M1L-STD-1472D : 5.1, 5.2


Attachment 1: 14b


Scale indicators Order 5480.2 NUREG-0700: 6.5, 6.7; DOE-STD- 1062-93MiL-STD - 1472D: 5.1, 5.2
Attac hment 1: J 4b


Displays Order 5480, 23, NUREG-0700: 6 . 5 6 7 DOE-STD- 1062-93MIL-STD 1472D: 5.1, 5.2
Attac hment I: 14b


Environment Order 5840 . 23, MIL-STD-)472D: 5.8.1, 5.8.2 5.8.3 ; DOE-STD-1062-93


Hazards &
safety


Attachment 1: 14c


Order 5840, 23,
Attachment 1: 14c


MIL-STD - 1472D: 5.8.1, 5 . 8.2, 5.8.3; DOE - STD-1062-93
_
Protective Order 5840.23, OSHA 29 CFR 1910 . 132. 1910.133. 1910.134 1DOE-STD-1062-93;
clothing Attachment 1:1 4c ANSI- STD-288 . 2-1992: 6 .1 5, 72


Communications Order 5840.23, NUREG 0700 : 6.2.11 DOE-STD-1062-93
Attach ment 1: 1 4c


Labeling Order 5480.23,
Attachment 1: 146


NUREG-0700: 6.6, DOE-STD-1 062-93


Uer-computer Order 5480 . 23, DOE-STD-1062-93; User-Computer Interface in Process Control: A
in terface Attaclunent l: 14b Human Factors Handbook (Gibnare, Gernnan, & Blackman 1989)


a. Draft standard.


1-L DOE Req uirements and Human Factors Engineering standards matrix.







Idaho National Engineering and Environmental Laboratory 412.09 (09103/2002 - Rev. 7


Identifier: SAR-153CHAPTER 18 - HUMAN FACTORS ENGINEERING
- UPGRADED FINAL SAFETY ANALYSIS Revision: 9


REPORT FOR THE ADVANCED TEST REACTOR Page: 18-8 of 18-18
Effective Date: 08/10/04


18.2 Task Analysis


Both the Complete Loss of Secondary and the Complete Loss of Flow Events are mitigated by
actuation of the Vessel Vent System (VVS) and the Emergency Firewater Injection System (EFIS).
Actuation of these two engineered safety features (ESFs) establishes feed and bleed cooling in the reactor
vessel. The Distributed Control System (DCS) and upright panels in the control room are used to provide
system status during normal and off normal operations. The VVS and the EFIS are actuated from the
upright panels in the control room.


In the case of a canal drainage event resulting in leakage from the canal that is not maintained by
normal makeup, the canal level annunciator in the control room will alarm. Makeup water is provided by
automatic actuation of the canal firewater makeup system or by manually opening the Canal Emergency
Makeup valve BL-8-442.


In the case of the Shutdown LOCA, the system status is provided by the DCS. Mitigating the
shutdown LOCA requires manually opening EFTS isolation valves 6T-1 -84 or GT- 1-614, or alte rn atively,
GT-10-3 5, or GT-10-63 .


Successful termination of the four accident sequences (Complete Loss of Secondary, Complete
Loss of Flow, Large Crack or other Failure of the Storage Canals. and the Shutdown LOCA with
Irradiated Fuel in the Core) requires that the plant status is correctly identified and that the necessary
mitigating actions are successfully performed. The mitigating systems are the two engineered safety
features (the VVS and the EFIS), and the safety-related portion of the Low Pressure Demineralized Water
System that provides canal emergency makeup capability.







Idaho National Engineering and Environmenta l Laboratorvv 412.09(09/03/2002 - Rev. 7


Identifier: SAR-153CHAPTER 18 - HUMAN FACTORS ENGINEERING Revision: 9- UPGRADED FINAL SAFETY ANALYSIS Page: 18-9 of 18-18REPORT FOR THE ADVANCED TEST REACTOR Effective Date : 08/10/04


18.3 ATR Human Factors Engineering Analysis


18.3.1 Human Factors Engineering Analysis


As required by DOE Order 5480.23 (DOE 1994), an HFE analysis was done of the ATR
human-machine interactions (primarily instrumentation and controls) within the context of the limit
accidents requiring operator action.


18.3.1 . 1 Human Factors Engineering Checklists . Checklists employed in the HFE
analysis were developed using DOE and non-DOE HFE standards. These included MIL-STD 1472D
(DOD 1989); NUREG-0700 (NRC 1981); DOE-HDBK-1132-99 (DOE 1999); OSHA 29 CFR 1910.132,
1910.133, 1910.134; ANSI Z88.1992 (ANSI 1992); and UCRL 15673 (UCRL 1985).


The resulting series of HFE checklists addresses the human-machine interface requirements
established by DOE 548 0. 23, Attachment 1, Sections 14a through 14e (DOE 1994):


• 14a Instrumentation, communication, and operational aids


Instrumentation


- Communications


- Operational Aids.


• 14b Layout and design of controls and instrumentation and labeling


- Control/Display Integration


- Controls/General


- Hand-Operated Controls


- Visual Displays


- Scale Indicators


- Displays


- Labeling


- User-Computer lnterface.a


l4c Work environment factors such as heat, light, noise, physical access, protective clothing,
and breathing apparatus.


- General Environment


- Protective Clothing and Breathing Apparatus.


The User-Computer Interface checklist contains numerous criteria designed to evaluate a sollwarelhardware system and its
interface with the human operator. Some of these criteria are not applicable to analyzing the safety of a facility or system. Deese
criteria are sinclly concerned with the user-friendliness of the system. Therefore, these criteria were not evaluated during the
wa4:down and are reflected in the Not Applicable observations.
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ATR FIFE checklists, used in the HFE analysis, are contained in Appendix B to the HFE analysis
report (Overlin and Ryan 1997). Table 18.1-1 contains a complete listing of HFE sources used to develop
the ATR HFE checklists.' The checklists were used in the HFE evaluation of the ATR human-machine
interfaces for the four limiting accidents requiring operator action.


18.3.1 . 2 Human Actions and Equipment Interfaces. The systems evaluated were the
distributed control system (DCS), the Canal low level alarm and the EFTS and VVS controls in the control
room, the two EFTS isolation valves: 6T-1-84 and GT-1-614, the two firewater isolation valves:
6T- 10-35 and 6T- 10-63, and the Canal Emergency Makeup Valve: BL-8-442. These are the systems
identified in the limiting accident scenarios. The DCS is used to provide information on system status
during normal and off-normal operations. The EFTS and VVS controls allow the operator to open the vent
valves and control water flow through the firewater injection system from the control room. The EFIS and
the firewater isolation valves and the canal makeup valve are manually operated. The EFTS isolation
valves are in the first basement, but are operated from the main floor. The firewater isolation valves are
outside of the ATR building; GT-10-35 is approximately 50 meters east of the ATR building and
GT-10-63 is approximately 20 meters south of the main ATR building and 10 meters east of the truck
door airlock. The canal makeup valve is on the south canal parapet in the fire] storage area.


In many cases, the DOE orders used to complete the list of HFE standards are not specifically applicable to the AIR. The l-11T
checklists provides HFE guidance that can be generally applied to any I.rcilhy.
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18.4 Human Factors Engineering Analysis Results


This section summarizes HFE analysis results of the ATR review against the checklists developed
from the DOE orders and standards listed in Table 18.1-1. Section 18.4.1 presents the HFE checklist
review results. Section 18.4.2 presents an analysis ofjudged deviations from full HFE checklist
compliance, and their resolutions. Responding to the requirements of DOE Order 5480.23, Attachment I
Topic 14d, Section 18.5.1 discusses the effects of the limiting accidents on the operators' environment.
Section 18.5.2 presents a trending and comparative analysis of human error rates as a percentage of ATR
ORPS reports, and compares them with the mean percentages of a group of similar DOE facilities
(DOE 1994).


18.4.1 Human Factors Engineering Review Results


A summary ofjudged deviations from full HFE compliance with the checklists is provided in
Table 18.4-1. The detailed results can be found in the HFE analysis report (Overlin and Ryan 1997).
Table 18,4-1 combines all the information tabulated for human-machine interactions involving the
applicable systems and equipment into the 14 HFE review categories. The observations are separated into
three categories: Not Applicable, Compliance, and Deviation from Full Checklist Compliance. The total
number of observations performed, both with and without the Not Applicable observations, are included.
The percent judged compliance and deviation from full FIFE Checklist Compliance are calculated by
dividing the number of compliances or deviations from Full Checklist Compliance by the total number of
observations, not including the Not Applicable.


The instrumentation and controls, and other workstation and environmental factors, were found to
be in compliance with relevant HFE standards in 96 % of applicable observations. Of
the 3,375 observations, 1,549 were determined to be not applicable to sonic of the instrumentation and
controls and other workstation and environmental factors; 1,826 observations were determined to be
applicable. There were 79 judged deviations from full HFE Checklist Compliance. A detailed analysis of
judged deviations from full HFE Checklist Compliance is presented in Section 2 of the FIFE Analysis
report (Overlin and Ryan 1997).


The following is a summary of the judged deviations from full FIFE checklist compliance.


• Distributed Control System


- There is a lack of direct means for interpreting some alarms and lack of spec
messages.


c error


Display formatting is inconsistent, as is spacing of contents, and non-primary colors are
used.


There are conflicting abbreviations and names of control and displays, and upper- and
lower-case alphas are not used.
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Valves


Valves lack flow indications and labeling as to function and direction of movement between
open and closed.


- Outside valve labels are obscured.


- Distributed Control System and Valve Operating Environments


- Respirators for emergency use are not thoroughly inspected at least once per month.


The total ATR compliance and judged deviations from full HFE checklist compliance percentage
presented in Table 18.4-1 are positive results considering


ATR's use of off-the-shelf equipment from a variety of vendors


The age of some of the equipment.


18.4.2 ATR Human Factors Engineering Deviations Disposition


Operating experience over the last several years suggests that none of these deviations poses an
immediate threat to the safety of the public or ATR workers. In addition, accident sequences involving
human-machine interactions have been treated in the ATR PRA Human Reliability Analysis. The PRA
results indicate that the impact of HFE on human actions is not a leading contributor to core damage
under the current ATR operating configuration. The HFE evaluation shows that while HFE may be a
factor in the operation of the ATR, HFE has been adequately addressed for the mitigation of design-basis
events requiring human intervention.


HFE deviations are tracked in the ATR Self-Assessment Program for disposition by one or more of
the following: administrative controls, minor changes to equipment operating configurations, changes to
equipment, or retaining the current configuration.
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Percentages
HFE Analysis Results (excluding N/A's)


HFE Compliance categoryory N/A


Deviations from
Full Checklist
Compliance Compliance


Total
observations


Total
observations
minusN/A's Compliance


Non
compliance


Control/display rote Lion 280 24 236 540 260 91% 9%


Vistiat dis lavs 0 1 47 48 48 98% 2%


Scale indicators 37 0 0 37 0 __ Not a licable Not ap licable


Displays 20 0 79 99 79 100% 0%


Controls-General 234 12 127 373 139 91% 9%


Hand-operated controls 399 0 30 429 30 100% 0%
User-computer interfa ce 203 12 586 801 598 98% 2%


Controls fo r UC[ 58 0 49 107 49 100% 0%


Labeling 2 61 25 439 725 464 95% 5%


Communications 5 30 364 31 97% 3%


Environment 28 1 16 45 17 94% 6%


Hazards and safety 21 32 53 i 32 100% 0%


Protective clothin, 2 2 60 64 62 97% 3%


erational aids 1 1 16 1R 17 94% 6%


ATR Totals 1,549 79 1,747 3,375 1,826 96% 4 0/6
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18.5 Human Performance in Potential Accident Environments


This section describes a systematic inquiry into the ability of the staff to accomplish its tasks in
potential accident environments. The results of the accident analysis in Chapter 15 (Accident Analyses)
are used to identify the environment expected during design basis accidents requiring human intervention.
Historical data from ATR's participation in the DOE Occurrence Reporting and Processing System
(ORPS) have been used to investigate the involvement of human-machine interactions as causal factors in
human errors experienced in operating the ATR.


18.5.1 Accident Environment


The Complete Loss of Secondary and the Complete Loss of Flow events result in a relatively slow
heatup of the water in the reactor vessel. No fuel damage occurs in these events when they are
successfully terminated. High levels of radioactivity requiring control room evacuation prior to operator
response are not predicted.


The Shutdown LOCA and the Failure of the Storage Canal accidents require manual opening of
valves from the first floor or outside of the ATR building. No fuel damage and release of fission products
is predicted for either of these two events when successfully terminated. These events do not involve high
temperatures, pressures, or steam; radiation fields in excess of those expected during normal and
anticipated operating conditions are not predicted.


18.5.2 ATR Operating Experience


This section describes the results of the analysis of ATR's participation in the DOE ORPS. These
results provide a framework for identifying the involvement of human-machine interactions as a causal
factor in the ATR human-error experience and for comparing ATR human-error rates to rates in other
similar facilities.


ATR implements a process for identifying abnormal or undesirable conditions and events,
including those involving human error. This process consists of documenting each occurrence in a
structured manner; prioritizing; doing causal reviews; determining proper corrective action; tracking
resolution; applying lessons learned; officially closing out each abnormal or undesirable condition; and
informing the originator.


Table 18,5-1 shows the absolute and relative progress being made at ATR in human-error reduction
from March 1990 through May 1996, the period for which ORPS reports are currently available. The
comparison group mentioned in this table consisted of nine DOE reactor facilities similar to ATR
(specifically, the C, K, L, N, and P reactors; Experimental Breeder Reactor-11; Fast Flux Test Facility;
High Flux Beam Reactor; and High Flux Isotope Reactor),


The total-reports rows show total ORPS reports for ATR and the comparison group. The
human-error reports rows show the total numbers and percentages of ORPS reports involving human
error The human-machine interface rows give the numbers and percentages of reports that cited
human-machine interface as a causal factor of the human error.
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A study of Table 18.5-1 shows that within the comparison group, the percentage of total reports
involving human error decreased from 57% to 17%, then increases to 43% ending in 1996. The
comparison group's percentage of reports citing human-machine interface as a casual factor for the period
of 1990 to 1994 decreased from 9% to 1%, increased in 1994 to 13% then reduced to 0% by 1996.


In contrast, the percentage of ATR's total reports involving human error increased since 1991
from 32% to 53% as of 1995. This percentage is higher than the comparison group's; however, it is
consistent with data collected from other complex, high-reliability settings, whose data suggest that
about 65% of events involve human error (Trager 1985). Table 18.5-1 also shows that the contribution of
human-machine interface as a cited casual factor in ATR's human errors decreased from 14% for 1990
to 8% for 1995. The assessment of the information in Table 18.5-1 shows that while human error is a
factor in the operation of the ATR, the contribution of the human-machine interface as a causal factor
poses no significant radiological or chemical safety risk.
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Table 18.5- 1. ATR Operational-experience trending and comparison with other reactor facilit ies.'


Numbers and rcenta es of re one. by year


Source of reports, 1990 1996
and causes cited (partial year) 1991 1992 1993 1994 1995 (through May)


Total reports


ATR 13 44 39 44 50 45 10


Comparison group 76 611 504 397 239 187 5 1


Total rc orts chin human error


ATR° 3 14
°


16 21
0


19 24 4
(54%)


2
(32 f0) (41%) (48 10) (38%) (53%) (40%)


Comparison group' 43 222 167 91 40 50 22
(57%) (36%) (33°10) (23%) (17%) (27%) (43%)


Re ons citing hu man-ma chi ne interface


ATRd 1 1 1 0 1 2 0
(14%) (7%) (6%) (0%) (5%) (8%)


Comparison group' 4 23 4 1 5 6 0
(9%)


_


(10%) (2%) (1%) (13%) (12%) (0%)
a. Based upon ORPS reports '.......


b. Percentages based upon total ATR reports.


c. Percentages based upon total comparison-group reports.


d. Percentages based upon total ATR reports that cite human error.


e. Percenun@.es lensed u ou coo rarisoronp's total reports tha t cite human error.
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19. APPLICABLE STATUTES, RULES , REGULATIONS,
AND DEPARTMENTAL ORDERS


Contractors responsible for the design, consinlclion, operation, or decommissioning of U.S.
Department of Energy (DOE) nuclear facilities and selected DOE nonfacility nuclear operations are
required to perform safety analyses. These safety analyses develop and demonstrate the adequacy of the
safety basis for the nuclear facility or nonfacility nuclear operation.


This chapter of the Upgraded Final Safety Analysis Report (UFSAR) identifies the applicable
statutes, rules, regulations, and DOE orders that are currently binding upon the safety basis and operation
of the facility. These include any state or local statutes, ordinances, and other requirements that would
establish safety constraints on facility operation-


The statutes, ndes, regulations, and DOE orders that form the current criteria for the safety and the
operational bases are identified in the following two sections.


19.1 Safety Basis


Most of the ATR facility was installed as part of the original construction and was designed to meet
the statutes, rules, regulations, and DOE orders applicable at the time. Since the initial constnmtion,
modifications have been made to the facility. In sonic cases, these were done to upgrade the facility to
requirements given in new or updated statutes, rules, regulations, and departmental orders. In other cases,
modifications were made because of changing programmatic requirements or aging equipment. At the
time the modifications were made, they met the statutes, rules, regulations, and departmental orders in
effect at that time.


Listed in Table 19.1-1 are the statutes, rules, regulations, and DOE orders that form the current
criteria for the safely basis for the design and construction supporting the ATR facility operations,
maintenance, and modifications. The current criteria apply only to the design, analysis, fabrication, and
installation of new plant modification and construction. In addition, Table 19.1-1 lists the chapters to
which the criteria apply.
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Table 19. 1-1. Binding statutes , rule s, regulations , and depa rtment orders.


Statutes. piles , regulations,
and department orders


DOE Guide 421.1.2


DOE-ID 420.D


DOE Order 151,1 A


DOE Order 232.1 A


DOE Order 414.1 A


DOE Order 420.1


DOE Order 420.1 A


DOE Order 430. I A


DOE Order 433.1


DOE Order 435.1


DOE Order 440.1 A


DOE Order 450.1


DOE Order 473.1


DOE Order 5400.5


412.09 (09t03R0o2 -Rev. 7


Identifier: SAR-153
Revision: 9
Page: 19-6 of 19-14
Effective Date: 08/10/04


Associated UFSAR Subject


Implementation Guide jor Use in Developing SafehvAnalvses to Meet Subpart B
10 CFR 830, October 24, 2001.


Requirements and Guidance for SnfehrAnalvsis, July 17, 2000.


Comprehensive F_nrergencyA.lanngeruen! Susteru, U.S. Department of Energy,
Washington, D.C., November 1, 2000.


Occurrence Reporting and Processing of Operations Information. U.S. Department of
Energy, Washington, D.C., July 21, 1997.


QualirvAssurance, U.S. Department of Energy. Washington, D.C., Change I,
July 12, 2001,


Facility Safety U.S. Department of Energy, Washington, D.C.. October 24, 1996 (Order
canceled).


Facilitv,Snfety, U.S. Depa rt ment of Energy, Washington , D.C.. May 20, 200 1


Life Cvcle.9sset Afnnegement , U.S. Depa rtment of Energy . Washington, D.C.,
October 14. 1998.


ES


9


13


UFSAR
Chapter


13


3, 17,21


9


4,9, 13


22


Maintenance Management Program for Nuclear Facilities. U.S. Department of Energy, 14
Washington. D.C., June 1, 2001.


Radioactive Waste Adanagement, July 9, 1999. Change 1, August 28 , 2001, U.S.
Department of Energy. Washington, D.C. (Not specifically discussed in Chapter 11)


Worker Protection Alanagementfor DOE Federal and Contractor Employees, U.S.
Department of Energy. Washington. D.C., March 27, 1998.


Environmental Protection Program. U.S. Department ofEnergv, Washington, D. C,
January 15, 2003. (Not specifrcol/v discussed in Chapter I /)


Physical Protection Program, US. Department of Energy, Washington, D.C.,
December 23, 2002.


Radiation Protection ofthe Public and the Environment, Change 2, U.S. Department of
Energy, Washington. D.C., Jarman, 7, 1993.


II


9,21


2


12, 15.0
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Table 19. 1-1. (continued).


Statutes, rules, regulations, UFSAR
and department orders Associated UFSAR Subject Chapter


DOE Order 5480.1 A Environmental Protection, Safety, and He
U.S. Department of Energy, Washington,


nith Protection Program for DOE Operatio
D.C., August 13, 1981. (historical)


S. 16


DOE Order 5480.4 Environmental Protection, Safety and He
Department of Energy, Washington, D.C.
Chapter 11)


alth Protection Standards, Change 4, U.S.
, January 7. 1991 (Not specifically discussed in


3, 11


DOE Order 5480.6 Safety of Department ofEnergy-Owned N
Washington, D.C., September 23, 1986. (


uclear Reactors, U.S. Department of Energy,
Order cancelled)


1, 3, 20


DOE Order 5480.19 Conduct of Operations Requirements for DOE Facilities, Change 2, U.S. Department o f 13
Energy, Washington, D.C., October 23, 2001.


DOE Order 5480,20A Personnel Selection, Qualification, and T
Facilities. U.S. Department of Energy, W


raining Requirements for DOE Nuclear
ashington, D.C., Jul' 12, 2001.


13, 14


DOE Order 5480.21 Uvrevtewed Safety Questions, U.S. Depar
December 24, 1991. (historical)


DOE Order n 5480 22


tment of Energy, Washington, D.C., ES


.
Technical SafetyReguirements, Change 2
D.C., January 23. 1996. (historical)


, U.S. Department of Energy, Washington, 16


12ES 1 2 3DOE Order 5480.23 Nuclear Safety Analysis Reports, Change 1, U.S. Department of Energy.
,, , ,,


18,14 15.0
Washington D.C.. March 10, 1994. (historical)


, ,
20, 21


DOE Order 5180.30 Nuclear Reactor Safety Design Criteria, U
Change 1, March 14, 2001. (historical)


.S. Department of Energy, Washington, D.C. , 3


DOE Order 5181.1 B SnfetyAnalvsis and Review System, Chan
D.C., May 19, 1987. (Order cancelled)


ge 1, U.S. Department of Energy, Washington , I


DOE SEN-35-91 Nuclear Safety Policy, SEN-35-91, Secretary of Energy Notice. U.S. Department of ES, 1
Energy, Washington, D.C., September 9, 1991.


DOE STD-1020-94 Natural Phenomena Hazards Design and
Facilities, Change 1, U.S. Department of
(historical)


Evaluation Criteria for Department ofEnerg
Energy . Washington . D.C.. January 1996.


y 3
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Identifier:
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Statutes, rules , regulation UFSAR
and depa rtment orders Associated UFSAR Subject Chapter


DOE-STD-1020-2002 Natural Phenomena Hazards Design and
Facilities, U. S. Department of Energy , W


Evaluation Criteria for Department of Energ
ashington , D.C., January 2002.


y 2, 2A, 3


DOE STD-1021-93 Natu ra l Phenomena Hazards Performance
Systems, and Components, Change I, U.S
April 2002.


Categorization Criteria for Structures,
. Department of Energy, Washington, D.C.,


2, 2A, 3


DOE STD-1027-92 Hazard Categorization and Accident Analysis Techniquesfor Compliance with DOE ES. 9, 15.12
Order 5480. 23, Nuclear SafehvAnnh ais R
Washington , D.C., September 1997.


eports, Change 1, U.S. Depa rtment of Energy , 20


DOE HDBK-1132-99 DOE Handbook Design Considerations, U
April 1999.


.S. Department of Energy, Washington , D.C. , 18


DOE ATR SER Advanced Test Reactor Sated Evaluation
February, 1996.


Report. U.S. Department of Energy, 3


DOE-ID Order 440.C Hoisting and Rigging Program, US Department ofEner$7.y, Idaho Operations Office, 9, 20
Idaho Falls, Idaho, Rev. 1, August 1, 2002 .


DOE-ID Order 5480.1 A Environmental, Snfet ,, and Health Protect
Idaho Operations Office, Idaho Falls, Idah


ion Program, U. S. Department of Energy,
o. April 5, 1989. (Order cancelled)


16


DOE-ID AE Standards DOE-IDArchitecturnl Engineering Standa
Idaho Operations Office, Idaho Falls. Idah


rds, Revision 19, U. S. Depa rt ment of Energy
o, July 1995. (histo ri cal)


, 2, 2a, 3


DOE-ID AE Standards DOE-ID Architectural Engineering Standa
Idaho Operations Office, Idaho Falls, Idah


rds, Revision 29, U.S. Depa rtment of Energy
o, September 2002.


, 2, 2a, 3


10 CFR 50, Appendix A General Design Criteria for Nuclear Powe r Plants, Code afFedernl Regulations, Offic e 3
of the Federal Register, December 23, 199 9.


10 CFR 50.49 Environmental Qualification ofElectric Eq
Power Plants, Code of Federal Regulation
December 14, 2001.


uipment Important to Safenifor Nuclear
s, Office of the Federal Register,


3


10 CFR 50.55a Codes and Standards, Code ofFederal Regulations , Office of the Federal Register, 5, 14
June 12, 1971.
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Table 19.1-1. (continued).


Statutes, rules , regulations,
and depa rtment orders


10 CFR 61.55


I0 CFR 100.11


10 CFR 100. Appendix A


10 CFR 830


10 CFR 830, Subpart A


10 CFR 830. Subpart B


10 CFR 835


29 CFR 1910


29 CFR 1910. Subpart H


29 CFR 1910, Subpart Z


29 CFR 1910.119


29 CFR 1910,132


29 CFR 1910.133
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UFSAR
Associated UFSAR Subject Chapter


Waste Classification. Code of Federal Regulations, Office of the Federal Register, 12
November 2, 2001.


Determination ofExclusion Area, Low Population Zone, and Population Center ES, 6. 16,
Distance, Code ofFederal Regulations, Office of the Federal Register, 15 ,0 , 15.12
November 4, 2001


Seismic and Geologic Siting Criteriafor Nuclear Pon er Plants, Code ofFederal 3
Regulations. Office of the Federal Register, January 10, 1977.


Nuclear Safety Alanagement, Code ofFederal Regulations, Office of the Federal 13
Register. February 4, 2002.


Quality Assurance Requirements, Code of Federal Regulations, Office of the Federal 3, 17
Register, February 4, 2002.


Safety Basis Requirements, Code ofFederal Regulations. Office of the Federal Register, ES, 1, 3, 14,
January I t 2002. 15.0


Occupational Radiation Protection. Code of Federal Regulations. Office of the Federal ES, 12, 15.0
Register, November 4, 1998.


Occupational Safety and Health Standards. Code ofFederal Regulations. Office of the 13
Federal Register. July 21, 2003.


Hazardous A faterials, Code of Federal Regulations, Office of the Federal Register, 21
November 7, 2002.


Toxic and Hazardous Substances, Code ofFederal Regulations, Office of the Federal 21
Register, November 7, 2002.


Process Safety, A/anagement ofHighly Hazardous Chemicals, Code of Federal 20
Regulations, Office of the Federal Register, November 7; 2002.


General Requirements, Code ofFederal Regulations, Office of the Federal Register, 19
July 1, 1994.


Eve and Face Protection, Code ofFederal Regulations, Office of the Federal Register, IS
Mar 2, 1996.
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Table 19.1-1 (continued).


Statutes, rules, regulations, UFSAR
and department orders Associated UFSAR Subject Chapt er


29 CFR 1910.134 Respiratory Protection. Code of Federal Regulations, Office of the Federal Register, 18
April 23, 1998.


29 CFR 1910.1020 Access to Employee Exposure and Medica
of the Federal Register, June 20, 1996.


lRecords. Code ofFedernl Regulations, Offi ce 21


29 CFR 1910.1200 Hazard Communications, Code of Federal Regulations, Office of the Federal Register, 21
March 7, 1996.


29 CFR 1926 Safety & Health Regulations for Construc
the Federal Register, September 12, 2002,
for construction work)


tion. Code ofFederal Regulations, Office of
(CFR not referenced in chapters because this is


I 1


40 CFR 61, Subpart M National Emission Standardfor Asbestos,
Federal Register, September 18, 2003. (No


Code ofFedernl Regulations, Office of the
t specifically discussed in Chapter 11)


I 1


40 CFR 61. Subpart N National Emission Standards for Emission
Department of Energy Fact (tries. Code of
Register, September 9, 2002. (Not specific


s ofRadionuclides Other Than Radon from
Federal Regulations, Office of the Federal
ally discussed in Chapter 11)


11


40 CFR 191 Environmental Radiation Protection Stand
Nuclear Fuel. High-Level, and Transurani
Regulations, Office of the Federal Registe
in Chapter 11)


ards forA7anaging and Disposing ofSpent
c Radioactive Wastes, Code ofFederal
r, August 2, 2000. (Not specifically discussed


I I


40 CFR 260 Hazardous Waste Alanagement System: G
the Federal Register. June 28, 2001. (Not s


eneral, Code of Federal Regulations, Office o
pecifically discussed in Chapter 11)


f I I


40 CFR 261 Identification and Listing of Hazardous W
the Federal Register, Jule 30, 2003. (Not s


aste, Code of Federal Regulations, Office of
pecifically discussed in Chapter 11)


I I


40 CFR 262 Standards Applicable to Generators ofHazardous Waste, Code ofFederal Regulations, 1 I
Office of the Federal Register, March 8, 20 00. (Not specifically discussed in Chapter 11 )


40 CFR 263 Standards Applicable to Transporters ofH
Office of the Federal Register, February 12
Chapter 11)


azardous Waste, Code of Federal Regulation
, 1997. (Not specifically discussed in


s, 11
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Table 19. 1-1. (continued).


Statutes. rules, regulations, UFSAR
and department orders Associated UFSAR Subject Chapter


40 CFR 355 Envergenev Planning and Notification. Co
Federal Register, September 8, 2003.


de of Federal Regulations, Office of the 20


40 CFR 370 Hazardous Chemical Reporting: Connnuun
Regulations, Office of the Federal Registe


ity Right-to-Know, Code of Federal
r. February 11, 1999.


20


40 CFR 761 Polychlorinated Biphenvis (PCBS) A1anuf
Conunerce, and Use Prohibitions, Code o
Register, April 18, 2003. (Not specifically


acturing, Processing, Distribution in
f Federal Regulations, Office of the Federal
discussed in Chapter 11)


I I


49 CFR 171 Hazardous Afaterial Regulations, Code of
Register, October 6, 2003. (Not specifical


Federal Regulations, Office of the Federal
ly discussed in Chapter 11)


I I


49 CFR 173 Shippers-General Requirementsfor Ship
Regulations. Office of the Federal Registe
in Chapter 11)


ments and Packaging, Code of Federal
r, October 30, 2003. (Not specifically discussed


I I


49 CFR 173.435 Table Al andA2 Values for Radionuclides
Federal Register, August 28, 2001


, Code ofFederal Regulations, Office of the 12


EPA 56 FR 194 Support Document for the Designation of the Eastern Snake River Plain Aquifer as a Sole 2
Source Aquifer, EPA 910.9-90 -0 20, U.S.
Office of Ground Water, Seattle, Washing


Environmental Protection Agency, Region 10
ton, August 1990.


,


State of Idaho. IDAPA 58.01.01 Idaho Department of Environmental Qual
Rules for the Control ofAir Pollution in I


ity Rules and Regulations, Title 1, Chapter 1,
daho. Boise, ID.


11


Stale of Idaho, IDAPA 58.01.05 Idaho Department of Environmental Qual
Rules and Standardsfor Hazardous Waste


ity Rules and Regulations, Title 1, Chapter 5,
, Boise, iD.


11


Stale of Idaho. IDAPA 58.01.06 Idaho Department of Environmental Qual
Solid Waste Afanngement Rules, Boise, Id


ity Rules and Regulations, Title I, Chapter 6,
aho.


11


State of Idaho, IDAPA 5&01 17 Idaho Department of Environmental Qual
Wastewater-Land.4pplicntion, Permit Rul


ity Rules and Regulations, Title 1, Chapter 17
es, Boise, ID.


, 11


Slate of Idaho, Idaho Code Section 39-100 State of Idaho. I.C. 39-100, Idaho Code Se
Idaho E'mirotvneraiat Protection and Heal


ction 39, Health and Safety, Chapter 1, The
th Act, Idaho Code Sections 39-101 through


11


39-130. Boise- 1 1) .
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Table 19. 1-1, (continued).


Statutes, rules. regulations,
and depa rt ment orders Associated UFSAR Sub


State of Idaho. Idaho Code Section 39-3600 State of Idaho , I.C. 39-3600, Idaho Code Section 39, Health and Safety , Chapter 36,
Water Oualih'. Boise, ID.


State of Idaho, Idaho Code Section 39-4400 State of Idaho, I.C. 39-4400, Idaho Code Section 39. Health and Safety, Chapter 44,
Hazardous [Vaster Ahanagenrent Act of 1983, Boise , ID.


UFSAR
Chapter


II


11
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19.2 Operational Basis


Listed in Table 19.1-1 are the binding statutes, rules, regulations, and DOE orders that form the
current criteria for the operational basis for ATR. Table 19.1-1 also lists the chapters to which the criteria
apply. Table 19.2-1 lists the construction and operating permits.
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Table 19.2-1. Construction and operating permits.


Permit Permit number Project


State of Idaho permit to construct an air pollution emitting source (State of Idaho 2002) 023-00001 TRA Evaporation Pond


Application for a Title V Operating Permit for the Idaho National Engineering and INEELIEXT-
Environmental Laboratory 2000-01610


Volume I-Sitewaide Standards and Information and Operating Permit Application
Guide


Volume VIII-Test Reactor Area
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HAZARD ANALYSIS AND CLASSIFICATION OF THE FACILITY
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20. HAZARD ANALYSIS AND CLASSIFICATION OF THE FACILITY


20.1 Introduction


This chapter contains a description of the hazard classification process, presents the inventories of
hazardous materials (radioactive materials and hazardous chemicals), and evaluates the hazards associated
with the facility.


Hazard analysis and classification are the processes used to identify hazards within a facility and to
categorize the hazards and the facility. The Department of Energy (DOE 1994) requires hazard analysis
and classification for nuclear facilities and provides definitions of three graded classification categories
applicable to nuclear facilities. The classification categories are graded based on the potential
consequences of radioactive and/or hazardous material releases. Further guidance in nuclear facility
hazard classification is provided in DOE standards (DOE 1992). By definition, a Hazard Category I
facility is one for which the hazard analysis shows the potential for significant offsite consequences. This
category has been interpreted to include Category A reactors (i.e., steady state power level >20 MW,)
(DOE 1986) and facilities designated by the Program Secretarial Officer (DOE 1992). Figure 20.1-1
contains a flowchart of the hazard-classification decision process. The Advanced Test Reactor (ATR) at
the Idaho National Engineering and Environmental Laboratory's (INEEL's) Test Reactor Area (TRA) has
an approved operating power level of up to 250 MW, and therefore is a Category A reactor and a Hazard
Category I nuclear facility.







Idaho National Engineering and Environmental Laboratory
CHAPTER 20 - HAZARD ANALYSIS AND
CLASSIFICATION OF THE FACILITY -


UPGRADED FINAL SAFETY ANALYSIS REPORT
FOR THE ADVANCED TEST REACTOR


IDENTIFY
FACILITY


Hazard Category 1
Facility


412.09 (09103M002


Identifier: SAR-153
Revision: 9
Page: 20-8 of 20-56
Effective Date: 08/10/04


5480.23 SAR Not Required


Hazard Category 3 Facility


Hazard Category 2 Facility


P9 Nffi


- Rev. 7


Figure 20.1-1. Hazard-classification decision process. ( For Information Only)
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20.2 Hazardous Material Inventories


DOE Order 5480.23 requires that an inventory of hazardous materials (type and amount) be
prepared (DOE 1994). This inventory is to include radioactive and nonradioactive hazardous materials
that could lead to a potential release that threatens or challenges the health and safety of individuals onsite
or offsite. The inventory provides the basis for the facility hazards analysis and for determining the hazard
level classification for the facility.


20.2.1 Radioactive Materials


There are four potential sources of radionuclides at ATR. The sources include the core, the canal,
isotope production, and the in-pile tube (IPT) with fueled tests.


Table 20.2-1 contains the radionuclide inventory for the ATR foe] at scram and at various decay
times out to 365 days after scram, These inventories were calculated based on an irradiation history
of 250 MW, for 60 days and represent an upper bound on what would be expected at ATR. The derivation
of this inventory is documented in Carboneau (1993).


Table 20.2-2 contains the maximum expected fuel inventory in the ATR canals. The inventory is
based on a worst-case operation sequence in which a number of irradiated cores are present in the canal
(McCracken 1986). Only the noble gases and volatile radionuclides are listed in Table 20.2-2.


The ATR canals contain a variety of irradiated core internal components and hardware with
multiple activation products. The core and internal structural materials consist primarily of the following:
aluminum, beryllium, various stainless steel and inconel alloys, stellite, and hafnium. The significant
radionuclides in discharged core internals include Tritium (H-3) in the discharged beryllium reflectors,
which is less than 2 MCi, and the cobalt in discharge equipment such as inpile tubes and gear box support
beams, which is well below the cobalt quantities produced in the isotope production program. The
hafnium absorber material contains mainly Hf-381, which is relatively short-lived. The activity in this
hardware is fixed and is small compared to the activity of the irradiated fuel stored in the canals. The
canal inventory also includes experiments and capsules containing radionuclides produced in the isotope
production program.


Table 20.2-3 contains the maximum expected radionuclides inventories in the canal from both
activation products and isotope production. While substantial quantities of activation products and isotope
production are generated in ATR, they are not significant to the total activity from the fuel in the core,
and therefore are not considered in the consequences of fuel damage events considered in this section.
The total quantities are bounded by the total activity present either in the core or canal.


The consequences of the release to the environment of the entire inventory of the radionuclides
contained in a fueled test were considered in Chapter 15 (Accident Analyses). The test fission power is
significantly lower than the core power of 250 MW and therefore the consequences from an accident
involving a loop test would be bounded by the total core melt sequences discussed in this chapter.
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20.2.2 Explosive Materials


There are no explosives stored at ATR. However, it is possible that hydrogen gas could be
produced in explosive concentrations during severe accidents. It is further possible that a hydrogen
explosion could cause damage to the confinement. The radiological consequences of confinement failure
during severe accidents is covered in the ATR Probabilistic Risk Assessment (PRA) (Fide, Kherieha, and
Thatcher 1991;Thatcher et al. 1994). As for personnel concerned, evacuation would have taken place
before any detonation.


20.2.3 Hazardous Chemicals


A SARA report is prepared for the INEEL annually in compliance with the hazardous chemicals
reporting as defined tinder the Superfund and Reauthorization Act (SARA) Title Ill, Section 312. The
regulations specific to Section 312 of SARA are given in 40 CFR 370. An inventor), of SARA reportable
materials present in the ATR facility at the end of each calendar year is prepared for the INEEL
SARA 312 report .


In the initial UFSAR submittal, the 1993 SARA inventory of reportable chemicals present in the
ATR facility was used as the basis for the hazardous chemical analysis and classification. The chemicals
in the SARA inventory were screened to identify hazardous materials in quantities that would require
consideration in the facility hazard analysis. The chemicals were screened against the Threshold
Quantities (TQ) in the list of highly hazardous chemicals, toxins, and reactives from Appendix A
of 29 CFR 1910.119; and the Threshold Planning Quantities (TPQ) in 40 CFR 355 as described in
McCracken (1997).


An updated inventory of hazardous chemicals has been prepared using the SARA reportable
materials for the year beginning inventory 1997 (Buescher 1997).


Table 20.2-4 contains the inventory of hazardous chemicals in the ATR Facility to be used in the
hazard analysis and classification. The table provides the hazardous chemical, building number, the
American Chemical Society's Chemical Abstract Service Number (CASN), physical state, storage code,
average quantity, Threshold Quantity (TQ) (29 CFR 1910.119, "Process Safety Management"), and
Threshold Planning Quantity (TPQ) (From 40 CFR 355, "Emergency Planning and Notification"). The
inventory in Table 20.2-4 was developed using the TQ, and TPQ as screening criteria as described in
McCracken (1997) and reviewed in Buescher (1997) and Wagoner (1998).


The physical state is denoted with L for a liquid, G for a gas, or S for a solid. The storage code
provides information regarding the type of storage and storage conditions. Table 20.2-5 provides storage
code explanations. The hazard code provides the type of hazard associated with the chemical and is
denoted as follows:


• A - acute health hazard, including highly toxic, toxic, irritant, sensitizer, corrosive, and other
chemicals that can cause an adverse effect to a target organ. The effect usually occurs rapidly as a
result of a short-term exposure and is of short duration


• C - chronic or delayed health hazard, including carcinogens and other chemicals that can cause an
adverse effect to a target organ. The effect usually occurs as a result of a long-term exposure and is
of long duration.
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• F - fire hazard, including flammable, combustible liquid, pyrophoric, and oxidizing hazardous
chemicals.


• S - sudden release of pressure, including explosives and compressed gases.


• R - reactive, including unstable reactive, organic peroxides, and water reactive hazardous
chemicals.


Sulfuric acid is the only hazardous chemical in the ATR area that exceeds any one of the two
screening thresholds. Sulfuric acid storage location in TRA-671 involves quantities that exceed the TPQ.


The chemical hazard evaluation of the facility shows that except for the sulfuric acid used in
processing the demineralized water and the secondary cooling system water, the quantities of hazardous
chemicals are all within the two screening thresholds.


Hazardous chemicals may be used in the facility without modifying the Upgraded Final Safety
Analysis Report (UFSAR) if the quantity of each hazardous chemical is less than the TQ specified
in 29 CFR 1910.119, and the TPQ specified in 40 CFR 355. If the inventory ofa hazardous chemical is
projected to exceed these screening quantities, then hazard analyses must be performed and any potential
threat or challenge to the health and safety of individuals on site and off site must be incorporated into the
UFSAR.
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Table 20.2-1. ATR fuel inventory for irradiation history of 250 MW for 60 days.


ACTIVITY IN CURIES FOR ACTINIDES +DAUGHTERS
RADIONUCLIDE SCRAM 2.0HR BAHR IOU 4.00 30 OD 60.00 90.00 120.00 150.00 365.20


TL206 4 . 545E-24 4.545E - 24 4.545E-24 4.545E-24 41 45E-24 4 . 545E-24 4.545E -2 4 4.545E-24 4.545E-24 4 . 545E-24 4.545E-24


TL2 07 1340E-10 1.350E-10 1.361E-10 1,403E-10 1.605E-10 4902E-10 8.665E-10 1.569£-09 2.514E-09 3.703E-09 2.356E-08


TL208 1.645E-07 1.668E-07 1651E-0 7 1.752E-07 1994E-07 6.090E-07 1.241E-06 2.035E-06 2.981 E-06 4.071E-06 1.583E-05


TL209 2.614E-12 2.5 70E-12 2.625E-12 2.816E-12 3.268E-12 3.252E-12 2.668E-12 3.024E-12 3.771E-12 4,638E-12 1,251E-II


P 8209 12I IE-10 1.219E-10 1.220E-10 1,207E-10 1.513E-10 1.506E-10 1,235E-10 3.400E-10 1.746E-10 2.147E-10 5.790E-10


P8210 1, 258E-12 1.266E- 1 2 1.289E-12 1349E-12 1.604E-12 3 .0 05E-12 3.642E-12 3.872E-12 3.952E-12 3.979E-12 4,035E-12


PB211 .4E-101 34 1 3 45E-10 1.365E-10 1 407E-10 1.610E-10 4.013E-10 8.689E-10 1.573E-09 2.521E-09 3.713E-09 2 3 63E-08�.......


PB212 4.578E-07 E-07 4.595E-07 4.705


'


5445-07 1,695E-116 3.455E-06 5,663E-06 8.296E-06 1.133&05 4407E-05


P8214 6.498E-14 E-}4 6.612E-14 6.838&J 9E-1492 2.256E-13 5.121E-13 9.263E-13 1.469E-12 2.143&12 1-I22E- 11


81208 6.546E-24 E-24


r


6 . 546E-24 6 . 546E 546 5- 24 6546E-24 6.546E-24 6.546E-24 6.546E-24 6 . 546E-24 6.546E-24


81210M 4.363E-24 4.563E-24 4 . 563E-24 4.563E-24 4.563E-24 4 . 563E-24 4 , 563E-24 4.563E - 24 4.563E-24 4.563E-24 4 . 563E-24


81210 8 . 013E-13 8 . 066E-13 8 . 227E-13 8.666E-13 1.078E-12 2.690E-12 3.525-E-12 3. 8 30E-12 3,938E-12 3.974P,-12 4.038E-I2


81211 1.3445-10 1.353E-10 1.365E-10 1.407E-10 1.610E-10 a913E-10 8.689E- 10 1.373E-09 2.421E-09 3.713E-09 2.363E-09


81212 4 . 578E-07 4 . 580E-07 4 . 591E-07 4.875E-07 5.549E-07 1693E-06 3455E -06 5.663E-06 8,296E-06 1,133E -05 4.407E-05


81213 1.210E-10 1.179E-10 1.215E-10 1,303E-10 1.513E-10 1.506E-10 1.235E-10 1.400&10 1.746E-10 2.147E-10 5.790E-10


91214 6.498E - 14 6.340E-14 6.614E-14 6.838E - 14 7,929E-14 2 . 256E-13 5.121E- 13 9.263E-13 1.469E-12 2.143E-12 1.122&11


P0210 3.994E-14 4.026E-14 4.123E-14 4.390E-I4 5.777E-14 2.91 RE-13 6.955E-13 LII6E-I2 1.503E-12 1.846E-12 3.234E-12


P0211 h4 8.452E-20 0 . 000E+00 0.000E+00 0000E + 00 0.000E+00 0.0005+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00 0 , 000E+00.


P0211 3.763E-13 3.789E-13 3.822E-13 3.939E-13 4,507E-13 1.124E-12 2.433E-12 4.405E-12 7.059E-12 1.040E-II 6.616E-1 1


P0212 2933E-07 2.934E-07 2.942E-07 3.124E-07 3.555E-07 1,086F,-06 2.214E-06 3.628E -06 5.315E-06 7.260E-06 2.823E-05


P02I3 1.184E-10 1.153E-10 1.189E-10 1.275E-10 1.480F--10 1.473E-10 1.208E-10 1.370E-10 1.708E-10 2.101E-10 5.665E-10


P0214 1.085E-09 1084E-09 1,074&09 1.050E-09 9.504E-10 3.998E-10 1.475E-10 5.503E-11 2.138E-I1 9.468E-12 1.122E-I1


P0215


_


1.342E-10 1.348E-10 1364E-10 1.407E-10 1.610E-10 4,013E-10 8.689E-10 1.573E -09 2.521E-09 3.713E-09 2.363E-08


P0216 4.576E-07 4,598E-07 4,664E-07 4.844E-07 5.747E-07 1,695E-06 3.455E-06 3.663E-06 8.296E-06 1.133E-05 4.407E-05


P0218 6 . 499&14 6.529E- 1 4 6 . 612E-14 6.839E-14 7.930E - 14 2.256E-13 5.122E - 13 9.265E-13 1,470E-12 2.143E-12 1.122E-1I


AT217 1110E-10 1.2 1 95--10 1.243E-10 1303E-10 1.513E-10 1506E-10 1.235E-10 L400E-10 1.746E-10 2.147E-10 5.790E-10


5N218 I ORSE-09 LOR4E-09 1.074E-09 1,050E-09 9.503E.10 3.995E-10 1,470E.10 1 410E-11 1.991E-(t 7326E-12 5.628E-15


RN219 1342E-10 .1.348E-10 J ..1..364E 10 1.407&10 1.610E-10 4013E-10 8689E-10 1573E 09 2.521E-09 3713E-09... 2.363E-08
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Table 20. 2-1, (continued
RAD}ONUCUDEI... SCRAM 2. 0HR ROHR 1.00 4.0n 30.00 60 OD 90.00 120.00 150.00 365.20


RN?20 4.576E.07 4,598E-0 7 4.664E-07 4,844E-07 5,7476-07 1.695E-06 3455E-06 5.663E-06 8.296E-06 1.133E-05 4,407E-05


222 6498E-14 6.525E-14 6.609E-I4 6.876&14 7928E-l4 2.256E-13 5.122E- 1 3 9.261E-13 1.470E-12 2.143E-12 1.122E-11


F22 1 1210E-10 1.219E-10 1,243E-10 1.303E-10 1.513E-10 1.506E-10 1.235E-10 1 .400E-10 1 .7 46E-10 2.147E-10 5.790E-10


'... 1R223 6.190E-12 6202E-12 6,256E-12 6.391£.12 7.01 FE. 1 2 1,395E-11 2.513E-11 3.968E-1I 5,761E-Il 7.991E-1I 3,258E-10


RA222 1.085E-09 1.084E-09 1,074E-09 1.050E-09 9.503E-10 3995E-10 1470E-10 5410E-11 1.991E-II 7.326E-12 5.6 28E-15 '..


RA223 1.342E-10 1.348E- 1 0 1.364E-10 1,407E-10 1,610E-10 4,013E-10 8.689E-10 1.573E-09 2,521E-09 3,713E-09 2,363E-08 '..


8-0224 4.576E-07 4.598E-07 4.653E-07 4.843E-07 5.746E-07 1.695&--06 3.455E-06 5.663E-06 8.296E-06 1.133E-05 4407E-OS


RA22


5


2.550E-10 2.642E-10 2.618E-10 2.555£.10 2.297E-10 1.260E-10


_


1.231E-10 1.539E-10 1930E-I0 2.346E-10 5.790E-10
R -0226 8.327E-14 8.361 E-14 8.462E-14 8.736E-I4 LOOSE-13 2.667E-13 SJ66E-13 1.014E-I2 1.381E- 1 2 2.279E-12 1.122E-11


RA228 4957E-15 4.977E-15 5.039E-15 5.207E- 1 5 6.006E-15 1.596E- 14 3.417E-14 5.951E-14 9.192E-14 1.314E-53 6.146E-13


AC225 1.210E-10 1.21 8 E•10 1.242E-10 1.303E-10 1.512E-10 1.506E-10 1.235E-10 1.400E-10 1,746E-10 2.147E-10 5.790E-10


AC227 4 , 4RSE-10 4497E-10 4,533E-10 4.631E.10 5,085E-10 1.011E-09 1.821E-09 2,876E-09 4.175E-09 5.718E-09 2.361E-08


AC228 5,633E-08 4,493E-08 2.280E-08 3.735E-09 1.094E-12 1.596E-14 3A 17E-14 5.955E-14 9.193E-14 1,314E-13 6.146E-13


1H226 1.085E-09 1.083E-09 1,074E-0 9 1.050E-09 9.503E-10 3.995E-10 1.470E-10 5,410E-i1 1.991E-i1 7.326E-12 5,628E-15


IH227 2.329E-1 0 2.336E-10 2.359&10 2.419E-10 2,693E-10 5.833E-l0 1.165609 1.988E -0 9 3052E-09 4.357E-09 2.330E-08


TH228 5.937E-07 196-7E-07 6,057E-07 6.301E-07 7455E-07 1,964E-06 3805E-06 6.090E-06 8.796E-06 1.190E-OS 4.402E-05


TH229 • 5.550E-I1


__ _


5.562E-1I 5.596E-ii 5.688E- 1 1 6.100E-11 9.678E-I1 1.383E-10 1.800E-10 2.221E-10 2.645E-10 5.790E-10


1H230 3.388E-09 3,398E-09 3.427E -0 9 3.505E-0 9 3.858E-09 6.927E-09 1,050E-08 1,411E-08 1.776E-08 2.145E-08 4.895E-08


1H231 5.357&02 5.347E-02 5.323 5 -02 5.273E-02 5.195E-02 5.182E -02 5.182E-02 5 .1 82E -0 2 5.182E-02 5.182E-0 2 5.182E-02


'.. TH232 8.744E-13 8,768E-13 8,840E-13 9.031E-13 9.893E-13 1,736E-12 2.597E-12 3.459E-12 4.321E-12 5.182E-12 1.136E-11


TH233 4.547&,-03 1.055E-04 1,317E-09 1.104E-22 0.000E+00 0.000E+00 0.000£,00 0000E+00 0.000E+00 0,000E+00 0,000E+00


TH234 8.5755- -0 4 9.579E-04 8.590E-04 8.619E-04 8.745E-04 9,476E-04 9.856E-04 1,002E-03 1.008E-03 1.011E-03 1.013E-03


P?.231 1,667E-07 1.669E-07 1.677607 1.697E 0 7 1.788E-07 2.615E-07 3.561E-07 4,508E-07 5.454E-07 6.400E-07 1.291E-06


'.. PA232 4.178E-02 997E-02


]


3.502E-02 2.461E-02 5.034E-07 5.347E-09 6.843E-16 8.758E-23 1.121E-29 1433E-36 0.000E+00


9A233 2.0. 16 E-02 829E-02 66E-022 2.967E-02 3.44 95 -02 7.313E-02 1.023E-01 1.151E-0I 1.251E-O1 1.238E-01 1.262E-01


PA234M 3.976E-03 8.579E-04 8.590E-04 8,620E-04 8.745E-04 9,476E-04 9.856E-04 1.002E-03 1.008E-03 1011E -03 1013E-03


PA234 3.020E-0 3 2.456E-03 5.321E-03 2.532E-04 1.284E-06 1.232&06 1,281 E-06 1,302E-06 _ 1.311E-06 1.315E-06 1,317E-06


PA235 2364E-0 8 7495E-10 2.388E-14 2437E-26 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 OO0OE+00 0.000E+00


U230 1083E-09 I.O82E-09 1.073E -0 9 1.049E-09 9.493E-1O 3.991E-10 5.469&10 5405E-1I 1.989E-II ?318£-12 5.622 E•IS


U231 6.243E07 6.158E-07 5,909E-07 5193E-07 ( 3.226E-07 4.419E-09 I 3.127£---11 2.2 14E-13 1368E-15 1332E-17 5.026E-33
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1.OD 400 30.OD 60.00 90.00 120.00 150.00 363.20


11232 3.65 813 -0 5 -O3.671E S 3.710E-055 3.799E-05 4,070E-05 5.611E-63 7,326E-05 9.007E-05 1.065E-04 1 1.22613-04 2.28913.04


0233 5.313 E-06 5.313£-06 5.313E-06 5.313E-06 5.314E-06 5.332E-06 5.364E-06 5403E-06 5.446E-06 5.490E -06 5.R14EA6


11 234 4.762E-03 4.763E-03 4.763E-03 4.764E -0 3 4.768E-03 4.811E-03 4,861E-03 4910E-03 4,959E -0 3 5.008E-03 5361E-03


11235 5 .182E-0 2 5.182E-02 5.182E-02 5.182&02 5.182E-02 5 . 182E-02 5 . 182E-02 5.182E -02 5.182E -0 2 5 . 182E-02 5.182E-02


11236 2.126E-01 2.126E -0 1 2.126E-0 1 2.126E-01 2.126E-0 1 2.126E-0 1 2.126E-41 2.12613-01 2.126E-01 2.126E -0 1 2.126E-01


11237 4.720E+06 4.680E+06 4.561E+06 4.259E+06 3.130E+06 2.168E+05 9.957E+03 4.57313+02 2.100E+01 9.651E-01 3.590E-04


U238 1013E-03 13013E-03 1.013E-03 1.013E-03 1.013E -0 3 1.013E-03 1013E-03 1.013E-03 1.013E-03 1.013E-03 1 .0 13E-03


11239 3.834E+06 1.119E +05 2.778E+00 1,458&12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00E+00


0240 7.723E+01 7.000E+01 5.212E+01 2.374E+01 6.890 E-0l 2.565E-09 2.565E-09 2.565E-09 2.565E-09 2.565E-09 2.565E-09


11241 8.214E-03 0.000E+00 0.000E+00 0.000E+00 I 0900E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00


N 5 235 2.052E-03 2.052E-03 2.05413-03 2,049E-03 V 2.038E-03 1947E -03 1.848E-03 1.753E-03 1.663E-03 1.578E-03 1.083E-03


N P236k( 4.753E+00 4.469E+00 3.714E+04 2.269E+00 2.4691.01 l 107E-09 2.576E-19 5,999E-29 1.397E-38 3.252E-48 0.000E+00


NP236 8.100E-07 8.100E-07 8.100E-07 8.100E-07 8.100E-07 R.100E-0 7 8.100E-07 8.100E-07 8.100E-0 7 8.100E-07 8.10013.07


NP237 8 . 544E-02 857913-02 8 . 68213-02 8.94213 -Q2 9.918E-02 1.243E-0 1 1.261E -O1 1.262E-01 1.26213-01 1.26213 .01 1.262E-0 1


NP23R 3.919E+05 5. 81 8 E+05 5.3616+05 4.310E+05 1.614E+05 3.240E+01 1.768E-03 1.280E-0 5 1.270E-45 1.270E-0 5 1266E-0S


P239N 3,742E+06 3677E+06 3.411E+06 2.808E+06 1.161E+06 5.521E+02 1.144E-01 2.954E -0 2 2.953E-02 2.953E-02 2.952E-0 2


NP240M 8.432E+03 7.073E+01 5.258E+01 2.395E+01 6351E-01


I


2.565E-09 2.565E-09 2.565E-09 2.565E-09 2.565E-09 2.565&09


NP240 3.336E+04 9.278E+03 1.996E+02 7.149E-03 2.963E- 15 LOIRE-23 1.01813-23 101813-23 1018E-23 1.418E-23 LOIRE-23


NP241 8.214E-03 4542E-0 5 7.657E-12 6.642E-30 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00


P 11 236 2.037E-02 2.049E-02 2.081E-02 2.142E-02 2.225E -0 2 2.198E-02 2.154E-02 2.112E-02 2070E -0 2 2.029E-02 1.758E -0 2


PU237 2921E-O1 2.917E-01 2.906E-01 2.877E-01 2749E -01 1.88113-01 117313-01 7.437E-02 4713E-02 2-487E-02 1.134E-OS


PU238 1.727E+02 1.738E+02 1.7138E+02 1.838E+02 2.016E+02 2.121E+02 2.120E+02 2.119E+02 2.111E+02 2.116E+02 2.106E+02


PIJ239 6.522E+00 6.546E+00 6.616E+00 6.779E+00 7.220E+00 7.531E+00 7.531E+00 7,531E+00 7.531E+00 7.531E+00 7.531E+00


911 240 4 .086E+00 4.087E+00 4.08713+00 4.087E+00 4.087E+00 4,087E+00 4,087E+00 4,087E+00 4087E+00 4,087E+00 4,087E+00


U241 1.53513+03 I 1.535E+03 1.535E+03 1-535E+03 1.535E+03 1.529E+03 1.523E+03 1.517E+03 1.511E+03 1.50513+03 1,463E+03


PL'242 6.745E-03 6.745E-03 ` 6.745E-0 3 6.745E-0 3 6 . 745E-03 6.745E -03 6.745E-03 6.745E-03 6.745E-03 6.745E -0 3 6.745E-03


PU243 1.150E+04 8.697E+03


.


3.758E+03 4,008E+02 1.695E-02 5341E-12 5.341E-12 5.341E-12 5341&12 5.341E-12 5.341E-12


PU244


PU245


2.868E-09


7,202E-02


2.568E-09


.6.319E-02


2.868E-0 4


4,268E 02


2.568E-0 4


1.499E 02


2.868E 04


1353E04


2.568E-09


2 571 E-22


2.468E -0 9


9. 179E-43


2.868E-0 9


3.277E-133


2.56813- 04


1.174E-83


2.868E -09


4,177-104


2.56813 -0 9


0.000E+00


PU246
T


6(1913-05 5387E-05 5.8921305,j 5. 647E-05 4.662 1305 8855E -0 6 1303E -06 1916E-07 2.819E -0 R 4.148E-09 4,438 E- 15
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7


RADION UCLIDE SCRAM 20NR 8.OHR I.OD 4.00 30.00 WHO 90.OD 120.O13 150,00 365.2D
AM2 39 7 .140E-06 6.355E-06 4.480E -06 1.764E-06 082.6626- 4.366E-24 2.610E-42 1.633E - 60 9.985E-79 6.106E-97 0.000E+00


-0 61240 1 . 521E-03 1.4 806-03 1363E 03 1.096E -0 3 044.1046, 8,2406-08 4.465E- 1 2 2619E-16 1.311E-20 7.104E - 25 0.000E+00


AM241 8.779E-02 8 . 835E-02 9 . 003E -0 2 9.453E-02 1.147E-01 2.896E -01 4.906E-01 6 . 908E-01 8.902E-01 1.089E-00 2.489E+00


�AM242M 2.544E-03 2 . 544 E-03 2.544E-03 2 . 544E 0 3 2.544 6- 0} 2.543 E- 03 2.542E -0 3 2 . 541E-03 2.540E-03 2.539E-03 2.533&03
AM242 3.6896+02 3.383E + 02 2.609E+02 1.306E-02 5 . 795E+00 2 . 531E-03 2 . 530E-03 2 . 529&03 2 . 528E-03 2.527E-03 2.520E-03


Ab1243 2.8646-02 2 . 886E-02 2 . 924E-02 2.949E -02 2952£-02 2.952E-02 2 . 952E-02 2.952E -02 2.952&02 2.952E-02 2.952E-02
.4h4244NI _ 1.389E+03 5 . 6666+01 3.847E-03 2.953E-14 O 000E-00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0,000E+00


.4M244 7,137E+01 6.222E + 01 4.1226+01 1375E+ 01 9.823E-02 2-568E-13 2.568E - 13 2.568E-13 2 . 568&13 2 . 568E-13 2.568E-13


,4M245 7 . 202E-02 6.9586 -02 5.184E-02 1.863E-02 1.681£-04 1.641E-13 1.538E - 13 1.441E-13 1 . 351E-13 1.266&43 7.941E-14


AM246 6 . 023E-05 5997E-05 5.902E-05 5 . 656E-05 4.669E-OS 8 . 869E-06 1705E -06 1.920E-07 2.824&QR 4.155E -09 4.445E-IS


CM241 7.161E-06 7 . 150E-06 7.116E-06 7.025606 6.631&06 4 . 01 9E-06 2.255E-06 1 . 266E-06 7.105E -07 3-988&07 6.327E-09


CM242 1.477E+01 1.487E+01 1.512E+01 1.551E-01 1 . 573E+01 1.411E+01 '' 1.242E+01 1.093E+0 1 9.626E + 00 8.475E+00 3.399E+00


CM243 2.297 &O3 2.297E-03 � 2.296E-03 2 . 296E-03 2.296E-03 2 . 29 2 E-03 2.287E-03 2.283E-03 2 . 278E-03 2 .2746 -03 2.241 E-03


Ch 1 244 1310E + 00 1.314E+00 1 . 315E+0D 1.317E+00 1.3176+00 L}I4E+60 1. 310 E+00 1.306E + 00 1.301 E+00 1.297E+00 1.268E+00


CM245 6.717E - 05 6.117E-05 6.717E-05 6.717E-05 6.71 8 E-05 6718E-05 671 R£-05 671 R£-05 6718E-05 5.718E-05 6.717E-05


04 246 4.858E -06 4.858E- 0 6 4.858E-06 4.858E 06 4.859E-06 4.8596-06 4.859E-06 4 . 854E-06 4.859E -06 4,859E-06 . 4,858E-06


CM247 5.341E-I2 5.341E-12 5 . 341E-12 5.341E-12 5.341E-12 5 . 341E-12 5 . 341E-12 5.341E-12 5 . 341E-12 5 . 341E-12 5.341E-12


C M248


.


5.118E-12 5.118E-12 5.118E-12 5.11RE-12 5.118E-12 5.118E-12 5.1 IRE-12 5.118E-12 5 . 118E-12 5 A 18 E-12 5.118E-12


CM249 1. 536E-06 4,199E -07 8.587E-09 2.768E-13 7.348E45 2 -671&15 8.313E-16 2.587E- 16 8.049 6 -17 2.505E-17 5.780E-21


CM250 1.557E-18 1.557E - 18 .1.557E-18 1 . 557E-18 1.557E-18 1.557E - 18 1.557E-18 1.557E - 18 1.557E-18 1.557E-18 1.557E-18


CM251 6046E- 16 0.000E+00 0.000E-00 0.000E-00 0 .000E-00 0.000E +00 0.000E+00 0.000E+00 0 . 000E+00 0.000E + 00 0.000E+00


BK249 1.186E - 08 1.202E-08 1.207E-08 1 . 205E-08 1.197E-08 1.132E-08 1 . 060E-08 9.937E-09 9.312E-09 8.726E-09 5 . 475E-09


BK250 2.850E-07 1 . 853E-07 5.099E-08 1632E-09 1.484E-1S 1.103E-15 1.023E - 15 9.4856-16 9 . 796E-16 8 . 157E-16 4.750E-16


9 K251 1 . 123E-09 2.609E-10


.


3.276&12 2.788E-17 0 . 000E+00


_


0 . 000E+00 0.000E+00 0 . 000E-00 0 . 000E+00 0.000E+ 00 0.000E+00


CF249 2 . 220E-13 2.274E-13 2.437E-13 2 . 872E-13 4 . 823E-13 2 . 121E-I2 7 . 9006-I2 5 . 567E-12 7.129E - 12 8.593E-12 1,671 E-11CF
250


1 . 176E-10 1.204E - 10 1 .242E-10 1 . 256E-10 1.256E-10 1,251 E-10 1 . 245E-10 1.2406-10 1.235E- 10 1.2296,-i 0 1.192&10


CE251 `


CF252


CF25}


CF25 4


�. 4 100E -1 3


2.762E -12
2.295E -1 2


4301 & U


2 7536.- t2


2 293E- 12


4.301 F--13


2.727F.-12


2226E14


4,301E-13


2 657E 12


2.269E 12


4.361 E-13


2,972E-1 1
2.764E-12


4.301E- 13


2,91 7F91 7F
R 596E 13


6 27


2
85


I 14.300E-13


2.951E-1 1


32 . 6756-1


4 . 360&13


2.79J&T 1


8 1 23&14


4 . 300E-13


1734E -11


2.590& 14


4.300E - 13


2,676F -11
4060E-15


4.298E-13


862&11


.860E- 1R


. 497E-16
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Table 20, 2-1, (continued)
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1....
RADIONUCLIDE SCRA? 2.OHR R . O}iR LOU d.OD 30.0 1) 69 BD 90.00 120.0 1) 150.00 365.20


CF255 4.247E-15 1.371E-1 3 5.228E-!8 3 . 216E-21 1.143E-35 0.000E+00 0 . 006E+00 O. 000 E+00 0 . 000E+00 0.000E +(}0 0.000E+00


55253 2.363E-13 2.434E-13 2,643E-13 3.183E - 13 E-135.288 1.025E-12 6 .638E-13 3.314E- 13 1. 483£-1J 6.252E - 14 6.721E-17


ES254M 2094E-14- 6.848E-14 6 . 160E-14 4 . 646E-14 1.304E - 14 2.166E-19 6.616E- 25 2.021E-30 6,172E-36 1.885E -41 0.000E+00


ES25 4 1189E-IS 1.188E-15 1,18 8E- 15 1 . 186E-15 1 . 1 77E-13 1.102E- 15 1.0225,-IS 9.4785.16 8 , 740E-16 8.151 E-i6 4.745E- 1 6


58255 2.243E-16 2 . 282E-16 2.297E - 16 2.270E-16 2.149E-i6 1.354E-16 7.949E- 17 4.640E-17 2 . 708E-17 1.581E - 17 9.606E-20


TOTAL 1.295E+ 07 9.071E+06 8.520E+06 7 , 501E+06 4.455E+06 2 , 191E+05 1.172E+04 2 . 212E+03 1.768E + 03 1.741E+03 1.693E+03


ACTIVITY IN CURIES FOR ACTINIDES+DAUGHTERS (BY ELEMENT)


TL 1.646E-07 1.669E-07 1 . 652E-07 1 . 753E-07 1 . 995E-07 6 . 094E-07 1 . 2 4 2E-06 2.036E-06 2.983E-06 4.075E-06 1.586E- 05


PB _ . .5805-07 4.581E-07 4.597E - 07 4.708E-07 5.347E-07 1 . 695E-06 3 . 456E-06 5.665E -06 8.299E-06 1.134E-05 4409E-05


131 4.580E-07 4.582E-0 7 4 . 594E-07 4.878E-07 3.552E-07 1,695E-06 3.456E-06 5,665E-06 8.299E-06 1. 1345 -05 4.469E- 05


PO 7.523E-07 1.546E-07 7.619E,07 7981E-07 9.314E-07 2.782E-06 5 . 670E-06


_


9,294E-06 1,3615-05 1. 860E-05 7.232E-05


A T 1.210E-10 1.219E- tO L243&10 1 . 303E-10 1 . 513E-10 1 , 506 5-10 1 . 235E-10 1 . 400E-10 1.746E-10 2.147E-10 5.790E-10


RN 4,588E-07 4,611E-07 4.676E -0 7 4.856E-07 5.7585-07 1.696E-06 3 . 4565-06 5 . 665E-06 8.299E -06 1.133E-05 4.409E-05


FR 1,272516 1.281E-10 1 . 305E-10 1=367E-10 1 583E-10 1.645E - 10 1.486E-10 1.797E - 10 2.322E-10 2 , 9365-10 9 . 048E- 110


RA 4.591 E-07 4.612E-07 4 . 678E-07 4,858E-07 5.759E-07 1.696E-06 3 456E 06 5,665E-06 8.299E-06 1 . 134E-0 5 4,409E-05


AC 5.690E-09 4.550E-09 2.338E-08 4.328E-09 6.609E - 10 1.162E-09 1 , 9445-49 1 016E-09 4.3496 -09 1.933E-09 _ 2419E-08


TH 5.847E-02 5444E-02 5 . 409E-02 1359E-02 5.282F -02 5.2 77E-02 5 . 281&02 5.283E -02 5.284E-02 5.284E-02 5.288E-02


PA 1,694E-02 7.1385-42 6. 386E-02 5 . 540E-02 4.039E-02 7 . 610E-02 1.073E-01 1.161E-01 1.221E-01 1.2485-01 1.272E-0l


U 9.555E+06 4.792E+06 4 . 561E+06 4 . 259E+06 3 . 130E+06 2 . 168E+05 9 , 957E+03 4 . 576E+02 2.128E+01 1.236E + 00 2.714E-0 1


NP 4.382E+06 4.268E+06 3.953E+06 3 . 239E+06 1 . 323E+06 5.846E+02 2.401E-01 1,5756-01 1, 574E-01 1 . 573E-01 1568E-01


PU 1.322E+04 1.042E±04 5 . 481E+03 2.131E+03 I.748E+03 1.753E+03 1747E+03 1.741E+03 1135E + 03 1.729E+03 1.686E+03


AM L829E+03 4.574E+02 3 . 023E+02 1.445E +02 6.041E+00 3.242E-01 5 . 252E-0 1 7.254E -01 9,248E-01 1.123E+00 2.524E+00


CM 1.608E+O1 1 . 619E+0f 1.643E + 01 1.683E+01 1.705E + 01 1. 542E+01 1 .373E+ 0 1 1.224E+01 1.093E +01 9.775E+00 4.670E+00


BK 2.980E-07 1.976E-07 6.306E-08 1.368E-08 1.197E-OR 1. 132E -OR 1.060E-08 9937E-09 9 . 3125-49 8.126E -09 5.475E-09


CE 1.509E-10 1.537E - 10 1. 574 5--70 1 . 588E- 10 LSR65 - 10 1.577E-10 1.577E - 1 0 1.580610 1 . 584E-10 1 . 5875-tO 1.592E-10
Es


-_


3.0R6E-13 3.133E 13 3 . 274E-13 3.662E- 13 5.433E-13 1 . 027E-12 6,649E-13 3,324E-13 1.492E - 13 6.335E-14 5 .4 18E-16


TOTAL � II
295E,07


9.071E + 06 8.520E+06 7.507E+06 4+155E6 2.191E+ 05 1 . 172 E+04 2212E+03 1768E +03 1.74 1E+03 1.693E+03
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Effective Date: 08/10/04


CUMULATIVE TABLE TOTALS


AP-Fl' 0000E+ 00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0,0005,+ 00 0.000E+00 0.000E+00 0 . 0005+00 0.000E+00
ACT-FP 1.295E+07 9.071E+06 5.520E +06 7.501E+06 4.455E+O6


'


2 . 191E+05 1.172E+04 2 . 212E+03 1765E + 03 1.741E+03 1.b93E+03
AP+AC7+FP 1.295E + 07 4.671E+06 8.520E+06 _I 7.501E+06 4


E06
4 2.191E+05 1.172F,+04 2.212E+03 1.765E+03 1741E+03 1.693E+03


0DUCTS


N3
SCRAM


2.120E+02


2. OHR


2.120E+02


ROHR


2 . 120E+02


1.0 0


2.120E +02


4.00


2.119E+02


30.00


2.111E+02


60.00


2 . 101E+02


90.00


2.091E+02


120.00


2 .0 52E+02


150 . 00


2.072E+02


365.20


2.005E+02


QE t0 1.339 E-06 1.339E-06 1.339E -06 1.339E-06 1.339E-06 1.339E -06 1.339E-06 1.339E-06 1.339E.06 1.339E-06 1.339E-06
C14 5401E-05 5.401E-05 5.401E -05 5.401E-OS 5.401E-05 5 . 401E-OS


_


5.401E -05 5401E-OS 5401 E-OS 5.401 E•05 5,400E-05


CU 66 1.021 E-03 8.433E - 11 4.7515-32 0 . 000E+00 0.000E+00 0 . 000E+00 0 .000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CIi67 1.500F,-08 1.467&08 1 . 371E-0R 1.146E-OR 5.116&09 4.703E - 12 1,475E-15 4.624E-19 1.450E-22 4.546E-26 0.000E+00


I ZN69 6 . 945E-10 1.941E-10 3.437E - 11 1.451E-11 3 . 961 EJ3 8 . 638E-27 1.535E-42 2.728&58 4.847E-74 8,614E-90 0.000E+00


_ ZN69M


GA 70 _


4 . 526&II


1.326E-12


4.093E-11


2 , 644E-14


3 . 025E-l1


1.933E - 19


1.351E-i1


3.891E-33


3.595E-13


0 , 0005 +00


8,044E-227


0.000E+00


1.429E -42


0.000E+p0


2.540 5- 58


6 , 000E+p0


4.514E-74


0000E +00
8.022 5-90
0.000E+00


0.000E+00


0.000E+00


0072 I.R I9E+00 QOOOE +00 0.000E+00 0.000E+00 0.000E +00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0,0005+00 0.000E+00


'3172 5 . 994E+01 0 . 000E+00 0.000E+00 0 . 000E+00 0900E+00 0000E+00 0.000E+00 0 .000E+00 0 , 000E+00 0.000E+00 0 . 000E+00


CU 72 1 . 294E+02 0 .000E+00 0 . 000E+00 0.000E +00 0.000E+00 0900E+00 0.000E+00 0 , 000E+00 0.000E + 00 0.000E+00 0.000E+00


7N 72 1. 473E+02 1.430E+02 1 . 305E+02 1.030E + 02 3.522E+01 3 215E-03 7 . 015E-0 8 1 . 531E-12 3.340E-17 7.289E-22 0.000E+00


04 72 1482E+02 1479E+02 1.450E+02 1.284E +02 4.998E+01 4614E-03 1.007E-07 2,197E-12 4.794E-17 L046E- 21 0,000E+00


CO 73 1 . 955E-01 0.000E+00 0.000E+00 0 . 000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0000E+00 0 . 000E+00 0,000E+00 0 .000E+00


NI 73 3 . 072E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0000E + 00 0.000E+00 0,000E+00 0 . 000E+00


CU 73 2.301E+02 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0900E+00


ZN 73 4.909E+02 0 .000E+00 0.000E + 00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0 . 000E+00 0.000E +00 0.000E+00 0.000E+00


0A73 5.057E+02 3 . 812E+02 1.626E +02 1.676E+01 6.071E-04 0.000E+00 0000E+00 0.000E+00 0 . 000E+00 0000E + 00 0000E+00
GE73M 5.057E+02 3 . 8 1 2E+02 1 . 626E+02 1. 676E + 01 6.071E-04 0 . 000E+00 0.000E+00 0 . 000E+00 0000E+00 0,000E+00 0.000E+00


CO 74 1.490E-01 0.000E + 00 0,000E+00 0.000E+00 0.000E+00 0 , 000E+00 0040E+ 00 0000E+00 0,000E+00 0 . 000E+00 0.000E+00


74 4.897E+01 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E+ 00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0900E +00 0,000E+00


74 5.146E + 02 0.000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E +00 0000E+00 6.000E+00 0 . 000E+00 0,000E +00 0000E+00.


74 1 . 250E+03 0000E+00 0 . 000E+00 0.000E +00 0.000E+00 0.000E +00 0.000E+00 0900E+00 0 .000E+00 0.000E +00 .000E+000


74 i .2965 +03 554E-02 2.320E-15 0.000E+00 0 . 000E+00 0.000E+00 0000E + 00 0000E+00 0000E+00 0 .000E+00 0.000E+00


ACTIVITY IN CURIES FOR 95810
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Table 20.2-I,( continued).
SCRAM 2.OHR R .0 HR LOD 4.00 30.00 60 . 00 90 OD 120.00 150 .0 0 365.20


co 75 1. 955E-02 0.0005 + 00 0.000E+00 0.000E+00 0 .000£+00 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00 0.000E+00


NI 75 2 . 006E+0 1 0900E + 00 0.000E+00 0.000E+00 0900E+00 0.000E+00


_


0.000E+00 0 . 000E+00 0. 000E+00 0.000E +00 0.000E+00


LCU 75 5654E+02 0 . 000F-+ 00 0.000E+00 0.000E+00 0.000E-00 0 . 000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0 .000E+00 0.000E+00_


ZN 75 2.765E+03 0 .000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 _ 0,0005+00 0 . 000E+00 0.000E+00 0 . 000E + 00 0.000E+00 0.000E+00


GA 73


GE 75


3.136E+03


T 3 .146E+03�


3 . 282E- 16


I 18 2E+03


0.000E + 00


9.803E+01


0.600E+00


1,877E-02


0.000E+00


3 . 694E-IS


0 . 000E+00


6.060E+00


0.000E+00


0.000E+00


0.000E+00


0900E+00


0.000E+00


0 . 000E+00


OAOOE + 00


0.000E +00


0.000E+00


0.000E+06


GE 75M 1.302E+02 2.299E - 17 0.000E+00 0.000E+00 0 . 000E+00 0.000E + 00 0.000E + 00 0.000E+00 0 .000E+ 00 0.000E+00 0.000E+00


AS 75 0 .000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00 O,000E + O0 DAOOE+00 0.000E+00 0000E+ 00 0.000E+00 0.000E+00_


NI 76 6 . 561E+00 0.000E +00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00


Ctf76 5 , 488E+02 0 . 000E+00 OAOOE + 00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E +00 0.000E+00 0,000 E+00


ZN 76 6,483E +03 0.000E+00 0000E+00 0 . 000E+00 0.000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00


GA 76 9. 078E+03 0 . 000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00 0 . 000E+00 0.000E + 00 0,000E+00


AS 76 9 . 679E+01 9 . 183E+01 7.841E+01 5,145E+01 7.724E+00 5.634E-07 3.279E-15 1 . 909E-23 1.111E-31 6.466E-40 0,000E+00


NI 77 9. 087E-01 0 . 000E +00 0.000E+p0 0.000E+00 0.000E+00 0.000E +00 0.000E+00 0000E+00 0 . 000£+00 0000E + 00 0.000E+00


CU 77 2358E +02 0.000E+00 0,000E+00 0 . 000E+00 0.000E+ 00 0 . 000E+00 6.000E + 00 0.000E+00 0000E+00 0 . 000E+00 0.000E+00


ZN77 7 . 510E+03 0 . 000E+00 0 . 000E+00 0.000E+00 O.000E+00 0.000E+00 0.000E+00 0 .000E+00 0.000E+00 0 . 000E+00 0.000E+00


GA 77 1924E + 04 0.000E+00 0.000E+00 0 . 000E+00 0.000E + 00 0.000E+00 OO00E+00 0 . 000E+00 0.000E + 00 0.000E+00 0,000E+00


GE77 7.195E+03 6 . 370E+03 4 , 409E+03 1 . 652E+03 1.995E+01 4. 751E-16 3 , 134E-35 2.067E - 54 1364E-73 8.996E-93 0 . 000E+00


GE 77Af 1 . 704E+04 0.400E+00 0.000E+00 0 . 000E+ 00 0 . 000E+ 00 0.000E+0


0


0.000E+00 0000E+06 0 . 000E+00 0.000E + 00 0.000E+00


AS 77 2 . 053E+04 2.005E +04 1.555E+04 1.462E+04 4 . 220E+03 6.103E-02 I.S86E -07 4,120E-13 1071E - 18 2.781E-24 0 , 000E+00


SE 77M 1 70E+01 4973E+ 01 4.601E+0 1 3.627E+01 L047E+01 1514E-04 3.933E - I0 1.022E-15 2.6555-21 6.899E-27 0 . 000E+00


N1 78 1,0 20F.- 01 O.OOOE+00 0 . 000E±00 j 0 . 000E+DO t ... 0.000E+00 OOOOE+00 0000E+00 I 0.000E+00 0 . 000E+00 0900E+p0 0.000E+00


CU 7 8 5.942E + 01 0.000E+00 0.000E+00 0000E+00 0060E + p0 0006E+00 0.000E+p6 0000E+00 0.000E+00 0.000E+00 0 . 000E+00


ZN 7R �.


GA78


GE 7R


. 8.6155+03


3 . 718E+04


4 . 132E+04


0.000E + 00


0000E+00


1.597E + 04


0.000E+pp


0.000E+00


8,073E+02


0000E00


0 . 000E+00


4+326E-01


OO00E+ 00


0 . 000E+00


4 . 574E-16


0.000£+DO


0.000E +00


6.000E +00


00005 + 00


0.000E+00


0.000E+00


0.000E+00


0,000E+00


0.000E+00


0,000E+00


0.000E+00


0 . 000E+00


0.000E+00


0.000E +00


0,0005 +00


0.000E+00


0.000E+00


0.000E+00


AS 7 9 4,198E+04 3.172E + 04 4,673E+03 6.768E+00 I 6.633E-14 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E +00 0.000E+00


CU 79 1045E+ 01 0,000E+00 0,000E+00 0.000E+00 0900E +00 0.000E+00 0.000E+00 0000E+00 0000E + 00 0.000E+00 0.000E+00


ZN 79 3.325E +03 0.000E+00 0.000E+00 0000E+00 0.000E+00 0 .0 00E+00 0.000E+00 0.000E+00 0 . 000E+00 0-000E+00 0.000E+00


GA 79 3. 389E+04 0 . 000E+00 0 . 000E+00 0000E+00 0.000E+00 0000E+00 0.000E+ (J0 0 . 000E+00 0900E +00 0.000E+00 0.000E+00
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Table 202-1. (continued).
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SCRAM 2.0HR ROHR 1.01) 400 30,0 1) 60.01) 90.00 120.01) 150 .01) 365.20


GE 79 8 8 1 5E+04 0000E+00 0.000E+00 0.000 E+00 0.000E+00 0 . 000E+00 0,000E+00 0.004E+00 0000E+ 00 0.000E+00 O.DQDE+00


A' 79 1971E+05 I.114E+01 1.013E-}1 0,000E+00 4000E+ 00 0,000E+00 0,000E+00 0 . 000E+00 0000E +00 0.000E+00 0000E+00


SE79 _ 1 939E-01 1.939E-01 1 .939E -01 1 . 939E-0 1 1 , 939E.01 1 . 939E-01 1.939E -01 1.939E-01 1 . 939E-01 1939E-01 1939E-01


SE 79h1 1.072E+05 1962E + 01 1.754&11 0900E + 00 0,000E+00 0.000E+00 0 . 000E+00 0.000E+00 0,000E+00 4.000E +00 0.000E+00


BR 79M 5.675E-03 0 , 000E+01) 0.000E+00 0 . 000E+00 0.000E+00 0,000E+00 0000E +00 0.000E+00 0,000E+00 0 . 000E+00 0.000E+00


CURD 1 . 4 16E+00 0 , 400E+00 0 . 000E+00 0 . 000E+00 0.000E +00 0.000E+00 0.000E+00 0 . 004E+O0 0000E+00 0.0005+0O 0.000 5+00


ZN 80 1.516E+03 0 . 000E+00 0000£ 00 0.000£+00 0.000E+00 0 . 000E+00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00


GA 80 4.425E+04 0 , 000E+00 0 , 000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0000E+00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00


GE RO 2 . 229E+05 0900E + 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0 ,000E+00 0.000E+00


AS 80 2.535E +05 0.000E+00 0,000E+00 0 .000E+00 0 , 000E+00 0.000E +00 0000E+00 0.000E+00 0 , 000E+ 00 0.000E + 00 0.000E+00


BR SO 1.457E+00 5 . 205E-01 2 . 006E-01 1.631E -02 2.034E-07 0.000E+00 0 .000E+00 0.000E +00 0.000E+00 0,000E+00 0 . 000E+00


BR 86 1 6.574E-01 4.804E-01 1.875E-01 1 . 524E-0 2 1 900E -07 0.000E+01) 0.000E+00 4000E+00 0.000E+00 0,0005 + 00 0.000E+00


Co SI 7.412E-02 0.000E+01) 0 . 000E+00 4000E+110 0.000E+00 0 . 0005+00 0000E +00 0.000E+00 0.000E+00 0.000E+00 0.004E+00


z\1 81 2651E+02 0.000E+1)p OAOOE+ 00 0.000E+00 6000E+00 0 . 0005+ 00 0.000E+0O 4 . 000E+00 0.400E +40 0.000E+00 0.000E+00


GA Rl 2 . 353E+04 0000E+ 00 0.000E+00 0,000E+00 0 .000E+00 0.000E + 00 0.000E+00 0.000E+00 0 , 000E+00 0.000E + 00 0.000E+00


GE RI 2 , 908E+05 0 . 000E+00 0 . 000E+00 0.0005+00 0,000E+00 0 . 000E+00 0 . 000E+00 0 , 000E+00 0,000E+00 0.000E+00 0.000E+00


AS 81 4 . 124E+05 0 . 000E+00 0.000E+00


_._


0 , 000E-00 0.000E+00 0 . 000E+00 0 . 000E+00 0 . 0005+00 0.000E+00 0.000E+00 0 .000E+00


SERI 4,313E+45 9.540E+03 6 . 155E+01 5.368E 04 0.000E+00 0 . 000E+00 0.000E+00 0 . 000E+40 0,000E+00 0 . 000E+ 00 0.000E+00


SE SIM 1 . 355E+04 3.244E+03 4 . 167E+01 3.770E 04


....


0000E+00 0 . 000E+00 0.000E +00 0.000E+ 00 0.000E+01) 0.400E+00 0,0005+00


KR 81 1.660E-05 1.660E-08 1 . 660E-08 1.660E-0 8 1,66()E-08 1.660E-08 1.660E-05 1.6605-08 1.660E -08 1.660E-08 1.660E-08


XR Rihi 1 . 705E-02 0 . 000E+00 0 .0005+O1) 0.000E + 00 0.000E+00 0.004E+00 I 0.404E+00 0 . 000E+00 QOQOE + 00 0.000E+1)0 0.000E+00


ZN R2 2.674E+01 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0.0005+00 0 . 000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00


G4 R2


GE 8 2 �


7 . 7285+ 0 3


2.7055+05


0.000E+00


0 . 000E+00


0,0005+0O


0 . 000E+00


0.0606+00


0 .000E+00


0 . 000E+ 01)


0.000E+40


0,0005,+ 00


0 . 000E+00


0.000E+00


0 000E+O0


4.000E+00


OAOOE+00


0000E +00


0.000E+00


0.000E+00


0 . 000E+00


QOOOE+00


0.000E+00


AS82


....


4 . 356E+05 OO05+00 0,000E+00 0 . 0005+00 0 . 000E+00 0.000E + 00 0000E+00 0,000E+00 0.000E+00 0 .000E+00 0.000E+00


''. AS 8 2A1 _ 1, 642E+05 0.000E +00 0.000E+00 0900E+00 0 . 000E+00 0 . 000E+00 0.000E +00 0.000E+00 0,000E+00 0.000E+00 0.000E+00�


HR 82 I 1,054E+04 1 . 015E+04 9.022E+ 03 6.590E+03 1. 603 5+03 7 , 665E-03 5.565E -09 4.041E-15 2.934E-21 2.130E-27 0.000E+00


HR 8 2h1 4.7425 + 03 6.065E-03 1.271E-20 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E +00 0.000£+00 0.040E+00 DAOOE+00


ZN 9 3 2 .053E+00 0 . 0005+00 0 . 004E+00 OO005 + O1) 0.000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0.000E+00


GA 83 1,916E+03 0 . 000E+00 0 . 000E+00 20005+00 0.0005+00 0,000 5+00 0000E + 00 0.000E+00 4.000E+O0 0.000E+00 0 , 000E+01)_..
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Table 20.2-1, (continued).
SCRAM 10HR ROHR 11 .OD 400 30-00 60 OD 90.00 120. 00 150 . 00 36520


GE R3 ( 1972E+03 0 . 000E+00 0.000E + 00 j 0,000E+00 0.000E+00 0 . 0005+00 0.000E + 00 0000E+00 00008+00 0 . 000E+00 4.400E+04
�


AS 1 3 8.471E+05 0.000E+0 0.000E+00 0.004E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0.0008 +00 0.000E+00 0.000E+00


SE R3 4 . 045E+03 1.011E+04 1 - 943E-0l 2.210 0 . 000 E+00 0.000E+00 0 . 000E+00 0.000E+ 00 0.000E+00 0.000£+06 0.000E+p0


SE 83M 6 , 722E+05 0 . 000E+00 (MME+OQ 0 .0005 00 0 . 000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00 0. 000E+00 0.000E+00


BR 83


KR 83M


GA 94


1 . 084E+06


1.084E+06


1,106E+02


6 . 513E+05


9.529E+ 05


0.000E+ 00


1.146E +05


3.001E+05


0.000E+00


1.107E+03


4,281E+03


0 ,000E+00


9,449E-07


4 , 031E-06


0,000E+00


0 . 000E+00


0 , 000E+00


0.000E + 00


0.000E + 00


0.000E+00


0.000E+00


0.000E+00


0.000E + 00


0.000E+00


0.000E+00


0,000E+00


4 .000E+00


0.000E+00


0.000E+00


0 .000E+00


0000E+00


0 . 000E+00


0.000E+00


GE 84 3 . 847E+04 0 .000E+00 4 . 000E+00 O . O00E+00 0 . 000E+00 0 , 000E+00 0.000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00


AS R4 6.369E +05 0.000E+00 0.000E+ 00 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0.004E+00 0.000E+00 0.000E+00 0 . 000E+00


SE 84 1 . 999E+06 2 , 2845 -05 0000E +00 0.000E+00 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0 .000E+00 0.000E+00 0.000E+00


BR 84 2 -036E+06 1 . 660E+05 6 . 489E+01 5.302E -OR


_


0.000E+00 0.000E+00 0 .000E+00 4.000E+00 0.000E+00 0 . 000E+00 0.000E+00


BR 84M


GE RS


3.884E+44


1 . 291E+04


3304E - 02


O. 00 0E + 00


_ 3.213E-20


0,000E+00


0.000E +00


0,000E+00


0.000E+00


0.000E+00


0000E+00


0.000E+ 00


0.000E+00


0-000E+00


0 . 000E+00


0.000E+00


0000E +00


0000E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+00


AS 85 4.159E +05 0.000E+00 0,000E+00 0 , 000E+00 0 . 000E+00 0.000E+00 0 . 000E+00 0.000E + 00 0,000E+00 0.000E+00 0 . 000E+00


SE 85 1.266E + 06 0.000E+00 0.000E+00 O . 000F,+00 0000E+ 00 0 . 000 E+40 0.000E+00 0,000E+00 0 . 000E+00 0.000E+00 0.000E+00


'SF, RSM 9.243E+05 0.000E+00 0 . 0005+00 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00 0 . 000E+00 0.000E +00 0.000E+00


BR 8t 2.532E+06 7 . 572E-07 0.000E+00 0 . 000E+00 0 .000E+00 9.000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E + 00 0.000E+00


KR85 5.947E+03 3 . 954E+03 5965E + 03 5.971E+03 5,969E+03 5 . 941E+03 5910E + 03 5.878E+03 5.847E+03 5-816E+03 5.599E+03


KR 85M 2-561E+06 1 . 903E+06 7 , 521E+05 6 .328E+44 9 .202E-0 1 0.000E +00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00 0.000E+00


GE86 2.286E +03 0.000E+00 0,000E+00 0 . 000E+00 0.000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00 4 , 000E+00 0.000E+00


AS 86 2 . 287E+05 0.000E+ 00 0.040E+44 0.000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00


SE R6 2.648E + 06 2000E+00 0.000E+00 0,000E+00 0.000E+00 0 , 000E+00 0 . 000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00


BR 86 1 .916E+06 0 , 0005+40 4 . 000E+46 ti 0,060E+00 0 . 000E+00 0 . 000E+00 0.000E +(� 0.000E+ 00 0.000E+00 0 . 400E+00 0.000E+00


BR R6M 1.932E + 06 0,000E+00 0,000E+00 2000E +00 0,000E+00 0,000E+00 0 .000E+00 0.000E+ 00 0.000E+00 0.000E+00 0 . 000E+00


RB 86 3.851E + 03 3.839E+03 3.803E+03 3 . 710E+03 3.319E+03 1, 263E + 03 4,144E+02 1.360E+02 4.461E+01 1463E+01 4934E-03


RB 86M 7.264E + 02 0-000E+00 0,000E+00 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00 2400E + 00 0.000E+00 0000E+00 0.000E+00


GE 9 7 3,6675 + 02 QA04E+00 0.000E+00 0e00E + 00 0,000E+00 0.000E+00 0 . 000E+00 0.000E +00 0.000E+00 0.000E+00 4 . 000E+00


.4587 1,293E+05 0 , 000E+00 0 , 000E+00 0 . 000E+00 0000E + 00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00


SE 8 7 1,965E+06 2000E + 00 1 0.000E+00 0.000E+00 OA00E + 00 0000E+00 0,000E+00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00


BR R7 4 . 357E+06 I 0-000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 ( 0 000E +40 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0000E+00







Idaho ASationnl E2Meeri g and Enviro nrenlal Lobo 41209(0910312002 -Rev-7)


CHAPTER 20 - HAZARD ANALYS. Identifier: SAR-153
CLASSIFICATION OF THE FACILITY - Revision: 9


UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 20-21 of 20-56
FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


Table 20.2-I. {continued)
�. _ SCRAM 2.0HR B.OHR 1.01) 4O D 30.0D 60.0D 90 .00 ( 120.00 150.0D 365.2D


KR Si 5 172E +06 1757E+ 06 6.676E+04 LOR9E+01 9 -842E-17 0 .000E 00 0.000E+00 0.000E+00 0.000E+00 0 . 0Otl8+00 0.000E+00


R13 87 1.300E-05 1.301E-05 1.301 E-OS 1 . 301E-05 1.301 E-05 1.301E-0 5 1301E-05 1.301E -05 {-301E-05 i , 301E-O5 1.301E-OS


SR 87M 4347E+p0 __ 2.652E+00 6 . 022E-01 1.156E-02 2 . 175E-10 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00


05 RR 4195E+DO 0 . 000E+00 0.000E+ p0 0001Eigp 0.000E+ 00 0.000E+00 0.000E+00 0 . 000E+00 0900E + 00 0.000E+00 0.000E+00


AS SR 5.282E+03 0 . 000E+00 0 . 000E+00 0000E +p0 0.000E+00 0,000E+00 0 .000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 0.000E+00
SEER 7 . 173E+05 0 . 000E+00 0 . 000E+00 0 . 000E+00 0.000E + 00 O.000E+00 0.000E+00 0 .0 00E+00 0.000E+00 0.000E+00 0.000E+00


BR 8 9


�


5,018E+06 0.000 f--+ 00 0.000E+00 0.000E+00 0.000E+00 0900E +00 0.000E+00 0.000E+00 0 . 000E+00 0.000F,+00 p.000E+00
FR 8 9 .,. 7 . 319E+06 4 . 496E+06 1.039E+ 06 2.089E+04 4.845E-04 0.000E+00 0.000E+ 00 0.000E+00 0.000E+00 0 . 000E+00 0900E+00


R. 888


AS 89


7 . 390E+06


4 , 159E+02


5.013E+ 06


0.000E+00


1 . 160E+06


0.000E+00


2 3 33E-04


0000E+00


5410E-04


0 . 000E + 00


0.000E+ 00


0.000E+00


0.000E+00


0.000E+00


0000E+00


0900E+00


0 . 000E+00


0.000E+00


0 . 000E+00


0,000E+00


0.000E+00


0 .000E+00


SE R9 L 863E+05 0.0006+00 0,000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00 I 0.000E+00 0.000E+00 0.000E +00 0.000E+00


BR 9 9 3 . 785E+06 0.000E+00 0 . 000E+00 0.000E+ 00 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00 0.000E+00 0.000E+00


RR 89 9 . 274E+06 3.766E -05 0.000E+00 0.000E+00 0 . 000E+00 0.000E+ 00 0.000E+00 0.000E+00 0 . 000E+00 0 000E +00 0.000E+00
RB R9 4.6205 + 06 5.079E+04 3.768E-03 3 . 662E-22 0.000E +00 0.000E+00 0.000E+00 j 0.000E+00 0 .000E+00 0.000E+00 0.000E+00


SR 99 5594E+06 5. 590E+06 5.571E + 06 5.520E+06 5.297E+06 3 . 707E+06 2?56E+06 1 . 627E+06 1 . 078E+06 7,140E +05 3.723E+04


891`9 6 . 446E-0] 0 . 000E+00 0.000E+00 0 . 000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00


5 E90


BR 90


6.451E+04


2.5488 +06


0.000E+00


0.0005+00


0000E+00


0.000E+00


0.000E+00


0 . 000E+DO


0 . 000E+00


0.000E + 00


0.000E+00


0.000E+00


0000E+00


0000E+00


0.000E+00


0 . 000E+00


0.000E+00


0000E+ 00


0.000E+00


0.600E+00


0.000E+00


0.000E+00


KR 90 9 . 229E+06 0900E+00 60005 + 00 0900E+00 0 .000E+OO 0 . 000E+00 0900E +00 0.000E+00 0.000E+00 6 . 000E+00 0.000E+00


8990 9.549E+06 9.041E-04 0900E+00 0-000E +00 0.000E+00 O.0005+00 0 . 000E+00 0 . 000E+00 0A00E + 00 0.000E+00 0.000E+00


RB 900 -A 1,990E+06 8. 557E-03 0.0005+00 0.000E+00 0.000E+00 0 . 000E+ 00 0.000E+00 0.006E+00 0.000 E+00 0 , OODE+O0 0.000E+00


SR 90 4.657E+04 4 . 657E+04 4 . 657E+04 4 . 657E+04 4 . 656E+04 4 . 648E+04 4.639E+04 4.630E+04 4.621E+04 4.612E+04 4.548E+04.


1, 90 4 . 897E+04 4.592E-04 4.578E+04 4,843E+04 4 . 742E+04 4.650E + 04 1 4.642E+04 4.633E+04 4624E+04 4,615E+04 4.549E+04


1'90,09 1 111E+01 1 . 989E+01 5201E +00 1.453E-01 1.482E -08 0.000E+00
1
0.000E+00 0 . 000E+00 0 . 000E+00 0.000E + 00 0.000E+00


ZR 90M 2.720E-03 0 . 000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 0 . 000E+00 0.000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E+00


SF-91 6 . 458E+03 0000E +00 0 000E+00 0.000E+00


_..


0 . 000E-00 0 , 0005 +00 0.000E+00 0.000E+00 0.000E+60 0.000E+00 0.600E+00
III,
RR 91 ....7.897E+65 0 . 000E+00 0900E+ 00 0.0005+00 0.000E+00 0.000E+00 0.000E+00 0000E + 00 0.000E+00 0.000E+00 0 . 000E+00


5591 6.807E+06 0900E+00 0 . 000E+00 0.0005 + 00 0.000E+Op 0.000E+00 0 . 000E+00 0000E +00 OAOOE+00 0.000E+00 0 . 000E+00


RB 91 1.130E+ 07 0000E+00 0000E + 00 0000E+06 0.000E-00 0 . 000E+00 0 . 000E+00 0900E+00 0000E+q0 0.000E+00 0.000E+00


SR 91 1178E + 07 1.020E+07 6.181E+06 2 . 049E-06 1 .072E + 0 4 1.8085.16 0.000E+00 0000E+ 00 QAOOE+00 0.000E+ 00 0000E+00
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Tab] 20.2- I (continued).
SCRAM 2.ONR R.OHR IMB 4 -OD 30.0E 600E 90 .0E 1200E 150 . 0E 365.217


Y91 I 6.155E+06 6.160E+06 6.167E+06 6 - 151E+06 5 . 951E+06 4373E + 06 3.065E+06 2.148E+06 1 . 506E+06 1 . 055E+06 8244E+04


1'910.9 6. 836E+06 6 . 358E+06 4184 E+06 1.302E+06 6.81 0 8 +03 1.149E-16 0.000E+00 0 . 000E+00 0.000E+00 0.000E+00 O .OO0E+00


L SE 92 9.665E +01 0.000E+00 0000E+00 0 ,000E+00 0,000E +00 0-000E+00 0.000E+00 0.000E +00 0.000E+00 0.000E+00 0 . 000E+00


BR 92 3 . 812E+04 0.000E + 00 0.000E+ 00 0,000E+00 0.000E+00 0 . 000E+00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00


KR 9 2 2 980E +06 0.000E+00 0000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0.000E +00 0.000E+00 0.000E+00 0.000 E+00_


RB 92 9. 567E+06 0.000E+00 0000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E +00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00


SR 92


.


.207E+07 7,240E +06 1.561E+06 2 - 606E+04 2-619E-04 0 . 000E+00 00008+ 00 0.000E+00 0.000E+00 0 . 0008+00 0 ,000E+00


V92 1.211E + 01 1.120E+07 5 .665E+06 3837E+ 05 3.511 E01 0.000E+00 0 .000E+00 00008+00 OAOOE+00 0 , 0008+00 0,000E+00


BR 93 9.452E + 03 0.000E+00 0,000E+00 0900E +00 0.0008+00 0.000E+00 0 . 000E+00 0000 E +00 0.000E+00 0.000E+00 0 . 000E+00


L KR 93 1.013E + 06 0.000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00


RB93


SR 93


7 . 092E+06


1.283E+07


0000E + 00


1.972E + 02


0.000E+00


7.0068-13


0.000E+00


0.000E+00


0 . 000E+00


0 . 000E+00


0.000E +00


0900E+00


0.000E+00


O000F.+00


0000E+00


0.000E+00


OAODE+ OO


0 . 000E+00


OAOOE*00


0.000E + 00


0.000E+00


0.000E+00


Y93 1.303£+07 1.150E+07 7.6208 + 06 2.541E +06 L816E+04 4.579E-IS


_


1589E-36 5 . 517E-58 1.915E-79 6.646-101 0,000E+00


ZR 93 872 E Of 1:9:895F-01 9 .914E-01 9,953E-01 4972E O1 9.972E-0 1 9.972E -01 9,972E-01 9.972E-01 9 . 972E-0I 9972E-01


NB93M 4101E-03 4.118E-03 4 .151 F.-03 4. 238E-03 4.633E -03 8046E-03 1.197E-02 1 . 588E-02 1 -977E -02 2.364E-02 5097E-0 2


B R 94 6 . 568E+02 0000E+00 0900E+00 0.000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 0 . 000E+00 0000E+00 0.000E+00


KR 94 4.556E+ 0 5 0.000E+00 0000E + 00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0.000E + 00 0.000E+00 4.000E+00 ' 0.000E+00


R if 94


_


1 .593E+06 0000E*00 0. 000E+00 O . Otl0E+00 0 .006E+00 0.000E+00 0.000E + 00 0000E+00 8000E+00 0 , 000E+00 0,0008+00


SR 94 1 1 868+07 0 . 000E+00 0.000E+00 0 . 000 F.+00 0 . 000E+00 0 . 000E+00 0.000E + 00 0000E + 00 0.000E+00 0 . 000E+00 O . 000E+00


Y94 1.2588+07 1.724E+05 3.65 4 EAl 2.707E.16 0000E+00 0.000E+00 0000E + 00 0.000E+00 0.000E+00 0.000E+00 0,000E+00


NB94 L081E-05 1.O 8 IE -05 1.081E-05 1.081E-05 1 .0 81E-05 1.081E-05 1 . 081 E-05 1.081E-05 1.091E-05 1.081E-OS 1.081E-05


NB 94M I.050E + 00 1.781 E ,06 8 . 689E-24 0 . 000E+00 0000E+00 0.000E+00 0.000E+00 0 . 000E+00 0,000E + 00 0.000E+00 0A00E+00


BR 95 1 .490E + 01 0.000E+00 0.000E+00 0,000E+00 0.000E + 00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0,000E+00 0 .000E+00


KR 95 2.058E+04 0.000E+00 0 , 0008+00 0 . 000E+00 0 .000E+00 0. 0008+00 0000E + 00 0.000E+00 0,000E+00 0 . 000E+00 0,000E+00


R895 1.919E+06 0 . 000E+00 0 . 000E+00 0 . 000E+00 0.000E +000 0.000E+00 0 . 000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


SR 95 1.095E +07 0000E+00 0.000E+00 0.000E+00 0 .000E+00 0 . 000E+00 0.000E+00 0 , 000E+00 0 . 000E+00 0.000E+00 0.000E+00


195 }.....1.2 8 9E+07 4.846E+03 2.314E-07 0.000E+00 0 . 000E+00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0,000E +0q 0,000E+00


ZR 95 6 . 391E+06 6.386E+06 6369E+06 6323E+06 6.121E+06 4 -619E+06 3337E+ 06 2.411E+06 1.7428 + 06 1.259E+06 1.223E+05


tt9SEl
2.869E+06 2 . 874E+06 2.892E+06 2 . 937E+06 3 . 125E-06 3 . 987E+06 3940E+06 3,433E +06 2.805E+06 2206E+06 2 . 630E+05


4.214E+04 4 , 218E+ 04 4 .229E +04 4,255Ea04 4. 296 E+04 3.425E+04 I 2.476E+04 1789E + 04 12 92E+04 9337E+03 9 . 072E+02
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Table 20. 2-1. (continued).
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laennner: SAR-153
Revision: 9
Page: 20-23 of 20-56
Effective Date 08/10/04


SCRAM 2.0HR ROHR LOD 4.0 1) 30.01) 60.01) 90.01) 12001) 150.00 365.20


)BR 96[ 6.797E- 01- 0.000E+00 0.000E+00 0 . 000E+00 OOOE + 00 0000E+00 0.000E+00 0 000E +00 0.000E+00 0.000E+00 0.000E+00�


R 96 3363E +03 0.000E+00 0 .0 00E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 0.000E+00 0400E+00 0.000E+00 0 . 000E+00


, R8 96 4 . 055E+05 .... 0.000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E +00 0.000E+00 0.000E+00 0 . 000E+00 0.000E +00 0.000E+00_


SR 96 7 . 579E + 06 0.0006 + 00 0.0006+00 0.000E+00 0 . 000E+00 0.000E +00 0.000E+00 0.000E+00 0.000E+00 0.000E + 00 0.000E+00


Y 96 1.212E+07 2.430E-09 0 000E+00 0 . 000E+00 0 . 000E+00 0.000E +00 0.000E+00 0.000E+00 0 . 000E+00 0.000E +00 0.000E+00


N1396 2 . 840E+04 2 . 676E+04 2 . 240E+04 1.393E +04 1.6436+03 1.483E-05 7.740E - 15 4.040E-24 2.104E-33 1.101E -42 0.000E+00


KR 97 8 . 268E+01 0 . 000E+00 0000E + 00 OAOOE+00 0900E"00 0 . 000E+00 O.000E + 00 0.000E+00 . 0,000E+00 0 . 000E+00 0.000E+00


RB97 7.327E+04 0 . 000E+00 0 . 000E+00 0 . 000E+00 0 . 000E*00 0.000E+00 0 . 000E+00 ____ 0.0006+00 0.000E+00 0 .000E+00 0.000E+00


R 7 3.885E+06 0 . 000E+00 0,000E + 00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00 0,000E+00 0.000E+00[s


1.020E+07 0.000E+00 0. 000E+00 0 . 000E+00 0.000E+00 0.000E+00 0400E+00 0.000 6+00 0.000E+00 0.000E+00 0.000E+00


7 1 . 203 E+07 1 . 108E+07 8 . 667E+06 4496E + 06 2.346E+05 1.801E-06 2.694E-19 4 . 032E-32 6.033E -45 9.029E-58 0.000E+00


�NB97 1 1.208E+07 1 . 162E+07 9.295E+06 4 . 520E+06 2.358E + 05 1.940E-06 2.903E-19 4.345E -32 6.501E-45 9.729&58 0.000E+00


NB 970 { 1 .1 40E+ 07 1 . 050E+07 8.209E +06 4,259E+06 2.222E + 05 1.7066-06 2.552E-19 3.819E-32 5.715E-45 8.552E 58 0 . 000E+00


KR 98


.


8 . 622E+00 0,000E+00 0.000E +00 0.00E+00 0.000E+ 00 0.000E+00 0900E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00


56 98 1060E+ 04 0000E+00 0,000Ei00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0.000E +00 0.000E+00


SR 98 1.412E+06 0 . 000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00 0 .000 6+00 0 .000E+00 0 . 000E+00 0.000E + 00 0.000E+00


Y 98 7 . 298E+06 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00 0 .000E+00 0.000E + 00 0.000E+00 0.000E+00


ZR 98 1.169E+07 0.000E+00 0 . 000E+00 0.000E +00 0.000E+00 0900E+00 0 .000E+00 0.000E + 00 0.000E+00 0.000E+00 0.000E+00


NB 9 8 9 . 337E+04 0.000E+ 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+ 00 0,000E+00 0.000E+00 0 . 000E+00 0.000E+00 0.000E+00


NB 98M 1.175E+07 2.360E + 06 1.856E+04 4.541E-02 0 . 000E+00 0.000 6+00 0 . 000E+00 0.000E + 00 0.000E+00 0,000E+00 0 , 000E+00


RB 99 8.188E+02 0 . 000E+00 0 . 000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00


SR99 3 . 104E+05 0 . 000E+00 0 .000E+00 0000E +00 0.000E+00 0.000E+00 0 .000E+00 0.000E + 00 0,000E+00 0000E+00 0 . 000E+00


Y99 4 . 060E+06 0 . 000E+00 0 .000E+00 0 . 000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E +00 0.000E+00 0000E+00 0 . 000E+00


ZR99 1,155E+07 0.000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0 .0006 +00 0,000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00


NB 99 1,183E+07 0900E+00 0.000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E +00 0,000E+00 0.000E+00


NB99M 3.061E+05 3 . 910E-09 0. 000E + 00 0.000E+00 0000E+00 0000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0 . 000E+00


M099 1.247E+07 1 . 222E+07 1 . 147E+07 9.695E+06 4 .552E+06 6487E +03 3.374E+00 1,754E-03 9.124E -07 4.745E-10 0.000E+00


TC 99 6.010E + 00 6.019E+00 6.047E+00 6.114E+00 4 6.312E+00 6 . 487E+00 6.487E + 00 6487E+00 6.487E+00 6.487E+00 6.487E+00


TC99M 1.123E+07 1 . 114E+07 1 . 074E+07 9 . 290E+06 4 . 387E+06 6 . 250E+03 3.250E+00 I .690E-03 8.790E-07 4.571E-10 0 . 000E+00


RBIOO 3 . 455E+01 0 . 000E+00 0.000E + 00 0.000E+00 0900E+00 0 .000E+00 0000E+00 0 . 000E+00 0000E+00 0.000E+00 0.000E+00
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Ta ble 20.2-]. (continued).
SCRAM 2.0HR _ 8.01"IR IOD 4.0 1) 30.00 6000 90 OD 120.00 150.00 365,2 0


SR Too 4.798E+04 0,000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


YIDO 1 774E+06----- 0900E+00 0.000E+00---------- 0000E+00 I 0000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


ZRIOO
---


1.078E+07
-


0.000E+00 0.000E+00 0.000E+04) 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


NB100 6.350E+06 0.000E00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0900E+00 0.000E+00 0.000E+00 0.000E+00


NBIOOM 6.350E+06 0.000E+00 O,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.006E+00


1000 1.787E+06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


SR101 5.963E+03 0.000E+00 0 .000E+00 0.000E+00 0.000E+00 0-000E+00 0 .000 E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


Ml 5.473E+05 0.000E+ 00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


ZRIOI 7.011E+06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


NBI01 1.008E+07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00


M0 101 1.034E+07 3.533E+04 1.367E-03 2.339E-23 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


TCIOt 17.034E+07 2.200E+05 2.400E-02 7091E-22 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


SR102 3.980E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0900E+00 0.000E+00 0 . 000 E+00 0.000E+00


Y102 1.086E+05 0.000E+00 0 . 0 00E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0900E+ 00 0.000E+00


ZR102 160 E+06 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


N13102 7,761E+06 Q.000E+00 0.000E+00 0. 000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


M0102 8.623E+06 4.910E+03 8.472E-07 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000 6 +00


TC102 8.626E+06 4.950E+03 R.540E-07 0.000E+00 0,000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


TC 1 02M 2.851E+03 1 415EA5 0900E+00 0.000E+00 0000E+0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00_


SR103 9.7455+00 0.000E+00 0.000E+00 0.000E+00
0.000E+00.....


0,000E40 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00
1081E+04.....


0.000E+00 0.000E+00 09005+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


E()3IE


1976E+06


4.105E+06


0.000E+q0


0.000E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+00


0,000E+00


0.000E+00


0900E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+00


. 0.000E+00


0.0005+00


0,000E+00


0.000E+00


0.000E+00


M0103 6.428E+06 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


1003 6.467E+06 0000E+00 0.0006+00 0.000E+000 0.000E+00 0900E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00


RU103 4.286E + 06 4280E+06 4.261E+06 4.211E+06 3.994E+06 2.525E+06 1.487E+06 8758E+05 5 . 158E+05 3.038E+03 6 . 815E+03


RHI03M 3.864E+06 3.858E+06 3.841E+06 3.797E+06 3.601E+06 2.276E+06 1.340E+06 7.895E+05 4.630E+05 2.739E+05 6.144E+03


SR104 1.711E-01 0 .000E+00 0.000E +00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00 0 .000E+00


Y104 5.195E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00


7 R104 1.637E+05 0.000E+00 0.000E+10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
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NB 1 04


,090104


SCRAM


1.663E+06


3.797E+06


2.0HR


0.000E+00


0900E+00


9011K


0.000E-00


0.000E00


LOD


0.000E*00


0,000E+00


_ 4A1)


0900E-00


0900E+00


3000


0.000E+00


0.000E+00


6200


0.000E+00


O,000P,+00


9090


0000E+00


0,000E+00


120.00


0000E+00


0.000E+00


150.00


0.000E+00


0.000E+00


365.20


0.000E+00


0.000E+00


TC104 3.925E+06 4.446E+04 4.937E-02 6531E18 0.000E+00 0.000E+00 I 0,000E+00 0000E+00 0000E+00 0.000E+00 0.000E+00


RH104 1.196E+06 4.904E-04 0.000E+00 0000900 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


RH I04t4 8.661E+04 4.113E-04 0.000E-00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00


1'105 4.554E+01 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 J 0.000E +00 0.000E+00


ZRI05 2 .103E + 04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


NB105 4.395E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0900E+00 0.000E+00 0. 000E+00 0.000E+00 0.000E+00 0.000E+00


840105 1 967E+06 0.000E+00 0.000E+00 0.00 0.000E-00 0.000E+00 0.000E+00


__


0.000E+00 0.000E+00 0.000E+00 0.000E+00


TC105.,_ 2.189E+06 7.447E+Oi 2.117E-12 _0A00E+00 0.000E+00 0.000E+00 0A00 E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


80105 2.210E+06 1.672E+06 6.550E+05 5.385E+04


_


7953E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0900E+00


RH105 1.478E+06 1.496E+06 1450E+06 5.120E+06 2.751E+05 1.341E-00 9.952E-07 7388E-13 5.485E-19 4.072E-25 0.000E+00


RH105E_f__ 6.187E+05 4.694E+05 I. 8 39E+05 L512E+04 1.980E-01 0.000 E+00 0.000E+00 0.060E+00 0.000E+00 0.000E+00 OAOOE+00


ZR106 4.996E+03 _ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


NBI06 1.479E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


M0106 7.839E+05 0.000E-00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


TC106


RU106


9.234E+05


9.771E+04


0.000E+00


9.770E+04


0.000E+00


9.765E+04


0.000E+00


97 5 3E+04


0.000E+00


9.698E+04


0900E+00


9.235E+04


0.000E+00


8.728E+04


0.000E+00


8.248E+04


0.000E+00


7.795E-04


0.000E+00


7.367E+04


0.000E+00


4.913E+04


RH106 5505E+OS 9.770E+04 9.765E+04 9.753E-04 9.698E+04 9.235E+04 8.728E+04 8.248E+04 7.795E+04 7.367E+04 4,913E+04


RFHO6h4 2209E+65 1.176E+05 L776E+04 1. 149E+02 1.615E-OR 0.000E-00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00


5"107 7.500E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


ZR107


NBI07


2.395E+02


2.345E+04


0.000E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+00


0000E+00


0.000E+00


0.000E+00


0.000E +00


0000E+00


0.000E+00


0.000E-00


0.000E+00


0.000E+00


0900E+00


0.000E+00


I N10107 2.876E+05 0.000E-00 0.000E+00 0.000E+00 0.000E-00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0900E+00


TC107 4.261E+05 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00


RU107 4.678E+05 1.333E-03 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


RH10 4.683E+05 1.287E+04 1.304E-01 6.279E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


PD107 7.544E-63 7.54RE-03 7.548E-03 7.548E-03 7.548E-03 7.548E-03 7.548E-03 7.548E-03 7.548E-03 7.548E-03 7.548E-03


PD107 R1


ZR108


2992E+01


550E+Op


DOOOE+00


0.OOOE+00


0.000E+00


0000E+00


0.000E+00


0.000E+00


0000E+00


0.000E-00


0.600E+00


2000E+00


QOOOE+00


0.000E+00


0.000E+00


0.000E+00


0.000E+00


0.000 E+60


0.000E+00


0.000E+00


0_ 000E+00


0.000E+00
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Table 20. 2-1. ( continued
SCRAM 2 0H 9 80HR 1 . OD 400 30.00 60.00 90 . 00 120.00 150.00 365.20


N13108 1 . 749E+03 0.000E+00 0 . 000E+00 0 . 000E+00 0 . 00 0E+00


__


0 -000E+00 0000E+00 0 . 000E+00 0 . 000E+00 0.000E + 00 0.000E+00


MOle? 7 . 124E+04 0.060E+00 0.060E + 00 0 .000E+00 0.000E+00 0 . 000E+00 0 -000E+00 0.000E+00 OAOOE+00 0..000E+00 O.O00E+00


TCIOR _ 1.8856+05 00006 +00 00006+00 0.000E+00 0.0006+00 0 . 000E+00 0 000E+00 0.000E + 00 0.000E+00 0.000E+00 0 .000E+p0


RU10R 2389E +05 2.281E-03 0.000E+00 0 . 000E+00 0000E + 00 0.000E+00 0.000E+00 00006+00 0.000E+00 0.000E+00 0 .000E+00


I RH108 2 . 396E+05 7.433E -03 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00 0.000E+00 0.000E+00 0 .000E+00 0.000E + 00 0000E+00


RH108M 7.005E+02 5 . 282&04 2 . 264E-22 0.000E + 00 0.000£+00 0.000E+00 0 . 060E+00 0.000E +00 0.000E+00 0.000E+00 0 ,000E+00


A0108 j 5.201E-01 1762E -OR 1362E -0 8 1762E -08 1.762E-08 1.761E-08 1 . 760E-08 1 . 160E-08 759E- 'R 1.758E-08 1.752E-08�.


AG1ORM 1.980E-07 1.980E-07


_


1.980E -07 1.980E-07 1980E-07 L 979E-07 l.97RE-07 i 971EA7 1 976EA7 1.975E-07 1 , 969EA7


ZR 109 4 . 517E-0 2 O . 000F+00 0000E+ 00 0 . 000E+00 0000E+00 0.000E+00 0.000E+00 0 . 000E+00 OAOOE+00 0.000E+00 6.000E+00


N13109 58 44E + 01 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0000E +00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00


M0709 9442E +03 0 . 000E+00 0900E + 00 0.000E+00 0.0 00E+00 0000E+00 0.000E+00 0 . 000E+00 0 .000E+00 0.000E + 00 0.000E+00


10 09 6361E+ 04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000 E +00 0.000E+00 0,000E+00 0 . 000E+00


RU109 1 . 227E+05 0 . 000E+00 0 , 000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00 0 , 000E+00 0.000E+00 0.000E+00 0.000E+00


RH109 1 . 254E+05 0.000E + 00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0 . 0006+00 0 . 000E+00 0 .000E+00 0,000E + 00 0.000E+00


R H109At 6.271E + 04 0.000E+00 0.000E+00 0 . 000E+00 0,0006 + 00 0.000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E +00 0.000E+00


PD109 1,462E + 0! 1.326E + 05 9.735E + 04 4.271E+04 1.048E+03 1.164E - 1I 9,217&28 7 . 300E-44 5,781E-60 4,578E- 76 0.000E+00


PD 1 09 1,4 6 . 306E+04 2.577E -03 0000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0000E+00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00


AGbO9A4 - 1 . 461E+05 1.326F+05 9.738E+04 4,272E+04 1.048E + 03 1.164E-11 9.220E-28 7 . 302E-44 5.783E - 60 4.579E-76 0.000E+00


CD 1 p9 1, 511E-05 1.511E-05 1.510E-05 1 . 509E-05 1.502E -05 1.445E-05 1381E-05 1.321E-05 1.263E-05 1.208E-05 8.756E-06


N13110 2 . 858E+00 0 . 000E+00 0.000E+00 0 . 000E+00 0.000E+00 0,000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 0.000E + 00 0.000E+00


.040110 1 . 287E+03 0.000E+00 0 . 000E+00 0 .000E+00 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E +00 0.000E+00 0.000E+00


TC110 2. 122E+04 0.000E +00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0,000E+00 € 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00


RLi110 7,515E+04 0.000E + 00 0.000E+00 0.000E+00


_


0 . 000E+00 0.000E +00 0.000E+00 0.000E+00 0 .000E+00 0.000E+00 0.000E+00


RH 1 10 7.838E +04 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0000E +00 0.000E+00 0.000E+00 0 .000E+00


RH110M 3.234E+03 0 -000E+00 0 , 000E+00


_


0 . 000E+ 00 0 . 000E+00 0.0006+00 0.060E + 00 0.000E+00 0,000E+00 0 . 000E+00 0.000E+00


AG I 10 5.610E+04 2.502E + 00 2.500E + 00 2.496E+00 2.475E+00 2.303E+00 2 , 119E+00 1.950E+00 1,794E+00 1,651E+00 9.087E-01


LAG] IOM 1 .882E+02 1.881E +02 1.880E+02 1.876E+02 1.861E+02 1.731E+ 02 1.593E + 02 1.466E+02 1349E+02 1.241E +02 6.832E+01


NB1I I } .8.869E-02 0.000E+00 0 , 0006.+00 0000E + 00


_


0. 000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E + 00 0.000E+00 6.000E+00_


10 111 9651E+01 1 0.000E+00 0 . 000E+00 [ 0.000E+00 0.000E+0


_


_ 0.000E+00 _ 0.000E+00 0 .000E+00 0 . 000E+90 0.000E+00 0.000E+00


TC11 I 5560E,03 I 0000E+00 0.000E+00 0 .000E+60 I 0.000E + 00 I 0.000E+00 1 0900E+1X7 I 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00
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Table 20.2-1, (continued
SCRAM 2.OHR ROHR IOD 400 30.00 60.00 90.0 0 120.00 150,OD 365.2D


RUIII 4632E+04 0.000E+00 0.000E+00 0.000E+00 0000E+00 0,000E+00 O.000E+00 0.000E+00 0000E+00 0.000E+00 0,000E+00


RHIIi 5.985E+04 0.000E+00 0.000E+00 0,000E+00 0,000E+00 0,000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0,000E+00


PD111 6.061E+04 1.806E+03 1.656E+p2 2204E+01 2,526EM3 0,000E+00 0.00OB+00 0,000E+00 0,000E+00 0.000E+00 0000E+00


PDIIIM 6.21RE+02 4.840E+02 2.272E+02 3.025E+0 3467E-03 0.000E+00 0.000E+ 00 0,000E+00 0.000E+00 0,000E+00 0000E+00


AGIII 6,013E+04.. 5 .9805+04 5.844E+04 5.493E+04 4,155E+04 3,699E+03 2.269E+02 1.392E+01 8.542E-01 5,241 E-02 1.057E-10


AGI I IM
,


6.031E+04 1.916E+03 1.876E+02 2.497E+01 2,870E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


CDI I IM c 162E+00 9.356E-01 5.569E-03 6,482E-09 0.000E+00 0.000E+00 0,000E+00 ' 0.000E+00 0.000E+00 0000E+00 0,000E+00


MOT 121 1,001E+01 000E+00 0.000E+00 0400E+00 0.000 E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00


TC112 1.155E+03 0.000E+00


_


0.000E+00 0.0005+00 0.000E+00 0.000E+0O 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00


RUi12 2.242E+04 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


R11112 3903E+04 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00


PD112 4.164E+04 3.887E+04 3.160E+04 1.820E+04 1,520E+03 6.861E-07 1.130E-17 1862E-28 3.068E-39 5.055E-50 0000E+00


AG112 4.263E+04 4.174E+04 3629E+04 2 .153E+04 1.800E+03 8.127E-07 1.339E-17 2206E-2 9 3.634E-34 5.988E-SO 0.000E+00


40113 6.576E-01 0000E+00 0.000E+00 0.000E+00 0,000E+00 0000E+00
0000E+00.. 0.000E+00 0.000E+00 0.000E+00 0.000E+00


TC113 2.508E+02 0000E+00 0000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00


RIII13 1,185E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0,000E+00 0.000E+00 0 .000E+00 0.000E+00 0.000E+00


RHI 13 3,260E+04 0000E+00 0.0005+00 0.0005+00 0,000E+00 0000E+00 0,000E+00 0,000E+00 0,000E+00 _ 0.000E+00 0.000E+00


PD 113 3,929E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00


A0113 3,540E+04 2.738E+04 1.249E+04 1,541E+03 1.255E-0 1 0000E+00 0,000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00


AG I13NI 3.966E+03 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00


CD113hd 6.346E+pp 6.351E+00 6.358E+00 6364E+00 6.3 6 2E+00 6.341E+00 6.316E+00 6.291E+00 6.261E+00 6.242E+00 6.010E+00


IN113M


'


7,723E -06 3.347E-06 2.725E-07 3,392E- 1 0 2.874E-23 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0000E+00 0,000E+00


h40114 4.603E-02 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0000E+00 0000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00


TC114 3.543E+01 0.000E+00


_


0.000E+00 0.000E+00 0.000E+00 0,000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


RU114 4.302E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0000E+00 0000E+00 0000E+00 0.000E+00


RH114 2222E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0 .000E+00 0.000E+00 0.000E+00 0.000E+00


114 3.572E+04 3.210E-11 0.000E+00 0.000E+00 0,000E+00 0000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00


GII4rA 3609E+04 3.314F.-Il 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,0005+00 0.000E+00 0.000E+00


114 2.052E-01 2577E-02 2.568E-02 2.544E-02 2,440E O2 1.695E-02 1.114E-02 7.320E-03 4.849E-03 3.150E-03 L354E-04
1N114M 2 696E-02 2.693E-02 2.6845-02 2.659E O2 2.549E 02 1.772E 02 1164E-02 7.648E-03 5 .0 25E-03 3.302E-03 1.623E-04
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SCRAM 2OHR ROHR - LOD 40D _ 10.OD 60.01) 90.0D 120.OD 150,60 365.2D


.010115 1.970E-03 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


TCI 15 3.437E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


_


0.000E+00 0.000E+00 0.000E+00 O,000E+00 0.000E+00 0.000E+00


RI-i}15 1.020E+03 0.000E+00 QOOOE+00 ... O.DOOE+� 0.000E+(y0 0.000E+00 0.000E+00 0,000E+00 0000E+00 0.000E+00 tl.000E+0(1


RIi115 1.184E+04 0000E+00 0.000E+00 0,000E+00 0.000E+00 0000E+00 0.000E+00 0000E+00 0000E+00 0000E+00 0.000E+00


PD115 3.149E+04 0.000E+00 0.000 5+00 0.000E+00 0.000E+00 0,000E + 00 0.000E+00 0,000£+00 0.000E+00 0.000E+00 6.000E+00


AGI15 2.397E+04 3.870E+02 1.476E-03 5.244E-18 0.000E+00


_


0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00. 0.000E+00


AG115M 9.256E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000 5 +00


CD115 3.160E+04 3.094E+04 2.863E+04 2.327E+04 9.149E+03 2.808E+00 2.484E-04 2.197£-08 1.943E- 12 1.718E-16 0.000E+00


CD1 I3M ��19955+p3 1793E+03 1.786E+03 1967E+03 1.687E+03 1.126E+03 7.063E+02 4.4315+02 2.780E+02 1. 744E+02 6.149E+00


INn 4.032E-12 4.042E-12 4 ,0 72E-12 4.1455--12 4,345E-12 4,599E-12 4,701E-12 4.766E-12 4.806E-12 4.831E-12 4.873E-12


1N I 15M 3.219E+04 3.194E+04 3,048E+04 2.525E-04 9.949E+03 3 133E+00 4.991E-02 3114E-02 1954E-02 1.226E-02 4.322E-04


TC116 1990E-01 0.000 5 +00 0.000E+00 0000E+00 0,000E+00 0.000E+00 0,000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00


RU116 1.808E+02 0,000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00


� RHItd 5.517E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0000E+00 0.000E+00 0 . 0 00E+00 0.000E+00 0.000E+00...


PD] 16 3.003E+04 0.000E+00 0000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00


AGI16 1.733E+04 6.234E-10 0,0005+00 0.000E+00 O-OOE+000 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


AG 11611 1733E+04 0.000E+00 0.000E+00 0900E+00 0.000E+00 0.000E+00 0.000E,00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


IN116 1,449E+04 0.000E+00 0.000E+00 0. 000 E+00 0.000E+00 0.000E+00 4000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00


IN116M 1.144E+04 2.462E+03 2.455E+01 1.130E-04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00


1017 2.433E-02 0,000E+00 0.000E+ 00 0.000E+00 0.000Ea00 0,0005+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


RU117 9717E+01 0.0005+00 0.000E+00 0.000E+O0 O.DOOE+00 0.000E+00 0900E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00


RH117 1.219E+04 0900E+00 0.000E+00 0.060E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00


P1)117 3.224E+04 0.0605.+p0 0.0005. 00 0.000E-+00 0.000E+00 tl.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E40O 0.000E+00


AGI17 1.697E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+i}p 0.000E+00 0.000E+00 0.000E+0p 0.000E+00 0.000E+ 00


AGI 17M 1.697E+04 0.000E+00 0.000E+00 0.000E+00 0 .000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


Cot 17 2.213E+04 1.306E+04 2.638E+03 3.705E+01 1.708E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


CD117M 1.191E+04 7.940E+03 2.337E+03 8953E+01 3778&05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


fN 117


_


2. 035E+04 1.805E+04 6.741E+03 1.761E+02 5,059E-05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


IN117M 2582E+04 2.272E+04 8.160E+03 2146E+02 1933E-05 0.000E+1)O 0,000E+00 ' 0.000E+00 0.000E+00 0.000E+00 0.000E+00


SN1 17M 1377E+OI 1171 E'01 1.355E+01 1.3115+01 1.130E+O1 3.120E+00 7.068E- 01 1.601E-01 3.627E-02 8.217E-03 1.945E-07
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CHAPTER 20 - HAZARD ANALYS. vD Identifier: SAR-I 53
CLASSIFICATION OF THE FACILITY - Revision: 9


JPGRADED FINAL SAFETY ANALYSIS REPORT Page: 20-29 of 20-56
FOR THE ADVANCED TEST REACTOR Effective Dat 08/i0)04


__ SCRAM 2.0HR ROHR lOD 4OD 30 . 00 6001 i 90OD 120 . 00 15000 365.21
RU118 1. 5 691


DI


0.000E+00 0 . 000E+00 0 . 000E+00 0000E +00 0.000E+00 0.000E+00 0 .000E+00 0 . 000E+00 0 .000E+00 0.000E+00


RHl 18 5 . 366E+02 0 . 000E+00 0.000E+00 0000E+ 00 0.000E+00 0000E+00 0 . 000E+00 0 . 000E-00 0 . 000E+00 tl . 000E+00 0040E+00


PDI18 1 .364E+04 0.000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 0 . 000E+00 0.600E +00 0.000E+00


AG118 2 . 602E+04 0 . 000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 I 0.000E+00 0 . 000E+00 0.000E+00 0 , 000E+00 0 . 000E+00 0.000E+00


AG 1 1SM 1 . 421E+04 0 . 000E+00 0.000E +00 0.000E+00 0000E + 00 0.000F,+00 0.000E+00 0.000E+00 0 . 000E+00 0.000E +00 0.000E+00


CDI I R 3 . 733E+04 7 . 154E+03 5.013E + 01 9.011 E-05 0000E+ 00 0.000E+00 0.000E+00


_


0.000E+00 I 0.000E+00 0 . 000E+00 0 . 000E+00


INII8 3.734E+04 1.166E+03 5 . 021E+ 0 1 9 . 026E-05 0000E+ 00 0.000E+00 0.006E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00


I NI ISM 9.700E +00 7,398E-08 0.000E+00 0 . 000E+00 0.000E+00 0 . 000E+00 0.000E+00 1000E+00 0.000E+00 0,000E+00 0 . 000E+00


51-1 119.. 1070E+02 0000E+00 0 . 000E+00 0000E +00 0000E+00 0.000E+00


_


0 . 000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00


P 1) 119 7. 415E+03 0 . 000E+00 0.000E+00 0. 000E+00 0 .000E+00 0.000E+ 00 0.000E+00 0.000E+00 0 . 000E+00 0 .000E+00 0.000E+00


LAG 1 19 2. 640E+04 0 .000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 0.000E+00 0.000E+00 0A00E+00


CD119 1.770E+04 _ 2.563E+00 7.586E-12 0 . 000E+00 0.000E+00 0 . 000E+00 OAOOE + 00 0.000E+00 0.000E+00 0 .000E+00 0000E+00


CDI19M 1.770E+04 9.344E -08 0.000E+00 0.000E+00 0.000E+ 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E +00 0.000E+00 0.000E+00


IN119 1.026E+04 2.733E+01 2 . 622E-05 2 . 3I OE-21 0 . 000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 0.000E+00 0.000E+00 0 .000E+00


IN,19M 2.663E +04 4.707E+02 4.515E-04 3.979E-20 0 .000E+00 0 . 000E+00 0 .000E + 00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


S N119M 8.551E+01 8 . 550E+01 8.544E+01 8.52 8 E+01 8 . 456E+01 7 . 856E+01 7 . 217E+01 6 . 630E+01 6.090E+01 5.595E+01 3.044E+01


RU120 7.765E -03 0.000E+00


_


0.000E + 00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E+00


R11120 1.163E+01 0000E +00 0.000E+00 0.000E+00 0 .000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


P1120 2 . 387E+03 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0 . 000E+00


AG120 1, 808E+04 0.000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E+00


CD120 3.606E + 04 0.000E+00 1000E+00 0.000E+00 0.000E+00 0 , 000E+00 0.000E+00 0.000E+00 0.000E+00 0 .000E+00 0.000E+00


IN120 1.842E+04 0.000E+00 0 . 000E+00 0 . 000E+00 0 .000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 0.000E+00 0.000E+00 0 .000E+00


INI2OM _IN 1 11) 1.842E+04 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 OA00E + 00 0.000E+00 0.000E+00 0 .000E +00 0.000E+00


RH121 0.000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00 0.000E+00


PD 121 6.195E+02 0.000E+00 0 . 000E+00 0.000E+00 0 . 000E + 00 0000E+00 0.000E+00 0.000E+00 0 . 000E + 00 0.000E+00 0.000E+00


A0 121... 1.048E+04 0.000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 0.000E + 00 0.000E+00 0.000E+00 0 , 000E+00 0000E+00


CD121� 3 , 540E+04 0 . 000E+00


_


0000E +00 0. 000E+p0 0.000E +00 0.000E+00 0.000E+00 0 . 000E+00 0.000E +00 0.000E+00 0.000E+00


IN121 3.034E+04 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 0.000E+00 0,000E+00 0 . 000E+00 0 . 000E+00 0 .000E+00 0 100E+00


IN12IM _ 8.346E-03


_


9.972E-08 0000E+00 O.OODE+Op 0 . 000E+00 0.000E+00 0 . 000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00


SN121 3938 E + 04 3.742E+04 3.205E+04 2.119E+04 3 . 291E+03 3 . 223E -04 2.636E - 12 2.155E-20 1762E - 28 1441 E-3b 0 . 000E+00
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Table 20.2- 1. (continued)
SCRAM 2. 0HR ROHR OD 4.OD 30. 00 60.00 90.00 120.00 130.00 365.20


SN 1 21M 4.276E-0 2 4.276E-02 4276 E-02 4.275E02 4.275E-0 2 4,271E-02 4-266E-0? 4261E-02 4.256E-02 4.251E-02 4,217£,02


RH 12 2 1.229E-0I 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.004E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00


P0322 1.478E+02 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0,000E+00 0.000E+00 0,000E+00 0.000E+00


AG122 5 .419E+03 0.000E+00 0.000E+00 0900E+00 0.000E+00 0.000E+00 0.000E+00 O.0o0E+00 0.000E+00 0.000E+00 0.000E+00


CDI22 3.395E+04 0.000£--+00 0.000E+00 O.OOOE+00


_


0.000E+00 0000E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


IN122 3.718E+04 0.400E+00 OOO0E+00 0. 000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


TN122M 3.233E+03 0.000E+00 0.000E+00 I 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


SB122 2.625E+03 2.569E+03 2.410E+03 2.031E+03 9401E+02 1.188E+00 5,372E-04 2.430E-07 1.099E-10 4,974E-14 0,000E+00


Sal 22N4 2.506E+01 6.268E-08 0.000E+ 00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


RHI23 1.146E-02 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0,000E+00 4.400E+00 0.000E+00 0.000E+00


PD123 3.302E+01 0.000E+00 0.000E+00 0.000£+00 0,000EMO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


AG123 2.670E+03 0.000E+00 0,000E+00 0000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00


CD123 3.119E+04 0.000E+00 0000E+00 0.000E+00 0,000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00


1N123 3068E+04 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


1N123M 1367E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.6005+00


SN123


__


3.292E+03 3.291E+03 3.286E+03 3.274E+03 3.222E+03 2.803E+03 2.386E+03 2.031E+03 1.729E+03 1.472E+03 4.638E+02


SN123M 3-660E+04 4.633E+03 9.169E+0a 5.657E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00


1E123 5009E-14 5.010E-14 5.014E-14


_


5.023E-14 1 5+065E-14 5.397E-14 5,724F.-14 5998E-14 6.229E-14 6.422E-04 7. 150E-14


1E123M 7431E-01 7.427E-01 7.416E-01 7.388F.01 7.260E01 6.245E-01 5249E-01 4412E-01 3908E-01 3.117E-01 8.962E-02


P0124
6500E+00...


0.000E+00 0.000E+00


_


0,000E+00


_


0.000E+00 2000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


A.0,124 1.213E+03 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E +00 0.000E+00 0.000E +00 0900E+00 0.000E+00 0A00E+00


CD124 3.006E+04 0 .000E+00 0.000E+00


_


0.000E+00 ROOOE+00 0.000E+00 0.000E+00 0000E+00 O.OOpE+00 0.000E+00 0.000E+00


1N124 SJ82E+04 2000E+00 0000E+00 0.000E+00 0.000E+00 2000E+00 0.000E+00 0900E+00 0.0005+00 0,000E+00 0.000E+00


58124 6.410E+02 6.404E+02 6.386E+02 6.337E+02 6.122E+02 4,538E+02 3.212E+02 2.274E+02 L61 0E+02 1.140E+02 9.563E+00


SB124M 2193E+01 0-000E+00 0.000E+00 a.000E+0.O 0.000E+00 OOp0E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 2000E+00


AG1 2 5 { 2.945E+02 0.000E+00 0,000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


00 125 1.639E+04 0.000E+pp 0.000E+00 0.006E+00 ROOOE+00 0.060E+00 0.0005+0.0 0.000E+00 0.000E+00 0.000E+00 0.000E+00


1N125 2.809E+04 0000E+00 0.000E+00 0.000E+00 0.0005+00 0.000E+00 0900E+00 0.000E+00 0000E+00 0.0005+00 0.000E+00


IN I25Nf 2.153E+04 0.0006+00 0.000E+00 0000E+0O 00005+0O 0.000E+00 OO00E+00 0.000E+00 0,0005+00 0.000E+00 0.000E+00


SN125 3256E+04.... 3236E+04 3179E+04 .3.030E+04 2.442E+04 7,766 E+03 I 4355E+02..... 5038E+01 ... I 5.827E+00 6.739E-01 1.284E-07
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FOR THE ADVANCED TEST REACTOR ive Date: 08110(04


(continue d).
SCRAM 2958 ROHR 1,01) 4.OD 30.00 60.00 90.00 120.00 150.00 365.20


SN125M 5.028E+04 8.157E+00 1,373E.1 1 0.000E+00 j OA00E+00 0.000E+00 0000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00


513125 3.079E+03 3.081E+03 3.086E+03 3.099E+03 3.149E+03 3,288E+03 3252E+03 3.190E+03 3,125E+03 3.062E+03 2.642E+03


TE125M 1.941E+02 1.946E+02 1.962E+02 2.003E+02 2.185E+02 3,599E+02 4383E+02 5.573E+02 6.080E+02 6.391E+02 6.363E+02


_P 1) 126 8.325E-02 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0900E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0000E+00


AG126 1.104E+02 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


CD126 1.680E+04 0.000E+00 0.0 00E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


IN126 9.859E+04 0.000E+00 0.000E+00 0.000E+00 0.0005.+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


SN126 1.73RE-01 1,738E-01 1.738E-01 1.738E-01 1.738E-01 1.738E-01 1.738E-01 1.738E-01 1738E-01 1.738E-01 1.738E-01


58126 2.497E+03 2.486E+03 2452E+03 2.3625 03 1.997E+03 4.667E+02 8.721E+ 0 1 1.631E+ 0 1 3 ,0 68E+00 5.929E-01 2,433E-02


S 13 I26M 1.133E+03 1.440E+01 1,738E-01 1 738E-01
a
738E-01 1,738E-01 1.738E-01 1.738E-01 1.738E-01 1.738E-01 1.738E-0 1


CD127 8439E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00


1N127 5.540E+04


~


0.000E+00 OOOOE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0,000E+00 0.000E+00


1 NI27M 5,5 60E+04 0,000E+00


_


0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


_


0.000E+00 0.000E+00 0.000E+00


SN 127 2.105E+05 1.088E+05 1.502E+04 7,638E+01 3,647E09 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


SN127M1f 1.045E+05 1.904E-04 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00


58127 - 3.369E+05 3.342E+05 3.216E+05 2.855E+05 1.664E+05 1.541E+03 6.949& 00 3.133E-0 2 1.412E.04 6.368E-07 9.453E-24


TP,127 3.170E+05 3.150E+05 3.080E+05 2.827E+05 1.731E+05 1.390E+04 1.028E+04''.. 8.488E+03 7.014E+03 5.796E+03 1475E+03


TEi27M14 1362E+04 1.364E+04 1.369E+04 1.381E+04 1.413E+04 1.268E+04 1.049E+04 8.666E+03 7.161E+03 5.417E+03 1.506E+03


A0 128 2.947E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


CD128 3.7265+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00


iN 128 1.298E+05 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00


SN128 7.564E+05 1.847E+05 26905+03 3,402E-02 0.000E+00 0.000E+00 0.000E+00 0900E+00 0.000E+00 0000E+00 0,000E+00


513128 3.418E+04 2330E+04 1.847E+04 5.395E+03 2.122E+01 3.027E-20 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


SB12 8 M 7,825E-05 2.245E+05 3. 266E+03 4,129E-02 0000E+00 0.000E+00 O000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00


1128 1.817E+04 6.508E+02 2990E-02 9 ,100E-14 0.000E+00 0.000E+00 0 .000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00


CD129 6.399E +02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


1 N129 8.109E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


SN129 4602E + O5 7.023E+00 2.4955-14


_


0.000E+00 0000E+ 00 0 .000E+00


_


0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


5N129M 7,103E+05 2.524E-09 OA005+00 0A00E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 O.000E+ 00 0 .000E+00


88129 1.411E+06 1.038E+06 ( 3.965E+05 3.042E+04 2.920E-01 0000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00
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CHAPTER 20 - HAZARD ANALYS. ND Identifier: SAR-153
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UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 20-32 of 20-56
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4-� SCRAM 2.OHR 8 OHR 1,OD 4.0D 30 OD 6000 9000 12000 150.00 365.20


TEI 7 9 1.356E+06 1.198E+06 5658E+05 1334E+05 9.147E+04 5.347E+04 2.880E+04 1551E+04 8.352E+03 4.498E+03 5.308E+07


1 E12 9R1 1.51 5E+05 1 . 515E+05 1 . 512E+05 1.494E +05 74056+05 8.275E+04 4.4246+04 2.383E+04 1 . 283E+04 6.910E+ 03 9.155E+01


7129
--
9884E-03 9,898E-03 9.925E-03 9.951E-03 1.000E-02 1.035E-02 1057E-02 1069E -0 2 1.075E-02 1.079E-02 1.083E-02


NE129M 1091E+01 3.069E+01 3.003E+01 2.834E+01 2.186E+01 2.297E+00 1,707E-01 1.269E-02 9.432E-04 7.011E-05 5398E-73


CD130 1.639E+03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0000E+00 0.000E+00 0.0006+00 0.000E+00 0.000E+00


IN, 30 1.500E+OS 2000E+00 0.000E+00 0.000E+00 0.000E+00 0900E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


SN 130 1.921E+06 3.740E-04 0.000E+00 0.000E+00 0.0006+OO 0.0006+00 0.000E+00 0.000E--+00 0,000E+00 2000E+00 0. 000 E+00


58130 4.479E+05 5.599E+04 1.094E+02 6.519E-06 0.000E+00 0.000E+00 0000E+00 0900E+00 0.000E+00 0.000E+00 0,000E+00


58730Df 2,537E+06 9.792E+00 6.154E-17 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


1130 5.396E+04 4.844E+04 3.060E+04 1411E+04 2.489E+02 1.5846.13 4.630E-37 1.353E-48 3.956E-66 7.156E-83 2000E+00


30M 2.267E+04 2.797E+00 1.998E-13 0 . 000 E+00 .000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 QOOOE+00


LCD


I


31 1.566E+02 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.0006.+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


1N731 4.941E+04 0.000E+00 0000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


SN131 1.985E+06 0.000E+00 0.000 6 +00 0000E+00 0.000E+00 0.000E+00 0.000 6 +00 0,000E+00 0.000E+00 0,000E+00 0.000E+00


58131 5,213E+06 1.427E+05 2.770E+00 7.547E-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0900E+00 0.000E+00 0.000E+00


TE131 5,275E+06 8.597E+05 7,425E+05 9.843E+04 1.865E+04 1.021E-02 6.088E-10 3.629E-17 2.163E-24 7.289E-31 0.000E+00


TEI31M 7,565E+05 7.267E+05 6.3286+05 4.372E+05 8.283E+04 4.537E-02 2.704E-09 1.612E-16 9.608E-24 5.727E-37 0.000E+00


1131 5.983E+06 5965E+06 5.854E+06 5.556E+06 4.337E+06 4627E+05 3484E+04 2.624E+03 1.976E+02 1.488E+0 1 1.305E-07


XE13IM 6.148E+04 6.1506 + 04 6.15 6E+04 1 6.163E+04 6.049E+04 2.473E+04 5 . 367E+03 1.014E + 03 1.827E+02 1227E+01 1.171E-04


C0132 1.249E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OQOE+O6 0,000E+00 0.000E+00 0 .000E+00 0.000E+00 0.000E+00


7N132 1 .333E+04 0000E+00 0.000E+00 0.000E+00 0.000E+00 2000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


8N132 7194E+06 0000E�00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0,0006+00 0.000E+00 0.000E+00 0.000E+00


513132 3381E+06 4712E-07 I 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


SBI32M 2166E+06 5431E-03 0.000E+00 0.000E+00 OA00E+00 0.000E+00 0,0006+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


1E132 8974E+06 8.761E+06 8.308E+06 7.209E+06 3.808E+061 7.508E+04 2.550E+01 4,313E-02 7.293E-05 1.233E-07 1.614E-27


1 132 9.057E+06 8.955E+06 8.548E+06 7.427E+06 3.923E+06 1.554E+04 2.628E+01 4.444E-0 2 7.514E-0 5 1.271 EAT 1.662E-27


CS 132 7.624E+01 7.556E + 01 7.357E+01 6 . 850E+01 4969E+01 3.071E + 00 1.237E-01 4,985E-03 2 . 008E-04 8.091E-06 7.987E-16


1N133 7991E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0900E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00


SN133


Sflt3i


3.408E+ 0 5


4 533E+06


0.000E+00


4.029E-09


0.000E+00 1.
0000E+00


. O.DOOE+00


0.000E+00


0900E a00


,000E+ 00


6.000E+00


0.0DOE+00


0000E+00


0000E+DO


0.000E+00


OOODE+00


0000E+00


0000E+00


0.000E+00


0.0 00E+00


0.000E+00


0.000E+00
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Table 20.2- 1. (continued)


Identifier:
Revision:
Page:
Effective Date


412,09(09/03,'2002 - Rev. 7)


SAR- 153
9
20-33 of 20-56
08/10/04


SCRAM 2 OUR ROHR 1,01) 4OD 30 .60 60 .OD 90 , OD 12000 150 . 00 365,20
TE133 7896E06 2313E+05 2,448E+03


_


1487E02 0000E+00 0 . 000E+00 0000Eapp 0.000E+00 0,000E+00 Q000E+00 0.000E+00


TF 133T1 5918E+06 1. 320E-06 (. 450E+04 8 . 870E-02 0900E * OD 0000E+00 OOODE+00 0000E+00 0.000E+00 0.000E+00 0 . 000E+00


1133 I 1.371E I 01 1.316E+07 1.083E+07 6.355E+06 5.768E-05 5372E-04 2 , 041E-14 7356E -25 2947E-35 1.120E-45 0900E+00


517311 2 . 652E+05 0000E + 00 0, 000E + 00 0,000E+00 0.000E-00 0 , 000E+00 0900E-OQ 0 . 000E+00 0 , 000E+00 0 , 000E+00 0.000E+00


X5133 1.3555+07 1.355E+07 1350E + 07 1 308E+07 9.598E+06 3. 169E+05 6 . 017E+03 1142E+02 2.168E+00 4.114E-02 1.837E-14
XE133h4 4 . 109E+0 5 4 . 103E+05 4 . 053E+05 3 . 738E-05 1.1 02E+05 5 . 093E+01 3.827E-03 2.876E-07 2.162E- 1 1


_


1-6255 - 15 0 ,000E+00


11J 134 1,436E +01 0.000E+00 0 . 000E+00 0.000E +00 0.000E+00 0.000E+00 0900E +00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


SN134 2.407E+04 0.000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0000E+00 0 .000 E+00 0 . 000E+00 0 . 000E+00 0900E+0p 0.000E+00


SR134 5455E - 05 0000E+00 0,000E+00 0 . 000E+00 0 . 000E+00 0.000E+ 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00 0 . 000E+00


SR134M 5.215E + 05 0.000E+00 0.000E+ 00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 0.000E+00


TE 1 3 4 1.356E + 07 1.855E+06 4,734E+03 5 . 7g2E-04 OAOQE +00 0.000E+00 0.000E+00 0 . 000E+00 00005,+ 00 0.000E+00 0,000E+00
1134 1.543E+07 6.811E+06 1.0 34E +05 3.881E-01 0 . 0005-00 0.000E + 00 0,000E+00 0.000E+00 0 .000E+00 0.000E + 00 0.000E+00


1134 1M 9 . 285E+05 1.602E-04 0.000E+00 0.000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 0.000E+00 0900E+00 0 .000E+00


-513451 4 . 953E+04 03300E + 00 0.000E+00 6.000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0 . 000E+00 0 .000E+00 0.0005}00


CS13 4


V


3.763E + 04 3.764E+04 3.765E+04 3 . 763E +04 3752E+04 3.664E+04 3.564E-04 3.467E+04 3 . 372E+04 3.281E + 04 2.691E+04


CS134h1 1.751E+05 1.085E+05 2 . 587E+04 5 . 648E+02 1.897E -0 5 0.000E+00 0 . 000E+00 O.OODE+00 0 . 000E+00 0 . 000E+00 0.000E+00


SN1355 2 . 503E+03 0 . 000E+00 0 , 000E+00 0 . 000E+00 0000E+ 00 0,000E+00 0.000E+00 0.000E + 00 0.000E+00 0.000E+00 0 . 000E+00


88135 3967E + 05 0.000E +00 0.000E+00 0.000E+00 + 000900E 0.000E+p0 0,000E+00 0 . 000E+00 0.000E+00 0.000E+00 0.000E+00


TE135 6639E+06 0 .000E+00 0 . 000E-00 0 . 0005100 0000E+00 0,000E+00 0.000E+00 0.000E+00 0 .000E+00 0.000E+00 0 . 000E+00


1135 I
�


1.27 5 E+07 1.034E+07 5.513E+06 13330E + 06 5.425E+02 1 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 0.000E +00 0.000E+00
T


X5135 I 4 .706 E+05


...


2 . 044E + 06 4.056E+06 2.796E+06 2 , 148E-04 4 . 934E-17 0.000E+00 0.000E+00 0 , 000E+00 0 . 000E+00 0.000E+00


XE135M 2 . 317E+06 _ 1,653E + 06 8.830E + 05 1.65054-05 8.689E+Q1 0 . 000E+00 0.000E + 00 03300E+00 0.000E+00 03300E + 00 0,000E+00


CS135


CS1351t


3 , 330E-02


4. 279 E+04


3 . 339E-02


8909E+03


34085-02


8.037E+ 0 1


3.612E-02


2 .834E-04


3 . 846E-0 2


0.000E+00


3 847E-02


0000E * 00 �


3.847E-02


0.000E+00


3.847E-02 {


0.000E+00


3.847E -02


0 . 000E+00


3.847E-02


03300E +00


3.847E-02


0.000E+00


BA135MM 8 . 026E +00 7.648E+00 6.616E+00 4.495E+00 7,896E 0l 1244E-07


.. .


6 . 275E-15 l 755E-22 4.907E-30 1.372 5- 37 0.000E+00


SN136 1 . 104E+02 0 . 000E+00 0.000E+00 0.000E+00 0 . 000E+00 0 , 000E+00 0 . 000E+00 0 . 000E+00 0.000E +00 03300E+00 0.000E+00


813 136 __ 6.029E+04 0 . 000E+00 03300E+00


_


0.000E+00 0.000E+00 0 . 000E+00 0.000E +00 0.000E+00 0.000E+00 0 .000E+00 0.000E+00


TE136 3.795E+06 0 . 000E+00 0 . 000E+00 0.000E +00 0.000E+00 0,000E+00 0 , 000E + 00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00


1136 6,191E + 06 0.000E+00 0,000E+00 0.000E+00 0 . 000E+00 0000E+00 0 . 000E+00 0 . 000E+00 0.000E+00 0.000E+00 0 . 000E+00


1136M 3.941E+ 06 0000E+00 0.000E+00


_


0 .000E+00 0 . 000E+00 0000E+003 0.000E+00 0.000E+00 03300E+00 0.000 E+00 0 . 000E+00
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CS136 __


SCRAM


2.707E+04


20HR


2.695E+04


SOHR


2660E-04


IOD


2.568E104


4.OD


2.191E+04


3600,


5536E+03


60.00,


1.132E*03


90,0 0,


2,315E+02


120.OD


4.735E+01


150,00,


9.684E+00


365.20,


1.101E-04_ _.


BA136M


881 37


TE137


1137


4 461E+03


4308E+03


j 8.507E+05


6579E+06


4442E +03


0000 E+00


0000E+00


0000E+00


4.383E�03


0000E+ 00


0000E+00


0.000E+00


4231E+03


6000E+00


2000E+00


OOOOEb0


3.610E+03


0.000E+00


0.000E+00


6.000E+0,O


9124E+ 02


0000E+00


0000E+00


0 . 000E+00


1.866E+02


0.000E+00


0.000E+00


0.000E+00


3.816E+01


0.000E+00


0,000E+00


0.000E+00


7,804E+00


0.000E+00


0.000E+00


0.000E+00


.596E+00


0.000E+00


0.000E+00


0.000E+00


1.814E-05


0.000E+00


0.000E+00


0.000E+00


XE137 1,214E+07 4,774&03 0.000E+00 0000E+00 0.000E+00 0.000E+00 0000E+00 0,000E+00 0000E+00 0.000E+00 0.000E+00


CS137 4.848E+04 4.849E*04 4.849E+04 4,848E+04 4.847E+04 4.839E+04 4.830E+04 4.821E+04 4.812E+04 4.803E+04 4.738E+04


8A137h1


_


4.641E+04 4,587E+04 4.587E+04 4.587E+04 4,586E+04 4.578E+04 4,569E+04 4.561E+04 4,552E+04 4, 544E+04 4.482E+04


SBI38 2.692E+02 0.000E+00 0000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.600E+00 0000E+00


TE138 1,759E+05 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0,000E+00 0,000E+00 0,000E+00 0000E+00


1138 3340E+06 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0,000E+00


XE138 1.262E+07 3.571E+04 8.032E-04 3,239E-24 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0,000E+00 0,000E+00 0,000E+00


[CS138 1.362E+07 1754E+06 7682E+02 8,141E-07 0.000E+00 0000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0,000E+00


CS 13 8M 5,049E+05 1.765E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 6.000E+00 0,000E+00 0.000E+00 2000E+00


LA138 8,863E-II 8.863£-11 8.863E- II 8.863E-II 8.863E-11 8.863E - II 8.863E-11 8,863E- 1I 8,863&I1 8,863E - II 8.863E-II


SPI39 1.211E+01 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


15139 2.622E+04 0.000E+00 0,000E+00 0.006E+00 0,000E+0p 0.000E+00 0.000E+00 0,000E+00 0,000E+00 2000E+00 0,000E+00


1139 1,482E+06 0.000E+00 0.000E+00 9.OOOE+00 0.000E+00 0.000E+00 0.000E+00 O.pO0E+00 0.000E+00 0,000E+00 0.000E+00


XE139 1.025E+07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6,600E+00 0,000E+00 0.000E+00 0,000E+00 0,000E+00 0.000E+00


CS139 1 .292E+07 1.966E+03 5,818E-09 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


130139 1.3065+07 5.418E* 06 2.651E+05 8.442E+01 1.600E-14 0.000E+00 0000E+00 6.060E+00 0.000E+00 0.000E+00 0.000E+00


TEI40 2.442E+03 0.000E+00 0.000E+0O 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000 E+00 0,000E+00 0.000E+00


1 140 4.345E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6.000E+00 0.000E+00


XE140 7.153E+06 0.000E+00 0.000E+00 O.Ob0E+60 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00


CS 140 1.10E+07 0.000E+00 0.000E+00 0 . 0005+00 0.000E+00 0.000E+00 0.0005+00 O.OOpE+00 0 ,000E+00 0,0005+00 0.000E+00


BA140 1.243E+07 1.238E+07 1.221E+07 1.178E+07 1.001E+07 2.446E+06 4.813E+05 9.468E+04 1,863E+04 3,665E+03 3.153E-02


1_.4140 1.255E+07 1.255E+07 1252E+07 1239E+07 1,119E+07 2916E+06 5.539E+05 1.090E+05 2.144E+04 4.217E+03 3.629E-02


1E141 8.471E+01 0.000E+00 2000E+06 0.000E00 0.000E+00 2000E+00 0.000E+00 6000E+00 0.000E+00 0.000E+00 0, 000E+00


flat


XE14I


6.197E+04


2.370E+06


0.000E+00


0000E+00


0000E+00


0.000E+00


0.000E+00


0.000E+00


0000E+00


�O00E+00


0,0005+00


0.00 0E+00


0000E+00


0000E+00


DO00E+00


0000E+00


0.000E+00


2000E+00


0.000E+00


0,000E+00


0.000E+00


0.000E+00
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ive Date: 08!10(04


CS 141
BAI47


141


C£141 ...
TEI42


-


RAM
8.921 E 06


1192E +07


1 197E+07


8.76213+06


.700E+00


.O1W


0.000E+00


1.277E+05


.121E+06


8.766E +06


0.000E+00


Sam
0-000E+00


1.491E-01


.170E+06


.749E+06


0.000E+00


LOD


0.000E+00


2.255E-17


I.886 E+0 5


8.641E+06


0.000E+00


4 00


_ 0.000E+00


0.000E+00..
57726-01


8.106E+06


0.000E+00


30.00 _


000013+00


0000E+00


0.000E+00


4.657E+06


0.000E+00


_ 60.00


0000E+00


0.000E+00


0.000E + 00


2.456E+06


0000E+00


90.00


0.000E+00


0.000E+00


0.000E+00


1-296E+06


0.000E+00


120.00


0,000E+00


0.000E+00


0.000E+00


6.835E+05


0.000E+00


150.00


0.000 13+00


0.000E+00


0.000E+00


3.606E+05


0.000E+00


365.2D


0.000E+00


0.000E+00


0.000E+00


3.668E+03


0.000E+00


1142 4.499E+03 0,000E -00 0.000E+00 0000£+00 0.00013+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


X13142 7.687E+05 0.000E+00 0.400E+00 0.b00E+00 000013+00 0.00013+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


CS t42 5,726E+06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00


BA142 1.168E+07 4.922E+03 3.664E-07 0.000E+00 0000E+06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


LA142 I.I 9 9E+07 5.467E+06 3.7QSF,+05 2.827E+02 2.64713-1Z 0.000E+00 0.000E+ 00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


CE142 1.345E-05 1.346E-05. 1.347E-05 1.347E-05 1.347E-05 1.347E-05 1.347E-05 1.347E-05 1.347E-05 1.347E-05 1.347E-05


P2142 1.015E+05 9.464E+04 7.615E+04 4.265E+04 3.140E+03 4 764E-07 2.230E-1R 1.0447x29 4.888E-41 2288E-32 0.000E+00


PR142M 2.242E+04 7.522E+01 2.842E-06 4.570E-26 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.600E+00


1143 1.841E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00- 0.000E+00- 0.000E+00-----------
NE143 1.049E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.040E+00


C8143 3,062E+06 0.000E+00 O.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00


13A143 1.067E+07 0. 000 E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00


LA143 1.189E+07 3.173E+04 5764E-04 I.314E-24 0000E+00 0.000E+00 0.000F+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


CE143 1.216E+07 1.174E+07 1035E+47 7.399E+06 7.631E+06 3.312E+00 8.95813-07 2.423E-13 6.552E-20 1.772E-26 0.000E+00


L PR143 1.125E+07 1.125E+07 1.125E+07 1.117E+07 1.011E+07 2.727E+06 5.887E+05 1.271E+05 2.744E+04 5.924E+03 9.929E-02


1144 7,023E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


X13144 1.325E+04 0.000E+00 0000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.006E+00 0.000E+00


CS144 6.407E+05 0.000E +00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 000013+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


IIA144 8.561E+06 0.000E+00 0. 000 13 00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


1 4 144 1.0R I E+07 0.OOOF.+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


CE144 1.539E+06 1.539E+06 1.538E+06 1.535E+06 .524E+06 1.430E+06 1.329E+06 1.236E+06 1.149E+06 1.068E+06 6.316E+05


PR 44 2 15 1E+06 7.542E+06 L53RE+06 1.535E+06 1.5.24E+06 7.430E+06 1.330E+06 1.236E+06 1.14915+06 1.068E+06 6.317E+05


PR 144M 1.85AE+04 1.846E+04 1.84513+04 7.842E+04 7.829E+04 1.716E+04 1.595E+04 1.483E+04 1.378E+04 1.281E+04 2580E+03


ND144 111713-10 1.113E-10 1.116E-70 1125E-10 },157F,-10 1.SIdE-10 1.888E-70 2.236E-70 2.559E-10 2.860E-10 4.476E-10


513145 3.074E+02 0000E+00 0.000E+00 .000E+00
_j


0000F.+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6.000E+00
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SCRAM 2.0 1W 8. 058 1.00 4 0D 30.0) 60.01) 90.00 120.01) 150.00 365.20


CS145 I.452E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


BA145 4.013E+06 0.000E+00 0.000E+00 0.000E+00 O.g00E+00 0.000E+00 2000F,+00 0.000E+00 0.000E+00 0.000E+00 9.000E+00


LA145 7 .4 27E+06 0.000E+00 0.000E+00 0.000E+00 OA00E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


j CE145 7915E+06 8.652E-06 0,000E+00 0,000E+00 0. 000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


PR145 7.917E+06 6.341E+06 3.163E+06 4.952E+05 1.177E+02 0000E+00 0.0005 +00 2000E+00 0.000E+00 0.000E+00 0.000E+00


XE146 2.821E+01 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


CS146 1.639E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


BA146 1.363E+06 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


LAI d6 4.6365+06 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0,0005,+00 0.000E+ 00 0.000E+00


CE146 6.000E+06 1.729E+04 4.037E-04 1.79RE-24 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


PR146 6 018E+06 4.452E+05 1,562E+01 1,787E-i1 0.000E+00 ' 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


XE147 5.128E-01 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


CS147 1.200E+03 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00


BA147 2.635E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


t.( 147 ___ 2.156E+06 0.00 0E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0A00E+00 0.000E+00


CE147 4.505E+06 0.000E+00 0.000E+00 0.000 E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


PR 147 4.614E+06 5.013E+03 4.669E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


ND147 4.375E+06 4.356E+06 4.288E+06 4.113E+06 3.408E+06 6.681E+05 1.019E+05 1.555E+04 2.973E+03 3.620 5 +02 3.030E-04


PM147 1.014E+05 1.016E+05 1.024E+05 1.044E+05 1.123E+05 1 ,4 14E+05 1 44 8 E+05 1,427E+05 1.398E+05 1.368E+05 1.171E+05


SM147 4.672E-09 4.687E-08 4.732E-08 4.854E-08 5.431E-08 1.147E-07 1.914E-07 2.680E-07 3.431E-07 4.167E-07 9.003E-07


CS148 - 3.730E+01 0.000E+00 0.000E+00 0.000E+00 0 .000E+00 0.000E+00 O.000E+00 0.000E+00 0900E+00 0.000E+00 0.000E+00


BA148 3.079E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00


LA148 7.220E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0900E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


CE148 3.091E+06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0900E+00 0.000E+00 0.000E+00 0.000E+00


PR14 8 3.418E+06 9.506E-10 0.000E+00 0900E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


PM148 5.255E+05 5,199E+05 5.034E+05 4.620E+05 3.141E+05 1.182E+04 7.761E+02 3.366E+02 2.007E+02 1.212E+02 3.272E+00


PM148M 2.669E+04 1665E+04 2.654E+04 2.624E+04 2.495E+04 1.613E+04 9,749E+03 5.892E+03 3.561E+03 2.152E+03 5.810E+01


5M148 3.306E-12 3.317E-12 3.349E4 2 3.429E-12 3.719E-12 4.399E-12 4.510E-12 4.5655-12 4,598E -1 2 4 . 618E-12 4.648E-12


IBA 149 1.887E+03 0900E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0. 000E+00


LA 149 1.440E+05 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0000E+00 0.000E+00 0.000E+00 0000E+00
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Table 202-1. (continued).---- --------
SCRAn1 2.OHR ROHR 1A1) 4.09 30.0D 60:00 90.00 120.00 150.0D 3652D


CE149 1.583E+06 0 000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


PR149 2171E+06 4302E-10 0.000E+OO 0.000E+00 1 0.000E+00 0.000E+00 0.000E+00 0:000E+00 0.000E+00 0.000E+00 0,000E+00


ND149 2.252£+06 1.033E+06 9.331E+04 1.534E+02 4.544E-11 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0400E+00


PMI 4 9 ] 3705E+06 3650E+06 3404E+06 2765E+06 1 A80E.06


[


3.124E+02 15 ROE-02 2.131E-06 1.760E-10 1454E-14 0,000E+00


5M149 I 5099E-13 5,682 E- 13 7.358E-13 1.125E-12 1146E-12 2.800E-12 2.90()E-12 2.800E-12 2.800E-12 2.800E-12 2-800& 12
Cs 1 50 9.524E-03 2000E+00 0.000E+00 0.000E+00 1 0.000E+00 0.000E+00 0000E+00 0000E+00 0000E+00 0.000E+00 0.000E+00


8A150 8.863E+01 0.000E00 0,000E+00 0.O00Ea00 0.000E-00 O,OOOE+00 0.000E+00 0.000E+00 0.000E+0O 0.000E+00 O.000E+00
LA150 2.060E+04 O.000F.+00 0000E+0p 0.000E+00 ,0.000E+00 0,000E#00 0 .600E+00 0.000E+00 0.000E+00 0.000E+00 ,0.000E+00


CE150 6.040E+p5 0.000E+00 O.000E+00 0 .000E00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00


PR150 1.216E+06 0.000E+00 0.000E+00 0 .000E+00 0.000E+00 0.000E+O0 0.00E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


PMI SO 3 430E+05 2 044E+05 4.332E+04 6.909E+02 5.650E-06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


LA151 1.824E+03 0.000E+00 0.600E+00 0.000E+00 0.000E+00 0.000E+00 2000E+00 0.000£+00 0.000E+00 0.000E+00 0.000E+00


CE151 1,562E+05 0.000E+00 0.000E-00 0.000E+00 0.000EM0 0.000E+OO 0.000E+00


__


0.000E+p0 0.000E+00 0.000E+00 0.000E+00


PR151 6.137E+05 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


N 0 151 9 .706 E+ 05 1.068E+03 L945&06 0.000E+p0 0.000E+00 0.000E+00 0.000E+60 0.000E+ 00 0.000E+00 DAOOE+00 0.000E+00


PM 1 51 8.521E+05 9.176E+05 7.062E+05 4.778E+05 8.237E+04 1.991E-02 4.616E-10 1.070&17 2.4 8 2£-25 5? 55 E-33 0.006E+00


LSM 151 1544E+02 I.559E+02 1.599E+02 1.68I E+02 1.523E+02 1.852E+02 1.951E+02 1.850E+02 1.849E+02 1.847E+02 1.839E+02


BA 152 4.248E-02 0.000E+00 0.000E+00 0.000E+00 0.600E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00


LAI52


CF,152


1.025E+02


2.781E+04


0.000E+00


0.000E+O 9


0.000E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+0O


0.000E+00


0,000E+00


000E+000


0.000E+00


0000E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+00


PR152 2.486E+05 0.000E+00 0000E+60 0.000E+00 0000E+00


.


0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


ND152 6474E+05 3 . 991 E + 02 1.501E-07 0.000E+00 6.000E+00 0000E+00 0.000E+00 0.060E+00 0.000E+0p 0.000E+00 0.O00E+00


PM152 5.900E+05 6.187E+02 2.333&07 0.060E+p0 0.000E+00 0 . 000E+00 0900E+00 6.000E+00 0.000E+00 0000E+00 0.000E+00


PM 1 52M


EU152


EUI52M


7.672E+03


5.573E-01


R.ORdE+DI 1


1.171£-O1


5.573E-01


_6.967£+01


4.159E-16


5.573E-0 l


4059E+01


0.000E+00


9 .572E-0l


1.356E+01


0.000E+00....1


5.570 5 01


6.408&02


0. 0 00E+00


5.550E-01


4.474E-22


0.000E+00


5. 526E-0 1


0. 000 E+00


0A00E+00


5503E-01


0.000E+00


0.000E+00


5.480E-01


0.000E+00


0.000E+00


5.457 5-01


0.000E+00


0.000E+00


5.296E -0 1


0.000E+Oq


GD152 2.358E-1a 2.366E-1 4 2.384Eaa 2.x06&la 2.417E-14 2.424E-14 2.432E-1a 2.440E-14 2.448E-7a 2456£•14 2.513£•14
LA153 3154 E+00 0.000E+00 0.000E+00 0.000E+00 0.0005+00 0.000E+ 00 0.000E+00 0.000E+Op O.ODOE+p0 0.000E+00 0000E+00


CEI532 691E+ 03


PR153 6677E+04
_


0.060E+00


0000E+60


0 000E+00


0000E+00


0.060E+6p


0.000E+00


0006E+00


0900E+00


O.000E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+00


0.000E+0q


0.000E+00


0.000E+00


0.000E+00


0.000E+ 00


ODOOE+ 00_
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CHAPTER 20 - HAZARD ANALYS. 81) Identifier- SAR-153
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1
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FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04
inued).


SCRAM 2.OnR 8.OHR LOD 4.OD 30.00 60.00 90.00 120.00 150.00 365.20


ND] 53 3.073E+05 0.000E+00 0.000E+00 0.000E+0a 0000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0600E+00 0.000E+00


PA4 153 3.417E+05 R6ROE-02 7.411E-22 0.000E+00 0.000E+00 0.000E+00 0,000E+a0 0.000E+00 0.000E+00 0000E+00 OAOOE+Oa


SM153 1500E+06 1 457E+06 1933E+06 1.051E+06 3.609E+05 j 3.424E+01 7.814E-04 1783E-08 4.069E-13 9.285E-18 0.000E+00


GD153 3.585E+00 3.5 84E+00 3.582E+00 3.5755+00 3.544E+00 3.290E+00 3.019E+00 2.771E+00 2.543E+00 2.333E+00 1.260E+00


LA154 6.889E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0,000E+00 0.000E+00 0.000E+00


CE154 1.687E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0a 0.000E+00 0.000E+00 0.000E+00 0.000E+00


PR 154 1.159E+04 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ''.


NDI54 1.177E+05 0.000E+00 0.000E+00 0000E+00 0000E+00 0.000E+00 8000E +00 0,000E+00 0.000E+00 0.000E+00 0000E+00


0M154 1.396E+05 2 .261E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0O 0.000E+00


Ph1154M 1.992E+04 1.701E-16 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00


EU154 1.821E+03 1.821E+03 1821E+03 1820E+03 12 19E+03 1.809E+03 1.797E+03 1.785E+03 1.773E+03 1.761E+03 1.680E+03


CE155 7283E+00 0.000E+00 0.000E+00 0.0005+00 0.000E+00 0.0005.+00 0.000E+00 0.0005+00 0.0005+00 0.0005+00 0.000E+00


PR155 1439E +03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2000E+00 0.000E+00 0000E+00 0.000E+00 0-000E+00 0.000E+00


A'Di55( 3747E+04 0.000E+00 0.000E+00 O.OOF5+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00.


PM155 7,095E+04 0.000E +00 0.000E+00 0.000E+00 0.000E+00 0A00E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00


SM155


_


8.078E+04 1.971E+03 2.589E-02 2.487E-15 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


EUI S5 1.197E+03 1.197E+03 1.197E+03 1.197E+03 1.196E+03 1184E+03 1.170E+03 1.157E+03 1.144E+03 1.171E+03 1.041E+03


GD155M 4. 939E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0A00E+00 0,000E+00 0.000E+00 0.000E+00


CE156 2.220E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00


PR156 1.130E+02 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


ND156 7.7155,+03 0.000E+00 0.000E+00 0.000E+00 0000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


PM156 2.535E+04 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


SM156 3.294E+04 2.844E+04 1.827E+04 5.616E+03 2.778E+01 2.887E-19 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00


EU156 1.390E+05 1.386E+05 1.373E+05 1.335E+05 1.165E+05 3.557E+04 9044E+03 2.300E+03 5.847E+02 1487E+02 8,055E-0 3


CE157 7.258E-03 0.000E+00 0.000E+00 0.000E+00 0000E+00 0,000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00


PR 157 7 ,537E+00 2000E+00 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00


ND1 5 7 1.352E+0 3 0.000E+00 0.000E+00 . 0.000E+00 0.000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


PM157 i 9162E+03 0000E+00 0.000E+00 0 000 5 +00 0.000E+00 0.000E+00 0.000E+00 0.0005+00 0,0005+ 00 0000E+00 0.000E+00__


Sh1157 1719E+04 5711E-0i 1623E-14 OOOOE+a0


1


0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0000E+00 0.000E+00


LFUI57 6237E+04 5703E+04... ` 4.342E+04 2093E+04 7.850E+02 3.442E-10. I.R95 F.-24 1.043E-3R .. .5.739E-53 JJ 59567 0.000E+00
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Table 20.2-1, (continued).


PRI 5S


SCR,4hf


1 . 179E-01


2 . OHR


0 .000E+00


ROHR


0 . 000E+00


1.00


0.000E+pp


40 1)


0 ,000E+00


30 . 00


0.000E+00


60.00


0-000E+00


90 .OD


0 . 000E+00


120.00


OAOOE+pp


150.pD


0 . 000E+00


365.2D


0 . 000E+00


\M19 1.559E + 02 0.000E+00 0000E+00 0.000E+00 0000E+00 0.000E+OO 0 . 000E+00 0 . 000E+00 0,000E+00 0 . 000E+00 0.000E+00


PPI 1 58 2.545E + 03 0.000E+0O 0.000E+00


_ _


0 . 000E+00 0. 00O E l O0 0.000E+00 0,000E+00 0 . 000E+00 0.000E +00 0.000E+00 0.000E+00


S NW8


EUi5 8


FR15 9


8.462E+03


9 . 580E+03


6 101 E-03


1.278E+03


3 . 974E+03


0 . 000E+00


4390E + 00


4.42 4E + 01


0000E + 00


1.181E-06


4.624E-05


0.000E +O0


0.000E +00


0 . 000E015


0,000E+00


0.000E+00


0000E + 00


0 . 000E+00


0 . 000E + 00


0.000E+00


0000E+00


0.000E+00


0,000E + O0


0 .000E+00


0.000E+00


0.000E+00


0.000E+ Op


0 . 000E+00


0.000E+00


0.000E+00


0.000E+00


0 . 000E+00


0.000E+00 ''.


ND159 8 .07RE+00 0 . 000E+00 0 , 000E+O0 0 . 000E+00 0000E+00 0000E +00 0, 000 E'00 0 . 000E+00 0.000E+00 0.040E+00 0.000E+00


P6f159 3.651E + 02 _ 0.000E+00 0,000E+00 0 .000E +09 0,000E+00 0.000E+00 20006+00 0 . 000E+00 0 . 000E + 00 0.000E+00 0.000E+00


SS1159- 2 . 610E+03 1 . 137E-10 0000F-+ 00 0.000E+00 0,000E+00


_


0 . 000E+00 0000E + 00 0.000E+00 I 0,000E+00 0 , 000E+00 0.000E+00


ELt159 3 , 251 F,+03 7 , 74713+01 3.858E -OS 4.170E-21 0.OOOE+00 0 . DOOE+00 0 . 000E+00 0 . 000E+00 0.000E+00 0000E+00 0.000E+G0


GD159 4 .614E+03 4.339E+03 3,470E+03 1 . 912E+03 1 , 306E+02 1040E -08 2.313E-20 5.146E-32 1.1458-43 2 . 546E-55 0 .00413+00


ND160 2 , 053E+00 0000E+ 00 0,000E+00 0.000E+00 0000E + 00 0,000E+00 0.000E+0 0.000E+00 0000E+Q0 0,000E+00 0000E+QO


PA1160


SS11600


1.123E + 02


9.960E+02


� 0.000E+00


6 . 163E-04


0000E+ 00


1.459E-22


0 . 000E+00


0.000E+150


1__0.000F. 00


0000E+00


0.000E+00


0000E +00


0900E+00


0.000E+00


0.000E+00


0.000E+00


0.000E + 00


0.000E+00


0.000E+00


0.000E + 00


0.000E+Q0


0.000E+00


EUI60 1 . 32 5E+03 7.218E -04 1,709 13 -22 0.000E +00 0.000E+00 0,000E+00 0 .000E+00 0 , 000E+00 0.000E+ 00 0.000E+00 0000E+00


TB 160 1.009E +02 1. 00 8 E+02 1.006E + 02 9992E+ 01 9,709E+01 7.567E+01 5.676E+01 4.257E+01 3.193E+01 2395E +01 3043E+00


''. N•D161 93 58E-03 0.000E+00 0 . 000E+00 0000E+ 00 0.000E+00 0.000E+00 0 . 000E+00 0 , 000E+00 0.000E + 00 0,000E+00 0.000E+00


PAt161 2.801E+00 0,000E+00 0.000E +00 0,000E +00 0,000E+00 0000E+00 0,000E+00 0.000E+00 0 . 000E+00 0.000E+00 0.000E+00


854161


�EU161


131313+02


3 . 571E+02


0000E+00


0.000E +00


0,000E+00


0900E 00


0000E+7X5


0.00013'00


0 .000E+ 00


0 . 000 F.+00


0,000E+00


2000E + 00


0,000E+00


0.000E+00


0000E + 00


0.000 13 + 00


0.000E+00


0 . 000E+00


0.000E+00


0.00013 +00


0 .000E+00


0000E+00


00161 4 , 374E+02 9.158608 0 , 000E+OO 0 , 000E+00 0000E+00 0-000E + 00 0.000E+00 0.000E+00 0 .000E+00 0 . 000E+00 0 , 000E+00


TB161 _ 5 . 178E+02 5 , 137E+02 5 . 0{0E+02 4 . 686 13+ 02 3.47013'02 2.566E+01 1 . 271E+00 6.299E-02 3.121E-03 1.546E-04 6.729E-14


91i62 7. 240E-01 0 . 000E+OQ 0 . 000E+00 0 . 00013+00 0 . 000E+00 0 . 000E+00 0.000E+00 0.000E+00 0.000E +p0 0 , 000E+p0 0 . 000E+0f/


Sht162 1 . 858@:+01 0000E+ 00 0,000E +00 0.000E+00 0000E+00 4.000 13+00 0.0003 +00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00


£U162 1.132E+02 1061E-06 0000E+ p0 0.000E+00 0,000E+00 4000E +00 0000E+00 0.000E+00 0 . 000E+00 0.000E+ 00 0 .000E+00


GD162 2.041E+02 7 . 2fiRE-O2 .1 .058E-12 0 . 000E+00 0.000E+00 0000E+00 0 . 000E+00 0.000E+00 0000E+00 0000E+00 0.000E+00


T8162


TBI621<t


SShc63


EU163


2.01 RF.+02


5,870E+00


1.258E + o0


1937E+01


2 . 656E-01


3 . 376 13+00


0 000E+ 00


0 , 00013+00 �


4,09713-12


5.229E-01


0000E+00


2000E+00


0000E+00


3. 6 =()


0.000E'00


0 . 000E+00 J


0OOOF.+pO


6906E-13


0 , 0OOE+ 00


0 . 000E+00 (


0 . 000E+00


0.00013+00


0.000E+00


0.000E+101


0 . 00013,+00


0.000E+00


0,000E+00


0 . 000E+00


0 . 000E+00


0.000E+00


0.000E + 00


0000E+00


0.000E+00


0 . 000E+0p


0.000E+00


0.000E+00


0.000E+00


0.00013+00


0.000E+00


0.000E+00


0 . 000E+00


O.O0013405


0 . 000E+00


0 . 000£+00
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Table 20.2- I. (continued)
SCRAM 2. OHR 8.0HR LAD 400 30 .01) 60.0D 90.00 120.0D 150.OD 365.2D


GD163 638{E+01 0000E +00 Q0006+00 0.000E+00 0,0006+00 0 . 000E+00 0.0006+00 0000E+00 0.000E+00 0.000E+00 0 . 0006+00


TB 163 7 . 112E+01 1.082E+00 2.998E-06 4,539E-21 0.000E+00 0 . 000E+00 0 . 000E+00 0.000E +00 0.000E+00 0.000E+00 0 . 000E+00


3.04164 7.0166 -02 0900E+00 0.000E+00 0 . 000E+00 0.000E +00 0.000E+00 0.000E+00 0.000E+00 0.000E +00 0.000E+00 0.000E+00


EU164 2 . 990E+00 0 . 000E+00 0.000E +00 0.000E+00 0.000E+ 00 0 -000E+00 0 .000E+00 0.000E +00 0.000E+00 0.000E+00 0.000E+00


CD164 2. 321E+01 5 ; 009E-01 5,034E - 06 2.367E-19 0D00E+00 0 . 000E+00 0 .000E+00 0 . 000E+00 0900E +00 0.000E+00 0.000E+00


TB164 2 . 953E+01 5.814E -01 5.842E-06 2.747E-19 � 0.000E+00 0 , 000E+00 0000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00


8M165 3 . 154E-03 0.000E+00 0.000E+ 00


..


0.00 0E + 00 0.000E+00 0 . 000E + 00 0A00E+00 0.000E+00 0 . 000E+00 0.000E +00 0.000E+00


EL1163 3. 781E-01 0,000E+00 0 , 0006400 0.000E+00 0.000E*00 0.000E+00 0.000E+pp 0.{)DOE+00 0 . 000E+00 0.000E+00 0.000E+00


00165 7 . 312E+00 1 . 713E-2 1 0.0006 + 00 QAOOE+00 0.0006+00 0 .000E+00 0,000E+00 0.000E+00 0.000E+00 0 . 000E+00 0.000E+00


181 65 1.294E +01 2.545E-21 0 .0006 + 00 0.000E+1X1 0.000E+00 0 , 000E +00 0.000E+00 0.000 6+00 0.000E + 00 0.000E+00 0.000E+00


DY165 7, 970E+01 4 . 443E+01 7.570E +00 6.7546-02 4 .0 41E-I1 0.000E + 00 0,000E+00 0.000E+00 0 , 000E+00 0 . 000E+00 0.000E+00


BY165" 3.588E + 01 5.132E-2 1 O .OOOE+ 00 0. 000E+00 0 . 000E+00 0 .000E+00 n000E+00 0,000E+00 0.000E+00 0 . 000E+00 0.000E+00


01166 9. 279E+00 9 . 123E+00 8 .669E+00 7.566E + 00 - -.4,101E+00 2 . 033E-02 4 , 453E-05 9.756E-0 8 2.137E-10 4 . 682E-13 3.923E -3 2


14 0166 L92 3 E+ 01 1.873E+ 0 1 1 .731E+01 1. 418E+01 6562E+00 3 . 029E-02 6615E -03 1454E-07 3.184E-10 6.976E - 13 5.845E-32


H0166M 1, 514E-05 1 . 514E-05 1.514E -05 I.514E-05 1.514E -05 1.513E-05 1 , 513E-05 1 , 513E-0S 1.513E-05 .513E-05 1.513E-05


ER1671<4 7983E -0 1 OAOOE+00 0 .000E+00 0. 000E+Ot) 0.000E+00 0.000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0.000E+O1) O . OODE+00


ER169 1 . 822E-02 1.811E-02 1.778E-02 I.692E-02 1 . 356E-02 1.994E -03 2.183E-04 2.390E-05 2.616E-06 2,863E -07 3.674E-14


TN4170 1. 667E-04 1.666E -04 1.664E-04 1.658E-04 1.632E-04 1 .4 18E-04 1.206E-04 1.026E-04 8.731E-05 7.427E -05 2.328E-05


TMI7OM 1 978E-04 0.000E +00 0.000E+00 0,000E+00 0 .000E+00 0 . 000E+00 0 . 000E+00 0.000E + 00 0.000E+00 0,000E+00 0.000E+00


ER171 5 . 256E-10 4 . 371 5.752E-1I T539E- 14 0.000E+00 0.000E+00 0.000E + 00 0,000E+00 0.000E+ 00 0.000E+00


T1,f 171


�-


1.203E-06 1.203 F-06 2E-()6� 1.202E-06 4.198E-06 1.168E -06 1,133E-06 1.1006.06 1.068E -06 1.037EA6 8.383E -0 7


ER 172 9947E-13 9.669E-1 R.RR2E3 7.083E - 13 2.558E-13 3.753E-17 1.416E-21 5.343E-26 1016E-30 7.607E - 35 0,000E+00


TM172 6.304E-07 6.168E-07 5.777E-07 4853E-07 2.214E-07 2.465E- 1 1) 9.635E- 14 3.767E-1? 1,4736 - 20 5.737E-24 0.000E+00


TOTAL 1.129E+09 3 . 369E+08 2.466E + 08 1.795E+ 08 1.115E+OR 3.937E +07 2323£+07 1.604E+07 1,176E + 07 8.887E+06 2.235E+06


ACTIVITY IN CURIES FOR FISSION PRODUCTS (BY ELEMENT )


4 2.120E+02 2 . 1206+02 2 . 120E+02 2 . 120E+02 2 . 119E+02 2.111E+02 2.101E+02 2.091 E + 02 2 . 082E+02 2 . 072E+02 2.005E+02


1.339E-06 1.339E -0 6 1 . 339E-06 1 .339E-06 1.339E-06BE j 1.339E-06 1.3392 -06 1.339E-06 1339E-06 1 .339E-06 1.339E-06_ _
C 5.401 E-05 5. 401 E-05 5.401 6-0 5 54011F.05 5.401 E-05 5.401 EAS 5 . 401 E-05 5 . 401 E-05 5.401E-05 5.4016.05 5.400F,-05
CO 2.1 R3 E+00 0.000E+00 0 .000E+(Xj 0.000E+00 0000E+00 0 . 000E+00 O .OOOF+00 0.000£+00 0.000E+00 0900E+00 0 . 000E+00


N[ 1.673E+02 I 0.000E+00 ` 0.000E+00 i 0.000E400 0. 000E +00 0 . 000E+00 0000E +pp 0000E+00 0000E+00 0000E + 00 0000E+00







2.1


1.450E-22


4.614E-03 1 007E-0 7


4751E-16 3,134E-35


6.103E-02 1 ,586E-07


975-12 4.794E-17


2.067E-54 1.364E-73


4.120E-13 1071E-18


1.939E-01 1.9395-01


4.041E-15 2934£41


5.878E+03


1.360E+02 4.461 E+01


673E+06 1.124E+06


2.195E+06


2.411E+06


3451E+06 2.818E+064,021 E+06


7,015E-08


3.965E+06


4.494E+02


2.148E+03


5.704E+04


1.403E+05


5.847E+03


1.552E 06


1.742E+06


9,124E-07


6.487E+00


5.938E+05


5430E+05


6.487E+03 3.374E+00


6.256E+03 9 .737E+00 6.489E+00


2.617E+06 1.5745+06 9.583E+05


2.368E+06 1,028E+06 8720E+05


7 548E-03 y7.54


1.375E+02


2.842E+02


2.937E-02


150.0D


4.546E-26


7.289E-22


1.046 E-21


8.996E-93


2.130E-27


5.816E+03


1.463E+01


7,602E+05


1.101E+06


1.259E+06


2.216E+06


4.745E-10


3,775E,05


3.476E+05


2.376E+04


4.783E+05 3.487E+04 2.624E+03


417E+05 i.138E+04 1.129 E+033,


8.311E+04


1, 976E+02


8.189E+04 8 .084E+04


6416E+04 4.910E+04


4217E+03


1.849E+02 3.231 E+01


365.2D


0.000E+00


0.000E+00


0000E+00


0000E+00


0.000E+00


1.939E-01


0.000E+00


5.599E+03


4.947E-03


9.271E+04


1.279E+ 05


1223E+05


2.639E+05


0.000E+00


6,487E+00


5.595E+04


5.527E+04


7.548E-03


1.258E+02 6.923E+01


1.222E+011.806E+02


18725.02 7.499E-04


1.796E+03 1.529E +03 4,945E+02


3,289E+03 3.176E+03 2.652 E+03


3.597E+04 3.752E+03


1.489E+01 1.083E -0 2


7,429E+04


4,482E+04


2.144E+Oa 3.629E-0 2


8.01W
C11 2.325E+03 1.475E-0R 1.371E-0 8 1.146E-O8 5,116E-09


ZN 3.240E+04 1.430E+02 1.308E+02 1.030E+02 352 2E+01


GA 1.810E+05 5.291E+02 3.075E+02 __1.4 5 1 5+02 4 .998E+01


GE i 193E+06 2.391E+04 5.537E+03 1.669E+03 1.995E+01


SCRAM 2,0HR


AS 3.699E + 06 5,187E+04 2.330E+04 1 . 4685+04 4.228E+03


SE 1.141E+07 2.296E+04 1 . 496E+02 3.646E+01 1066E + 01 1.941E-01 1 . 939E-01


BR 2.610E+07 8.275E+05 1237E+p5 7 . 697E + 03 1.603E+0'1 7.665E-03 5 . 565E-09


KR 4.592E*0? 9.115E+06 645+06 _ 9.444E+04 5969E+03 5941E + 03 5.910E+03


RB 6.237E+07 5068E+06 1.164E+06 2.704E+04 3.319E+03 1.263E+03 4.144E+02


SR 7.838E+07 2.308E+07 1376E+07 7.642E+06 5,355E+06 3.754E+06 2 . 502E+06


�Y 9.976E+07 3.544E+07 ... 2168E+07 1.043E+07 6


ZR 6.432E+07 I 747E+07 1.504E + 07 1.082E+07 63


NB 8771E+07 2.743E+07 2 . 048E+07 1 . 177E+07 3.628E+06


P{O 4.478E + 07 1.226E+07 1.147E+07 9 . 695E+06 4.552E+06


I(r TC 4.620E+07 1.141E+07 1074E+07 9290E+06 4 ,387E+06


RU 7 . 584E+06 6 . 049E+06 5.014E + 06 4.363E+06 4.091E+06


RH _.__ 9. 1765+06 _ 6.052E+06 5 .590E+06 5. 030E+06 3.973E+06


(rPD j 5.052E+05 1.737E+05 1 . 293E+05 6 . 096E+ 04 2 568E+03


.4G 6.476E+05 2.640E+05 2 . 050E+05 1.209E+05 4.459E+04 3.574E+03 3 . 883E+02


CD 3.546E+05 6.090E+04 3 . 544E+04 2.517E+04 1.084E+04 1.135E +03 7.127E+02


OD 4.00


2E+07 4.528E+07 3.088E+07 2 . 038E+07 8.838E


XE 6.229E+07 1.776E+07 1.891E+07 1.648E+07 9861E


C 5156E+07 1-987E+06 1.395E+05 1.124E+05 .0805


7,406E+07 1.798E+07 1.253E+07 1.183E±07 1.006E+07 2.493E+06


4.703E-12 1 1.475E-15 1 4.624E-19


.215E-0


923E+06 4 420E+06 3.111 E+06


56E+06 4.619E+06 3.337E+06


7.548E-03 7.S4RE-03


IN 1.080E+06 R284E+04 4,546E+04 2.564E+04 9.949E+03 3-168E+00 7,269E-02


7871E+06 3. 714E+05 8.493E+04 5 , 493E+ 04 3.103E+04 6.650E+03 2.894E+03


2.238E+07 1.834E + 06 7.485E+05 3-29 5 -F+05 [ 1. 731E+05 5 . 751E+03 3.668E+03


TE 5.564E+07 1.543E+07 1914E+07 9.324E+06 4.329E+06 1.7765+05 9,4315+04


7.422E+07 ( 2.717E+07 1 606E+07 1.258E+07 ( 1,119E + 07 2.816E+06


4.635E+ 07 (_. 2.207E+07 2064E+07 1.757E+07 1126E+07 8.087E+06


625E+0


4.611 E-0


433E+03 I


939


71 E-04


5.272E+05


S. 5 39E+05 1.090E+05


3786E+06 2.531E+06 1.832E+06 ( 1.428E+06 6 , 353E+0
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Table 20.2-1 . (continued).
SCRAM 201W ROHR LOU 4.00 30.00 60.00 90.00 120.00 150.00 365.20


PR 1984E+07 1.970E+07 1.604E+07 1.326E+07 1.166E+07 4.174E+06 1.934E+06 1.378E+06 1.190E+06 15186E+06 6.392E+05
ND 8.517E+06 5.390E +06I 4.382E+06 4.113E+06 3408E+06 6 . 681E+05 1.019E+05 1 . 555E+04 2.373E+03 3 . 620E+02 5 .030E-04


PM 6.761E+06 5.321E+06 4.786E+06 3.836E+06 1.613E+06 1.697E+05 4.554E+05 1490E+05 1.436E+05 1.391E-05 1.172E+05


SM 1.643E+06 1.489F,+O6 1.3 51 E+06 1.657£+06 3.611 E+05 2 . 195E+02 1.851E + 02 1.850E+02 LR44E+02 LR47E+ 02 1.839E+02


EU 2.191E+05 2.025E+05 1.838E+05 1.575E+05 1.203E+05 3.856E+04 1.201E+04 5,242E+03 3.502E+03 7.041E+03 .2.722E+03


Go 5.356E+03 4.343E+03 3 . 474E+03 1.915E+03 1 . 342E+02 3 . 290E+00 3 . 019E+00 2.771E + 00 2.543E+00 2.333E+00 1.260E+00


TB 9.400E+02 6.198E+02 6 . 021E+02 5 . 686E+02 4.441E + 02 1,013E+02 5.803E+01 4.263E+01 3.193E + 01 2395E+01 3.043E+00


Dy 1249E+02 5.355E+0I 1.624E+01 7.633E+00 4.1015+00 _ 2.033£42 4.453E-05 9.756E-0 9 2.137E-10 4.682E-13 3.923E-32


HO 1.923E+01 1.873E+01 1731E+01 1.4185+01 6.562E+00 3.030E-02 8.149E-05 1.528E-05 1.513E-05 1.513E-05 1.513E-05


ER 2.165E-01 1.811E-02 1.778E-02 .692E-02 1.756£42 1.944E-03 2.183E-04 2.390E-OS 2,616E-06 2.863E-07 3.674E-14


3.664E-04TM 1-685 E-04 1.682E-04 1. 675E-04 1.646E-04 1.430E-04 1.218E-04 1.037E -04 8.838E-05 7.531E-05 2.412E-05_


TOTAL LI24E+09 3.369E+08 2.466E+08 1.795F-+OR 1.115E+08 3.937E+07 2.327@+07 1,604E+07 1.176E+07 8.887E+06 2.235E+06


CUMULATIVE TABLE TOTALS


AP+PP 1.129E+09 3.369E+08 2.4665+6 8 1.795E+08 1.115E+08 3.937E+07 2.323E+07 1.604E+07 1.176E+07 8.8875+O6 2.235E+06I


ACT+FP L 1.142E+09 3.459E+0 9 2.551E+08 1870E+08 1.159E+6R 3.959E+07 2.724E+07 1.605E+07 1.176E+07 8.889E+06 2.236E+06


AP+ACT+FP LI 142 E+09 3.459E108 . . 551E+08 1 870E+ OR 1.159E+08 3 . 959E+07 2.324E+07 1.bO5E+07 1.176E+07 8.889E+06 2.236E+06
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Table 20.2-2. ATR canal irradiated fuel radionuclides i nventories.


Radionuclide
Acuvitya


(Ci)
Kr-85 2.057E+4


Kr-85m 4.046E+5
Kr-88 3.9 70E+5
All Kr 9.3 54E+5


Rb-88 4 367E+5


All Rb
Te-1 27m


4.443E+ 5


4.383E+4


ITe-129m 8164E+6


L All Te J .006E+7
1-1 31 7.27 5E+6
1-132 8.408E+6


1- 133 9426E+6
1-134
All t


4.789E+3


2. 876E+7
Xe-1 3 1 m
Xe-133


1.222E+ 5
1500E+7


Xe- 133m 4.002E+5
All Xe 2.021 E+7


Cs 134 1.143E+5


Cs-137 1.669E+5
A ll Cs 3.320E+5
Ba-140
ASS Ba


1.858E+7
1 878E+7


AU fission products 3.184E+8._-.�._


a. McCracken ( 1986 )
_... -._.�_.. _�....� _--_ �.
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Table 20.2-3. ATR canal maximum expected radionuclide
isoto a production.


ties from activation products and


Part 1.


Isotope Curies per Year


C-14 100


Ce-141 50


Co-58 < 150


Co-60 6.OE6


CT-51 < 150


Cu-64 < 150


Cu-67 I .0E3
Dv-165 100


Fe-55 1,000


Fe-59 175


Gd-153 6.0E4


11-3 9.0E7


Ho-166 < 150


Ir-192 3.5M


1-125 1.0E3


Mo-99 I.0E6


Ni-63 1 0E4


Os-194 20


P-32 < 1 50


Pd-103 10


Re-186 5.OE5
Se-75 < 150
Sin-145 100


Sm-153 10


Sn-119 5.OE5


Sr-85 25


Sr-89 5.OE5


S-35 330


Ta-182 100


Te-123 m 50


Tm-170 1,000


Xe-133 600


Yb-169 < 150







Idaho National Engineerin and Environmenta l Laborarorv 412.09 (0910 312002
CHAPTER 20 - HAZARD ANALYSIS AND Identifier : SAR-153
CLASSIFICATION OF THE FACILITY - Revision: 9


Rev.


UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 20-45 of 20-56
FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


Table 20.2-3. (continued)


Pa rt I.


Isotope Curies per Ye
Y-90 500


Oilier See Part 11.


Part 11.
Small-quantity radioisotopes (< 1.000 curies per year) to be produced as re uested.


Ac-227 Cs-131 Na-22 Sc-47


Ar-37 Cu-67 Nb-95 Sm-151


Am-241 Es-254 Np-237 Sn-1I3


Ca-41 Eu-155 Os-191 Sn-I17m


CI-36 Ho-167 Pm-145 Ti-204


Cd-115m 1-123 Pin-147 Tm-171


Cf-252 1-131 P1-195m U-232


Cm-244 In-11 I Pti-242 Xe-127


Co-57 Kr-85 Ru-103
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Table 20.2-4. ATR hazardous chemical inventory for hazards analysis and classification.


I
Chemical or substance Location 1 Storage


CASN State code
Hazard Average
code quantity


Maximum
uantity


TQ'
(lb


TPQb
0b)


Sulfur c acid solution TRA-67I 7664-93-9 L C24 AR 125,00 lb 125.000 lb NA 1,000
a. TQ - Threshold quantity from 29 CFR 1910.119 Appendix A, List of highly hazardous chemicals, loxics, and reactives.


Lb_TPl) - T hresholdplannin_gqua ntitx from 40 CFR 35 5 Appendix A. List of extremely hazardous su bsta nces.
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Table 20.2-5. Storage, temperature, and pressure codes.


Storage code Type of storage
A Above round tank
B Below ground tank
C Tank inside building


D Steel drum


E Plastic or nonmetallic drum


F Can


G Carboy
H Silo
1 Fiber drum


I Bag


K Box


1. Cylinder


M Glass bottles or jugs
N Plastic boules or ju 5
0 Tote bin


P Tank wagon


Q Rail car
R Other


Temperature and pressure code Storage conditions


Pressure
1 Ambient pressure
2 Greater than ambient pressure
3 Less than ambient pressure


Temperature
4 Ambie nt temperature
5 Greater than ambient temperature
b Less than ambient temperature
7 Cryogenic conditions
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20.3 Operational Hazards


The ATR is a Category A nuclear reactor; therefore, radioactive and fissile material is received,
handled, irradiated, and stored at the facility. As a result, the major hazard of this facility is from these
radioactive materials. The following subsections discuss this hazard and other hazards associated with
operating the facility. The non-radioactive hazards considered are hazards from corrosive materials;
explosive or pyrophoric materials; thermal and thermal radiation; flammable materials; toxic or
pathogenic materials, electrical systems; ionizing and nonionizing radiation; asphyxiation or drowning;
mass, gravity, or height; pressure-volume: kinetic-rotational and kinetic-linear energy; high noise levels;
and lifting of heavy objects; chemical storage; slip, trips, and falls; batteries lead/acid; and carcinogenics_


ATR has numerous support buildings and structures which include a variety of these same hazards.
The support buildings and structures are identified in the UFSAR Executive Summary and Chapter 1. The
hazards associated with each of these support buildings and structures are listed in Table ES-1.


20.3.1 Nuclear Hazards


Potential severe ATR fuel-damage and radiological-release accidents were identified and analyzed
for the ATR PRA (Eide, Khericha, and Thatcher 1991; Thatcher et al. 1994). All of the non-seismic
severe fuel-damage accident sequences (i.e., sequences of protective action failures following or
coincident with feel-threatening initiating events) were estimated to have a mean frequency (estimated
probability per year) of less than I x I0'b/yr. Thus, these severe fuel-damage accident sequences are
categorized as beyond-design-basis events, Fuel-damaging seismic events also require the occurrence of a
beyond-design-basis earthquake (greater than the Safe Shutdown Earthquake).


Several fuel damage events are discussed in Chapter 15. Since ATR is Hazard Category I nuclear
facility based on the power level and the calculations discussed in Chapter 15, no additional accident
analysis calculations are presented in Chapter 20.


20.3.2 Corrosive


I
Significant quantities of acids and caustics are stored at TRA in support of ATR (see Table 20.2-4).


TRA-671 contains 120,000 lbs of sulfuric acid. Other small quantities of acids and bases are stored and
used throughout TRA. Personnel exposure, handling, and storage of these materials conform to the
Contractor's Safety and Health_manual.


20.3.3 Explosive or Pyrophoric


There are no explosive materials stored at TRA. Section 3.10.8 of Eide, Kherieha, and Thatcher
(1991) addresses explosions resulting from accidental chemical releases. No significant sequences were
found due to chemicals stored at ATR.


Hydrogen storage bottles and hydrogen generated from lead/acid batteries may be considered an
explosive hazard. The hazard is controlled by the requirements of the fire protection codes and meets
DOE requirements.


Sonic potentially pyrophoric material is machined in TRA-670. The hazards associated with this
work are covered by the Contractor's procedures and manuals.
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20.3.4 Thermal and Thermal Radiation


ATR and several of the support buildings contain exposed pipes, components, laboratory
equipment, electric heaters, space heaters, electrical wiring and equipment, and furnaces that are
thermally hot, These hazards are standard industrial hazards.


20.3.5 Flammable Gas/Materials


The detailed internal-fire analysis in Section 3.10.3 of Elite, Khericha, and Thatcher (1991)
addresses the presence of combustible materials such as diesel fuel and lubricating oil. This analysis
summarizes the internal-fire accident sequences and includes descriptions of fire areas, fire suppression
systems, locations of combustibles, fire-induced initiating events, and event trees. Several of the accident
sequences listed in Eide, Khericha, and Thatcher (1 991) result in fuel damage. The consequences of all
credible events that went to fuel damage were compared to the consequences of events discussed in
Section 15.12.10. The credible events discussed in Eide, Khericha, and Thatcher (1991), meet the
applicable Plant Protection Criteria discussed in Chapter 15.0.14.


ATR and identified support buildings have storage cabinets that meet the requirements for handling
and storage of small quantities of flammable and combustible materials. This hazard is a standard
industrial hazard.


20.3.6 Toxic/Pathogenic


No pathogens are used at ATR. Table 20.2-4 contains a list of hazardous chemicals used at ATR,
and Chapter 21 (Hazardous Material Protection) contains a description of the hazardous materials
program at ATR Most of the toxic materials are stored in small quantities. Toxic materials are discussed
in Section 3.10.8 of Eide, Khericha, and Thatcher (1991) and are not considered a risk to control room
operators.


The Primary/Pathogenic Hazard at TRA is potential Hantavirus infection. Entry into areas where
observed mouse droppings are present is controlled to minimize the potential for Hantavirus infection.


20.3.7 Electrical


The electrical power distribution system at ATR is described in Section 1 .4.11 of Eide, Khericha,
and Thatcher. (1991) and in Chapter 8 (Electric Power) of this UFSAR. Failure of some components of
the electrical components of the electrical system can result in accident sequences that lead to core
damage. Electrical component failure was an initiator for several of the accident sequences listed in Eide,
Khericha, and Thatcher (1991) that resulted in fuel damage. The consequences of all credible events that
went to fuel damage were compared to the consequences of events discussed in Section 15.12.10. The
credible events discussed in Elite, Khericha, and Thatcher (1991), meet the applicable Plant Protection
Criteria discussed in Chapter 15.0.14.
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Safety precautions are in place for greater than 600 V. Anything below the minimum threshold of
600 V does not require analysis. Company procedures are in place and LockouttTagout shall be followed
to protect the workers from the electrical hazards. Operating at greater than 600 V is governed by
electrical industry codes and standards which are implemented by the company procedures. The electrical
industry accepts this method of addressing the electrical hazards and no further analysis is required other
than the Electrical Job Safety Analysis required prior to the initiation of work on electrical systems. A
restriction on the distance that must be maintained by the general public during normal operations is also
provided in the procedures.


20.3.8 Ionizing and Nonionizing Electromagnetic Radiation


There are numerous places at ATR where ionizing and nonionizing electromagnetic radiation is
present. For example, ultraviolet light is used to treat canal water, and electric are welding is used. Direct
radiation sources are present at the reactor, piping, tanks, ion exchange units, the canal area, laboratories,
and in the experimental cubicles. Radioactive sources are also associated with nuclear instrumentation
and radiography equipment.


Radiation doses to personnel at ATR and support buildings are controlled using the "as low as
reasonably achievable" philosophy and sound radiation-control practices. Specific provisions of the ATR
radiation protection program are discussed in Chapter 12 (Radiation Protection).


20.3.9 Asphyxiation or Drowning


The potential for asphyxiation or drowning exists in the reactor vessel (during refueling and CIC),
in the canal area, in raw water storage tanks TRA-719, and in confined spaces such as tanks that contain
an inert gas or low-oxygen atmosphere. Other potential asphyxiation sources include the fire suppression
systems and the bulk helium system in TRA-670. These are standard industrial hazards covered by the
Contractor's procedures and manuals.


20.3.10 Mass/Gravity/Height


The potential for accidents involving mass, gravity, and height exists at ATR. Ladders, stairs, and
scaffolds are potentially present in all areas of ATR and support buildings, as are numerous cranes, lifts,
and hoists. These types of hazards are common to both nuclear and nonnuclear industries, regardless of
the type of material handled, and are standard industrial hazards covered by the Contractor's procedures
and manuals.


20.3.11 Pressure -Volume


Numerous systems or components at ATR and support biuldings are pressurized, such as the
Primary Coolant System (PCS), the test loops, the reactor vessel, and compressed air systems. In addition,
the ATR confinement is maintained at slight negative pressure. Several of the accident sequences
discussed in Eide, Khericha, and Thatcher (1991) involve breaks in the PCS. The credible events
discussed are bounded by the consequences of the event compared to Section 15.12.10. In all cases, the
consequences of the credible events meet the applicable Plant Protection Criteria discussed in
Chapter 15.0.14.
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20.3.12 Kinetic -Rotational and Kinetic -Linear Energy


Numerous systems at ATR and the support buildings contain pumps, motors, or fans that have
rotating components. The fork lifts, cranes, and dollies are sources of linear kinetic energy. Finally,
pressurized piping at ATR is a source of liquid linear kinetic energy. Regardless of the type of material
handled, these types of hazards are common to nuclear and nonnuclear industries and are standard
industrial hazards covered by the Contractor's procedures and manuals. Rotational and linear missile
hazards are discussed in Chapter 3 (Design of Structures, Components, Equipment, and Systems).


20.3.13 High Noise Levels


Noise levels at ATR are monitored by Industrial Hygiene personnel. Areas that exceed 85 dBA
require hearing protection. Personnel access and exposure to high noise levels conform to the
requirements of the Contractor's Safety and Health manual. These hazards are standard industrial hazards.


20.3.14 Lifting of Heavy Objects


I Numerous cranes are used throughout TRA-670 for lifting heavy objects such as casks. Due to the
consequences of dropping heavy objects, limitations can he placed on lifts; when necessary, the
limitations will limit the reactor operating condition, the location of lift, and the height of lift. These
limitations are noted in the ATR Lill Book in the ATR reactor control room. The lifts at AIR and the
support buildings are conducted in accordance with DOE-ID Order 440.C (DOE-ID 2002), which is met
by PDD-600, "Site Maintenance Management Program," (INEEL 2003).


Dropping heavy loads within the ATR building can initiate several reactor and canal accidents
which are discussed in Chapter 15 (Accident Analysis).


20.3.15 Radiological


Radiation and contamination hazards exist in ATR and several of the support buildings. These
hazards are controlled in accordance with the Radiological Control Manual to mitigate the hazards
associated with the contamination and the potential release to the environment. Some of the items that
reduce the risk includes Radiological Worker Training, PPE, ALARA reviews, and RWPs.


20.3.16 Chemical Storage


Bulk Chemical Storage is a hazard in TRA-671. Small inventories are maintained in approved
storage locations in ATR and the support buildings. These hazards are standard indust ri al hazards.


20.3.17 Slip, Trips, and Falls


Some of the hazards identified are from elevated platforms, low overhead piping and shafts, pits,
grates, slick floors, manholes, and working at heights. These are considered a standard industrial hazard.


20.3.18 Batteries LeadlAcid


The hazard identified is a potential leak or explosion of the battery that would spread acid and
debris in the surrounding area. This hazard is considered to be a Standard Industrial Hazard.
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20.3.19 Carcinogenics


There are several carcinogens located in TRA-670. The major carcinogen is Asbestos. This
material resides in ATR and several of the support buildings. All asbestos materials must be identified
and posted. Any work to be performed in areas containing asbestos must be surveyed to identify the
extent of the hazard and mitigative measures incorporated into the work, which meets requirements. Since
the asbestos is fixed, no release is anticipated unless disturbed by work on the material containing
asbestos. The other carcinogens are standard industrial hazards and are covered by the Contractor's
procedures and manuals.
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20.4 Hazard Level Classification Accidents


20.4.1 Radiological Accidents


Several fuel damage events are discussed in Chapter 15. Since ATR is Hazard Category I facility
based on the power level and the calculations discussed in Chapter 15, no additional accident analysis
calculations are presented in Chapter 20.


20.4.2 Nonradiological Accidents


Another facility containing a quantity of sulfuric acid that is above the screening threshold is
TRA-671. Located on the east end of TRA-671 is an addition which contains the Secondary Coolant
Chemical Addition System. The addition, which contains all of the chemicals used in the secondary
coolant system, is an insulated metal building with a divided concrete sump below grating to contain
spillage from the bulk tanks. Located in the northwest portion of this addition is an 8,000-gallon
(120,000 lb) sulfuric acid tank which normally operates at a pressure between 5 and 14 psig. A hazard
analysis was completed which shows this addition as a low hazard (Abbott 1993; Bonney 1995).
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20.5 Classification of Individual Hazards


The hazards outlined in Section 20.3 were generally standard industrial ones. However, several of
them (e.g., electrical) could also serve as the initiators for nuclear accidents involving ATR. Based on the
doses calculated for a total core inch discussed in Section 15.12.10, ATR exhibited the potential for
significant offsite consequences and was classified as a Hazard Category I facility
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20.6 Classification of the Facility


Although no numerical criterion for significant offsite consequences has been established, doses in
the range of 100 to 1,000 rem are typically considered significant. Therefore, ATR exhibited the potential
for significant offsite consequences (based on an assessment for a total core melt event presented in
Section 15.12.10) and was classified as a Hazard Category I facility.
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ACRONYMS/ABBREVIATIONS


ALARA as low as reasonably achievable
ATR Advanced Test Reactor


CFR Code of Federal Regulations


DOD U.S. Department of Defense
DOE U.S. Department of Energy
DOE-ID U.S. Department of Energy, Idaho Operations Office


EG&G Idaho EG&G Idaho, Inc


IDCP Internal Dosimet ry Control Program
lH Industrial Hygienist
INEEL Idaho National Engineering and Env


IRA Job Hazard Analysis


MIL-STD Military Standard
MSDS Material Safety Data Sheet


on boratory


NIOSH National Institute for Occupational Safety and Health


OMP Occupational Medical Program
OSHA Occupational Safety and Health Administration


PEL Personnel Exposure Limit
PPS plant protective system


RP Reactor Programs


QA Quality Assurance
QC Quality Control


TRA Test Reactor Area


UFSAR Upgraded Final Safety Analysis Report
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21. HAZARDOUS MATERIALS PROTECTION PROGRAM


The Advanced Test Reactor (ATR) complex maintains a hazardous-material protection program
that complies with Occupational Safety and Health Administration (OSHA) laws, U.S. Department of
Energy (DOE) and DOE Idaho Operations Office (DOE-ID) orders, and the Contractor's procedures. As
specified by DOE Order 5480.23, "Nuclear Safety Analysis Reports," hazardous material is defined as
any solid, liquid, or gaseous material that is toxic, explosive, flammable, corrosive, or otherwise
physically or biologically threatening to health (DOE 1994). Oil is excluded from this definition.


21.1 As Low As Reasonably Achievable Program


The INEEL general policy outlined in the Contractor's Safety and Health Manual under the
Industrial Hygiene section is to keep individual chemical exposures below personnel exposure limit
(PELs). The As Low as Reasonably Achievable (ALARA) Program is conducted qualitatively relative to
hazardous materials protection by maintaining exposures below the industrial workplace PELs.
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21.2 Toxic and Chemical Sources


Hazardous materials used and stored at the ATR complex fall into four classifications: corrosive,
flammable, toxic/pathogenic, and pressure-volume materials. These sources are summarized in this
chapter. Specific volumes, locations, and storage/usage information are included in Chapter 20 (Hazard
Analysis and Classification of Facility) of this Upgraded Final Safety Analysis Report (UFSAR).
Hazardous materials are stored and handled in accordance with 29 CFR 1910, Subpart H, "Hazardous
Materials," and 29 CFR 1910, Subpart Z, "Toxic and Hazardous Substances."


21.2.1 Corrosives


Sulfuric acid, nitric acid, and lead-acid batteries are used at ATR or supporting facilities. Sodium
hydroxide is the most frequently used caustic material used at ATR supporting facilities. There are also
small quantities of other acids and caustics in use in the laboratories and at temporary job sites.


21.2.2 Flammables


Small quantities of paint solvent are in temporary use at job sites. Small quantities of flammable
gases and vapors are released during welding operations using oxy/acetylene tanks on temporary job sites
and in reactor maintenance operations. Hydrogen is generated during charging of battery banks, and may
build up in battery rooms. Propane is used to power vehicles such as fork lifts. Diesel fuel is used in
diesel generators, and gasoline and diesel fuel occasionally enter the reactor building in fuel tanks of
trucks that carry casks and equipment.


21.2.3 T oxicslPathogenics


In the reactor building (TRA-670), heavy metals are present in the form of lead-containing surface
coatings, lead shielding, lead-acid battery banks, cadmium neutron absorbers, lead calcium lighting,
carbon and stainless steel building components, and mercury switches. Also located in the reactor vessel
and storage canal are beryllium refl ector blocks and beryllium outer shim control cylinders. Halogenated
compounds (e.g., bromine) are used for water treatment. Materials containing asbestos are used for
insulation as system components, and as part of structural materials in several buildings within the
complex. An Asbestos inspection is periodically conducted for the entire Test Reactor Area (TRA).
Solvents are used at job locations within the complex. There is a potential accumulation of carbon
monoxide in diesel generator areas and in areas where equipment powered by propane is used, Pesticides,
herbicides, and insecticides are used occasionally on TRA grounds. Small quantities of miscellaneous
chemicals detailed in Chapter 20 (Hazard Analysis and Classification of Facility) are used in specialized
applications and as laboratory chemicals.
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Pressure-volume materials are usually associated with steam systems or stressed systems. A listing
of such systems at ATR includes:


• Primary coolant surge tank


• ATR experiment loops


• Reactor vessel


• Primary coolant system and pipe supports, includin


• Compressed-air systems.


Input pumps, and heat exchangers


Tanks under pressure are also used at ATR. These include numerous gas bottles (argon, halon,
neon, hydrogen, helium, P-10 argon-methane gas, and nitrogen), high-pressure air tanks, compressed-air
storage tanks, and compressed air breathing systems.
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21.3 Bioassay and Medica l Monitoring Program


Bioassay and other medical monitoring methods and frequencies at the TRA Site are based upon
the applicable source terms present at the various site areas, the worker potential for intake of hazardous
material and/or radionuclides, and the ability to detect minimum exposures to the material, as required
and implied by DOE Orders and DOE Guidance. Specific implementation programs include the Idaho
National Engineering and Environmental Laboratory (INEEL) Occupational Medical Program (OMP) and
the TRA facility Internal Dosimetry Control Program (IDCP), This section specifies INEEL and Reactor
Programs (RP) specific bioassay and medical monitoring requirements and general guidance for
implementing these programs.


21.3.1 INEEL Occupational Medical Program


The DOE Contractor OMP is prescribed in DOE Order O 440. IA (DOE 1998). Its objectives are to


• Protect DOE contractor employees against health hazards in their work environments.


• Assist management in ensuring the placement of DOE contractor employees in work that can be
performed in a reliable and safe manner consistent with the requirements of the Americans with
Disabilities Act of 1990.


• Provide support to contractor management in the medical, mental , and substance-abuse aspects of
personnel reliability and fitness for duty.


• Ensure the early detection, treatment, and rehabilitation of employees who are ill, injured, or
otherwise impaired.


• Apply preventive medical measures toward the maintenance of the optimum physical and mental
health of employees through health promotion and education.


• Provide professional guidance and consultation to contractor management on all health-related
issues.


Provide employees, as appropriate, with professional medical evaluation, guidance, counseling, and
referrals to specialists in support of optimum physical and mental health


Protect the privacy of employees and the confidentiality of their medical records.


Provide support to DOE and contractor management and the Office of Epidemiology and Health
Surveillance/Office of Health by the collection and analysis (when requested) of employee health
data for the purpose of early detection and prevention of occupational and nonoccupational illness
and injuries.


The OMP organization is administratively and procedurally organized to provide guidance for the
overall occupational medical program and to establish minimum requirements for the protection and
evaluation of human health in the work environment and during emergency situations.
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21.3.2 RP-Specific Bioassay and Medical Monitoring


Medical monitoring requirements for some specific chemicals are desc ribed in the Contractor's
Safety and Health. While medical monitoring may be based solely on the chemical, in some cases
duration of exposure will determine whether medical monitoring is required.


Hazard sampling is based on the availability of protocols developed by the National Institute of
Occupational Safety and Health (NIOSH) (Eller 1984). The IH is responsible for developing guidelines
for evaluation and control of health hazards having no mandatory standards.


21.3.3 Industrial Hygiene Sample Analysis


Three distinct steps are involved in industrial hygiene sample analysis: (a) sampling and shipping,
(b) laboratory analysis, and (c) sample result notification. The Industrial Hygienist (1H) is responsible for
ensuring that representative samples are collected, that chain-of-custody is maintained to provide sample
integrity, and that notification of sample results is made to management as appropriate.


Sample analysis is performed by the Contractor's Environmental Hygiene Laboratory, or an
approved outside laboratory. Where the III determines that employee notification is required, the
employee is notified within the DOE and OSHA time limit requirement. The notification procedures are
contained in the Contractor's Saferv and Health.
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21.4 Air and Workplace Monitoring


21.4.1 Workplace Monitoring Program


Workplace monitoring is prescribed by DOE Order O 440. `Worker Protection Management
for DOE Federal and Contractor Employees," and is implemented through the Contractor's Sn/ety and
Health (DOE 1998). The lH routinely performs walk-through surveys of work areas for hazards.


21.4.2 Permanent Monitoring Instrumentation


Several area hydrogen detectors are located in Building TRA-670. The locations of these detectors
are as follows:


• Inside Plant Protective System (PPS) Battery Rooms


• Inside the Utility/Instrtnent Batten' Room.


21.4.3 Portable Monitoring Instrumentation


The IH maintains and uses a variety of portable hazardous material monitoring instrumentation.
These instruments are inventoried, calibrated, and maintained in accordance with the manufacturer's
instructions Manufacturers' operating and maintenance procedures for all industrial hygiene
instrumentation are kept in the il-1's office with the equipment. The industrial hygiene equipment typically
used for monitoring hazardous materials at the ATR includes:


• Combination combustible gas/carbon dioside/and oxygen meters


• Direct reading instruments for colormetric tubes


• Flow meters and pump calibrators


• Personal air sampling pumps.
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21.5 Instrument Calibration


Indust ri al hygiene instrument calibration is required by the National Institute for Occupational
Safety and Health (NIOSH) to ensure representative exposure measurements. The standard for all
calibrations performed is ANSI/NCSL Z540-1, "Calibration Laboratories and Measuring and Test
Equipment, General Requirements (ANSI 1994)." DOE Order 414.]A recommends this standard and
requires its use in all DOE operations (DOE 2001). Industrial hygiene instrument calibration is performed
by one or more of the following organizations, as appropriate:


• The Contractor's Standards and Calibration Laboratory


• Approved manufacturer or authorized vendor


• Industrial Hygienists (IHs) or qualified technicians


• TRA Maintenance Operations.


21.5.1 Calibration Requirements


Procedures for accomplishing manufacturers' calibration requirements are outlined in the
manufacturers' technical manuals, or Company developed procedures.


21.5.2 Calibration Equipment


Primary calibration of instrumentation is performed at the Contractor's Standards and Calibration
Laboratory or at an approved manufacturer or authorized manufacturer or authorized vendor. All
equipment used for secondary calibration is calibrated in accordance with the requirements presented in
ANSIINCSLZ540-1 (ANSI 1994)."
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21.6 Recordkeeping and Hazardous Material Exposures


Recordkeeping is required for all aspects of hazardous material protection , including hazard
communication , calibration and maintenance of equipment and instrumentation , workplace monitoring
and sampling, and employee exposure. The IH maintains all of these records. The Contractor's Quatirv
and Requirements Management manual requires establishing and implementing a records management
program within each organization. Exposure records shall be legible; identifiable; retrievable; protected
against damage, deterioration , or loss ; and retained for a prescribed period as described in the
Contractor's Safety and Health.


The Contractor's Safety and Health, implements the requirements of DOE Order 0 440.1 A and
29 CFR 1910.1020, which state employee exposures to hazardous chemical, physical, and biological
agents are required to be evaluated and documented in a record that is easily retrievable by the employee
(DOE 1998). Requests for exposure records information are conducted by completing a Hazardous Agent
Exposure Records Release Authorization Form.
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21.7 Hazard Communication Programs


Hazard Communication for Reactor Programs is maintained in accordance with Company Hazard
Communications procedures as outlined in the Contractor's Safety and Health Manual.
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21.8 Hazard Evaluation and Elimination


21.8.1 Hazard Evaluation


A hazard evaluation is performed as required by DOE Order 440.IA (DOE 1998). The hazard
evaluation is prepared by an IH in accordance with Company Industrial Hygiene procedures as outline in
the Contractor's Sofety and Health Manual.


The IH will determine the type and frequency of monitoring activities, monitor and document
personnel exposures to hazards according to guidelines (see Section 21.3.2), evaluate exposures that may
exhibit additive effects and monitor results for risk assessment for personnel, and conduct periodic hazard
control monitoring. When a hazard has been identified, the IH will recommend hazard control measures
to management.


21.8.2 Hazard Elimination


Hazard elimination through the implementation of sound stewardship practices that are protective
of the air, water, land, and other natural and cultural resources is a requirement of DOE Order 450.1
"Environmental Protection Program" (DOE 2003). The objective of this order is to promote increased
protection of public health and the environment by eliminating or minimizing releases from all aspects of
DOE-ID operations to all environmental media.


Reactor programs prepares annual waste minimization plans for their facilities and operations.
These plans contain a description of the operation, process characterization, and pollution prevention
strategy. In the process characterization section, waste streams and waste minimization procedures are
presented.
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22. PROVISIONS FOR DECONTAMINATION
AND DECOMMISSIONING


This chapter presents conceptual and existing plans for decontaminating and decommissioning
(D&D) the Advanced Test Reactor (ATR) following the guidelines in U.S. Depa rt ment of Energy (DOE)
Order 430. IA, "Life Cycle Asset Management" (DOE 1998 ). This chapter also presents considerations of
the facility D&D design features , D&D plans (including design planning requirements for future major
modifications and generic D&D plans ), and environmental/public health and safety issues.


22.1 Facility Design Features


Because the ATR was designed and built before D&D design requirements were issued, design
considerations to simplify and promote D&D andlor increase the potential for reuse were not specifically
included in the design documentation (DOE 1998). The existing Aging program has demonstrated that
ATR could be operated until 2014. Additional work and upgrades could extend the life even further
(Durney et al. 1987). Therefore, D&D activities will not occur immediately and may be governed by
requirements of future regulations and guidance. At that time, features built into the initial design that
would promote D&D activities (see Section 22.2.1), reduce waste generation, and reduce future potential
impacts will be documented during the characterization phase of D&D efforts. Any future modifications
of radioactively contaminated access areas at ATR will follow the DOE requirements for D&D in place at
that time (see Section 22.2.1 for more details).
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22.2 Decontamination and Decommissioning Plans


At the end of the plant mission, DOE will be responsible for D&D of the reactor plant and the
appropriate support facilities. A D&D plan will be adopted and subject to regulatory and public review
before implementation. The following subsections discuss general D&D plans (including D&D planning
requirements for finure major modifications), generic D&D plans, and plans for mitigating
environmental, and health and safety concerns.


22.2.1 Decontamination and Decommissioning Planning Requirements for Future Major
Modifications


Major modifications of the ATR use Technical Design Requirements to document required design
features of the modifications. These requirements include promotion of the D&D process and
minimization of radioactive, hazardous, and mixed waste generation as required by ATR facility-specific
General Design Criteria in Chapter 3 (Design of Structures, Components, Equipment, and Systems). For
example, the Technical Design Requirements will require the designers to submit a plan that addresses
eventual decommissioning and presents an evaluation of D&D options as they would apply to ATR. The
evaluation will include a comparison of (a) potential environmental impacts from accidents in normal
operations and impact mitigation measures, (b) regulatory compliance considerations and future
requirements that may be more restrictive, (c) estimated quantities of wastes and mitigative measures,
(d) estimated occupational and public exposures and mitigative measures, and (e) estimated costs and
schedules. The plan will not require a detailed level of description, but it will provide a sufficient basis for
determining that the proposed design has incorporated the latest technology for promoting eventual D&D
while minimizing waste generation, site and environmental contamination, exposure to workers and the
public, and preventing an increase in residual risks both during and after decommissioning.


At a minimum, the Technical Design Requirements for the modifications will consider


• Architectural/structural requirements that promote dismantling and handling reactor system
components with features like modular components, prcplaced lifting attachments, and passageway
and compartment sizes


• Architectural/structural requirements that promote demolition and removal of plant structures such
as preplaced blast holes, and nonembedment of pipe


Techniques for the eventual disassembly, shielding, and handling of the core, reflector, and
shielding components


Requirements that prevent or reduce concentrations of radioactive contaminants or increase
efficiency of decontamination by use of coatings, liners, sacrificial surfaces, enclosed cable trays,
etc.


Requirements to reduce or prevent the activation of structural and component materials by material
selection, purification, preparation, shielding, and location


Requirements that promote minimization, segregation, and handling of radioactive and hazardous
waste.
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22.2.2 Description of Generic Decontamination and Decommissioning Options


For nuclear facilities, three basic decommissioning options have been defined in a U.S. Nuclear
Regulatory Commission (NRC) Program Status Paper (Calkins 1980) and the Draft Generic
Environmental Impact Statement on Decommissioning of Nuclear Facilities (NRC 1981). These options
are DECON, ENTOMB, and SAFSTOR. The most appropriate option will be selected at the time of
decommissioning based on National Environmental Policy Act (NEPA) regulations in place at that time,
and on DOE's mission. The Decommissioning Plan will specify the option to be used and how it will be
implemented at ATR.


DECON is the immediate removal of all radioactive materials to acceptable levels to permit the
property to be released for unrestricted use by the public. Decontamination is followed by dismantlement,
transportation, and burial of radioactive waste. In a final step, the outer structure is demolished, and the
site is restored by grading and revegetation.


ENTOMB is the encasement of the facility in a material possessing long-lived structural rote
until a time when the dose level allows unrestricted use. This option is intended for sites where the
radioactivity will decrease to acceptable limits within approximately 100 years.


SAFSTOR involves placing a facility in temporary storage for subsequent decontamination and
unrestricted facility use. This temporary storage must provide acceptable risk levels to the public. The
SAFSTOR option is divided into four major phases:


Chemical and mechanical decontamination


Deactivation of equipment not needed during the interim care phase


Interim care (surveillance and maintenance)


Final dismantlement.


v


Surveillance, maintenance, and certain operations (such as ventilation and security activities) are
conducted during the interim care phase to ensure safe confinement of the radioactivity and hazardous
materials. Scheduled programs of periodic inspections and monitoring continue.


Final dismantlement begins with a planning phase. The equipment that is necessary for
dismantlement but was previously made inoperable is activated and refurbished as necessary.
Dismantlement then follows the same process as the DECON option.


Projections of D&D impacts specific to the AIR have not been made; however, estimates have
been made for the D&D of typical pressurized water reactor commercial power reactors using the
DECON option. The estimated population dose was 3.0 x 10` mrem/yr (lung) during the period of D&D
operations. The ENTOMB and the SAFSTOR options were projected to result in an even lower dose.


In summary, there is a range of D&D options. Specific decisions concerning D&D will be deferred
until near the end of the operating life of the plant. By then, there may be significant changes in D&D
technology and practices, energy use and generation needs, and regulatory requirements.
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Environmental issues associated with D&D are discussed in the following subsections. The
subsections discuss disposition of support facilities; disposal of radioactive, hazardous, mixed, and
nonhazardous wastes; and permitting.


22.2.3.1 Disposition of Support Facilities . Facilities no longer needed will be removed
and disposed of in accordance with the regulatory requirements for demolition, removal, and disposal in
place at that time. Because demolition and removal operations are, in general, well established and are
routinely practiced, they are not expected to result in significant environmental impacts. If there is
projected to be significant landscape disturbance as a result of D&D activities, appropriate erosion control
and revegetation plans will be developed.


22.2.3. 2 Disposal of Radioactive , Hazardous, Mixed, and Other Wastes . Federal,
State, and local regulations and guidelines exist to control the handling, storage, and disposal of all
categories of waste. DOE has internal procedures and training to ensure compliance with those
regulations. Current regulations require that after a regulated material is declared excess, it must be
disposed of expeditiously following all regulatory requirements. Additional regulations are expected to be
developed in the future.


Based on an analysis of the potential consequences associated with the D&D of similar facilities at
the INEEL (DOE 1995), the following generalizations are likely to apply to the ATR. Decontamination
activities at the end of operations will result in a significant increase in the volume of waste generated.
This increase is likely to last from 10 to 15 years. However, most waste management operations would
not differ significantly from those employed during construction and normal operations of the plant
complex; nor would the operations raise significant waste management issues requiring abnormal
approaches or resolution. Therefore, the waste management plans presented in Chapter I I (Radioactive
and 1-lazardous Material Waste Management) of this Upgraded Final Safety Analysis Report, which were
developed for normal operations of the reactor complex, should only require minor modifications to meet
the needs of the D&D phase.


22.2.3. 3 Permitting . Depending on the D&D option and implementation plans specified in the
decommissioning plan, DOE may be required to obtain permits from appropriate State and Federal
agencies to dismantle the facility and dispose of its component parts. An active and cooperative program
of working with permit-issuing agencies will be maintained to ensure a timely and satisfactory closeout of
permits. As part of this permit process, detailed plans will be developed and provided to the appropriate
agencies on the proposed procedures for D&D of the facilities and for the disposal of regulated materials.
The plans will provide sufficient detail to provide reasonable assurance that the D&D and waste disposal
activities will be performed in accordance with all applicable regulations, and will be accomplished with
no significant impacts to the environment nor any adverse effects to the health and safety of workers or
the public.
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Public health and safety issues, including radiological considerations, controls, and security
requirements, are presented in the following subsections.


22.2.4 . 1 Radiological Considerations and Controls. All control practices common
during operations will be maintained during the decommissioning phases to ensure the continuing safe
operation of the complex. These practices will include, but will not be limited to, (a) restricted access to
controlled areas, (b) monitoring, controlling, and/or capturing airborne or liquid effluents, (c) monitoring
and controlling worker exposures to radioactive and hazardous sources, and (d) appropriately monitoring
for the level of hazard in the area, either periodically, continuously, remotely, or by inspection.


22.2.4.2 Security Requirements. Fences, controlled access, and security protection similar
to programs in place during normal operations will be used during the decommissioning phases for
portions of the facility that remain secure. For other portions of the complex, fences, locked buildings,
and periodic patrols will be maintained at an appropriate level of security.


22.2.4.3 Data Files. Pertinent data, calculations, decision bases, and reports generated during
the decommissioning project will be permanently maintained and archived to meet DOE D&D Program
requirements. The data file will provide the documentation required to support release of the ATR
facility/area by providing a complete documented history of the decommissioning project. The level of
detail and type of documents included in the data file will be commensurate with the technical complexity
of the decommissioning project.


22.2.4.4 Final Report. The ATR final D&D report will document an overview of the project
activities, accomplishments, final facility or site status, and lessons learned. Specific content requirements
for the report include the following:


• An abstract


• Summary


• Introduction


• Facility description before decommi


• Physical condition


• Radiological conditions


• Hazardous chemical conditions


• Objectives and work scope


• Work performed


ioning
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Project management/project engineering


Decision analysis


Site preparation


Decommissioning operations and waste disposal


Postdecommissioning radiological surveys


• Posidecommissioning hazardous chemical surveys


• Cost and schedule


• Volume of waste generated


• Personnel exposure


• Postdecommissioning condition


• Lessons learned


• References.
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15. ACCIDENT ANALYSES 


15.0 Introduction 


15.0.1 History 


The Advanced Test Reactor (ATR) started power operation in mid-1969 within an envelope 
established in the Safety Analysis Report (SAR) and three supplements (deBoisblanc and Cohen 1965a; 
1965b; 1967; deBoisblanc, Cohen, and Walker 1966). The SAR included descriptions of the facility, the 
reactor and its support systems, accident analysis, hazards analysis, and various appendices which 
described support for the SAR. 


The SAR provided the basis for operation of the ATR at a maximum power level of 250 MW 
(thermal) with a core power imbalancea


Program requirements in Fiscal Year 1974 and beyond identified the need for installation of an 
inpile test facility with a larger test space. A need for reactor operation with larger power imbalances was 
also identified. The larger power imbalance was required to allow operation of the reactor with high 
power in the lobes away from the large inpile tube (LIPT) with its limited power level capability. To 
determine the safety effects of operation with a LIPT, and to determine a maximum lobe operating power 
and power imbalance, the “ATR Operating Envelope Extension” program was initiated (ANC 1973). This 
program involved an extensive analysis effort to predict the power distributions in the reactor core, void 
worths and the distribution of the worth, and reactivity feedback coefficients. This was also the first time 
that the Monte Carlo technique for predicting the probability of a result and the variance on that result 
was used for evaluating compliance to safety margins for the ATR fuel element cladding. Previous studies 
had used the hot spot - hot stripe methodology. 


 not to exceed 60-50-40 (relative MW). The term relative power is 
used to designate lobe powers normalized to 250 MW. 


This work demonstrated that the reactor could operate with an LIPT and with a greater power 
imbalance. The effects of power imbalance (e.g., reactivity variation with power distribution) were 
identified and enveloped in the analysis or limited as needed by operational controls. 


The U.S. Atomic Energy Commission issued criteria and requirements for Reactor Development 
and Technology Division (RDT) reactor plant protection systems in 1969. An upgrade was started to meet 
the new standards contained in the standard RDT C.16-1T (AEC 1969) shortly after it was issued. In 
response, the “ATR PPS and Technical Specifications Design Basis Report” (DBR) was prepared and 
issued in 1977 (Atkinson and Hanson 1977) to provide a technical basis for the ATR Plant Protection 
System (PPS) and ATR Technical Specifications. This report identified the spectrum of credible reactor 
accidents of potential safety concern, classified the accidents by a qualitative frequency of occurrence, 
and analyzed the associated consequences to specify the mitigating PPS subsystems with their 
requirements. The DBR was prepared using the guidelines of the U.S. Nuclear Regulatory Commission’s 
Regulatory Guide 1.70, “Standard Format and Content of Safety Analysis Reports for Nuclear Power 
                                                      
a. The ATR core consists of 40 fuel elements arranged in a clover-leaf pattern forming nine flux traps. The flux traps are in a 


3 × 3 square array. The eight fuel elements surrounding each corner flux trap and the eight elements surrounding the center 
flux trap are referred to as lobes. The core control components can shift the azimuthal power distribution to/from non-uniform 
power distributions, or power imbalances. The lobe powers are specified as high-center-low when there is symmetry and as 
NW-NE-C-SW-SE, if symmetry does not exist. Refer to Chapter 4 (Reactor) for further description of core design and lobe 
power split designations. 
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Plants,” (Chapter 15) (NRC 1978) and an American Nuclear Society (ANS) guide for the development of 
technical specifications for research reactors (ANSI 1974). The DBR was periodically updated with the 
last issue dated in 1994 (SAR-39). 


As part of an effort to reduce costs, a study was initiated in 1978 to determine the feasibility of 
plant operation with two primary coolant pumps (PCPs). The method used to calculate electrical power 
costs for the Idaho National Laboratory (INL) was based on peak demand. Running a third PCP resulted 
in a peak demand which, in turn, resulted in a significant electrical power cost increase. Analyses 
supported two-pump operation, and the DBR and Technical Specifications were revised for operation 
with either two or three PCPs. 


In 1989, a program plan was developed to provide an Upgraded Final Safety Analysis Report 
(UFSAR) for the ATR. At the time, new requirements for safety analysis reports for Department of 
Energy (DOE) nuclear facilities were being prepared. Draft requirement documents were available but 
were not finalized. As a result, the original plan was based on guidance for commercial reactor safety 
analysis reports. The plan was updated to produce a UFSAR that met the requirements of 
DOE O 5480.23, “Nuclear Safety Analysis Reports,” when it was first issued in 1992. The current 
requirements for nuclear safety analysis reports are contained in DOE O 5480.23 and 10 CFR 830. The 
plan provided for upgraded evaluation of off-normal sequences in Chapter 15 of the UFSAR. The format 
and content for the first eight sections of Chapter 15, Sections 15.0 through 15.7, follows the NRC 
Regulatory Guide, RG 1.70, Format for Safety Analysis Reports. However, to make Chapter 15 
comprehensive and stand-alone, Sections 15.8 through 15.16 includes information previously presented in 
the DBR (SAR-39). While this information is not necessarily required by RG 1.70 in a SAR, it provides 
useful material for understanding the present safety basis and provides additional documentation required 
by DOE O 5480.23. These additional sections contain analyses for failure of supporting systems, cask and 
fuel handling events, depressurized operation, fuel element failures, and high pressure and high flow 
events not previously discussed in Sections 15.1 through 15.7. The high flow and high-pressure events 
were discussed separately in the DBR and, since none of the events were limiting, the discussion of these 
events was also separated in Chapter 15. Finally, since the anticipated transients without scram were 
analyzed as part of the probabilistic risk assessment (PRA) severe accident analysis program, they are 
discussed in Section 15.12 with the severe accidents. 


15.0.2 Methodology 


The purpose of Chapter 15 in the UFSAR is to provide a current accident analysis and safety 
evaluation, identify the ATR safety criteria, and identify any safety areas requiring upgrade. 


The approach used for accomplishing this objective involved four major areas: (a) provide physics 
data required for analyses that were fully documented and reviewed, (b) perform/model experiments to 
enhance and/or validate the correlations/codes used for ATR analyses, (c) reanalyze selected events to 
demonstrate compliance with the reactor protective criteria, and (d) provide an operating envelope within 
which reactor operation would be allowed upon demonstration that critical parameters met the analysis 
basis. 
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15.0.2.1 Physics Data. Extensive physics analyses were performed for the ATR core in 
support of the LIPT insertion and for the envelope extension. Capability for three-dimensional modeling 
with PDQa


15.0.2.2 Experiments. Several experiments were performed during the initial reactor startup 
to provide verification of the reactor characteristics. The evaluations were performed for flow instability, 
flow reversal into natural convection cooling, oxide buildup, and forced convection heat transfer 
coefficients. The data from these tests and current reactor operation were used to benchmark the computer 
codes to the conditions (Wagoner 1995). 


 was not available at the time this work was completed (two-dimensional results were 
extrapolated to three dimensions as needed). With the development of a three-dimensional PDQ, an 
extensive analysis effort was completed to update and verify the power distributions and other parameters 
required to develop content for Chapter 4 (Reactor) and data for the analyses in Chapter 15 (Accident 
Analyses). The analyses were reviewed and documented under the quality guidelines. The results, 
presented in Chapter 4, are used extensively in the discussion of off-normal events. 


The possibility that subatmospheric pressure will occur in the reactor vessel during some transients 
was identified in previous studies. Since these conditions are outside the normal range evaluated in the 
derivation of correlations used to predict thermal-hydraulic behavior, a test program to experimentally 
evaluate critical heat flux (CHF), channel flooding, and flow excursion was started. Data from this 
program were used to evaluate applicability of correlations, or to generate new correlations. 


15.0.2.3 Reanalysis. The DBR was reviewed along with results from the Reactivity Insertion 
Accident (RIA) and PRA programs to define transient analyses which should be reanalyzed for the 
UFSAR (Atkinson 1995). The identified scope for Chapter 15 of the UFSAR was the reanalysis of the 
limiting events associated with each category of accidents from the above programs. The DBR was used 
to identify the limiting event(s) in each accident category and with results from the RIA and PRA 
programs to ascertain the classification for event frequency. The identified limiting events were then 
analyzed to predict the reactor response. The analyzed response was then evaluated against the required 
protective margins. 


The reanalyzed limiting events are in the following categories of potential off-normal events: loss 
of heat sink (LOHS), loss of flow, loss of coolant, reactivity/power anomalies, and high pressure (water 
hammer). 


The reanalysis results and the existing DBR analysis were used to develop a discussion of the 
limiting events and bounded events. 


15.0.2.4 Operating Envelope. Analyses were completed with reactor and experiment 
parameters/configurations which maintain the minimum required margins to the protection criteria. The 
evaluated range is expected to bound future operations; however, some case-basis evaluation of 
experiment loadings or reactor core configurations using the formalism and criteria established in 
Chapter 15 may be necessary. The ATR Core Safety Assurance Package (CSAP) and the experiment 
safety analysis documentation will provide verification that the proposed operation for each reactor cycle 
is within the bounds set by Chapter 15 (including any necessary analyses to show compliance to the 
reactor protection criteria established by Chapter 15). 


                                                      
a. PDQ is a reactor physics computer code; see Section 15.0.11.4 for a description of PDQ version 7. 
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15.0.3 Classification of Plant Conditions 


The accident frequency classifications in the DBR were made using the guidelines contained in 
RDT C.16-1T (AEC 1969). Frequency classifications were: anticipated, unlikely, and extremely unlikely. 
The general qualitative criteria for classification of the ATR accident frequencies used in the DBR are 
listed in Table 15.0-1 (SAR-39). As discussed in Section 15.0.2.3 (Reanalysis), the accident frequency 
classifications of the reanalyzed events were ascertained from the results of the RIA and PRA programs. 
In addition, the results of the RIA and PRA programs confirmed the accident frequency classifications of 
the previously analyzed events. These classifications of frequency generally correspond to the ANS 
categories. The four ANS categories (Condition 1 through 4) and the assumed correspondence to the DBR 
classification are as follows: 


• Condition 1 - Normal operation and operational transients: Normal Operation 


• Condition 2 - Faults of moderate frequency: Anticipated 


• Condition 3 - Infrequent faults: Unlikely 


• Condition 4 - Limiting faults: Extremely Unlikely. 


The basic principle applied in relating plant protective requirements to each of the conditions is that 
the most probable occurrences should yield the least radiological risk to workers and the public and the 
least risk to continued operation of the facility. Those extreme events having the potential for the greatest 
risk to workers and the public and to facility operability should be least likely to occur. Reactor trip and 
engineered safety system functioning is assumed as applicable. 


The frequencies of accidents and faults listed in the sections for Conditions 2, 3 and 4 events were 
classified based on the DBR criteria or the results of the RIA and PRA programs as noted in 
Section 15.0.2.3. 


15.0.3.1 Condition 1: Normal Operation. Condition 1 operations are expected to occur 
frequently or regularly in the course of reactor operation, refueling, or maintenance. Condition 1 includes 
normal operation and operational transients such as reactor startup, shutdown, recovery from power 
reductions, reactor power division adjustments, and experiment positioning. Maintenance activities such 
as refueling, experiment handling, facility modifications, overhaul, preventive and corrective 
maintenance, and core internals changeouts are normal operations. Reactor parameters are controlled 
within a conservative set of initial conditions which are bounded by reactor parameters assumed in the 
accident analyses. Maintenance activities are administratively controlled with the level of control 
commensurate with maintaining the assumed frequency of failure of the control. 


A typical list of Condition 1 events follows: 


A. Steady-State and Shutdown Operations. 


1. Power Operation (NL to NF


2. Shutdown (subcritical, safety rods in seat) maintenance. 


). 
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B. Operation with Permissible Deviations. 


Deviations that may occur during continued operation as permitted by the Technical Safety 
Requirements (or other formal contractor documentation) must be considered in conjunction with 
other operational modes. These include: 


1. Operation with components or systems out of service (such as an inoperable safety rod). 


2. Operation with an initial condition outside of tolerance. 


3. Leakage from fuel or experiment with a limited clad defect. 


4. Operation with water chemistry out of specification. 


5. Excessive radioactivity in the primary coolant. 


6. Testing. 


C. Operational Transients. 


1. Plant startup and shutdown. 


2. Experiment repositioning. 


3. Adjustment of power division. 


15.0.3.2 Condition 2: Anticipated Faults. An anticipated fault is an off-normal condition 
that is expected to occur once or more during the lifetime of the facility due to an expected single fault. 
These faults, at worst, result in reactor trip with no plant equipment damage [some plant equipment (e.g., 
reactor fuel elements) may require requalification prior to reuse]. By definition, these faults (or events) do 
not propagate to cause a more serious fault, i.e., Condition 3 or 4 events. Failure of the fuel clad is 
included in this category only if the rupture is localized and is the initiating event. 


For the purposes of this report, the following events are included in this category: 


• Secondary coolant system (SCS) flow control valve (FCV) fails to the open position 
(Section 15.1.1) 


• Excessive heat removal from the SCS (Section 15.1.3) 


• SCS FCV closed against stop (Section 15.2.2.1) 


• Cooling tower failure (Section 15.2.2.6) 


• Loss of commercial power [Sections 15.2.2.8 (loss of heat sink) and 15.3.1 (loss of primary flow) 
(see also supporting system events in various Sections of 15.11)] 


• Trip of one (two-pump operation) or two (three-pump operation) of the operating PCPs 
(Section 15.3.5.1) 


• Sleeve failure in 16-in. outlet pipe (Section 15.3.5.2) 


• Failure of one operating PCP due to mechanical failure (Section 15.3.5.1) 







 


    Form 412.09 (Rev. 10) 


 Idaho National Laboratory    


 CHAPTER 15.0 – ACCIDENT 
ANALYSES – UPGRADED FINAL 


SAFETY ANALYSIS REPORT FOR THE 
ADVANCED TEST REACTOR 


Identifier: 
Revision: 
Effective Date: 


SAR-153 
 14 
 08/03/10 Page: 15.0-6 of 15.0-50 


• Closure of the primary coolant system (PCS) butterfly valve from operating positions to 38% 
(Section 15.3.5.3) 


• Withdrawal of all outer shims and neck shims from 10-5 NF


• Slow power increase or lobe power balance shift due to shim or operator failure (Section 15.4.3) 


 (Section 15.4.2) 


• Inpile tube (IPT) decompression with subsequent voiding due to failure of the 1/2-in. piping 
(Section 15.4.4) 


• Rapid regulating rod withdrawal (Section 15.4.7.1) 


• Withdrawal of all outer shims from 10-10 NF


• Withdrawal of all outer shims and one neck shim from N


 (Section 15.4.7.2) 


L


• Cold water injection (Section 15.4.7.4 refers to Section 15.1) 


 (Section 15.4.7.3) 


• IPT voiding due to a rupture disk or relief valve failure or an open and accessible valve (reactivity 
insertion in Section 15.4.7.5, dose consequences in Section 15.7.1) 


• Limited perched fuel element (Bounded by 0.5$ step reactivity insertion in Section 15.4.5) 


• Loop flow coastdown or loop loss of temperature control with a loop instrumentation initiated 
reactor trip (Section 15.4.7.6) 


• Powered axial locating mechanism (PALM) drive system failures (Section 15.4.7.7) 


• A loss of instrument air closes back-pressure control valve (PCV) PCV-1-1 and opens pressurizing 
flow control valve FCV-1-8 (Section 15.5.1) 


• Back pressure valve PCV-1-1 closes due to operator error or controller failure (Section 15.5.3.1) 


• Pressurizing flow control valve FCV-1-8 opens due to operator error or controller failure, or a 
second pressurizing pump is started (Section 15.5.3.2) 


• Excessive high pressure air (HPA) is valved into the surge tank (Section 15.5.3.3) 


• Diesel generator overspeed (≤ 15%) causes pressurizing pump overspeed and increased flow 
(Section 15.5.3.4) 


• Heat exchanger tube rupture (Section 15.6.3) 


• An opening in the PCS due to opening a drain valve, relief valve, or vent valve (Section 15.6.4) 


• ATR Liquid Waste System release (Section 15.7.2) 


• Dropping an irradiated fuel element during fuel handling in either the reactor vessel or in the 
working canal with no significant damage to the fuel element (Section 15.8.5) 


• Withdrawal of all outer shims from 10-5 NF


• Partial fuel channel blockage from small debris in the PCS (Section 15.10.1) 


 [during depressurized operation] (Section 15.9.3.1) 


• Unexpected high peaking in the fuel due to an analysis or loading error (Section 15.10.8) 
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• Small defects in fuel element or minor handling damage to fuel (Section 15.10.9) 


• Failure of one power supply unit in Radiological Control Office (Section 15.11.1.1) 


• [Failure of cubicle exhaust system due to] a


• [Failure of cubicle exhaust system due to] Loss of diesel power (Section 15.11.2.2) 


 Loss of commercial power (Section 15.11.2.1) 


• [Failure of cubicle exhaust system due to] Momentary loss of commercial-diesel power 
(Section 15.11.2.3) 


• High high-pressure demineralized water (HDW) coolant temperature (Section 15.11.4.1) 


• Partial loss of HDW flow to IPT cubicles (Section 15.11.4.3) 


• Momentary total loss of HDW flow to IPT cubicles (Section 15.11.4.5) 


• Single utility cooling water (UCW) pump failure (Section 15.11.5.1) 


• Inadvertent closure of flow control valve FCV-4-5 (Section 15.11.5.3) 


• [Failure of UCW due to] Loss of diesel power (Section 15.11.5.9) 


• Inadvertent error in HDW-UCW heat exchanger bypass flow (Section 15.11.5.13) 


• [Failure of Low pressure demineralized water (LDW) due to] Block valve closure 
(Section 15.11.6.1) 


• LDW pump failure (Section 15.11.6.2) 


• Failure of instrument air system (Section 15.11.7) 


• Excessive HPA in surge tank due to operator error (Section 15.11.8.1) 


• Excessive HPA in surge tank due to valve failure (Section 15.11.8.2) 


• Failure to place one HPA compressor on automatic control (Section 15.11.8.3) 


• [HPA] Control system failure (Section 15.11.8.4) 


• [HPA] Relief valve failure (Section 15.11.8.5) 


• Loss of power from any one motor control center (MCC) or bus, including the diesel-commercial 
bus (Section 15.11.9.1) 


• Momentary total commercial power failure (for less than one hour) (Section 15.11.9.2) 


• Loss of power from the 250 V dc utility bus (Section 15.11.9.4) 


• Momentary diesel power failure (until the standby diesel generator is started) (Section 15.11.9.5) 


• Momentary loss of diesel power with a loss of commercial power and a standby pump fault which 
causes a diesel bus overload (Section 15.11.9.6) 


                                                      
a. Square brackets indicate wording provided for clarification that does not appear in the event title in the referenced section. 
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• Loss of power to the instrument ac bus or the utility ac bus (Section 15.11.9.7) 


• Commercial power overvoltage or overfrequency < 3% (Section 15.11.9.8, Section 15.14.4.1) 


• Diesel generator overspeed (diesel power overfrequency < 15%) (Section 15.11.9.10) 


• 27X relay in 4160 V commercial switchgear energized without an under-voltage condition 
(Section 15.11.9.11) 


• Dropped or stuck safety rod (Section 15.11.11.1) 


• Neck shim control rod unintentionally partially withdrawn (Section 15.11.12.1) 


• Neck shim withdrawn or inserted, but indicated to be in the opposite position (Section 15.11.12.2) 


• Mispositioning of one set of outer shim control cylinders associated with high power lobe 
(Section 15.11.13.1) 


• Opening of flow control butterfly valve to full open or the starting of third PCP with two PCP 
already in operation (Section 15.14.1). 


15.0.3.3 Condition 3: Unlikely Faults. Condition 3 events are faults that may occur 
infrequently during the life of the plant. As shown in Table 15.0-1, Condition 3 faults result from single 
low frequency failures and combinations of independent high frequency failures. By definition a 
Condition 3 event will not propagate to cause a Condition 4 event or result in damage to reactor 
components not readily replaceable. 


• Starting a standby PCP (Section 15.1.2) 


• Failure of secondary pumps (Section 15.2.2.2) 


• Failure of cooling tower fans (Section 15.2.2.4) 


• Loss of cooling tower basin water (Section 15.2.2.5) 


• Excessive heat exchanger tube fouling (Section 15.2.2.7) 


• Loss of secondary flow from either a secondary flow control valve complete closure or closure of 
all six motor operated cooling tower return valves (Section 15.2.2.3) 


• Slow closing primary pump discharge check valve (Section 15.3.2) 


• Complete closure of the flow control butterfly valve (Section 15.3.3) 


• Condition 3 events bounded by 0.50$ step reactivity insertion (Section 15.4.5) 


- Loop experiment hardware failure 


- Loss of reflector coolant 


- Reflector movement toward core 


- Perched fuel drop of two fuel elements from within measurement accuracy 
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- Cold water addition from opening of primary pump discharge valve  


- Gas release into the core. 


• Withdrawal of all outer shims and neck shims from 10-10 NF


• Inpile tube voiding due to opening of a normally inaccessible valve (Section 15.4.7.9) 


 (Section 15.4.7.8) 


• Pressure tube flow bypass due to a maximum useful capacity holder (MUCH) test train failure with 
loop scram (Section 15.4.7.10) 


• Loss of loop temperature control due to heat exchanger failure or line heaters sticking on without 
loop scram (Section 15.4.7.11) 


• Slow lobe power balance shift due to shim, lobe power indicating system or operator failure with 
operator compensation (Section 15.4.7.12) 


• FCV-1-8 fails to close when PCV-1-1 fails closed or PCV-1-1 fails to respond to increased 
pressurizing flow (Section 15.5.3.6) 


• Rupture of PCS outside radiographic limits (Section 15.6.4) 


• A loss of coolant accident (LOCA) equivalent to a three-in. opening in the PCS with a concurrent 
outage of one of the Emergency Firewater Injection systems (Section 15.6.5) 


• A LOCA equivalent to a three-in. opening in the PCS with a concurrent failure of one primary 
coolant pump to trip in response to the pump trip ESF (Section 15.6.5) 


• Very small seismic LOCA (Section 15.6.7) 


• Two PCS relief valves fail open (Section 15.6.9.1) 


• Two vessel vent valves fail open (Section 15.6.9.2) 


• Opening valve outside radiographic limits or at radiographic boundary [during reactor shutdown] 
(Section 15.6.10.1) 


• Piping rupture outside radiographic limits [during reactor shutdown] (Section 15.6.10.2) 


• Multiple drain valves opened [during reactor shutdown] (Section 15.6.10.3) 


• Effluent Processing waste tank (TRA-605) release (Section 15.7.3) 


• Minor damage to one fuel element in the canal, with a minor fission product release 
(Section 15.8.6) 


• Dropping a heavy cask from an elevation of less than one ft above the canal floor, limited PCS 
leakage with the drop chute cover removed or other small or limited failure of the storage canal 
(Section 15.8.8) 


• Dropping a heavy cask from one ft above the parapet within the restricted cask-lifting areas of the 
canal (Section 15.8.9) 


• Dropping a heavy cask onto the floor north of the canal (Section 15.8.10) 
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• Dropping a cask onto the canal cask transfer station from within the lift height limit 
(Section 15.8.11) 


• Dropping a cask onto the vessel or shielding over and around the vessel from within the lift height 
limit (Section 15.8.13) 


• Dropping a cask onto the main floor not above a loop cubicle or above the circular structural and 
shielding wall at the 98-ft elevation (Section 15.8.15) 


• A cask lowering failure over the ATR vessel in which an experiment cask impacts the transfer plate 
at a fast lowering speed (Section 15.8.16) 


• A cask lowering failure over the canal experiment cask transfer station resulting in the experiment 
cask impacting the station at a fast lowering speed (Section 15.8.17) 


• Momentary loss of flow due to an emergency coolant pump failure or inadvertently turned off 
[during depressurized operation] (Section 15.9.1.1) 


• Opening valve outside radiographic limits or at radiographic boundary [during depressurized 
operation] (Section 15.9.2.1) 


• Rapid reg-rod withdrawal [during depressurized operation] (Section 15.9.3.2) 


• Withdrawal of all neck shims and outer shims from 10-5 NF


• Withdrawal of all outer shims from 10


 [during depressurized operation] 
(Section 15.9.3.3) 


-10 NF


• Cold loop draining due to open and accessible valve [during depressurized operation] 
(Section 15.9.3.5) 


 [during depressurized operation] (Section 15.9.3.4) 


• Loop heaters accidentally on [during depressurized operation] (Section 15.9.3.6) 


• Slow power increase or lobe power balance shift [during depressurized operation] 
(Section 15.9.3.7) 


• Perched fuel drop from within measurement accuracy (1 in.) [during depressurized operation] 
(Section 15.9.3.8) 


• Cold water addition due to inadvertent startup of a PCP or inadvertent actuation of emergency 
firewater injection [during depressurized operation] (Section 15.9.3.9) 


• Fuel channel blockage from a sight glass or other inventoried items left in the reactor system after a 
shutdown (Section 15.10.2) 


• Fuel channel blockage due to failure of small structural elements in the ATR vessel above the core 
or inlet screen failure (Section 15.10.2) 


• Gas leakage into the fuel element coolant channels due to an insulating jacket failure during normal 
pressurized operation (Section 15.10.4) 


• Structural fuel element defects affecting a few fuel elements in the core due to design or fabrication 
errors or handling damage (Section 15.10.5) 
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• Fuel plate buckling due to an excessive buildup of oxide on fuel plate surfaces (Section 15.10.7) 


• [Radiation Monitoring System (RMS) failure due to] momentary loss of diesel and commercial 
power (Section 15.11.1.2) 


• [Failure of cubicle exhaust system due to] mechanical failure of the system (Section 15.11.2.4) 


• [Failure of cubicle exhaust system due to] inadvertent shutoff of the system (Section 15.11.2.5) 


• [Failure of the evacuation system due to] momentary complete loss of power to the system 
(Section 15.11.3.1) 


• Extended total loss of HDW flow to IPT cubicles (Section 15.11.4.6) 


• Single UCW pump failure with concurrent loss of commercial power (Section 15.11.5.5) 


• Simultaneous failure of the operating and the standby UCW pumps (Section 15.11.5.11) 


• Extended commercial power failure (more than one hour) (Section 15.11.9.3) 


• Failure of PPS battery-backed power (Section 15.11.9.14) 


• [Firewater system] piping failure (Section 15.11.10.1) 


• Inadvertent break in the [firewater] supply lines during construction or excavation 
(Section 15.11.10.2) 


• Mispositioning of a pair of outer shim cylinders associated with the high power lobe and 
simultaneous mispositioning of a pair of outer shim cylinders associated with the low power lobe 
(Section 15.11.13.2) 


• A primary pump discharge valve or check valve closes abruptly (Section 15.13.1) 


• The FCV (butterfly) fails (Section 15.13.2) 


• An emergency coolant pump discharge check valve is open with PCPs in operation 
(Section 15.13.3.1) 


• Startup of a PCP against a fully closed discharge valve with suction pressure significantly higher 
than 230 psig (Section 15.13.3.2) 


• Startup of a fourth PCP (Section 15.14.2) 


• Significant leakage out of the top closure plate due to failure of a loop closure assembly seal 
(Section 15.6.8). 


15.0.3.4 Condition 4: Extremely Unlikely Faults. Condition 4 events are low-probability 
faults that are not expected to occur but are postulated because their consequences include the potential 
for release of significant quantities of radioactive material. A single Condition 4 event is not to cause a 
consequential loss of systems required to cope with the fault. The following faults have been classified in 
this category: 


• SCS rupture upstream of primary coolant heat exchangers (HXs) (This event is also called 
complete loss of secondary and complete loss of heat sink in the text) (Section 15.2.1) 
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• Long-term loss of commercial power (Section 15.2.2.8) 


• Extended loss of commercial, diesel, and utility DC power (Section 15.2.2.9) 


• Long-term complete loss of flow (Section 15.3.4) 


• Closure of a 24-in. reactor inlet isolation valve (Section 15.3.5.4) 


• Rupture of a 16-in. outlet pipe inside the ATR vessel (Section 15.3.5.5) 


• Failure of the first actuating PPS subsystem during Condition 2 event (Section 15.3.5.6) 


• IPT decompression with subsequent voiding due to failure of piping >1/2-in. in diameter (reactivity 
insertion in Section 15.4.6, dose consequences in Section 15.7.1) 


• Withdrawal of all shims and safety rods from 10-10 NF


• Withdrawal of all outer shims from 10


 (Section 15.4.7.13) 
-10 NF


• Withdrawal of all outer shims and neck shims from 10


 with failure of the wide range subsystem (WRS) 
(Section 15.4.7.14) 


-5 NF


• Rapid regulating rod withdrawal with failure of the WRS (Section 15.4.7.16) 


 with failure of the WRS 
(Section 15.4.7.15) 


• Withdrawal of all outer shims and neck shims from 10-5 NF coupled with rapid regulating rod 
withdrawal at 10-3 NF


• Driven test loop blowdown with experiment hardware failure (Section 15.4.7.18) 


 (Section 15.4.7.17) 


• Voiding in all IPTs due to a simultaneous flow coastdown in all loops (Section 15.4.7.19) 


• Loss of loop temperature control in the ATR high temperature loop (AHTL) due to heat exchanger 
failure or line heaters stuck on without a loop scram (Section 15.4.7.20) 


• Loop flow coastdown without a loop scram (Section 15.4.7.21) 


• Pressure tube cooling flow bypass due to a MUCH test train failure without a loop scram 
(Section 15.4.7.22) 


• Perched fuel element (greater than measurement uncertainty) (Bounded by 0.5$ step reactivity 
insertion in Section 15.4.5) 


• Movement of two reflector blocks (Bounded by 0.5$ step reactivity insertion in Section 15.4.5) 


• Voiding in all IPTs due to a simultaneous loss of temperature control in all loops 
(Section 15.4.7.19) 


• Loss of instrument air closes PCV-1-1 and opens FCV-1-8 with concurrent failure of the inlet 
pressure subsystem (Section 15.5.2) 



BURTDC

Typewritten Text



BURTDC

Typewritten Text



BURTDC

Typewritten Text



BURTDC

Typewritten Text



BURTDC

Typewritten Text



BURTDC

Text Box

FOIA Exemption 3 UCNI, Exemption 7f







 


 


    Form 412.09 (Rev. 10) 


 Idaho National Laboratory    


 CHAPTER 15.0 – ACCIDENT 
ANALYSES – UPGRADED FINAL 


SAFETY ANALYSIS REPORT FOR THE 
ADVANCED TEST REACTOR 


Identifier: 
Revision: 
Effective Date: 


SAR-153 
 14 
 08/03/10 Page: 15.0-13 of 15.0-50 


• A LOCA event equivalent to a three-in. opening in PCS with a concurrent failure of the inlet 
pressure subsystem (Section 15.6.5) 


• A LOCA equivalent to a three-in. opening in the PCS with a concurrent failure of one primary 
coolant pump check valve to close (Section 15.6.5) 


• A seismic-induced LOCA (bounded by a two-in. opening in the PCS with a concurrent failure of ac 
power) (Section 15.6.6) 


• PCS rupture due to a crack inside the radiographic limits (Section 15.6.9.3) 


 


• A large failure of the storage canal, canal bellows or a rapid draining of the PCS with the drop 
chute cover removed (Section 15.8.4) 


• Significant melting of one entire fuel element (or partial melting in more than one fuel element) 
due to crushing or other accidents (Section 15.8.7) 


• Dropping a cask onto the canal cask transfer station from above the height limit (Section 15.8.12) 


• Dropping a cask onto the main floor above a loop cubicle or above the circular structural and 
shielding wall at the 98 ft elevation from above the height limit. (Section 15.8.14) 


• Extended loss of flow due to extended failure of both emergency coolant pumps [during 
depressurized operation] (Section 5.9.1.2) 


• Butterfly valve closes when shaft fails or valve is closed and stop fails [during depressurized 
operation] (Section 5.9.1.3) 


• Core flow bypass [during depressurized operation] (Section 5.9.1.4) 


• Piping rupture outside radiographic limits [during depressurized operation] (Section 5.9.2.2) 


• Multiple drain valves opened [during depressurized operation] (Section 5.9.2.3) 


• Pressure tube penetration or bottom head closure plug failure [during depressurized operation] 
(Section 5.9.2.4) 


• Withdrawal of all outer shims and neck shims from 10-10 NF


• Cold experiment loop draining due to an open normally inaccessible valve [during depressurized 
operation] (Section 5.9.3.11) 


 [during depressurized operation] 
(Section 5.9.3.10) 


• Step reactivity insertions [during depressurized operation] (Section 5.9.3.12) 
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• Fuel channel blockage or fuel damage due to the failure of large structural elements above or 
within the core (Section 15.10.3) 


• Structural fuel element defects affecting many fuel elements in the core due to design or fabrication 
errors or severe handling damage (Section 15.10.6) 


• [RMS failure due to] extended loss of diesel and commercial power (Section 15.11.1.3) 


• [Failure of the evacuation system due to] extended complete loss of power sources to the system 
(Section 15.11.3.2) 


• High HDW coolant temperature with concurrent IPT experiment coolant instrumentation failure 
(Section 15.11.4.2) 


• Partial loss of HDW flow to IPT cubicles with concurrent IPT experiment coolant instrumentation 
failure (Section 15.11.4.4) 


• Momentary total loss of HDW flow to IPT cubicles with concurrent IPT experiment coolant 
instrumentation failure (Section 15.11.4.7) 


• Extended total loss of HDW flow to IPT cubicles with concurrent IPT experiment coolant 
instrumentation failure (Section 15.11.4.8) 


• Single UCW pump failure with concurrent failure of the IPT experiment coolant instrumentation 
(Section 15.11.5.2) 


• Inadvertent closure of flow control valve FCV-4-5 with concurrent failure of the IPT experiment 
coolant instrumentation (Section 15.11.5.4) 


• Single UCW pump failure with concurrent loss of commercial power and failure of the IPT 
experiment coolant instrumentation (Section 15.11.5.6.) 


• Extended single UCW pump failure with concurrent loss of commercial power (Section 15.11.5.7) 


• Extended single UCW pump failure with concurrent loss of commercial power and failure of the 
IPT experiment coolant instrumentation (Section 15.11.5.8) 


• Loss of diesel power with concurrent failure of the IPT experiment coolant instrumentation 
(Section 15.11.5.10) 


• Simultaneous failure of the operating and standby UCW pumps with concurrent failure of the IPT 
experiment coolant instrumentation (Section 15.11.5.12) 


• Inadvertent error in HDW-UCW heat exchanger bypass flow with concurrent failure of the IPT 
experiment coolant instrumentation (Section 15.11.5.14) 


• Extreme commercial power overfrequency (will not exceed 10% with a duration of a few seconds) 
(Section 15.11.9.9) 


• Momentary (15 min to 1 hour) complete loss of power combinations (loss of commercial and diesel 
power) (Section 15.11.9.12) 


• Extended (longer than 1 hour) complete loss of power combinations (loss of commercial and diesel 
power) (Section 15.11.9.13) 
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• Commercial power failure with sufficiently high demand on firewater system (Section 15.11.10.3) 


• Commercial and commercial-diesel power failure with sufficiently high demand on firewater 
system (Section 15.11.10.4) 


• Firewater pump mechanical failure with sufficiently high demand on firewater system 
(Section 15.11.10.5) 


• Simultaneous failures of position indicator, limit switches and interlocks, and seat switch 
(Section 15.11.11.2) 


• Simultaneous failures of position indicator, limit switches, and safety rod interlocks 
(Section 15.11.11.3) 


• Twenty-two neck shim rods 50% withdrawn (Section 15.11.12.3) 


• Extreme commercial power overfrequency >3% (Section 15.14.3). 


15.0.4 Plant Characteristics and Initial Conditions Assumed in Accident Analyses 


15.0.4.1 Principal Plant Conditions. Table 15.0-2 lists the principal plant operating 
conditions and configurations important to the reactor safety analysis. The presentation of the data in 
Table 15.0-2 requires some discussion. Some data are nominal or typical (e.g., number of safety rods) 
while other data are limiting maximum or minimum values. The listing reflects data for pressurized and 
depressurized operation and also has information for pressurized operation with two or three PCPs in 
operation. 


15.0.4.2 Initial Conditions. For accident evaluation, the initial conditions (reactor power, 
core inlet temperature, vessel inlet pressure, and core differential pressure for pressurized operation; 
reactor power, vessel inlet temperature, and core flow for depressurized operation) are derived from the 
principal plant conditions shown in Table 15.0-2. Initial conditions and other plant parameters and 
conditions were selected to provide a conservative analysis for the event being analyzed. For example, 
minimum safety rod reactivities are used to model the safety rod scram reactivity while maximum safety 
rod reactivities are used in the analysis of safety rod withdrawal accidents. Because the values selected 
vary for different events, the data in Table 15.0-2 are provided for information only. Uncertainties in the 
rated values are considered in the Monte Carlo sampling during analyses for compliance to reactor 
protection criteria. 


15.0.4.3 Power Distribution. The transient response of the reactor system is dependent on 
the initial power distribution. The design of the reactor core utilizes shims adjustable during operation to 
establish a power distribution which is amenable to the experimenter requirements for each cycle of 
operation. The power peaking in the fuel elements is dependent on the core power distribution. The power 
peaking factors for three lobe power splits representing typical operation are contained in Figures 4.3-4 
through 4.3-27 of Chapter 4 (Reactor). The power distributions are normally displayed as 
point-to-average power densities; these densities are also referred to as peaking factors. The point-to-
average power density is defined by (γ∑fφ)/(γ∑fφ)ave where γ is the energy release per fission, ∑f is the 
macroscopic fission cross section, and φ is the neutron flux resulting in fissions. The denominator is an 
average over the core. 
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Since there is essentially no variation in flow distribution among the forty fuel elements, the peak 
temperature will occur at the location of peak power. The peak power occurs in the lobe with the highest 
power. The power must be unbalanced to obtain the maximum lobe (and local) power. Therefore, the 
enveloping choice for fuel plate temperature evaluations is the unbalanced power distribution. The fuel 
plate temperature analysis for the off-normal events is completed using the 70/20 (SAR 70) power 
distribution for operation with three coolant pumps and the 60/40 (E60/40) power distribution for 
operation with two coolant pumps. As an additional conservatism, the fuel element power distributions 
included the effects of voiding the worst-case loop facility IPT. These power distributions (shown in 
Figures 15.0-1 through 3) are used in the ATR-SINDAa model to determine temperature distributions in 
the fuel plate. The more balanced power (BAL50/50) provides a conservative feedback from heating the 
fuel region and is used in the RELAP5b


Several power-distribution parameters have been defined for the ATR. The first is the product of 
the total core power and the point-to-average power density; the product is the “effective point power.” 
(Note that this quantity would be the point power density if the core average power density had been used 
in the product rather than the total core power.) The second defined parameter is the “average axial 
peaking factor”; it is the average value of the axial peak-to-average power density for the fuel plate 
normalized to a peak value of one (Polkinghorne 1994b). The third parameter is the product of the 
effective point power and the average axial peaking factor; this product is the “effective plate power.” 


 model for evaluation of power transients (Terry 1994). 


The peak value for the point-to-average power density occurs near the core midplane. This peak 
value will change through the core lifetime because the axial distribution will flatten as the uranium 
depletes (Figures 15.0-1 and 15.0-2 indicate the flattening). Since this change in axial distributions affect 
the peak temperature of the cladding, it is necessary to consider the power distributions at all times in the 
operating cycle. In order to ensure that the effect of the changing axial distribution is considered in the 
evaluation of the operation against the analysis, a limit is established including the effect of the axial 
distribution. 


As noted above, the effective point power differs from the point power density since it (the 
effective point power) is not divided by the volume of the core. As a result, the value of the parameter 
will be large relative to other parameters such as the core power. However, the effective point power has 
been in use for the ATR for some time to establish limits on operation. Similarly, the effective plate 
power which is obtained from the effective point power will be large relative to other parameters. 
Although the magnitude of these parameters may appear unrealistic, they represent an effective means of 
conservatively analyzing and limiting the operation of ATR. 


15.0.5 Reactivity Coefficients Assumed in the Accident Analyses 


The transient response of the reactor is dependent on reactivity feedback effects. The fueled portion 
of the reactor core has negative temperature and void coefficients, while the flux traps have positive 
temperature and void coefficients. Nominal reactivity coefficients are discussed in Chapter 4 (Reactor). 


                                                      
a. ATR-SINDA is a thermal-hydraulics computer model; see Section 15.0.11.2 for a description of the ATR-SINDA model. 
b. RELAP5 is a thermal-hydraulic computer code; see Section 15.0.11.1 for a discussion of RELAP5. 







 


    Form 412.09 (Rev. 10) 


 Idaho National Laboratory    


 CHAPTER 15.0 – ACCIDENT 
ANALYSES – UPGRADED FINAL 


SAFETY ANALYSIS REPORT FOR THE 
ADVANCED TEST REACTOR 


Identifier: 
Revision: 
Effective Date: 


SAR-153 
 14 
 08/03/10 Page: 15.0-17 of 15.0-50 


In the evaluation of the accident sequences, the negative feedback reactivity was included using 
conservative coefficients (Terry 1994). The feedback shows some dependence on power division; the 
more the unbalance in the power division, the stronger the feedback from the fuel element region. With 
the exception of the flow coastdown evaluation, the analysis assumed feedback with either a balanced 
power division or no feedback at all. For the loss of flow events, the negative feedback corresponded to 
the power unbalance being considered (either the SAR 70 or the 60/40). However, the effect on the power 
was only a slight decrease in the total (on the order of seven percent) before the scram occurred. With 
such a small effect, the difference for the more realistic feedback used and the conservative feedback 
from a balanced power is not considered significant. 


15.0.6 Safety Rod Insertion Characteristics 


The negative reactivity insertion following a reactor trip is a function of the axial position of the 
safety rod at the time of trip, acceleration of the safety rods, and safety rod worth as a function of core 
position. For accident analysis, the critical parameter for safety rods is the time for insertion of reactivity 
to make the core subcritical or begin to balance a positive condition. For ATR, this reactivity is typically 
realized within the first 12 in. or approximately 33% of the safety rod travel. A trip signal to the safety rod 
subsystem will release the safety rods within 25 msec for pressurized operation and within 35 msec for 
depressurized operation. The safety rods will insert 12 in. into the core and effectively terminate power 
operation within 150 msec (for three pump operation) and 170 msec (for two pump operation). The safety 
rods will insert 12 in. into the core within 300 msec for depressurized operation. 


Test data with two and three PCPs in operation are shown in Figure15.0-4 (Durney 1993). The 
two-pump data are generated assuming a total worth of 6.4$, and the three-pump data are generated 
assuming a total worth of 5.8$. Also shown is the enveloping reactivity curve which was used for the 
Chapter 15 analyses. The data for the enveloping curve shown in this figure is listed in Table 15.0-5; the 
data used for the safety rod worth in depressurized operation is also contained in Table 15.0-5. The total 
worth of the safety rods assumed for the analysis inserts 5.8$ in reactivity. The worth shown in other 
UFSAR sections show nominal or actual worths which are greater and demonstrate some of the 
conservatism in the analysis. 


Axial power skewing is not a factor in the ATR since the neck shims are operated full in or full out, 
and the outer shim control cylinders rotate a uniform axial poison toward or away from the reactor fuel. 
There is a small local perturbation near the operating regulating rod since it is only partially withdrawn. 


The analyses used the reactivity data in Table 15.0-5 for the safety rod worth, and other sources of 
positive or negative reactivity were summed using additional reactivity tables as allowed by RELAP5. 
Specific input data are included in the analysis discussion. 
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15.0.7 Trip Points and Time Delays to Trips Assumed in Accident Analysis 


A signal from the PPS detectors will cause a trip of the 2 out of 3 logic modules when the setting is 
exceeded (either high or low depending upon the particular subsystem). The output from these modules 
provide signals to the rod clutch coil controllers which are configured as a 2 out of 4 system. There are 
various instrumentation delays associated with each trip function, including delays in signal actuation, in 
module trip, and in release of the magnets and the safety rod mechanisms. The total delay to trip is 
defined as the time delay from the time trip conditions are reached to the time the rods are free and begin 
to insert. Limiting (worst case) trip setpoints assumed in the accident analyses, and the assumed response 
time (delay time) for each trip function are listed in Table 15.0-6. 


15.0.8 Plant Systems and Components Available for Mitigation of Accident Effects 


The plant is designed to afford proper protection against the possible effects of natural phenomena, 
postulated environmental conditions, and dynamic effects of the postulated accidents. In addition, the 
design incorporates features which minimize the probability and effects of fires and explosions. The 
incorporation of these features in the plant, coupled with the reliability of the design, ensures that the 
normally operating systems and components listed in Table 15.0-7 are available for mitigation of the 
events discussed in Chapter 15. 


In the analysis of the Chapter 15 events, control system action is generally considered only if that 
action results in more severe accident results. However, some partial control system failures are 
considered in order to obtain a full spectrum of events; in these cases, the control system action is 
considered in evaluation of the events. For some accidents, the analysis is performed both with and 
without control systems operation to determine the worst case. Specific examples will be discussed in the 
analysis assumptions. In the case of sequences involving the experiment loops, the determination of 
frequency of occurrence considers the action of the control system. 


15.0.9 Fission Product Inventories 


The time-dependent fission product inventories in the reactor core are calculated by the ORIGENa 
code using a data library based on ENDF/B-IV. Core inventories are shown in Table 15.12-7 for 
operation at 250 MWt


                                                      
a. ORIGEN is a fission-product inventory computer code; see Section 15.12.10.2 for a discussion of ORIGEN. 


 for 60 days. The time-dependent fission product inventories in the canal were 
calculated by the ORIGEN code. The results are discussed in Section 15.12.9. The inventories were 
calculated using a conservative operating schedule to maximize the inventory of fission product that 
would be available for release (McCracken 1986). The time-dependent fission product inventories for 
experiments contained in the IPTs were based on calculations using ORIGEN code. The results are 
documented in Section 15.7. 







 


 


    Form 412.09 (Rev. 10) 


 Idaho National Laboratory    


 CHAPTER 15.0 – ACCIDENT 
ANALYSES – UPGRADED FINAL 


SAFETY ANALYSIS REPORT FOR THE 
ADVANCED TEST REACTOR 


Identifier: 
Revision: 
Effective Date: 


SAR-153 
 14 
 08/03/10 Page: 15.0-19 of 15.0-50 


15.0.10 Residual Decay Heat 


Decay heating in the subcritical core is calculated from the RELAP5 point kinetics model. The 
selected model is the ANSI/ANS 5.1 (1979). An infinite irradiation time is assumed. Limiting events 
were reanalyzed using a decay heat multiplier of 1.0. Transients with substantial thermal margins were 
analyzed with a multiplier of 1.2. Since power is one of the parameters that is treated statistically by 
SINDA-SAMPLE (Liebelt 1993; Polkinghorne 1994a), the additional 20% decay heat provided by the 
1.2 multiplier was not necessary. However, to avoid unnecessary costs and due to the large margins 
available with the 1.2 multiplier, those cases using the 1.2 multiplier with acceptable results were not 
rerun. 


15.0.11 Computer Codes Utilized 


An extensive validation and verification effort was performed for the codes used to establish the 
thermal limits for ATR. These efforts are summarized in Wagoner (1996). Efforts were also taken to 
(1) ensure retrieval of the analysis completed for Chapter 15 and (2) to maintain configuration control of 
models and codes used in the analysis. The approach taken to ensure this retrieval is described in 
Wagoner (1995). Calculations performed using these computer codes were reviewed by the analysts, a 
peer not involved in the analysis, and approved by management (Wagoner 1995) to ensure reliability of 
the results. Summaries of the principal computer codes used in reanalysis of transients for the UFSAR are 
given below; additional descriptions are contained in Chapter 4 (Reactor) of the UFSAR. As discussed in 
Section 15.0.2.3, the existing DBR (SAR-39) analyses was used to develop the discussions of limiting 
events. The DBR analyses typically used earlier versions of the computer codes discussed below. The 
computers codes used in the DBR analyses are discussed in the DBR and related references. The codes 
used in the analyses are listed by section in Table 15.0-8. There are no codes in Table 15.0-8 listed for 
Section 15.16 which is excerpted from the PRA (Eide, Khericha, and Thatcher 1991; Thatcher et. al. 
1994) which summarizes the codes used. There are no codes in Table 15.0-8 listed for Section 15.12 
which discusses the results of the severe accident analyses. The codes used in the severe accident analyses 
are discussed in Section 15.12.  


15.0.11.1 RELAP Computer Code. 


15.0.11.1.1 RELAP5 Computer Code —RELAP5/MOD2.5 is a system code for the 
analysis of transient, one-dimensional, single- and two-phase fluid dynamics (Allison et al. 1989). The 
code includes the nonhomogeneous and nonequilibrium characteristics of two-phase flow. The types of 
transients that can be analyzed include loss of coolant, pump failure, loss of heat sink, and reactivity 
initiated events. To validate its use in the ATR Safety analysis, an ATR RELAP5/MOD2.5 input model 
was benchmarked against in-core hydraulic data, flow coastdown data, and steady-state operating data 
(Lenglade and Pafford 1993). 


RELAP5 represents the reactor or experiment loop facility systems as connected fluid volumes that 
describe plenums, piping, pumps, core (reactor), test region (loop) and heat exchangers. Calculated 
parameters are mass flow, mass inventory, energy inventory, pressure, temperature, and quality. Also 
evaluated are reactor power, heat transfer rates and mode, and response to control systems input. 


Additional details for RELAP5 can be found in the SCDAP/RELAP5/MOD2 Code Manual 
(Allison et al. 1989). 
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15.0.11.1.2 RELAP4 Computer Code —RELAP4 (MOD3 and MOD5) is an earlier 
version of the RELAP computer code which was used previously for analysis of ATR transients and 
behavior (Atkinson and Hanson 1977). Some of those analyses are still valid, e.g., Section 15.5.1, A Loss 
of Instrument Air Closes Back-Pressure Control Valve PCV-1-1 and Opens Pressurizing Flow Control 
Valve FCV-1-8. 


Further information on the earlier model and results is available (Varacalle, 1975, 1976). General 
information on the RELAP4 code can be found in Moore and Rettig (1973). 


15.0.11.2 ATR-SINDA Computer Model. ATR-SINDA is a computer model with 
three-dimensional heat conduction and one-dimensional hydraulic capability (Ambrosek, Liebelt, and 
Merrill 1993). The model has the capability of analyzing heat transfer processes in water coolant during 
all transient conditions, including: 


1. Subcooled convection for natural circulation, transition, and forced flow conditions 


2. Subcooled nucleate boiling for both transition and fully developed regimes 


3. Transition-to-dryout and film boiling conditions. 


The hydraulic model is capable of predicting steady state and transient behavior, including 
hydraulic instability and flow reversal. 


SINDA, a generalized finite-difference thermal analyzer code, is used to model the system as a 
three-dimensional construction. One steady state solver and one transient solver are used from those in 
SINDA to solve the conduction heat transfer, while user subroutines model the hydraulics. The user 
subroutines consist of three basic parts: 


1. Water property routines assembled and used throughout INL for various codes including RELAP5; 


2. The RELAP5 PILOT code, a transient, one-dimensional homogeneous fluids code, which solves 
the conservation equations for momentum, density, and energy in the fluid; 


3. Heat transfer routines written to incorporate all of the flow conditions discussed above. 


The ATR-SINDA model consists of a portion of a single fuel plate and a segment of the side plate 
to which it is attached. This structure is surrounded by three flow channels, one on each side of the fuel 
plate, and one adjacent to the side plate. The nodalization and schematic for one of the nine axial levels is 
shown in Figure15.0-5. As shown in Figure15.0-5, half of a fuel plate (cut axially at the azimuthal 
centerline) and the associated side plate (cut axially at the midpoint of the water channel on each side of 
the fuel plate) is modeled. Each fuel plate coolant channel is divided into six subchannels, and the side 
plate channel into three subchannels. 


The network consists of nodes at nine axial elevations. Each level has a total of 102 nodes: 
59 structural nodes with heat capacity (diffusion nodes), 28 structural nodes without heat capacity 
(arithmetic nodes), and 15 coolant nodes. The coolant nodes are defined as boundary nodes within the 
ATR-SINDA finite-difference solvers, their temperatures being updated by the user subroutines between 
steady state iterations and between transient time steps. All of the diffusion nodes are meshed with a 
three-dimensional conductor network, while the arithmetic nodes are linked with diffusion nodes in only 
one direction, that of predominant heat flow. 
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The results from ATR-SINDA are used in SINDA-SAMPLE for evaluating reactor protection 
margins. 


15.0.11.3 SINDA-SAMPLE Computer Model. SINDA-SAMPLE is a combined statistical 
and simplified thermal-hydraulic model of an ATR fuel plate (Liebelt 1993). Using thermal-hydraulic 
input from ATR-SINDA, a Monte Carlo sampling is performed to determine the standard deviations of 
the parameter of interest and the margin to the reactor protection criteria. The input parameters have 
unique variances which are input with the nominal value of the parameter. Each parameter is sampled, 
and fuel plate conditions are calculated using the variable values from the sampling. The heat transfer 
mode is determined the same as in ATR-SINDA using the conditions calculated from the ATR-SINDA 
boundary values and the sampled variables. 


15.0.11.4 PDQ Computer Code. The PDQ 7 program solves the neutron diffusion-depletion 
problem in one, two, or three dimensions (Pfeifer 1971). The three-dimensional spatial calculation may be 
either explicit or discontinuous trial function synthesis. Up to five lethargy groups are permitted, the fast 
group treatment may be simplified P3


15.0.11.5 RSAC-4/5 Computer Code. The Radiological Safety Analysis Computer Program 
(RSAC-5) calculates the consequences of the release of radionuclides to the atmosphere. RSAC-5 can 
generate a fission product inventory; decay and grow the inventory during transport through processes, 
facilities, and the environment; model the downwind dispersion of the activity; and calculate doses to 
downwind individuals. The code has undergone independent verification and validation (Shonka 1993). 
As described in Wenzel (1993), the code calculates inhalation doses using the ICRP 30 model 
(International Commission on Radiological Protection). The committed dose equivalent (CDE) is 
calculated for individual organs and tissues over a 50-year period after inhalation. The various options 
available for dose calculations are described in the reference (Wenzel 1993). The code calculates 
atmospheric diffusion parameters for three different conditions or allows the user to input the parameters 
directly. The specific options used depend upon the accident sequence considered. 


, and the thermal neutrons may be represented by a single group or a 
pair of overlapping groups. Adjoint and boundary value calculations may be performed, and the depletion 
may be point or block. Control searches, thermal feedback, and xenon feedback are optional. The 
geometries available are rectangular, cylindrical, spherical, and hexagonal. All geometries allow variable 
mesh in all dimensions. 


15.0.11.6 MicroShield 6.20 Computer Code. MicroShield® is a comprehensive 
photon/gamma ray shielding and dose assessment software program that is used for designing shields and 
estimating source strength from radiation measurements (Grove 2005). It can be used to develop a model 
geometry and material composition. MicroShield® 6.20 is maintained under configuration control 
number 198549 in the Engineering and Scientific Analysis Software and is fully validated, verified, and 
controlled in accordance with applicable INL requirements. 


15.0.12 Limiting Single Failures 


The most limiting single failure (where one exists) of safety-related equipment is identified in each 
analysis description; the consequences of this failure are described therein. In some instances, because of 
redundancy in protection equipment, no single failure which could adversely affect the consequences of 
the transient has been identified. The failures assumed are listed in Table 15.0-9. 
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15.0.13 Operator Actions 


For most of the faults in Chapter 15, the plant will be in a safe and stable shutdown condition 
following an automatic actuation of reactor trip. This condition will be similar to plant conditions 
following any normal shutdown. The actions taken by the operators may be the same as the ones taken 
during normal shutdown. However, there are several events that may require additional operator action 
than what would be expected following a normal shutdown. These events include, a complete loss of flow 
accident, a loss of heat sink accident, a loss of coolant accident (LOCA) at power, a shutdown (LOCA) 
and a draining of the fuel storage canal. 


Those events which result in complete loss of flow accident or loss of the heat sink accident require 
that the operator open the vessel vent valves before the reactor water temperature exceeds 200°F and 
maintain coolant inventory by assuring the availability of the firewater injection system. Other actions 
may be taken prior to these conditions, but are not considered to be required for plant protection and 
Chapter 15 analyses. 


Events which result in a loss of coolant accident (LOCA) do not consider operator action to secure 
the plant. The shift supervisor will initiate an area evacuation when the evacuation criteria are met for a 
LOCA or other off-normal condition. 


For a shutdown LOCA the operator will have to open isolation valves on the firewater system that 
are closed when the plant pressure is reduced below 100 psia. Opening the isolation valves ensuring 
firewater system actuation is required to keep the core covered with water. Operators can be made aware 
of level changes either by level instrumentation, located in the control room, or by vessel low-level alarm. 


While there is an automatic makeup system to provide water to the canal, that uses water from the 
firewater system to provide sufficient water to the canal to keep the irradiated fuel in the canal covered, a 
manual backup has also been provided. 


For recovery from LOCA events or from a canal draining event long-term operator intervention 
may be required. Operator action is needed to sustain firewater injection by maintaining raw water 
inventories via deep well pumps and keeping firewater system fuel tanks replenished. 


15.0.14 ATR Plant Protection Criteria 


ATR plant protection criteria have been chosen to meet the basic principle stated in Section 15.0.3 
regarding release of radioactivity and plant operability. The protection criteria and the protective margins 
or the margins to safety for the corresponding accident frequency categories are: 


1. Condition 1 


For Condition 1, off-site exposures do not exceed the limits of 100 mrem/year effective dose 
equivalent (EDE) and 10 mrem/year EDE from airborne releases in DOE O 5400.5 “Radiation 
Protection of the Public and the Environment.” On-site exposures do not exceed the limit of 
5 rem/year total effective dose equivalent (TEDE) in 10 CFR 835, “Occupational Radiation 
Protection.” Normal operating procedures and routine monitoring of parameters ensure dose limits 
are not exceeded and plant operability is maintained. 
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The integrity of the fuel cladding is not challenged in Condition 1 except for limited clad defects 
(e.g., pin hole corrosion). The integrity of the fuel cladding is maintained by controlling operations 
within a conservative set of parameters that maintain fuel temperatures within the initial condition 
assumptions used in the accident analyses. For reactor operation, margins from CHF and flow 
instability (FI) are at least 3.0 standard deviations. 


2. Condition 2 


For Condition 2 faults, off-site exposures do not exceed 0.5 rem/year TEDE. “On-site” personnel 
exposures do not exceed the limits of 5 rem/year TEDE in 10 CFR 835. 


For reactor accidents, the reactor fuel clad is the protective barrier and must be protected. No 
rupture of the fuel plate cladding is allowable unless the clad failure is the initiating event. The 
protective criteria for the reactor fuel plate clad have been chosen to be CHF and FI. The protective 
margin requires maintaining at least 3.0 standard deviations from CHF or FI (the term CHF may be 
used in this chapter to denote both critical heat flux and flow instability). The protective margins 
are evaluated using the Monte Carlo sampling technique in the SINDA-SAMPLE computer model. 


For canal accidents no melting of the fuel plate cladding is allowed. 


For overpressure events, the primary coolant system pressure shall not exceed 110% of its design 
pressure. 


3. Condition 3 


For Condition 3 faults, off-site doses are limited to 25% of the limits in 10 CFR 100, “Reactor Site 
Criteria,” that is, 6.25 rem whole body and 75 rem thyroid dose. Doses to evacuating on-site 
personnel (excluding personnel considered directly at the location of the accident) are limited 
to 25% of 10 CFR 100 limits. 


For reactor accidents, Condition 3 faults may result in failure of the fuel element cladding as a 
consequence of the initiating fault. The barrier to release of radioactivity is the primary coolant 
system, and it becomes the protective barrier that must be maintained (unless failure is the 
initiator). The protective criteria is that no large releases of uranium or fission products to the 
primary coolant system will occur. This requires that the reactor core maintain a coolable 
geometry. The protective margin for the reactor fuel cladding is that a minimum of 2.0 standard 
deviations to the predicted fuel plate clad temperature which results in fuel plate buckling 
(buckling is assumed to occur at a temperature of 710°F) must be maintained. An exception is 
made for a beryllium induced partial flow blockage of channel 20 in a reflector within 2 standard 
deviation of cracking stresses or with reflector cracks. For this case, the acceptance criteria is that a 
coolable geometry be maintained (Miller 1998). The protective margins are evaluated using the 
Monte Carlo sampling technique in the SINDA-SAMPLE computer model. 


For overpressure events, the primary coolant system pressure shall not exceed 120% of its design 
pressure. 
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4. Condition 4 


For Condition 4 faults, off-site doses are limited to the limits in 10 CFR 100, that is, 25 rem whole 
body and 300 rem thyroid dose. Doses to evacuating on-site personnel (excluding personnel 
considered directly at the location of the accident) are also limited to 10 CFR 100 limits. 


For reactor accidents, Condition 4 faults may involve failure of the primary coolant pressure 
boundary and result in significant melting of the reactor core. The protective criteria is that the 
primary coolant pressure boundary must be maintained unless its failure is the initiator and the 
reactor confinement must not be damaged. The potential aluminum-water reaction energy in the 
ATR, combined with a transient energy release, could result in damage to the primary coolant 
pressure boundary and the reactor confinement. The protective margin for the reactor fuel cladding 
is that a minimum of 3.0 standard deviations to the aluminum-water ignition threshold (AWIT) 
temperature (2140°F) be maintained. 


A consequence-limiting protective thermal margin to limit the annual probability or estimated 
frequency for hot channel dryout or DNB, and thus limit the probability for significant core melt 
consequences, is also defined for Condition 4 events (Atkinson 1999). This thermal margin limits, 
to < 1 × 10-6/yr. with a 95% confidence the probability for fuel melt for limiting Condition 4 events 
with an initiating event frequency of 1 × 10-4


A margin ≥ 1.1 σ (sample standard deviations) from predicted flow instability or from DNB 
(critical heat flux) conditions for margin ≥ 1200 statistical samples and for a fraction of ATR 
power operation at high lobe power (> 47 MW) that is ≤ 0.07, or 


/yr. By use of this consequence-limiting thermal 
margin, the Condition 4 events protective margin for approach to AWIT is satisfied with additional 
margin and the reactor vessel integrity is protected. This thermal margin for Condition 4 events is 
expressed as: 


A margin ≥ 1.2 σ (sample standard deviations) from predicted flow instability or from DNB 
(critical heat flux) conditions for ≥ 1200 statistical samples and for a fraction of ATR power 
operation at high lobe power (> 47 MW) that is ≤ 0.08. 


The fraction of ATR power operation at high lobe power (> 47 MW) is tracked during ATR 
operation as required by the implementation of the ATR UFSAR. 


The protective margins are evaluated for acceptance using the Monte Carlo sampling technique in 
the SINDA-SAMPLE computer model (additional specific case analyses using ATR-SINDA are 
also available). 


 


The basic principle is that the most probable occurrences should yield the least radiological risk to 
workers and the public and the least risk to continued operation of the facility. Those extreme events 
having the potential for the greatest risk to workers and the public and to facility operability should be 
least likely to occur. The ATR Plant Protection Criteria are established in terms of on-site and off-site 
dose consequences for each plant condition. Additionally, the analyses of faulted conditions in the reactor 
have established acceptance criteria for protection of plant equipment. Maintaining these acceptance 
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criteria provides assurance that the radiological consequences of a fault will not exceed the dose criteria. 
In the reactor, the fuel element cladding is the first barrier to release of the fission product source term; 
therefore, the most significant protective criteria are defined in terms of margins to specified thermal 
hydraulic conditions for the reactor fuel element cladding. These reactor fuel cladding protective criteria 
are established for each faulted condition. 


For stored fuel elements, the fuel cladding is the barrier to fission product release. The integrity of 
the cladding of stored fuel elements is the primary concern in the evaluations of fuel handling and storage 
accidents. Since there are both potential mechanical and thermal challenges to the stored fuel element 
cladding, the protective margins are described in the specific analysis of the accident conditions. 


The re-analysis of events for the UFSAR mainly involved recalculating the reactor fuel cladding 
protective margins during the limiting faults during power operation. Except for the calculation to support 
the severe accident analysis in Section 15.12, radiological consequences were not re-analyzed. The 
discussions of radiological consequences were either taken from the DBR or other references or scaled 
from the bounding calculation in Section 15.12. The discussion of the potential accidents from other 
facility operations (e.g., canal operations) were taken from the DBR. 


The DBR stated dose criteria by reference to the DOE Order source document rather than specific 
values. Dose criteria have been explicitly stated in the UFSAR for clarity with reference to the source 
requirement. The current requirements for off-site dose for Condition 1 (DOE O 5400.5) are less 
restrictive than those used in the derivation of ATR stack effluent limits and PCS and SCS radioactivity 
limits in Chapter 12 (Radiation Protection). The limits on these parameters were not re-evaluated and are 
maintained from the DBR analyses. The off-site dose criteria for Condition 2 faults were taken from the 
DBR. It is the same as the value in the INL nonreactor facility risk evaluation guidelines (Stallman 1997). 
The off-site dose criteria for Condition 3 are ≤ 25% of the 10 CFR 100 limits, and for Condition 4, the 
off-site dose criteria are the 10 CFR 100 limits. According to 10 CFR 100, the exclusion area is the area 
surrounding the reactor in which authority exists to control all activities including the removal of 
personnel and property. Because the DOE has such authority within the INL borders, the INL site 
boundary was assumed to be the ATR exclusion boundary. For Condition 3 and 4 events, the off-site 
exposures at the nearest site boundary (NSB) and the low population zone (LPZ) can differ in the time 
allowed to receive the dose. The exposure at the NSB (10.8 km from ATR) can be limited to two hours 
while the exposure at the LPZ (55.5 km from ATR) must be based on the entire passage of the radioactive 
plume. 


The on-site worker dose criteria are specified as the 10 CFR 835 limits for Conditions 1 and 2. The 
on-site worker dose criteria for Conditions 3 and 4 are specified as the same as those for off-site 
exposures. Worker dose analyses typically take credit for worker evacuation (either local area, general 
ATR Complex evacuations, and INL Laboratory-wide evacuations). On-site worker dose criteria for 
Conditions 1 and 2 are applied to both in-facility workers and to workers in neighboring facilities. 
Condition 3 and 4 on-site dose criteria are applied to evacuating workers in neighboring facilities. The 
term “evacuating workers” is used to describe the general population of INL workers. Workers involved 
directly at the location of certain Condition 3 and 4 events with radiological consequences (e.g., a serious 
experiment handling accident resulting in exposure to an unshielded irradiated experiment or an 
unshielded criticality) may receive doses higher than the plant protection criteria for evacuating workers. 
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15.0.15 Limitations Related to Power Distributions 


The power distributions selected for the analysis are severe unbalances that were expected to 
establish minimum margins during off-normal events for operation with at least one lobe at 70 MW or at 
least one lobe at 60 MW. The power divisions selected were the 70/20 (SAR 70) unbalanced and the 
60/40 (E60/40) unbalanced. The results of analyses with these power divisions indicate the following: 


1. Operation at 70-MW lobe power is not supported. 


2. Effective plate power limits are the significant item for control of operation. 


3. Lobe power limits are necessary to ensure piping design temperatures are not exceeded (other 
component designs also require a lobe power limit; e.g., IPT). 


The bases for these observations are provided below: 


1. The results of low-probability events indicate that substantial fuel melt can occur for certain events 
initiated at high power. The progression of the melt and interaction with the environment (core 
support structures and water) could not be described with high confidence using available 
information and techniques. The consequences were avoided by conservatively limiting the plate 
power. 


Although operation at 70-MW lobe power is not supported, the analytical basis includes the 70/20 
results scaled to a lower power. It was not cost effective to revise all the calculations using a single 
power division. 


2. The acceptance criteria are based on the margins to selected conditions (CHF, fuel plate buckling, 
and AWIT). The margins are calculated using a model that represents a single hot fuel plate in the 
7F fuel element. The analysis determines the conditions for which this single plate will meet the 
acceptance criteria. By comparing subsequent operation to effective power of this plate and the 
determined conditions, it can be ensured that the operation is within the bounds of the analysis. If 
the initial effective plate powers throughout a proposed operation do not exceed the effective plate 
power analyzed, one of the conditions of the analysis is met. (Others to be met include initial 
conditions such as coolant temperature, flow, and system pressure.) The effective plate power is a 
sufficient control on the power generation for fuel element performance. 


The limiting thin plate determined by the analysis is Plate 15. This plate may increase in power as 
the fuel element depletes at constant power. In order to conservatively ensure that the increase is 
considered, the effective plate power is specified rather than a midplane distribution. The effective 
plate power limits are 


Two pump: 


Interior plates (between 5 and 95% of width) - 417 MW 
Plate 19 (between 10 and 90% of width) - 417 MW 


Three pump: 


Interior plates (between 5 and 95% of width) - 443 MW 
Plate 19 (between 10 and 90% of width) - 445 MW 
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Overpower transients that are slow with respect to the fuel plate thermal time constant (for 
example, the flow coastdown) were evaluated for compliance to reactor protection criteria using 
the axial and azimuthal power profiles for Plate 19. Those transients that are fast with respect to the 
fuel plate thermal time constant (for example, the reactivity initiated accidents) were evaluated for 
compliance using the axial and azimuthal power profiles for Plate 15. Plate 15 is typically the 
highest powered interior plate. The inner plates are thinner and thus have a lower heat capacity 
with a resultant higher temperature for the same reactor transient. 


A special fuel element (YA) with an all-aluminum plate rather than a fueled plate for Plate 19 is 
used in selected locations during high power operation as the reflector ages. As noted above, the 
minimum margins for fuel element performance are determined from a model that considers only 
the hot plate of the 7F fuel element. Since the modeling of fuel plates in the YA fuel element would 
be essentially the same as the model for Plate 15 considered in the limits above, those limits will 
apply to the YA. However, the YA element is used when there is a potential for cracking in the 
adjacent beryllium reflector. The effect of the crack must be considered in evaluating the planned 
operation against the above limits. The potential cracking of the beryllium could increase water 
adjacent to the fuel plate and increase power slightly. The 7F fuel element may be used in place of 
the YA element if lobe powers are limited such that the effective plate power in Plate 19 does not 
exceed 358 MW for two-pump operation and 357 MW for three-pump operation. The effective 
plate powers for the inner plates are 406 MW for two-pump operation and 431 MW for three-pump 
operation. 


The operation also utilizes non-borated fuel elements as needed to accomplish programmatic goals. 
The above arguments for effective plate power limitations also apply to the non-borated fuel 
element. The effect of this loading on the reactivity feedback from the fuel annulus assumed in the 
RELAP5 model has been shown to envelop that from the non-borated element (Polkinghorne 
1994b). Therefore, the plate power limits shown above for the 7F fuel element also apply to the 
non-borated fuel element. 


The amount of power unbalances in the core has some effect on the power distribution within a fuel 
element. The distribution within the fuel plate can have some effect on the amount of azimuthal 
conduction. This azimuthal conduction can affect the location of the hot stripe within the coolant 
channel. The two power distributions considered in the analysis resulted in nearly identical 
locations for the hot stripe. Since the minimum margins occur at this hot stripe, the comparisons to 
the analysis are completed at the hot stripe. The two power divisions considered had no apparent 
effect on the hot stripe location. Less severe unbalances would reduce individual plate powers and 
would be expected to have increased margins relative to the higher power; therefore, it is 
concluded that any significance to the amount of power unbalance is captured by the analysis. 


The kinetics analysis demonstrated a sensitivity to power unbalance. The feedback from the fuel 
element region (negative reactivity) is important in reducing power in off-normal events. The 
balanced power division provided the least feedback and therefore the highest power for positive 
power transients. The feedback behavior of the balanced power division was imposed on the 
analysis to add conservatism to those power-transient events. 


3. The analysis for loss of heat sink considered the performance of the fuel elements (approach to 
thermal-hydraulic events) as well as the increase in piping and vessel temperatures. The power 
distribution has some importance to the piping temperatures for this event since quadrant powers 
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influence the temperature of the outlet piping. The lobe power considered in the analysis of this 
event (60 MW) is a control parameter to ensure piping temperatures are properly limited. 


Analyses of other components such as the IPTs consider the lobe power in determining the heating. 
These considerations are developed in other chapters of the UFSAR. 


The discussion above applies to operation in the pressurized mode. The analysis for depressurized 
operation considers an unbalanced 70/20 power division. This is a very conservative approach since 
depressurized operation is performed with a nearly balanced core (fuel loading) and shim positions. 
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Table 15.0-1. General criteria for classifying Advanced Test Reactor accident frequencies. 
I. ANTICIPATED FAULTS 


A. Single operator errors with unsecured and accessible devices. 
B. Single control failures. 
C. Single operating failures of an active device. An active device is defined as an operating device, such as 


pumps, valve actuators, relays, which may fail while operating (while in motion) or fail to operate (to 
move). 


D. Loss of a single power source, such as an electrical bus or instrument air supply. 
E. Loss of a single supporting system, that is a system which in itself includes single controls and active 


devices which can fail the supporting system. 
F. An operational upset known to occur, such as a commercial power failure. 
G. Failure of a device known to have a finite probability of being defective. 


II. UNLIKELY FAULTS 
A. A combination of two independent anticipated faults, or failure of two components each with anticipated 


fault failure modes. 
B. A single failure of an occasionally active device, but when it is in a passive state (when no action or 


motion is being requested), such as failure of a valve part in a normally fully open or closed valve. 
C. The occurrence of an anticipated type of failure during some short and specific type of operation. 
D. The occurrence of an anticipated type of failure in combination with failure of a single interlock or 


mitigating device. 
E. Failure of a passive device that has not had sufficient quality assurance to guard against its failure, such 


as welds that have not been adequately inspected for flaws. 
F. A failure due to a human error when an independent check or review is involved, or anticipated faults 


when sufficient time is available for independent checks to detect and correct the condition. 
G. A single operator error with a secured or normally inaccessible device. 
H. Failure of an active device that is in a low stress state when it has had an acceptable amount of quality 


assurance to guard against its failure. Failure of a valve shaft in a PCS control valve is an example. 
III. EXTREMELY UNLIKELY FAULTS 


A. A combination of two independent unlikely faults, and other combinations of two or more unlikely and 
anticipated faults not previously identified in II. 


B. The occurrence of an unlikely type of failure during some short and specific type of operation. 
C. The occurrence of an unlikely type of failure in combination with failure of a single interlock or 


mitigating device. 
D. Failure of a passive device that has had an acceptable amount of quality assurance to guard against its 


failure. 
E. Failures due to very low probability events, such as large earthquakes (see Chapter 3 [Design of 


Structures, Components, Equipment, and Systems)]. 
F. A failure due to a human error when a chain of two or more independent checks and reviews are in 


operation to prevent the failure. 
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Table 15.0-2. Principal plant conditions. (For information only)
Thermal Power Output 


a 


 
1. Maximum Total Reactor  


(a) Pressurized Operation (Maximum lobe power 60 MW) 250 MWt 
(b) Depressurized Operation 0.5 MWt 


2. Distribution  
(a) Fuel Plate and Plate Coolant 93% 
(b) Reflector and Structure 7% 


Maximum Experiment Fission Power 200 kW 
Nominal Fuel Assembly Information  


Number of assemblies in core 40 
Number of fuel plates per assembly 18 or 19 
Active length of fuel assemblies 4 ft 


Fuel matrix volume/assembly 0.02793 ft
Assembly flow area 


3 
0.03099 ft


Nominal Control Element Information 


2 
 


1. Safety Rods  
(a) Number (typical) 6 
(b) Total worth (nominal) 17.0$ 
(c) Incremental worth per rod (average) 0.08$/in 


2. Outer Shim Control Cylinders (OSCC)  
(a) Number 16 
(b) Total worth (beginning of life) 12.1$ 
(c) Incremental worth per four cylinder set (average) 0.02$/degree 


3. Neck Shim Rods  
(a) Number 22 
(b) Total worth (beginning of life) 5.2$ b 
(c) Incremental worth per rod (average) 0.005$/in 


4. Regulating Rods  
(a) Number (1 in operation) 2 
(b) Total worth (beginning of life) 0.26$ 
(c) Incremental worth (average) 0.005$/in 


Representative Core Neutronicsc  Information 
Moderator Temperature Coefficient of Reactivity -6.68 × 10-3


Fuel Temperature Coefficient of Reactivity 
$/°F 


-2.76 × 10-4


Effective Neutron Lifetime 
$/°F 


0.38 × 10-4


Effective Delayed Neutron Fraction 
 sec 


0.0072 
Flux Trap Void and Temperature Coefficient of Reactivity Variable but positive 







 


Table 15.0-2. (continued). 
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Fuel Element Void Coefficient of Reactivity Variable but net negative 
Axial Power Distribution Figures 15.0-1 and -2 
Azimuthal Power Distribution (Plate) Figure15.0-3 
Lobe Power Distributions  Table 15.0-3 


Primary Coolant System - Pressurized Operation  
Operating Primary Coolant Pumps 2 or 3 
Nominal Primary Coolant System Flow Rate  43,500 gpm (2 PCP) or 50,000 gpm 


(3 PCP) 
Maximum Core Coolant Inlet Temperature 125°F 
Nominal PPS Vessel Inlet Pressure Tap 371.9 psig
Minimum Core Differential Pressure 


d 
77 psid (2 PCP) or 100 psid (3 PCP) 


Surge Tank Coolant Inventory 97% (970 ft3


Primary Coolant System Inventory (Makeup and Letdown) 
) 


 
Pressurizing System Flow Rate (nominal) 220 gpm 
Degassing System Flow Rate (nominal) 220 gpm 
LDW In Flow From Seal System (nominal)  35 gpm 
Bypass Demineralizer to Gland Seal Feed Tank (nominal) 35 gpm 


Primary Coolant System - Depressurized Operation  
Minimum Operating Emergency Coolant Pumps 1 
Reactor Vessel Inlet Pressure (upper plenum) Atmospheric 
Maximum Core Coolant Inlet Temperature 125°F 
Minimum Primary Coolant System Flow Rate ≥ 3,600 gpm 


Secondary Coolant System  
Secondary Coolant System Flow Rate Variable 
Secondary Coolant System Inlet Temperature Variable 


Heat Transfer Parameters  
Maximum Corrosion Product (oxide) Thickness 0.001 in. 
Nominal Coolant Channel Thickness (Channels 2 through 20) 0.078 in. 
Material Properties Table 15.0-4 


   


a. This table is marked for information only to avoid potential use of inappropriate data in future accident analyses. Initial 
conditions and other plant parameters and conditions were selected to provide a conservative analysis for the event being 
analyzed. For example, minimum safety rod reactivities are used to model the safety rod scram reactivity while maximum 
safety rod reactivities are used in the analysis of safety rod withdrawal accidents. 
b. Measured reactivity following 1994 CIC. Represents typical fuel loading, new reflector, and new hafnium components in 
the core. 
c. See Chapter 4 (Reactor) for additional information on the derivation of these parameters. 
d. The core inlet pressure is not directly indicated. The pressure control is based on pressure taps in the inlet piping. The 
RELAP5 model indicates pressure at the tap location of the PPS inlet pressure subsystem is 385.4 psia (373.2 psig) for 
three-pump operation and 384.1 psia (371.9 psig) for two-pump operation (Pafford 1994). 
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Table 15.0-3. Lobe power splits (absolute power) for three power distributions modeled in RELAP5. 


LOBE 
SAR 70 
(MW) 


BAL50/50 
(MW) 


E60/40 
(MW) 


NE 26.0 50.0 41.6 
NW 26.3 50.0 41.6 
C 45.7 50.0 52.8 
SW 62.0 50.0 60.0 
SE 70.0 50.0 54.0 
Total core 230.0 250.0 250.0 


 
Table 15.0-4. ATR fuel element material properties. 


Fuel 
Heat of fusion (J/kg) Plate 19 2.83 × 10
 


5 
Plate 15 2.39 × 10


Density (kg/m


5 
3 Plate 19 ) 3409 


 Plate 15 3933 
Thermal conductivity (W/mK)   
   


Temperature (K) Plate 19 Plate 15 
273 53.0 36.1 
300 53.0 36.2 
400 52.9 36.0 
500 52.4 35.7 
600 51.9 35.4 
700 51.4 35.1 
800 50.9 34.8 
900 50.3 34.4 


933 solidus 50.2 34.4 
933 liquidus 40.3 30.2 


1000 40.5 30.2 
1100 40.8 30.3 
1200 41.0 30.3 


   
Specific heat capacity (J/kgK)   
   


Temperature(K) Plate 19 Plate 15 
273 648 557 
300 666 573 
400 697 599 
500 731 629 
600 767 660 
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700 803 692 
800 839 725 
900 878 761 
933 solidus 889 771 
933 liquidus 879 764 
1000 887 775 
1100 899 791 
1200 910 807 


Clad 
Heat of fusion (J/kg) 3.95 × 10  5 
Density (kg/m3 2702 )  
Thermal conductivity (W/Mk)   


Temperature (K) Al 6061-T6 Al 6061-O 
273 163 177 
300 167 180 
350 173 186 
400 177 189 
450 179 190 
500 188 191 
550 191 191 
600 190 190 
650 188 188 
700 185 185 
750 182 182 
800 179 179 
855 solidus 175 175 
925 liquidus 86.7 86.7 
1000 88.7 88.7 
1100 91.5 91.5 
1200 94.2 94.2 
   


Specific heat capacity   
Temperature (K) Specific Heat (J/kgK)  


290 896  
400 942  
500 988  
600 1034  
700 1080   
800 1126  
855 solidus 1151  







 


Table 15.0-4. (continued). 
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925 liquidus 1084  
1000 1084  
1100 1084  
1200 1084  


Heat of fusion (J/kg) 
Oxide 


1.07 × 10  6 
Density (kg/m3 3010 )  
Thermal conductivity (W/Mk) 2.25  
Specific heat capacity   


Temperature (K) Specific Heat (J/kgK)  
273 1011  
300 1100  
400 1349  
500 1538  
600 1704  
700 1844  
800 1959  
900 2049  
1000 2113  
1100 2151  
1200 2164  
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Table 15.0-5. Safety rod reactivity envelope. 
Pressurized operation Depressurized operation 


Time After Trip 
Signal 
(ms) 


Reactivity 
($) 


Time After Trip 
Signal 
(ms) 


Reactivity 
($) 


25 0 0 0.0000 
75 0.08 20 0.0004 


100 0.17 40 0.0012 
125 0.37 60 0.0023 
150 0.67 80 0.0048 
175 1.25 100 0.0093 
200 2.12 120 0.02 
225 2.95 140 0.04 
250 3.50 160 0.08 
275 3.85 180 0.14 
300 4.10 200 0.26 
350 4.42 220 0.39 
400 4.59 240 0.62 
500 4.70 260 0.92 
600 4.75 280 1.24 
700 4.80 300 1.76 
800 4.85 340 2.65 
900 4.90 380 3.52 


1000 4.95 460 4.44 
1100 5.00 540 4.97 
1200 5.05 620 5.26 
1300 5.10 700 5.45 
1400 5.15 800 5.59 
1500 5.20 900 5.68 
2000 5.45 1000 5.73 
2500 5.70 1120 5.80 
2700 5.80   
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Table 15.0-6. Plant protection system parameters. 
Parameter Analysis Trip Point Response Time, s 


High Neutron Level 120% 0.025 (0.035 for 
depressurized) 


Wide Range 
High Level 
Period at range change 


 
120% 
1 second 


 
0.025 Top two decades 
0.035 other ranges 


Low Vessel Inlet Pressure 
Three - PCP operation 
Two - PCP operation 


 
312.6 psig 
312.6 psig 


 
0.1 
0.1 


Low Vessel Outlet Pressure 
Three - PCP operation 
Two - PCP operation 


 
88.1 psig 
88.1 psig 


 
0.1 
0.1 


Low Vessel Differential Pressure 
Three - PCP operation 
Two - PCP operation 


 
45.8 psid 
38.0 psid 


 
0.4 
0.4 


High Vessel Inlet Temperature 150°F 40 


High Vessel Outlet Temperature 
Three - PCP operations 
Two - PCP operations 


 
188°F 
185°F 


 
25 
25 


High Quadrant Differential Temperature 1.24 Normal ∆T 15 


Low Emergency Coolant Pump Recirculation Flow 90 gpm 10 
Low Emergency Coolant Flow Discharge  (depressurized) 2,000 gpm 10 
Low Vessel Water Level 91’10” 2.0 
High Vessel Differential Pressure 146 psid 0.6 
High Vessel Inlet Pressure 408.6 psig 0.5 
High Vessel Outlet Pressure 


Three - PCP operation 
Two - PCP operation 


 
289.9 psig 
321.6 psig 


 
0.5 
0.5 


High Seismic Acceleration 0.017 g 1.0 
High Primary-Coolant Radiation Level 


startup 
full power 


 
150% Normal at NF


150% Normal at N
/3 


 


F 
0.5 
0.5 


Low Upper Plenum Pressure 28 psia 7.8 
High Radiation 350 mr/hr 60.0 
Relief Valve Setting 390 psig NA
a. Not applicable, no delay time on relief valves. 


a 


 







 


 


    Form 412.09 (Rev. 10) 


 Idaho National Laboratory    


 CHAPTER 15.0 – ACCIDENT 
ANALYSES – UPGRADED FINAL 


SAFETY ANALYSIS REPORT FOR THE 
ADVANCED TEST REACTOR 


Identifier: 
Revision: 
Effective Date: 


SAR-153 
 14 
 08/03/10 Page: 15.0-37 of 15.0-50 


Table 15.0-7. Plant systems and equipment available for transient and accident conditions. 


UFSAR Section Bounding Incidents Reactor Trip Functions 
Engineered Safety Feature 
(ESF) Actuation Functions ESF Equipment 


15.1 Increase in Heat 
Removal by Secondary 


Cold water addition (15.1.1) High neutron level Not required None 


15.2 Decrease in Heat 
Removal by the Secondary 


Complete loss of heat sink 
(15.2.1) 


High vessel inlet temperature High vessel pressure 
Low vessel level 
Manual 


PCS relief valves 
EFIS 
Vessel vent valves 


15.3 Decrease in Reactor 
Primary Coolant Flow 
Rate 


Long-term complete loss of 
flow (15.3.4) 


Low vessel inlet pressure High vessel pressure 
Low vessel level 
Manual 


PCS relief valves 
EFIS 
Vessel vent valves 


15.4 Reactivity and Power 
Distribution Anomalies 


IPT voiding due to > 1/2-in. 
pipe break (15.4.6) 


High neutron level Not required None 


Withdrawal of all outer 
shims and neck shims from 
10-5 NF


High rate of change in neutron 
level 


 (15.4.2) 


Not required None 


Slow lobe power balance 
shift. (15.4.7.12) 


Quadrant differential 
temperature 


Not required None 


15.5 Increase in Primary 
Coolant Inventory 


Loss of instrument 
air.(15.5.1) 


High vessel inlet pressure High vessel pressure PCS relief valves 
Pressurizing pump shut off 


15.6 Decrease in Primary 
Coolant Inventory 


A 3-in. Opening in the 
PCS...(15.6.4) 
Bottom head closure plug 
failure (15.6.10.4) 


Low vessel inlet pressure 
 
None 


Low vessel pressure 
Low vessel level 
Manual (following PPS or EFIS 
vessel level alarm) 


EFIS 
LOCA Primary Coolant 
Pump Shutoff 
EFIS 


15.7 Radioactive Release 
from a Subsystem or 
Component 


Loop experiment fuel melt 
(15.7) 


High neutron level High air activity Radiation monitoring and 
seal system (RMSS) 


15.8 Fuel Storage Canal 
and Cask Handling Events 


Large crack or other failure 
of storage canal (15.8.4) 


None None None 
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    Form 412.09 (Rev. 10) 


 Idaho National Laboratory    


 CHAPTER 15.0 – ACCIDENT 
ANALYSES – UPGRADED FINAL 


SAFETY ANALYSIS REPORT FOR THE 
ADVANCED TEST REACTOR 


Identifier: 
Revision: 
Effective Date: 


SAR-153 
 14 
 08/03/10 Page: 15.0-38 of 15.0-50 


UFSAR Section Bounding Incidents Reactor Trip Functions 
Engineered Safety Feature 
(ESF) Actuation Functions ESF Equipment 


15.9 Depressurized 
Operations Events 


Momentary loss of flow... 
(15.9.11) 
Opening valve outside 
radiographic... 
(Section 15.9.2.1) 
Loop heater accidentally on 
(15.9.3.6) 
 


Low emergency coolant pump 
discharge flow 
Low vessel level 
High neutron level 
 


None 
Manual
None 


(c) 


 


None 
EFIS
None 


(c) 


 


 
 
 


15.10 Fuel Failures Large fuel channel 
blockage... (15.10.3) 


High PCS coolant 
radioactivity 


High air activity RMSS 


15.11 Failures of 
Supporting Systems 


(a) (a) (a) (a) 


15.12 Severe Accidents (a) (a) (a) (a) 
15.13 PCS High Pressure 
Anomalies 


Butterfly valve failure 
(15.13.2) 


Low vessel inlet pressure None None 


15.14 PCS High Flow 
Anomalies 


High flow (15.14.1) High vessel differential 
pressure 


High vessel differential pressure Primary coolant pump 
shutoff 


15.15 Reflector Aging (b) (b) (b) (b) 
15.16 External Events  (a) (a) (a) 
(a) No new requirements for PPS or ESF are established by this analysis. 
(b) The limiting events and mitigating systems are unchanged from the new reflector. 
(c) Manual actuation of EFIS is only required with irradiated fuel in the core (as discussed in Section 15.9.2.1.2). 
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Table 15.0-8. Summary of computer codes used for analyses of credible events. 


Section Analytical case Computer Codes Utilized 


15.1 Cold water addition RELAP4 


15.2 Complete loss of secondary RELAP5/MOD2.5 


ATR-SINDA 


SINDA-SAMPLE 


15.3 Loss of commercial power  PDQ 


RELAP5/MOD2.5 


ATR-SINDA 


SINDA-SAMPLE 


Slow closing primary discharge check valve RELAP5/MOD2.5 


Long-term complete loss of flow RELAP5/MOD2.5 


ATR-SINDA 


SINDA-SAMPLE 


Complete closure of the flow control 
butterfly valve 


RELAP5/MOD2.5 


ATR-SINDA 


SINDA-SAMPLE 


15.4 Uncontrolled outer shim and neck shim 
withdrawal from 10-5 N


RELAP4 
F 


0.50$ step insertion RELAP5/MOD2.5 


ATR-SINDA 


SINDA-SAMPLE 


Inpile tube decompression with subsequent 
voiding due to failure of the 1/2-in. piping 


RELAP5/MOD3 


ATR-SINDA 


SINDA-SAMPLE 


IPT decompression with subsequent voiding 
due to a failure of piping < 1/2-in. in 
diameter 


RELAP5/MOD3 


ATR-SINDA 


SINDA-SAMPLE 


15.5 Loss of instrument air to PCV-1-1 RELAP4 


Loss of instrument air to PCV-1-1 and FCV-
1-8 with failure of the inlet pressure 
subsystem 


None 







 


Table 15.0-8. (continued). 
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Section Analytical case Computer Codes Utilized 


5.6 LOCA break spectrum  RELAP5/MOD2.5 


 RELAP5/MOD3 


Break or open valve outside radiographic 
boundary. 


RELAP5/MOD2.5 


ATR-SINDA 


SINDA-SAMPLE 


Shutdown bottom plug failure RELAP5/MOD3 


15.7 Experiment fuel melting RSAC 4/5 


Waste Tank Release (TRA-605) RSAC-5.2, MicroShield 6.20 


15.8 NA NA 


15.9 Startup events RELAP5/MOD 2.5, ATR-SINDA, SINDA-
SAMPLE 


15.10 Insulation jacket failure 


Loading errors 


Fuel blockage 


COMPFLO and RELAP4 


ATR-SINDA and SINDA-SAMPLE 


RSAC-5 


15.11 Events are enveloped by previous analysis for 
loss of heat sink, loss of flow, and power 
transients 


NA 


15.13 A primary pump discharge valve, check 
valve, or butterfly control valve slams closed. 


RELAP5/MOD 2.5 


15.14 Opening of flow control butterfly valve RELAP4 


15.15 Reflector aging RELAP5/MOD2.5 


ATR-SINDA 


SINDA-SAMPLE 


15.16 External events See PRA (Eide, Khericha, and Thatcher 
1991) 
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Table 15.0-9. Limiting single failures assumed in the UFSAR reanalysis of accidents. 
Event description Failure assumed


Complete loss of SCS (Loss of Heat Sink) 


a 
Upper Emergency Firewater Injection System (EFIS) 
train and one Lower EFIS Actuation Valve 


Loss of commercial power Standby emergency coolant pump 
Slow closing primary discharge check valve No active component required 
Complete loss of flow DG-powered emergency coolant pump 


Battery backup emergency coolant pump
Complete closure of the flow-control butterfly valve 


b 
No active component required 


Uncontrolled outer shim and neck shim withdrawal from 
10-5 N


No active component required 
F 


Inpile tube decompression with voiding due to failure of 
the 1/2-in. piping 


One safety rod fails to insert 


0.50$ Step One safety rod fails to insert 
IPT decompression with subsequent voiding due to a 
failure of piping > 1/2-in. in diameter 


One safety rod fails to insert 


Shutdown bottom plug failure Upper EFIS actuation valve 
Break or open valve outside radiographic boundary Upper or lower EFIS out of service 


One PCP continuing to run 
One PCP check valve failing to shut 


a. Failure assumed is the most limiting single failure (where one exists) of safety-related equipment which is assumed in the 
accident analysis of the particular event. 
b. Batteries assumed to deplete after 30 minutes (see Chapter 8 (Electric Power)). 
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Figure 15.0-1. Normalized axial power distributions for the SAR 70 power split. (For Information Only) 
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Figure 15.0-2. Normalized axial power distributions for the 60/40 power split. (For Information Only) 
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Figure 15.0-3. Azimuthal power distributions for Plate 15 and Plate 19. (For Information Only) 
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Figure 15.0-4. Safety rod reactivity time dependence. (For Information Only) 
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Figure 15.0-5. Cross-section of the ATR-SINDA fuel plate model. (For Information Only) 







 


    Form 412.09 (Rev. 10) 


 Idaho National Laboratory    


 CHAPTER 15.0 – ACCIDENT 
ANALYSES – UPGRADED FINAL 


SAFETY ANALYSIS REPORT FOR THE 
ADVANCED TEST REACTOR 


Identifier: 
Revision: 
Effective Date: 


SAR-153 
 14 
 08/03/10 Page: 15.0-47 of 15.0-50 


15.0.16 References 


10 CFR 100.11, 2002, “Determination of Exclusion Area, Low Population Zone, and Population Center 
Distance,” Code of Federal Regulations, Office of the Federal Register November 4, 2002. 


10 CFR 830, Subpart B, 2001, “Safety Basis Requirements,” Code of Federal Regulation, Office of the 
Federal Register, January 10, 2001. 


10 CFR 835, 1998, “Occupational Radiation Protection,” Code of Federal Regulation, Office of the 
Federal Register, November 4, 1998. 


AEC, 1969, Supplementary Criteria and Requirements for RDT Reactor Plant Protection Systems, 
Standard RDT C.16-1T, Division of Reactor Development and Technology, U.S. Atomic Energy 
Commission, Washington, D.C., December 1969. (Historical) 


Allison, C. M., et al., 1989, SCDAP/RELAP5/MOD2 Code Manual, Volumes 1, 2, and 3, NUREG/CR-
5273, EGG-2555, EG&G Idaho, Inc., September 1989. 


Ambrosek, R. G., K. H. Liebelt, and B. J. Merrill, 1993, User’s Manual for ATR-SINDA, Version A, 
Mod. 0, A SINDA Thermal-Hydraulic Model of an ATR Fuel Plate, ERA-NRE-93-017, 
EG&G Idaho, Inc., March 1993. 


ANC, 1973, ATR Operating Envelope Extension, TR-386, Aerojet Nuclear Company, May 10, 1973. 


ANSI, 1974, ANS Standard for The Development of Technical Specifications for Research Reactors, 
ANSI/ANS 15.1/15.1, 1974. (Historical) 


ANSI, 1979, Decay Heat Power in Light Water Reactors, ANSI/ANS 5.1, 1979. 


Atkinson, S. A., 1995, “Review for Transient Analyses Recommended to Supplement the ATR Design 
Basis Report for the ATR UFSAR,” EDF TRA-ATR-851, Rev. 1, EG&G Idaho Inc., 
January 25, 1995. 


Atkinson, S. A. 1999, “A Consequence-Limiting Protective Margin Applicable to Condition 4 Events,” 
EDF TRA-ATR-1486, Rev. 2, August 9, 1999. 


Atkinson, S. A. and G. H. Hanson, 1977, Advanced Test Reactor Plant Protective System and Technical 
Specifications Design Basis Report, RE-E-76-048, EG&G Idaho, Inc., May 1977. 


deBoisblanc, D. R. and S. Cohen, 1965a, Safety Analysis Report Advanced Test Reactor, IDO-17021, 
Phillips Petroleum Co., April 1965. 


deBoisblanc, D. R. and S. Cohen, 1965b, Supplement, Safety Analysis Report Advanced Test Reactor, 
PTR-774, Phillips Petroleum Co., October 1965. 


deBoisblanc, D. R., S. Cohen, and V. A. Walker, 1966, Second Supplement, Safety Analysis Report, 
Advanced Test Reactor, PTR-781, Phillips Petroleum Co., April 1966. 







 


 


    Form 412.09 (Rev. 10) 


 Idaho National Laboratory    


 CHAPTER 15.0 – ACCIDENT 
ANALYSES – UPGRADED FINAL 


SAFETY ANALYSIS REPORT FOR THE 
ADVANCED TEST REACTOR 


Identifier: 
Revision: 
Effective Date: 


SAR-153 
 14 
 08/03/10 Page: 15.0-48 of 15.0-50 


deBoisblanc, D. R. and S. Cohen, 1967, Radiological and Safety Studies for the ATR, CI-1034, 
Idaho Nuclear Corp., March 1967. 


DOE O 5400.5, 1993, “Radiation Protection of the Public and the Environment,” Change 2, U. S. 
Department of Energy, January 7, 1993. 


DOE O 5480.23, 1994, “Nuclear Safety Analysis Reports,” Change 1, U.S. Department of Energy, 
March 10, 1994. (Historical) 


Durney, J. L., 1993, “Time Dependence of ATR Safety Rod Insertion,” EDF TRA-ATR-761, Rev. 1, 
EG&G Idaho, Inc., November 19, 1993. 


Eide, S. A., S. T. Khericha, and T. A. Thatcher, 1991, Advanced Test Reactor Probabilistic Risk 
Assessment, EGG-PRP-8823, Rev. 1, EG&G Idaho, Inc., September 1991. 


Grove Software, Inc., 2005, MicroShield® 6.20, (available internally under configuration control 
number 198549), October 2005. 


Lenglade, C. E. and D. J. Pafford, 1993, “Update and Benchmarking of the RELAP5 Input Models for 
Chapter 15 of the ATR UFSAR,” EDF TRA-ATR-739, August 23, 1993. 


Liebelt, K. H., 1993, letter to S. R. Wagoner, “Upgrade of SINDA-SAMPLE Model,” KHL-2-93, 
EG&G Idaho, Inc., March 26, 1993. 


McCracken, R. T., 1986, Evaluation of a Design Basis Draining Accident of the ATR Fuel Storage Canal, 
PG-T-86-012, EG&G Idaho, Inc., October 1986. 


Miller, G. K., 1998 “Evaluation of ATR Fuel Element for Partial Flow Blockage in Channel 20,” 
EDF TRA-ATR-1363, LMITCO, September 1, 1998. 


Moore, K. V., and W. H. Rettig, 1973, RELAP4 – A Computer Program for Transient Thermal-Hydraulic 
Analysis, ANCR-1127, Aerojet Nuclear Company, December 1973. 


NRC, 1978, Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants, LWR 
Edition, Regulatory Guide 1.70, Rev. 3, U.S. Nuclear Regulatory Commission, Washington, D.C., 
November 1978. 


Pafford, D. J., 1994, “Vessel Inlet and Outlet Pressure PPS Modeling in the RELAP5 Input Models for 
the ATR Upgraded SAR,” EDF TRA-ATR-1025, LMITCO, October 31, 1994. 


Pfeifer, C. J., 1971, PDQ-7 Reference Manual II, WAPD-TM-947(L), Bettis Atomic Power Laboratory, 
Pittsburgh, PA, February 1971. 


Polkinghorne, S. T., 1994a, “ATR-SINDA and SINDA-SAMPLE Calculations for Chapter 15 of the 
ATR’s Updated FSAR,” EDF TRA-ATR-840, EG&G Idaho, Inc., February 11, 1994. 


Polkinghorne, S. T., 1994b, “Reactivity Insertion Analysis for Non-borated Fuel Elements,” EDF TRA-
ATR-952, EG&G Idaho, Inc., April 15, 1994. 







 


    Form 412.09 (Rev. 10) 


 Idaho National Laboratory    


 CHAPTER 15.0 – ACCIDENT 
ANALYSES – UPGRADED FINAL 


SAFETY ANALYSIS REPORT FOR THE 
ADVANCED TEST REACTOR 


Identifier: 
Revision: 
Effective Date: 


SAR-153 
 14 
 08/03/10 Page: 15.0-49 of 15.0-50 


SAR-39, 1994, “ATR PPS and Technical Specifications Design Basis Report,” Issue 030," 
August 2, 1994. 


Shonka Research Associates, Inc., 1993, Software Verification and Validation Report for the WINCO 
RSAC-5 Code, Marietta, GA., September 1993. 


Stallman, R. M., 1997, letter to C. F. York, “Approval of Idaho Engineering and Environmental 
Evaluation Guidelines for the Development of Safety Analysis and Technical Safety 
Requirements,” OPE-SP-97-077, July 15, 1997. 


Terry, W. K., 1994, “Reactivity Insertion Analyses with RELAP5,” EDF TRA-ATR-841, EG&G Idaho, 
Inc., April 19, 1994. 


Thatcher, T. A., et al., 1994, Update to the Advanced Test Reactor Probabilistic Risk Assessment (Level 1, 
2, and 3 Including Shutdown Operations), EGG-PRP-11229, EG&G Idaho, Inc., May 1994. 


Varacalle, D. J., 1975, RELAP4 Primary Coolant System Models Utilized for the Advanced Test Reactor 
Technical Specifications, TR-750, Aerojet Nuclear Company, December 1975. 


Varacalle, D. J., 1976, RELAP4 Analysis Results for Utilization in the Development of the ATR Technical 
Specifications, TR-752, Aerojet Nuclear Company, May 1976. 


Wagoner, S. R., 1995, “Quality Assurance Required For The Upgraded SAR, Chapter 15 Analysis,” 
EDF TRA-ATR-954, EG&G Idaho, Inc., June 21, 1995. 


Wagoner, S. R., 1996, “Upgraded SAR Code Validation and Verification Efforts for Chapter 15,” EDF 
TRA-ATR-955, EG&G Idaho, Inc., March 6, 1996. 


Wenzel, D. R., 1993, The Radiological Safety Analysis Computer Program (RSAC-5), WINCO-1123, 
Westinghouse Idaho Nuclear Company, Inc., October 1993. 







 


 


    Form 412.09 (Rev. 10) 


 Idaho National Laboratory    


 CHAPTER 15.0 – ACCIDENT 
ANALYSES – UPGRADED FINAL 


SAFETY ANALYSIS REPORT FOR THE 
ADVANCED TEST REACTOR 


Identifier: 
Revision: 
Effective Date: 


SAR-153 
 14 
 08/03/10 Page: 15.0-50 of 15.0-50 


INTENTIONALLY BLANK 





		15. ACCIDENT ANALYSES

		15.0 Introduction

		15.0.1 History

		15.0.2 Methodology

		15.0.2.1 Physics Data. Extensive physics analyses were performed for the ATR core in support of the LIPT insertion and for the envelope extension. Capability for three-dimensional modeling with PDQ was not available at the time this work was completed (two-dimensional results were extrapolated to three dimensions as needed). With the development of a three-dimensional PDQ, an extensive analysis effort was completed to update and verify the power distributions and other parameters required to develop content for Chapter 4 (Reactor) and data for the analyses in Chapter 15 (Accident Analyses). The analyses were reviewed and documented under the quality guidelines. The results, presented in Chapter 4, are used extensively in the discussion of off-normal events.

		15.0.2.2 Experiments. Several experiments were performed during the initial reactor startup to provide verification of the reactor characteristics. The evaluations were performed for flow instability, flow reversal into natural convection cooling, oxide buildup, and forced convection heat transfer coefficients. The data from these tests and current reactor operation were used to benchmark the computer codes to the conditions (Wagoner 1995).

		15.0.2.3 Reanalysis. The DBR was reviewed along with results from the Reactivity Insertion Accident (RIA) and PRA programs to define transient analyses which should be reanalyzed for the UFSAR (Atkinson 1995). The identified scope for Chapter 15 of the UFSAR was the reanalysis of the limiting events associated with each category of accidents from the above programs. The DBR was used to identify the limiting event(s) in each accident category and with results from the RIA and PRA programs to ascertain the classification for event frequency. The identified limiting events were then analyzed to predict the reactor response. The analyzed response was then evaluated against the required protective margins.

		15.0.2.4 Operating Envelope. Analyses were completed with reactor and experiment parameters/configurations which maintain the minimum required margins to the protection criteria. The evaluated range is expected to bound future operations; however, some case-basis evaluation of experiment loadings or reactor core configurations using the formalism and criteria established in Chapter 15 may be necessary. The ATR Core Safety Assurance Package (CSAP) and the experiment safety analysis documentation will provide verification that the proposed operation for each reactor cycle is within the bounds set by Chapter 15 (including any necessary analyses to show compliance to the reactor protection criteria established by Chapter 15).



		15.0.3 Classification of Plant Conditions

		15.0.3.1 Condition 1: Normal Operation. Condition 1 operations are expected to occur frequently or regularly in the course of reactor operation, refueling, or maintenance. Condition 1 includes normal operation and operational transients such as reactor startup, shutdown, recovery from power reductions, reactor power division adjustments, and experiment positioning. Maintenance activities such as refueling, experiment handling, facility modifications, overhaul, preventive and corrective maintenance, and core internals changeouts are normal operations. Reactor parameters are controlled within a conservative set of initial conditions which are bounded by reactor parameters assumed in the accident analyses. Maintenance activities are administratively controlled with the level of control commensurate with maintaining the assumed frequency of failure of the control.

		15.0.3.2 Condition 2: Anticipated Faults. An anticipated fault is an off-normal condition that is expected to occur once or more during the lifetime of the facility due to an expected single fault. These faults, at worst, result in reactor trip with no plant equipment damage [some plant equipment (e.g., reactor fuel elements) may require requalification prior to reuse]. By definition, these faults (or events) do not propagate to cause a more serious fault, i.e., Condition 3 or 4 events. Failure of the fuel clad is included in this category only if the rupture is localized and is the initiating event.

		15.0.3.3 Condition 3: Unlikely Faults. Condition 3 events are faults that may occur infrequently during the life of the plant. As shown in Table 15.0-1, Condition 3 faults result from single low frequency failures and combinations of independent high frequency failures. By definition a Condition 3 event will not propagate to cause a Condition 4 event or result in damage to reactor components not readily replaceable.

		15.0.3.4 Condition 4: Extremely Unlikely Faults. Condition 4 events are low-probability faults that are not expected to occur but are postulated because their consequences include the potential for release of significant quantities of radioactive material. A single Condition 4 event is not to cause a consequential loss of systems required to cope with the fault. The following faults have been classified in this category:



		15.0.4 Plant Characteristics and Initial Conditions Assumed in Accident Analyses

		15.0.4.1 Principal Plant Conditions. Table 15.0-2 lists the principal plant operating conditions and configurations important to the reactor safety analysis. The presentation of the data in Table 15.0-2 requires some discussion. Some data are nominal or typical (e.g., number of safety rods) while other data are limiting maximum or minimum values. The listing reflects data for pressurized and depressurized operation and also has information for pressurized operation with two or three PCPs in operation.

		15.0.4.2 Initial Conditions. For accident evaluation, the initial conditions (reactor power, core inlet temperature, vessel inlet pressure, and core differential pressure for pressurized operation; reactor power, vessel inlet temperature, and core flow for depressurized operation) are derived from the principal plant conditions shown in Table 15.0-2. Initial conditions and other plant parameters and conditions were selected to provide a conservative analysis for the event being analyzed. For example, minimum safety rod reactivities are used to model the safety rod scram reactivity while maximum safety rod reactivities are used in the analysis of safety rod withdrawal accidents. Because the values selected vary for different events, the data in Table 15.0-2 are provided for information only. Uncertainties in the rated values are considered in the Monte Carlo sampling during analyses for compliance to reactor protection criteria.

		15.0.4.3 Power Distribution. The transient response of the reactor system is dependent on the initial power distribution. The design of the reactor core utilizes shims adjustable during operation to establish a power distribution which is amenable to the experimenter requirements for each cycle of operation. The power peaking in the fuel elements is dependent on the core power distribution. The power peaking factors for three lobe power splits representing typical operation are contained in Figures 4.34 through 4.3-27 of Chapter 4 (Reactor). The power distributions are normally displayed as pointtoaverage power densities; these densities are also referred to as peaking factors. The point-to-average power density is defined by (((f()/(((f()ave where ( is the energy release per fission, (f is the macroscopic fission cross section, and ( is the neutron flux resulting in fissions. The denominator is an average over the core.



		15.0.5 Reactivity Coefficients Assumed in the Accident Analyses

		15.0.6 Safety Rod Insertion Characteristics

		15.0.7 Trip Points and Time Delays to Trips Assumed in Accident Analysis

		15.0.8 Plant Systems and Components Available for Mitigation of Accident Effects

		15.0.9 Fission Product Inventories

		15.0.10 Residual Decay Heat

		15.0.11 Computer Codes Utilized

		15.0.11.1 RELAP Computer Code.

		15.0.11.1.1 RELAP5 Computer Code —RELAP5/MOD2.5 is a system code for the analysis of transient, one-dimensional, single- and two-phase fluid dynamics (Allison et al. 1989). The code includes the nonhomogeneous and nonequilibrium characteristics of two-phase flow. The types of transients that can be analyzed include loss of coolant, pump failure, loss of heat sink, and reactivity initiated events. To validate its use in the ATR Safety analysis, an ATR RELAP5/MOD2.5 input model was benchmarked against in-core hydraulic data, flow coastdown data, and steady-state operating data (Lenglade and Pafford 1993).

		15.0.11.1.2 RELAP4 Computer Code —RELAP4 (MOD3 and MOD5) is an earlier version of the RELAP computer code which was used previously for analysis of ATR transients and behavior (Atkinson and Hanson 1977). Some of those analyses are still valid, e.g., Section 15.5.1, A Loss of Instrument Air Closes Back-Pressure Control Valve PCV11 and Opens Pressurizing Flow Control Valve FCV18.



		15.0.11.2 ATR-SINDA Computer Model. ATR-SINDA is a computer model with threedimensional heat conduction and one-dimensional hydraulic capability (Ambrosek, Liebelt, and Merrill 1993). The model has the capability of analyzing heat transfer processes in water coolant during all transient conditions, including:

		15.0.11.3 SINDA-SAMPLE Computer Model. SINDA-SAMPLE is a combined statistical and simplified thermal-hydraulic model of an ATR fuel plate (Liebelt 1993). Using thermal-hydraulic input from ATR-SINDA, a Monte Carlo sampling is performed to determine the standard deviations of the parameter of interest and the margin to the reactor protection criteria. The input parameters have unique variances which are input with the nominal value of the parameter. Each parameter is sampled, and fuel plate conditions are calculated using the variable values from the sampling. The heat transfer mode is determined the same as in ATR-SINDA using the conditions calculated from the ATR-SINDA boundary values and the sampled variables.

		15.0.11.4 PDQ Computer Code. The PDQ 7 program solves the neutron diffusion-depletion problem in one, two, or three dimensions (Pfeifer 1971). The three-dimensional spatial calculation may be either explicit or discontinuous trial function synthesis. Up to five lethargy groups are permitted, the fast group treatment may be simplified P3, and the thermal neutrons may be represented by a single group or a pair of overlapping groups. Adjoint and boundary value calculations may be performed, and the depletion may be point or block. Control searches, thermal feedback, and xenon feedback are optional. The geometries available are rectangular, cylindrical, spherical, and hexagonal. All geometries allow variable mesh in all dimensions.

		15.0.11.5 RSAC-4/5 Computer Code. The Radiological Safety Analysis Computer Program (RSAC-5) calculates the consequences of the release of radionuclides to the atmosphere. RSAC-5 can generate a fission product inventory; decay and grow the inventory during transport through processes, facilities, and the environment; model the downwind dispersion of the activity; and calculate doses to downwind individuals. The code has undergone independent verification and validation (Shonka 1993). As described in Wenzel (1993), the code calculates inhalation doses using the ICRP 30 model (International Commission on Radiological Protection). The committed dose equivalent (CDE) is calculated for individual organs and tissues over a 50-year period after inhalation. The various options available for dose calculations are described in the reference (Wenzel 1993). The code calculates atmospheric diffusion parameters for three different conditions or allows the user to input the parameters directly. The specific options used depend upon the accident sequence considered.

		15.0.11.6 MicroShield 6.20 Computer Code. MicroShield® is a comprehensive photon/gamma ray shielding and dose assessment software program that is used for designing shields and estimating source strength from radiation measurements (Grove 2005). It can be used to develop a model geometry and material composition. MicroShield® 6.20 is maintained under configuration control number 198549 in the Engineering and Scientific Analysis Software and is fully validated, verified, and controlled in accordance with applicable INL requirements.
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15.11 Failures of Supporting Systems
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15.11.1.1.1 Analysis of Effects and Consequences—RMSS damper control circuitry is fail-safe on loss of power; that is, the building exhaust and/or building seal functions will be actuated upon a loss of power to the RMSS system (essentially an RMS 1). Upon loss of diesel and commercial power, springs (which are compressed when the dampers are opened) close the dampers. When the dampers are closed, the ATR confinement is sealed, and there is no threat to the public because any released radiation is confined. The canal area RMS function is similarly actuated.
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 Loss of one channel of the evacuation system does not significantly reduce the effectiveness of the system since the detectors for each channel monitor the same general area.


If the power loss is general, other PPS subsystems will already have tripped 
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15.11.1.2 Extended Loss of Diesel and Commercial Power. Extended loss of diesel and commercial power is considered a Condition 4 event. The effects and consequence of an extended loss are discussed in the momentary loss event Section 15.11.1.1.2.


FOIA Exemption 3 UCNI, Exemption 7f 


15.11.1.3 Loss of Commercial Power


15.11.1.3.1 Identification of Causes and Accident Description—
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15.11.1.3.2 Analysis of Effects and Consequences—With loss of commercial 
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15.11.1.4 Momentary Loss of Commercial-Diesel Power


15.11.1.4.1 Identification of Causes and Accident Description—Momentary loss of commercial-diesel power is considered a Condition 2 event that could cause failure of the cubicle exhaust system.

15.11.1.4.2 Analysis of Effects and Consequences—Loss of commercial-diesel power will shut down the entire heating and ventilating system, including the cubicle exhaust system. 
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15.11.1.5 Mechanical Failure of the System. Mechanical failure of the system is considered a Condition 3 event that could cause partial to total failure of the cubicle exhaust system. 
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power discussed in Section 15.11.2.3.

15.11.1.6 Inadvertent Shutoff of the System. Inadvertent shutoff of the system (operator error) could cause partial to total failure of the cubicle exhaust system and is considered a Condition 3 event. The effects and consequences are bounded by those caused by loss of commercial-diesel power discussed in Section 15.11.2.3, and it is acceptable as either a Condition 2 or Condition 3 event.

15.11.2 Evacuation System Failure


The ATR Complex Evacuation System is composed of two dc master control circuits, 
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signal is manually actuated by the Shift Supervisor either when the RMS evacuation system calls for an evacuation, and/or when, in the Shift Supervisor’s judgment, the situation merits such action. The only postulated event that could cause a failure in the Evacuation System is the complete loss of power sources to the system. The event is considered to be Condition 3 for a momentary loss of power and Condition 4 for an extended loss of power. The event and analysis are discussed in this section.


15.11.2.1 Momentary Complete Loss of Power to the System


15.11.2.1.1 Identification of Cause and Accident Description—Momentary loss of both the commercial and battery-backed power sources to the evacuation system would cause momentary failure of the evacuation system. This event is considered a Condition 3 event.
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personnel can provide as needed temporary monitoring of the same general location using evacuation setpoint values as near as possible to those used in the RMSS evacuation system.

15.11.2.2 Extended Complete Loss of Power Sources to the System. 
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Extended loss of all power sources to the evacuation system is considered a Condition 4 event. The effects and consequences of an extended complete loss of power are the same as the momentary complete loss of power sources to the evacuation system discussed in Section 0.

15.11.3 Failure of High Pressure Demineralized Water System


The HDW normally supplies about 1,060 gpm of water near 130°F to the experiment heat exchangers and about 575 gpm near 100°F to the loop pump stators and purification coolers. The
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Since an HDW failure could cause loss of heat sink for the loop heat exchangers, loop temperature instrumentation would detect the failure. The HDW instrumentation is powered from alternate power sources including a UPS. However, the loop instrumentation does not fail with loss of diesel-commercial power.


A number of events that could cause the failure of the HDW have been postulated and analyzed:


A. High HDW coolant temperature


B. High HDW coolant temperature with concurrent IPT experiment coolant instrumentation failure


C. Partial loss of HDW flow to IPT cubicles


D. Partial loss of HDW flow to IPT cubicles with concurrent IPT experiment coolant instrumentation failure


E. Momentary total loss of HDW flow to IPT cubicles


F. Extended total loss of HDW flow to IPT cubicles


G. Momentary total loss of HDW flow to IPT cubicles with concurrent IPT experiment coolant instrumentation failure


H. Extended total loss of HDW flow to IPT cubicles with concurrent IPT experiment coolant instrumentation failure.


Based on analyses in the DBR (SAR‑39), events A, C, and E are considered Condition 2, event F is considered Condition 3, and events B, D, G, and H are considered Condition 4. The postulated events and the analyses are discussed in this section.


15.11.3.1 High HDW Coolant Temperature


15.11.3.1.1 Identification of Causes and Accident Description—The loss of HDW heat transfer to the UCW would cause high HDW coolant temperature. The loss of HDW-UCW heat transfer could result from such events as a UCW block valve closure. High HDW coolant temperature is considered a Condition 2 event.

15.11.3.1.2 Analysis of Effects and Consequences—Temperature alarms will be activated when coolant temperatures are abnormally high at the outlet of the heat exchangers. This instrumentation will not mitigate the problem, but it will alert the operator in the control room to the existing condition.

If the problem causing the HDW temperature rise is not corrected, experiment loops will also experience a temperature rise. IPT inlet and outlet temperature instrumentation will alarm and shut down the reactor when the coolant temperature approaches the design temperature. The IPT experiments are protected by the instrumentation from such events). A temperature rise in the HDW system will be inconsequential but may result in a reactor shutdown initiated by the experiment instrumentation. The protective functions of the Loop Operating and Control System are described in Chapter 10 (Experiment and Irradiation Facilities).


15.11.3.2 High HDW Coolant Temperature with Concurrent IPT Experiment Coolant Instrumentation Failure


15.11.3.2.1 Identification of Causes and Accident Description—The loss of HDW‑UCW heat transfer coupled with the failure of the IPT experiment instrumentation would cause high HDW coolant temperature without the potential mitigating loop high temperature reactor trip. High HDW coolant temperature concurrent with the loss of loop instrumentation is considered a Condition 4 event.

15.11.3.2.2 Analysis of Effects and Consequences—A failure of the HDW system, resulting in a heatup of the loop experiment coolant, without loop temperature trips, will result in continued loop coolant temperature increases and voiding until the ATR trips on high power. The maximum effect of a loss of the HDW system during ATR full power operation without loop trips is enveloped by simultaneous voiding of all loops due to simultaneous flow coastdown in all loops discussed in Section 15.4.7.19.

15.11.3.3 Partial Loss of HDW Flow to IPT Cubicles


15.11.3.3.1 Identification of Causes and Accident Description—The failure of PCV-7-1 or a partial failure of a pump would cause low HDW flow to the IPT cubicles. The HDW pressure is normally controlled by PCV-7-1 which regulates loop by-pass flow. Failure of PCV-7-1 in the fully open position will allow abnormally high bypass flow and consequently reduced flow to the experiment heat exchangers. Partial loss of HDW flow is considered a Condition 2 event.

15.11.3.3.2 Analysis of Effects and Consequences—The standby circulating pump will be automatically started when the discharge pressure is low. The operator in the control room will be alerted to the low flow condition by the flow indicators and alarms. No automatic protective action occurs other than startup of the standby pump.

If the low HDW flow problem is not corrected, the experiment loop will experience a temperature rise. The IPT experiments will be protected from extreme temperatures by the instrumentation. The IPT inlet and outlet instrumentation will shut down the reactor when coolant temperatures exceed the nominal temperature by approximately 15(F. The protective functions of the Loop Operating and Control System are described in Chapter 10 (Experiment and Irradiation Facilities). No significant transient is expected to result from a partial loss of HDW flow because of the control system actions.


15.11.3.4 Partial Loss of HDW Flow to the IPT Cubicle with Concurrent IPT Experiment Coolant Instrumentation Failure. The failure of PCV-7-1 or a partial failure of a pump coupled with the failure of the IPT experiment coolant instrumentation could cause low HDW flow to the IPT cubicles without the potential mitigating loop high temperature reactor trip. The HDW pressure is normally controlled by PCV-7-1, which regulates loop bypass flow. Failure of PCV-7-1 in the fully open position will allow abnormally high bypass flow and, consequently, reduced flow to the experiment heat exchangers. Partial loss of HDW flow with the concurrent failure of the loop instrumentation is considered a Condition 4 event. The effects and consequences of this event are bounded by those of the high HDW temperature with loop instrumentation failure event which is discussed in Section 15.11.4.2.

15.11.3.5 Momentary Total Loss of HDW Flow to IPT Cubicles


15.11.3.5.1 Identification of Causes and Accident Description—A momentary total loss of HDW coolant flow may be caused by a loss of diesel and/or commercial power. A loss of either diesel or commercial power is considered a Condition 2 event.

15.11.3.5.2 Analysis of Effects and Consequences—The operating pump will 
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approximately 200 psig. A momentary low pressure condition will occur during the standby pump startup. When the standby pump has reached full speed, operation will continue as normal. The operator will be alerted to the situation by indicators and annunciators.

15.11.3.6 Extended Total Loss of HDW Flow to IPT Cubicles


15.11.3.6.1 Identification of Causes and Accident Description—
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15.11.3.6.2 Analysis of Effects and Consequences—The operator in the control room will be alerted of this condition by flow indicators and the annunciator from low pump discharge pressure. If the power supply is not returned to the HDW circulating pumps, the IPT experiment cooling loop will experience a temperature rise. The loop instrumentation, described in Chapter 10 (Experiment and Irradiation Facilities), can prevent damage to the test by tripping the reactor. The reactor will be shut down when the trip temperature is reached.

15.11.3.7 Momentary Total Loss of HDW Flow to IPT Cubicles with Concurrent 
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are bounded by those of the high HDW temperature with loop instrumentation failure event which is discussed in Section 15.11.4.2 since both result in some voiding of the IPTs.

15.11.3.8 Extended Total Loss of HDW Flow to IPT Cubicles with Concurrent 
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is considered a Condition 4 event. The effects and consequences of this event are bounded by those of the high HDW temperature with loop instrumentation failure event which is discussed in Section 15.11.4.2.

15.11.4 Failure of Utility Cooling Water System


The UCW serves two primary functions: (a) to remove heat from the HDW heat exchangers and the diesel generators, and (b) to remove PCS heat during commercial power failures and during depressurized reactor operation. 
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ATR loop experiment instrumentation monitors the HDW water temperature and flow rate to the IPT loop pumps and loop coolant temperatures at the inlet to the IPTs. Since a UCW failure would fail the HDW (HDW water temperature would increase) and an HDW failure could cause loss of heat sink for the IPT experiment loop heat exchangers, loop temperature instrumentation would detect a UCW failure. Loop instrumentation power under-voltage trip would trip the ATR upon the loss of diesel generator power.


A number of events that could cause failure of the UCW have been postulated and analyzed:


I. Single UCW pump failure


J. Single UCW pump failure with concurrent failure of the IPT experiment coolant instrumentation


K. Inadvertent closure of flow control valve FCV-4-5


L. Inadvertent closure of flow control valve FCV-4-5 with concurrent failure of the IPT experiment coolant instrumentation


M. Single UCW pump failure with concurrent loss of commercial power


N. Single UCW pump failure with concurrent loss of commercial power and failure of the IPT experiment coolant instrumentation


O. Extended single UCW pump failure with concurrent loss of commercial power


P. Extended single UCW pump failure with concurrent loss of commercial power and failure of the IPT experiment coolant instrumentation


Q. Loss of diesel power


R. Loss of diesel power with concurrent failure of the IPT experiment coolant instrumentation


S. Simultaneous failure of the operating and standby UCW pumps


T. Simultaneous failure of the operating and standby UCW pumps with concurrent failure of the IPT experiment coolant instrumentation


U. Inadvertent error in HDW-UCW heat exchanger bypass flow


V. Inadvertent error in HDW-UCW heat exchanger bypass flow with concurrent failure of the IPT experiment coolant instrumentation.


Based on analysis in the DBR (SAR‑39), events A, C, I, and M are considered Condition 2, events E and K are considered Condition 3, and events B, D, F, G, H, J, L, and N are considered Condition 4. The events and analyses are discussed in this section.


15.11.4.1 Single UCW Pump Failure
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15.11.4.1.1 Analysis of Effects and Consequences—A pump failure will produce a system coastdown. When the UCW pump discharge pressure falls below normal, the standby pump will be automatically started. Only a momentary pressure drop will occur if the standby pump starts. The momentary reduction in flow is not expected to have a significant effect on the IPT experiments. However, the IPT experiment coolant instrumentation, described in Chapter 10 (Experiment and Irradiation Facilities), will alarm and shut down the reactor if the coolant temperature exceeds nominal by approximately 15°F.


15.11.4.2 Single UCW Pump Failure with Concurrent Failure of the IPT Experiment Coolant Instrumentation. Failure of the operating UCW pump and a failure of the IPT experiment coolant instrumentation could cause momentary reduction of UCW flow without the potential mitigating loop temperature reactor trip. Simultaneous failure of the operating pump and the IPT loop instrumentation is considered a Condition 4 event. The effects and consequences of this event are bounded by those for the high HDW coolant temperature with concurrent failure of the IPT experiment coolant instrumentation discussed in Section 15.11.4.2.

15.11.4.3 Inadvertent Closure of Flow Control Valve FCV-4-5. The UCW will not be significantly affected by the closure of FCV-4-5, but HDW temperatures will rise. Closure of FCV-4-5 is considered a Condition 2 event. The effects and consequences of high HDW temperature are discussed in Section 15.11.4.1.

15.11.4.4 Inadvertent Closure of Flow Control Valve FCV-4-5 with Concurrent Failure of the IPT Experiment Coolant Instrumentation. The UCW will not be significantly affected by the closure of FCV-4-5, but HDW temperatures will rise without the potential mitigating high loop temperature reactor trip. Closure of FCV-4-5 with concurrent failure of the IPT loop instrumentation is considered a Condition 4 event. The effects and consequences of high HDW coolant temperature with the concurrent failure of the IPT experiment coolant instrumentation are discussed in Section 15.11.4.2.

15.11.4.5 Single UCW Pump Failure with Concurrent Loss of Commercial Power


15.11.4.5.1 Identification of Causes and Accident Description—A failure of the operating UCW pump concurrent with the failure of the commercial power supply could cause a momentary reduction of UCW flow. The following reactor conditions will exist:

W. Loss of PCS circulating pumps


X. Loss of SCS circulating pumps


Y. PCV-1-1 continues to control


Z. FCV-1-8 continues to control


AA. PCS emergency coolant pumps operate


AB. PCS pressurizing flow continues


AC. Gland seal and N-16 flow continues.


Failure of the operating UCW pump with the concurrent loss of commercial power is considered a Condition 3 event.


15.11.4.5.2 Analysis of Effects and Consequences—The single operating UCW circulation pump must provide approximately 3,050 gpm of flow. Of that amount, about 1,500 gpm will flow to the SCS, and approximately 1,050 gpm will flow to the HDW heat exchangers. Another nominal 500 gpm will flow to one diesel generator. Each UCW pump has a maximum rated capacity of 3,660 gpm and a normal operating capacity of about 3,050 gpm. Since both operating and standby UCW pumps are on the diesel power supply, only a momentary pressure drop will occur as the standby pump starts, and the standby UCW pump will provide ample coolant for the UCW and secondary systems.

15.11.4.6 Single UCW Pump Failure with Concurrent Loss of Commercial Power and Failure of the IPT Experiment Coolant Instrumentation. A failure of the operating UCW pump concurrent with the failure of the commercial power supply and IPT loop instrumentation could cause a momentary reduction of UCW flow without the potential mitigating high loop temperature reactor trip. The reactor conditions listed above in Section 15.11.5.5 will exist. Failure of the operating UCW pump with the concurrent loss of commercial power and IPT experiment coolant instrumentation is considered a Condition 4 event. The effects and consequences of this event are bounded by those for the high HDW coolant temperature with concurrent failure of the IPT experiment coolant instrumentation discussed in Section 15.11.4.2. Note the reactor would be shut down by the loss of commercial power (outside facility) because of a low core flow rate PPS reactor scram.

15.11.4.7 Extended Single UCW Pump Failure with Concurrent Loss of Commercial Power


15.11.4.7.1 Identification of Causes and Accident Description—An extended failure of the operating UCW pump concurrently with the failure of the commercial power supply could cause a momentary reduction of UCW. The reactor conditions listed above in Section 15.11.5.5 will exist. An extended failure of the operating pump and the loss of commercial power is considered a Condition 4 event.

15.11.4.7.2 Analysis of Effects and Consequences—A pump failure will produce a system coastdown. Since both the operating and standby UCW pumps are on the diesel power supply, when the UCW pump discharge pressure falls below normal, the standby pump will start. Only a momentary pressure drop will occur. The single operating UCW pump can provide adequate coolant flow for the UCW and secondary systems. After 30 minutes, the PCS emergency coolant pump may deplete the battery-backed power supply. However, with diesel power, one emergency coolant pump would still be operable. Adequate heat removal is ensured, and the reactor configuration is stable and non damaging.

15.11.4.8 Extended Single UCW Pump Failure with Concurrent Loss of Commercial Power and Failure of the IPT Experiment Coolant Instrumentation. An extended failure of the operating UCW pump concurrent with failure of the commercial power supply and IPT loop instrumentation could cause a momentary reduction of UCW flow without the potential mitigating high loop temperature reactor trip. However, the reactor conditions listed above in Section 15.11.5.5 will exist, and the reactor will be shut down by low PCS flow. Failure of the operating UCW pump with the concurrent loss of commercial power and IPT experiment coolant instrumentation is considered a Condition 4 event. As discussed in Section 15.11.5.7, the configuration is stable and non damaging.
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15.11.4.9 Loss of Diesel Power with Concurrent Failure of the IPT 
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coolant instrumentation discussed in Section 15.11.4.2.

15.11.4.10 Simultaneous Failure of the Operating and the Standby UCW Pumps


FOIA Exemption 3 UCNI, Exemption 7f 


15.11.4.10.1 Analysis of Effects and Consequences—The secondary coolant and firewater systems provide emergency flow to the UCW. When UCW pressure is less than the secondary system pressure, check valve CK-D-7 opens to allow secondary flow into the UCW. Firewater flow is supplied to the UCW when the pressure falls well below normal (to about 50 psig). FCV-4-7 opens to allow firewater flow to the diesel generators. If the pressure and flow indicators are undetected by the control room operator, the HDW and experiment IPT systems will provide alarms and a reactor shutdown. The effects and consequences of this event are conservatively bounded by those for the high HDW coolant temperature with concurrent failure of the IPT experiment coolant instrumentation discussed in Section 15.11.4.2.
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for the high HDW coolant temperature with concurrent failure of the IPT experiment coolant instrumentation discussed in Section 15.11.4.2.

15.11.4.11 Inadvertent Error in HDW-UCW Heat Exchanger Bypass Flow. Inadvertent error in the HDW-UCW heat exchanger bypass flow adjustment could cause the same effect and consequence as a partial loss of UCW flow. This event is considered a Condition 2 event. The effects and consequences of high bypass flow are bounded by those for the partial loss of UCW flow discussed in Section 15.11.5.1.

15.11.4.12 Inadvertent Error in HDW-UCW Heat Exchanger Bypass Flow with Concurrent Failure of the IPT Experiment Coolant Instrumentation. Inadvertent error in the HDW-UCW heat exchanger bypass flow with concurrent failure of the IPT experimental coolant instrumentation could cause effects similar to a partial loss of UCW flow without the potential mitigating high loop coolant temperature reactor trip. This event is considered a Condition 4 event. The effects and consequences of this event are bounded by those for the high HDW coolant temperature with concurrent failure of the IPT experiment coolant instrumentation discussed in Section 15.11.4.2.


15.11.5 Failure of Low Pressure Demineralized Water System


The LDW supplies water for the following:


AD. PCS flushing ( up to 2,000 gpm)


AE. PCS makeup (1,000 gpm max, less than 300 gpm normal)


AF. PCS gland seal (nominally 30 gpm or less)


AG. Canal purge (typically 20 gpm or less)


AH. HDW system makeup (up to 8 gpm)


AI. N-16 power system flow (about 15 gpm)


AJ. Miscellaneous (30 gpm or less)


AK. Canal makeup to the irradiated fuel storage area (13 gpm minimum required).


These values are design flow rate; recycle efforts have substantially reduced the normal supply rates.


The two normal supply pumps are on the utility commercial-diesel power bus. The standby pump is automatically started on low operating pump discharge conditions.


Two events that could cause a failure of the LDW have been postulated and analyzed:


AL. Block valve closure


AM. LDW pump failure.


Both events are considered Condition 2 events. The events, effects, and consequences of the events are discussed in this section.


15.11.5.1 Block Valve Closure


15.11.5.1.1 Identification of Causes and Accident Description—Block valve closure is considered a Condition 2 event that could cause a partial or total loss of LDW flow.

15.11.5.1.2 Analysis of Effects and Consequences—A loss of LDW flow will affect the PCS through the resultant loss of the primary gland seal flow and low makeup to the PCS. Prolonged loss of flow may result in gland seal damage and leakage of contaminated water from the seals. The loss of the LDW will also fail the normal makeup to the ATR through the degassing tank and pressurizing pumps. Thus, a slow depressurization of the ATR due to PCS leakage could occur. If the N‑16 flow is interrupted, the calculation of the power distribution would not be available, and power changes could not be made effectively. If gland seal flow and PCS makeup cannot be restored within a reasonable time, the ATR inlet pressure subsystem will trip the reactor. PCS loss of inventory accidents and protection are discussed in Section 15.6.

15.11.5.2 LDW Pump Failure. The failure of the LDW pump is considered a Condition 2 event that could cause a partial or total loss of LDW flow. The effects and consequences of a partial or total loss of LDW flow are discussed in Section 15.11.6.1.

15.11.6 Failure of Instrument Air System


Atmospheric air is compressed to 135 psig by a combination of up to three compressors on diesel and commercial power. The plant air supply branch operates at approximately 125 psig and supplies air for general use. The instrument air branch also operates at approximately 125 psig and supplies air for control valve solenoids, control panels, transmitter cabinets, and cubicles.


15.11.6.1 Identification of Causes and Accident Description. Many faults could be postulated, but the instrument air system has only one failure: the loss of system air pressure. The failure of the instrument air system is considered a Condition 2 event. However, depending on the time to depressurize and the outage time, the failure would be considered Condition 3 or Condition 4. The effects and consequences of the Condition 2 fault bound the other failure frequency faults (i.e., Condition 3 and 4 faults). The different failure frequency faults will not be discussed separately.

15.11.6.2 Analysis of Effects and Consequences. A loss of instrument air pressure will result in loss of control of the air activated valves. Air-operated valves will fail open or closed depending upon the design. The significant sequence resulting from the loss of air pressure affects the pressure control for the PCS. On loss of air pressure, FCV-1-8 will open and PCV-1-1 will close causing a pressure transient in the PCS since feed exceeds bleed. The analysis for this event is described in Section 15.5.1.

The pressurizing pumps will be shut down automatically by the ATR PPS inlet pressure subsystem to prevent an overpressure situation. The PCS relief valves will protect the system if the inlet pressure trip fails and the pressurizing pumps are not shut down. No damage to the reactor or any subsystem will occur due to a loss of the instrument air supply.


15.11.7 Failure of High Pressure Air System


The HPA system consists of two 14‑scfm air compressors and two 35‑ft3 air receivers for compressing and storing approximately 285‑psig air. The HPA is used for air makeup to the pressurized air dome in the PCS surge tank, to supply starting air for the ATR diesel generators, and to the air dome in the HDW expansion tank. One air compressor is normally set for automatic operation and starts when the pressure in the receivers drops to about 278 psig and shuts off at approximately 285 psig. The standby compressor is set to start if pressure decreases to about 276 psig.


Five events that are associated with the failure of the HPA have been postulated and analyzed:


AN. Excessive HPA in the surge tank due to operator error


AO. Excessive HPA in the surge tank due to valve failure


AP. Failure to place one compressor on automatic control


AQ. Control system failure


AR. Relief valve failure.


All events are considered Condition 2. However, depending on the time to depressurize and the outage time, events C, D, and E could be considered Condition 3 or Condition 4. The events and analyses are discussed in this section.


15.11.7.1 Excessive High Pressure Air in Surge Tank Due to Operator Error


15.11.7.1.1 Identification of Causes and Accident Description—Operator error could cause an excessive amount of high-pressure air to be transmitted to the surge tank air space. This event is considered Condition 2.

15.11.7.1.2 Analysis of Effects and Consequences—An analysis for the opening of the HPA supply valves to the surge tank and leaving the valves open determined that PCS pressure would not be exceeded, even for low probability combinations of HPA system failures in combination with open supply valves to the surge tank (Atkinson 1976b). Surge tank level would not decrease more than four in. If the HPA compressors were pumping air to the surge tank, it would take 20 hours to drain the tank. The pressure control system would function over this time period to maintain PCS pressure.

15.11.7.2 Excessive High Pressure Air in Surge Tank Due to Valve Failure. Valve failure could cause an excessive amount of high-pressure air to be transmitted to the surge tank air space. This event is considered Condition 2. Excessive high‑pressure‑air discussed in Section 15.11.8.1 also envelopes this event.

15.11.7.3 Failure to Place One Compressor on Automatic Control


15.11.7.3.1 Identification of Causes and Accident Description—The failure to place one of the HPA compressors on automatic control could cause a loss of pressure in the HPA. This event is considered either Condition 2, Condition 3, or Condition 4 depending on the time it takes to depressurize the HPA and the outage time. The effects and consequences of the Condition 2 event bound the other failure frequency events. Since the different event frequencies are not significant to the effects and consequences, they are not discussed separately.

15.11.7.3.2 Analysis of Effects and Consequences—A loss of pressure in the HPA will not directly affect operation of the ATR unless it exists for a significant time, as both air makeup to the surge tank and diesel generator startup only occur infrequently. However, the air failure does mean diesel startup may not occur as needed.

After many hours, surge tank level could exceed normal if HPA makeup is not supplied to compensate for air absorption into the surge tank water. Since HPA low pressure is alarmed, operating personnel will be aware of the problem and have adequate time to restore the conditions. The reduced air dome could appear as a loss of inventory if the pressurizing and makeup system does not function properly. PCS loss of inventory accidents and protection are discussed in Section 15.6.


Failure of the operating diesel generator without the HPA could result in a total loss of diesel generated power. Loss of diesel-generated power is not an immediate safety problem, but if this power source cannot be restored within a reasonable time, the reactor is manually tripped. Experiments loop instrumentation would potentially scram the reactor on a partial loss of flow since some loop pumps could be affected.


15.11.7.4 Control System Failure. A failure in the control system could cause a loss of pressure in the HPA. This event is considered Condition 2, Condition 3, or Condition 4 depending on the time it takes to depressurize the HPA and the outage time. The effects and consequences of the Condition 2 event bound the other failure frequency events. Since the different event frequencies are not significant to the effects and consequences, they are not discussed separately. Since the effects and consequences of a control system failure are the same as those for failing to place a compressor on automatic control, the event is enveloped by the discussion in Section 15.11.8.3.

15.11.7.5 Relief Valve Failure. The failure of a relief valve could cause a loss of pressure in the HPA. Each 35‑ft3 air receiver has a relief valve set above the 285 psig operating pressure. This event is considered Condition 2, Condition 3, or Condition 4 depending on the time it takes to depressurize the HPA and the resulting outage time. The effects and consequences of the Condition 2 event bound the other failure frequency events. Since the different event frequencies are not significant to the effects and consequences, they are not discussed separately. The relief valve failure results in loss of HPA pressure. Therefore, the effects and consequences of a relief valve failure are the same as those of failing to place a compressor on automatic control, which is discussed in Section 15.11.8.3.

15.11.8 Loss of Electrical Power


The ATR electrical distribution facilities consist of eight separate systems as follows:


AS. Commercial Power


AT. Diesel Power (two systems)


AU. Diesel-Commercial Power (two systems)


AV. Instrument Battery-Backed Power


AW. Utility Battery-Backed Power


AX. Plant Protection System Battery-Backed Power.


A number of faults have been postulated and analyzed:


AY. Loss of power from any one MCC or bus, including the diesel-commercial bus.


AZ. Momentary total commercial power failure (for less than one hour).


BA. Loss of power from the 250 V dc utility bus.


BB. Momentary diesel power failure (until the standby diesel generator is started).


BC. Momentary diesel power failure with loss of commercial power. [This is a momentary loss of power caused by a loss of commercial power and a standby pump fault, which causes an excessively high starting current and a diesel bus overload.]


BD. Loss of power to the instrument ac bus or the utility ac bus.


BE. Commercial power overvoltage or overfrequency (< 3%).


BF. Diesel generator overspeed (diesel power overfrequency < 15%).


BG. 27X relay in 4,160 V commercial switchgear energized without an undervoltage condition.


BH. Extended commercial power failure (more than one hour).


BI. Failure of Plant Protection System battery-backed power.


BJ. Extreme commercial power overfrequency (will not exceed 10% with a duration of a few seconds).


BK. Momentary (15 min to 1 hour) complete loss of power combinations (loss of commercial and diesel power). (This condition exists only until the standby diesel generator is started or until commercial power is restored. A commercial power loss for an hour or more is rare.)


BL. Extended (longer than 1 hour) complete loss of power combinations (loss of commercial and diesel power). (This condition requires commercial power to be lost for over an hour, and any attempts to restore diesel power by startup of the standby diesel generator are unsuccessful when the power sources are initially lost nearly simultaneously.)


Based on analyses in the DBR (SAR‑39), faults A through I are considered Condition 2, J and K are considered Condition 3, and L, M, and N are considered Condition 4. These faults and their analyses are discussed in this section.


15.11.8.1 Loss of Power From Any One Motor Control Center or Bus, Including the Diesel-Commercial Bus


15.11.8.1.1 Identification of Causes and Accident Description—Loss of power from any one of the MCCs or buses including the diesel-commercial bus is a postulated Condition 2 electrical power fault. These failures can result from loss of the feeder bus, failure of breakers and transformers, or failure of the bus itself. The loss of power can potentially cause pumps to stop or fail to start or valves to fail to move on demand. In some cases, a valve may change state.

15.11.8.1.2 Analysis of Effects and Consequences—These events are analyzed by evaluations of specific sequences. For example, the failure of a bus could result in the failure of either one or two PCPs. The loss of flow events were previously considered. The failure of a bus could result in the loss of secondary coolant pumps which is also previously considered. The enveloping events considered for loss of flow, loss of heat sink, loss of pressure, and high-pressure events provide an adequate envelope for the potential loss of power from a single bus or MCC.

15.11.8.1.2.1 Loss of Power to the Diesel-Commercial Bus—The loss of power to the diesel-commercial bus fails the primary power to PCV-1-1 and FCV-1-8. Prior to a design change that provided backup power to these valves, a loss of power to the diesel-commercial bus caused a PCS overpressurization on October 6, 1972. The relief valves quickly and adequately terminated the overpressurization when they opened (McMillan 1972). If both the primary and backup power sources fail, the sequence is the same as the failure of instrument air discussed in Section 15.11.7.2.

15.11.8.1.2.2 Trip Two Out of Three or One Out of Two Operating PCS Pumps—The effects and consequences of tripping two of the operating PCS pumps during three-pump operation, or tripping one of the operating PCS pumps during two-pump operation are bounded by those for the loss of commercial power event discussed in Section 15.11.9.2.

15.11.8.1.2.3 Loss of One Primary Coolant Pump During Three -Pump Operation—The flow decrease resulting from the loss of one PCP during three-pump operation is not great enough to be potentially damaging. The flow decreases to the approximately normal flow for two‑pump operation. However, a scram could occur from the low-pressure or the low‑differential‑pressure subsystems since these setpoints are anticipatory (basis assumes flow will continue to decrease).

15.11.8.1.2.4 Loss of Secondary Coolant Pumps—A loss of the secondary coolant pumps was analyzed by modeling an abrupt loss of all secondary coolant to the heat exchangers (Section 15.2) using the RELAP5 PCS model. This analysis will result in a faster loss of heat sink and less effective heat transfer than would actually occur for a loss of secondary coolant flow, but the analysis bounds all of the SCS failure accidents with one analysis. An abrupt loss of secondary coolant will result in the primary coolant passing directly through the heat exchangers without any decrease in temperature to the reactor inlet. Therefore, high inlet temperature will result even with an instant termination of power operation. However, a review of the effect of operating with PCS temperatures up to 240°F during loss of secondary coolant accidents using the ASME Section III pressure vessel and piping code indicated no change in allowable stresses for temperatures up to 240°F (Macek 1975; Fershtut and Holman 1989). As shown in Section 15.2.1, the piping temperatures do not exceed 240°F and margins to CHF are acceptable. The effects and consequences of the loss of secondary coolant pumps are bounded by the complete loss of heat sink (CLOHS) accident discussed in Section 15.2.1.

15.11.8.2 Momentary Total Commercial Power Failure (For Less Than One Hour)


15.11.8.2.1 Identification of Causes and Accident Description—Momentary (for less than one hour) total commercial power failure is a postulated Condition 2 electrical power fault. Momentary loss of commercial power would cause (a) momentary loss of power to the SCS cooling tower fans (reduction in heat sink), (b) momentary loss of secondary coolant pumps (reduction in heat sink), and (c) momentary loss of power to the operating PCS pumps resulting in a flow coastdown to emergency coolant pump flow. Since the commercial power loss is total, the events occur simultaneously and result in a flow coastdown of the PCS with a reduction in the heat sink (to that removed by UCW flow).

15.11.8.2.2 Analysis of Effects and Consequences—The immediate significant effects are the loss of flow in the PCS and the SCS. An analysis for the loss of power to the cooling tower fans (Merrill and Haroldsen 1976) indicates that the SCS heating is gradual and thirteen minutes are required before the inlet temperature would reach 150oF. The loss of flow from the PCPs would result in a scram from the PPS (low inlet pressure subsystem or differential pressure subsystem), but emergency coolant pump flow would continue as would UCW flow. Since the power loss is short term, normal heat sink could be restored before significant heating of the PCS could occur. The event is enveloped by the low flow considered in Section 15.3.1 which assumes loss of secondary coincident with the loss of PCP.

15.11.8.3 Extended Commercial Power Failure (More Than One Hour). Extended (longer than one hour) total loss of commercial power is a postulated Condition 3 electrical power fault. The diesel generator continues to supply power for the emergency coolant pumps as well as UCW. This event is identical to the short-term loss of power (Section 15.12.9.2) except long-term effects of the loss of heat sink need to be considered as noted in Sections 15.2 and 15.3. The event is enveloped by the low-flow events discussed in Section 15.3.

15.11.8.4 Loss of Power from the 250 V dc Utility Bus


15.11.8.4.1 Identification of Causes and Accident Description—The 250 Vdc utility bus (670‑E‑23) is powered from the commercial bus (670‑E‑7) and has battery-backed power (670‑E‑58). The probability of failure of the diesel bus is relatively high, and the combined failure of the primary (diesel bus) and backup is much lower. Both sources must fail to result in the loss of power from the bus. The probability of failure is not important to the discussion below, and it is conservatively assumed to be a Condition 2 electrical power fault.

15.11.8.4.2 Analysis of Effects and Consequences—A loss of the 250 V dc utility bus could fail switchgear controls normally powered from this bus. The failure would also fail the dc‑powered emergency coolant pump, but the pump on diesel-commercial power would still be operational. Significant operating equipment (e.g., pumps for pressure and flow) would continue to operate (would not trip); standby pumps (except for emergency coolant pump M-10) could not start. The loss of 250 V dc utility bus does not initiate any off-normal sequences. However, certain standby components cannot be activated if the in-service component fails. These effects do not immediately degrade ATR safety, but if power in this system cannot be restored within a reasonable time, the reactor should be manually shut down. The effect of loss of power on flow (effect of loss of emergency coolant pumps) is addressed in Section 15.3.

15.11.8.5 Momentary Diesel Power Failure (Until the Standby Diesel Generator is Started)


15.11.8.5.1 Identification of Causes and Accident Description—The momentary diesel failure, until the standby diesel generator is started, is a postulated Condition 2 electrical power fault.

15.11.8.5.2 Analysis of Effects and Consequences—Momentary failure of the diesel power could cause momentary failure of an emergency coolant pump and other support pumps, but standby pumps would start without any disruption of reactor operation. After the diesel startup, normal operation can proceed.

15.11.8.6 Momentary Diesel Power Failure with Loss of Commercial Power. The momentary loss of power caused by loss of commercial power, and a standby pump fault which causes an excessively high starting current and a diesel bus overload, is a postulated Condition 2 electrical power fault. The power loss is momentary and power is restored before there is a complete loss of flow. An emergency coolant pump operates from a UPS that has battery-backed power and maintains adequate flow through the core. (The pump starts if in standby mode and continues to operate if in service.) The low-flow events are evaluated in Section 15.3.

15.11.8.7 Loss of Power to the Instrument AC Bus or the Utility AC Bus


15.11.8.7.1 Identification of Causes and Accident Description—The instrument ac bus and the utility ac bus are powered by commercial power with battery backup. These two busses provide power for various instrumentation systems and supporting systems. Each bus is independently backed by a battery bank. There is a cross-tie available to provide power to the loads on these busses if the source to either bus fails. The loss of commercial power is a relatively high probability event. The battery bank backup is reliable, but it has a limited operating time before becoming depleted. Loss of power to the instrument ac bus or to the utility ac bus is conservatively postulated to be a Condition 2 electrical fault.

15.11.8.7.2 Analysis of Effects and Consequences—A loss of power to either of these busses will not result in an immediate degradation of safety for the reactor. Certain instrumentation systems will not be powered; however, no significant operating systems (e.g., pumps) are affected. There are no accident sequences initiated by the loss of power, and the PPS operation is not affected. If power to the affected bus cannot be restored in a short time, the reactor is required to be shut down.

15.11.8.8 Commercial Power Overvoltage or Overfrequency (< 3%)


15.11.8.8.1 Identification of Causes and Accident Description—Commercial power overvoltage or overfrequency of less than 3% is a postulated Condition 2 electrical fault.

15.11.8.8.2 Analysis of Effects and Consequences—A three-percent commercial power overfrequency will not increase flow or the pressure drop ((P) across the core enough to require immediate PPS mitigation since the flow and (P will only increase a few percent.

An analysis for high‑(P‑damage thresholds of ATR in-vessel components was completed, and results are listed in Table 15.11-1.


15.11.8.9 Extreme Commercial Power Overfrequency (Will Not Exceed 10% With a Duration of a Few Seconds)


15.11.8.9.1 Identification of Causes and Accident Description—Extreme commercial power overfrequency is a postulated Condition 4 electrical fault. The extreme commercial overfrequency will not exceed 10% with a duration of a few seconds (Atkinson 1974).

15.11.8.9.2 Analysis of Effects and Consequences—According to a discussion held with a representative of the Bonneville Power Administration, the principal supplier of power to the ATR Complex, an extreme overfrequency would not exceed 10%, and the overfrequency condition would only last a few seconds (Atkinson 1974). This event would result in an increased core (P as described in Section 15.14. The consequences are enveloped by the consequences of the butterfly valve failure described in Section 15.14.1.

15.11.8.10 Diesel Generator Overspeed (Diesel Power Overfrequency < 15%)


15.11.8.10.1 Identification of Causes and Accident Description—Diesel generator overspeed, due to diesel power overfrequency (< 15%), is a postulated Condition 2 electrical fault.

15.11.8.10.2 Analysis of Effects and Consequences—A 15% diesel generator overspeed, even if it increased pressurizing flow by 15%, would not be as large an increase in pressurizing flow as starting the standby pump and opening FCV-1-8 (100% or more increase). The effects and consequences of this event are bounded by the limiting high pressure sequence in which it is assumed that not only does the standby pump start and FCV-1-8 opens, but PCV-1-1 will also close. The effects and consequences of the high pressure sequence are discussed in Section 15.11.7.

15.11.8.11 27X Relay in 4160 V Commercial Switchgear Energized Without an Under‑Voltage Condition. An energized 27X relay in the 4,160 V commercial switchgear without an under‑voltage is a postulated Condition 2 electrical fault. Two PCS pumps take power from each of the two buses. An energized 27X relay would cause loss of commercial power to one of two buses. Loss of power to a bus could cause: (a) loss of power to one PCS pump, (b) loss of power to two PCS pumps, or (c) no loss of PCS pumps, depending on which PCS pumps were operating and which bus had lost power. In either case, for both two‑pump and three‑pump operation, the effects and consequences of this event are bounded by the momentary complete loss of commercial power, which is discussed in Section 15.11.9.2.

15.11.8.12 Momentary (15 min to 1 Hour) Complete Loss of Power Combinations (Loss of Commercial and Diesel Power). The momentary loss (15 minutes to 1 hour) of commercial and diesel power is a postulated Condition 4 electrical fault. This condition exists only until the standby diesel generator is started or until commercial power is restored. A commercial power loss for an hour or more is rare. The loss of commercial power would cause the PCP to stop; however, with the dc emergency coolant pump in service, forced flow through the core would continue. The event is identical to the complete loss of flow discussed in Section 15.3.4.

15.11.8.13 Extended (Longer Than 1 Hour) Complete Loss of Power Combinations (Loss of Commercial and Diesel Power)


15.11.8.13.1 Identification of Causes and Accident Description—Extended (longer than one hour) loss of commercial and diesel power is a postulated Condition 4 electrical fault. This condition, where both power sources are initially lost nearly simultaneously, requires commercial power to be lost for over an hour, and requires that any attempts to restore diesel power by startup of the standby diesel generator are also unsuccessful. Extended loss of all power combinations would cause: (a) extended complete loss of PCS flow after depletion of battery bank supplying the dc emergency coolant pump, (b) extended complete loss of the emergency coolant flow during depressurized operation, (c) slow PCS depressurization due to system leakage (although gland seal flow and pressurizing flow are both lost, decay heat may maintain the pressure), and (d) extended loss of secondary system flow resulting in a gradual PCS heatup.

15.11.8.13.2 Analysis of Effects and Consequences—The effects and consequences of this fault are identical to the complete loss of flow considered in Section 15.3.4.

15.11.8.14 Failure of Plant Protection System Battery-Backed Power


15.11.8.14.1 Identification of Causes and Accident Description—There are four separate power supplies for the PPS using commercial, diesel, and diesel-commercial; there are four separate battery banks in backup to the primary power source. The battery banks provide power if the primary source fails. The several subsystems in the PPS are distributed among the four power supplies. A limited portion of the PPS would be affected by the failure of a single power supply. The probability of failure for the power supply or system is not significant to the discussion. However, failure of any one of the four power systems is conservatively estimated to be a Condition 3 event.

15.11.8.14.2 Analysis of Effects and Consequences—The PPS subsystems are designed to fail safe. A power loss to a subsystem would result in a reactor scram. The scram does not result in a demand for any of the PPS subsystems (shutdown and safeguard systems) to function. The PCS vent valves and the firewater injection valves are powered from PPS battery banks and could be affected by the loss (power-supply dependent). However, since the scram does not present special concerns about heat removal, the loss of power from any one of the four PPS power systems does not result in immediate degradation of safety.

15.11.9 Loss of Firewater


The ATR Complex firewater system consists primarily of a 12‑in. water main loop around the Materials Test Reactor (MTR) area, a connecting 10‑in. loop around the ETR area, and a connecting 12‑in. loop around the ATR area. The ground level storage tanks and the overhead storage tank are normally operated at levels that provide a combined stored water volume of one million gallons. The ground-level tanks have a capacity of 360,000 gallons each when filled to 26 ft. When demand of the system sufficiently reduces the water supply in the overhead tank, the overhead tank is resupplied by an electric pump on commercial or commercial-diesel power. The firewater loop is normally pressurized to approximately 78 psig by the overhead storage tank (150,000‑gallon capacity with 106,000 gallons normally). When the pressure in the firewater loop drops to 65 psig, a pressure switch will cause a diesel-engine-driven firewater pump to start after a 5‑sec delay. If the pressure remains below 65 psig a second diesel-engine-driven firewater pump will start after a 15-sec delay. Additional firewater pumps will start after longer delays. The delays are specified to preclude simultaneous pump starts that might over stress the piping. The firewater loop provides water for the ATR emergency firewater injection systems, the canal emergency make-up system, as well as for fire protection.


Five credible events that could cause a failure of the firewater system have been postulated and analyzed:


BM. Piping failure


BN. Inadvertent break in the supply lines during construction or excavation


BO. Commercial power failure with sufficiently high demand on firewater system


BP. Commercial and commercial-diesel power failure with sufficiently high demand on firewater system


BQ. Firewater pump mechanical failure with sufficiently high demand on firewater system.


Based on analyses in the DBR (SAR‑39), events A and B are considered Condition 3, and Events C, D, and E are considered Condition 4. This section discusses the effects and consequences of these postulated events.


15.11.9.1 Piping Failure


15.11.9.1.1 Identification of Causes and Accident Description—Piping failure is considered a Condition 3 fault that could cause a loss of firewater.

15.11.9.1.2 Analysis of Effects and Consequences—The major effect of the loss of firewater is the loss of supply to the emergency firewater injection system. Upon sensing the drop in pressure to the pressure at which the first firewater pump is set to start, an annunciator will sound in the control room. A manual scram is dictated upon verification of loss of firewater with inability to restore the capability in a short period of time if the reactor is operating with irradiated fuel elements. Reactor operation is not permitted without the emergency firewater injection system so that protection is maintained against reactor vessel draining, and for cooling and makeup needs after a LOCA. It is not considered credible that a LOCA would occur after failure of the firewater system within the time interval necessary to shut down the reactor. During reactor outage operations, work involving the PCS is only permitted when the supply of firewater is available and when an evaluation shows that the system can be manually actuated by the operator to preclude fuel damage after receiving a vessel low level alarm. Depressurized operations are discussed in Section 15.9.2. Loss of firewater makeup to the canal irradiated fuel element storage area may limit operations if the LDW makeup system is also inoperable. Canal makeup requirements are discussed in Section 15.8.

15.11.9.2 Inadvertent Break in the Supply Lines During Construction or Excavation. An inadvertent break in the supply lines during construction or excavation is considered a Condition 3 fault that could cause loss of firewater. The effects and consequences of a break in the supply lines are bounded by firewater system piping failure discussed in Section 15.11.10.1.

15.11.9.3 Commercial Power Failure with Sufficiently High Demand on Firewater System. Commercial power failure with sufficiently high demand on the firewater system is considered a Condition 4 event that could cause loss of firewater. The demand is sufficiently high to reduce the water supply in the overhead tank to the point of requiring additional supply water to be pumped from the deep wells for replenishing the tank. The effects and consequences are bounded by failure of the system piping discussed in Section 15.11.10.1; reactor shutdown is required if sufficient water is unavailable and cannot be restored directly. Loss of firewater makeup to the canal irradiated fuel element storage area may limit operations if the LDW makeup system is also inoperable. Canal makeup requirements are discussed in Section 15.8.

15.11.9.4 Commercial and Commercial-Diesel Power Failure with Sufficiently High Demand on Firewater System. A combined power failure to the raw-water pumps used to refill the overhead tank with sufficiently high demand on the firewater system is conservatively considered a Condition 4 event that could cause loss of firewater. The demand is sufficiently high to reduce the water supply in the overhead tank to the point of requiring additional supply water to be pumped into the tank. The effects and consequences are bounded by the failure of the system piping discussed in Section 15.11.10.1; reactor shutdown is required if sufficient water is unavailable and cannot be directly restored. Loss of firewater makeup to the canal irradiated fuel element storage area may limit operations if the LDW makeup system is also inoperable. Canal makeup requirements are discussed in Section 15.8.

15.11.9.5 Firewater Pump Failure with Sufficiently High Demand on the Firewater System. A pump mechanical failure with sufficiently high demand on the firewater system is considered a Condition 4 event that could cause loss of firewater. The demand is sufficiently high to reduce the water supply in the overhead tank to the point of requiring additional supply water to be pumped into the tank. Without water in the overhead tank to provide adequate pressure, the firewater pumps will operate to provide pressure in the ATR Complex mains. However, the effects and consequences are bounded by failure of the system piping discussed in Section 15.11.10.1; reactor shutdown is required if sufficient water is unavailable and cannot be restored directly. Loss of firewater makeup to the canal irradiated fuel element storage area may limit operations if the LDW makeup system is also inoperable. Canal makeup requirements are discussed in Section 15.8.

15.11.10 Mispositioning of Safety Rods


Sufficient operating safety rods are installed and available to meet the reactor safety scram requirements. Each safety rod is a vertically moving tubular assembly which surrounds one of the experiment IPTs or similar components in an inner or outer flux trap position. Continuous position indication of the safety rod is provided by a position transmitter coupled directly to the drive shaft. Electric limit switches are used for full-up and full-down indication and control interlocks. An independent backup indication of the full-in rod position is provided by a hermetically sealed, proximity type indicator (seat switch) located in the snubber section of the safety rod assembly.


Three faults that could cause mispositioning of the safety rods have been postulated (Durney 1976) and analyzed:


BR. Dropped or stuck safety rod


BS. Simultaneous failures of position indicator, limit switches and interlocks, and seat switch


BT. Simultaneous failures of position indicator, limit switches, and safety rod interlocks.


Based on analysis in the DBR (SAR‑39) fault A is considered Condition 2, and faults B and C are considered Condition 4. The faults and the effects and consequences are discussed in this section.


15.11.10.1 Dropped or Stuck Safety Rod


15.11.10.1.1 Identification of Causes and Accident Description—A dropped or stuck safety rod is an anticipated event that could cause the mispositioning of a safety rod.

15.11.10.1.2 Analysis of Effects and Consequences—Seat switches, position indicators, and interlocks will immediately detect the condition and prevent startup. A dropped rod after reaching the critical condition will significantly decrease reactor power and will be detected immediately by the operators.

15.11.10.2 Simultaneous Failures of Position Indicator, Limit Switches and Interlocks, and Seat Switch.


15.11.10.2.1 Identification of Causes and Accident Description—The simultaneous failures of the position indicator, limit switches and interlocks, and the seat switch could result in a single safety rod not being withdrawn (insufficient information to determine position and make adjustments). Simultaneous failures of indicator, switches, and interlocks are considered Condition 4 events.

15.11.10.2.2 Analysis of Effects and Consequences—The failure of these components is expected to be apparent to the operator. Additionally, the calculated predicted shim positions at criticality and at the desired power distribution should detect the presence of a fully inserted safety rod. The dominant effect is the depression of the adjacent lobe power. Safety rods located in corner lobes would significantly reduce the corner lobe power if not withdrawn. Safety rods in outer flux traps would cause significant power tilts across the adjacent lobes if not withdrawn. Since the length of the poison section is only 36 in., a fully inserted safety rod causes some axial power perturbation because the bottom of the core would not have safety rod poison. The normal operating surveillance is expected to detect this condition before escalation to full power. The effect of a single safety rod not withdrawn is enveloped by the assumption of a stuck rod in evaluating minimum safety rod worth.

15.11.10.3 Simultaneous Failures of Position Indicator, Limit Switches, and Safety Rod Interlocks


15.11.10.3.1 Identification of Causes and Accident Description—Simultaneous failures of the position indicator, limit switches, and safety rod interlocks could result in a failure to properly withdraw a single safety rod. Simultaneous failures of indicator, switches, and interlocks are considered Condition 4 events.

15.11.10.3.2 Analysis of Effects and Consequences—The effect of a partially inserted safety rod, in which the dominant effect can be an axial power perturbation with only a small lobe power depression, has a potentially more serious effect on peak fuel power than a fully inserted safety rod. Partially inserted safety rods in outer flux traps (as when fully inserted) could cause power tilts in the adjacent lobes. The effect of a partially inserted safety rod is enveloped by partial withdrawal of all neck shims which is shown in Figure 15.11-1. Based on Figures 15.11-1 and 15.11-2, the peak power is increased by 27%. Since this peak power increase is within a minimum allowable power increase of 48 % for Condition 2 faults (Polkinghorne 1994), no damage will occur in the fuel.

15.11.11 Mispositioning of Neck Shim Control Rods


There are four groups of neck shim control rods. Each drive assembly is equipped with a lower and upper limit switch and a position indicator. All neck shim control rods are positioned either full-in or full‑out, except the neck shim rod whose position is being changed.


Three events have been postulated (Durney 1976) and analyzed:


BU. Neck shim control rod unintentionally partially withdrawn


BV. Neck shim withdrawn or inserted, but indicated to be in opposite position


BW. Twenty-two neck shim rods 50% withdrawn.


Based on analysis in the DBR (SAR‑39), events A and B are considered Condition 2, and event C is considered Condition 4.


15.11.11.1 Neck Shim Control Rod Unintentionally Partially Withdrawn


15.11.11.1.1 Identification of Causes and Accident Description—Neck shim control rods could unintentionally be partially withdrawn since there are no interlocks to prevent this condition. Unintentional partial withdrawal of neck shim control rods is a Condition 2 event that could cause mispositioning of neck shim control rods.

15.11.11.1.2 Analysis of Effects and Consequences—A partially withdrawn neck shim will cause a power perturbation in both the axial and azimuthal dimensions. The effect of a single neck shim is relatively small and about the same as the operating regulating control rod. The effect on power distribution becomes stronger as more neck shims are improperly positioned. If enough shims are incorrectly positioned, the condition might be detected using the ratio of the center N-16 detector signals. The limiting case is expected to have 22 neck shims 50% withdrawn; it is very improbable that the condition would be unrecognized by the operator. The axial power distribution for this extreme condition is shown in Figure 15.11-1; the peak to average power ratio is 1.80. A normal cosine axial power distribution is shown in Figure 15.11-2; the peak to average power ratio is 1.42. The extreme condition of neck rod mispositioning results in a peak core power, which is 1.27 times the normal peak core power (Durney et al. 1972). This peak core power ratio is significantly below the 1.48 power ratio, which meets the criterion of three sigma from CHF or FI (Polkinghorne 1994).

15.11.11.2 Neck Shim Withdrawn or Inserted, but Indicated to be in Opposite Position


15.11.11.2.1 Identification of Causes and Accident Description—Neck shim withdrawn or inserted, but indicated to be in opposite position, is conservatively considered a Condition 2 event that could cause mispositioning of neck shim control rods.

15.11.11.2.2 Analysis of Effects and Consequences—The presence of a neck shim control rod in the opposite position from what was generally intended is not significant because this situation just represents another operating (but analyzed) configuration. The relatively small effect would be included in online calculations of power division.

15.11.11.3 Twenty-Two Neck Shim Rods 50% Withdrawn. The simultaneous mispositioning of 22 neck shim control rods is considered Condition 4. The effects and consequences of the extreme situation of 22 neck rods 50% withdrawn was discussed in Section 15.11.12.1. The peak power densities are within the criterion for Condition 2 accidents.

15.11.12 Mispositioning of Outer Shim Control Cylinders


There are 16 outer shim control cylinders driven by eight drive motors. The cylinders are located in the beryllium blocks around the periphery of the fuel annulus. Each pair of cylinders has mechanical stops on the drive shaft. Nominal travel is 160 degrees. The position of each pair of cylinders is read out on a digital display on the reactor control console to 0.1 degrees.


Two outer shim control cylinders mispositioning faults have been postulated (Durney 1976) and analyzed:


A. Mispositioning of one set of outer shim control cylinders associated with the high power lobe


B. Mispositioning of a pair of outer shim cylinders associated with the high power lobe and simultaneous mispositioning of a pair of outer shim cylinders associated with the low power lobe.


Based on analysis in the DBR (SAR‑39), fault A is considered Condition 2, and fault B is considered Condition 3.


15.11.12.1 Mispositioning of One Set of Outer Shim Control Cylinders Associated with High Power Lobe


15.11.12.1.1 Identification of Causes and Accident Description—Mispositioning of one set of shim control cylinders associated with the high power lobe could be due to an error in the position readout or to an operator error. The mispositioning of a pair of shim cylinders is considered Condition 2.

15.11.12.1.2 Analysis of Effects and Consequences—Since the quadrant power is based on N16 power measurements, supported by quadrant flow and (T information, the desired quadrant powers are achieved and not affected by small shim and safety rod positioning errors. Current administrative control requires keeping the positions of the two shim drum pairs around a lobe relatively close ((5° of average position).

If a shim drum pair is significantly mispositioned, the fuel element powers within a lobe can be tilted, although the correct lobe power is maintained by movement of other shim drums or neck shim rods. An analysis in Atkinson (1976c) for the potential increase in the peak fuel powers in a lobe due to shim drum mispositioning showed that the lobe power could increase by 14%. Analysis for operation with two pumps (the more restrictive case) indicates that three standard deviations to CHF is approached at 88.5 MW lobe power (Polkinghorne 1994). This is a 47% overpower relative to 60 MW.


15.11.12.2 Mispositioning of a Pair of Outer Shim Cylinders Associated with the High Power Lobe and Simultaneous Mispositioning of a Pair of Outer Shim Cylinders Associated with the Low Power Lobe


15.11.12.2.1 Identification of Causes and Accident Description—The simultaneous failure of two outer shim position readouts, failure of the lobe power indicating system and/or multiple operator errors could cause the mispositioning of a pair of outer shim cylinders associated with the high power lobe and a pair associated with the low power lobe. Simultaneous failure and/or errors causing mispositioning of shim control cylinders is considered Condition 3 (ANC 1973).

15.11.12.2.2 Analysis of Effects and Consequences—This event results in a shift in the power division of the reactor such that the fuel element powers and peaking in the fuel around the driven lobe (the lobe for which shim drum movements are increasing the lobe power) are being increased while total reactor power does not significantly change.

Simultaneous mispositioning of two pair of outer shim drums can result in high lobe powers before reaching a total reactor power exceeding the neutron level or WRS 1.2 NF trip level. Therefore, if the neutron level and WRS detectors near the high power or leading lobe are ineffective in detecting that lobe power, a lobe power or quadrant power detection subsystem is needed to provide protection.


An analysis for this accident with a quadrant differential temperature ((T) PPS subsystem determined that the leading lobe power can be held to less than 1.45 NF with a quadrant (T trip point corresponding to a power level of 1.24 NF (differential temperature of 1.24 normal) and a 15‑second response time when the transport time from the core to the quadrant outlet temperature detectors is on the order of 5 sec (Atkinson 1976a and 1976c). Since a 1.45 NF power level is acceptable for Condition 2 faults (Polkinghorne (1994) shows 1.47 NF where NF = 60 MW is acceptable for two pumps and at least 1.6 NF for three pump operation), the consequences of this accident with a trip of the safety rods by a quadrant (T PPS subsystem are acceptable.


Table 15.11-1. Damage thresholds of ATR in-vessel components.


		Component(S)

		Damage Core (P
(psid)a

		Threshold Equivalent
Vessel (Pb
(psid)



		Fuel elements and most in-core components

		> 150

		



		Shim drum support beam

		140

		166



		Core reflector tankc

		190

		



		Bearing raceways in shim drum support beam

		> 130d

		> 158



		a. Hanson 1976


b. Vessel (P is measured between the 36-in. inlet and outlet lines. The vessel (P shown here is the (P predicted during a transient high flow situation in which the corresponding core (P was exceeded.


c. Burr 1977


d. Tomberlin 1993
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Figure 15.11-1. Axial distribution of neutron flux with all of neck shim rods 50% inserted (Peak/Average = 1.80).
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Figure 15.11-2. Axial distribution of neutron flux with all of neck shim rods fully inserted or fully withdrawn (Peak/Average = 1.42).
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15.12 Severe Accident Analyses


Detailed severe accident analyses of specific accident sequences were performed to characterize the plant response and accident sequence consequences from initiation of the transient through fission product release to the environment. Areas addressed in the analyses were the PCS thermal-hydraulic and core thermal response, core damage progression, fission product behavior (release from the fuel, chemistry, and transport to the confinement), and confinement response (transport and deposition of fission products in the confinement and release mechanisms from the confinement). The intent of the analyses was to develop representative source terms (fission products released to the environment) for each plant damage state (PDS). Table 15.12‑1 lists the relevant PDSs and the analysis of each state is summarized by Atkinson and Thatcher (1994).


A high frequency sequence was selected in each of several PDSs so that the major types of transients and the dominant sequences identified for the ATR would be investigated. The major types of transients are: a CLOFA, LOCA-small and large breaks, anticipated transients without scram (ATWS) events, severe reactivity insertion accidents (RIAs), and draining of the storage canal. While not all of the PDSs have been addressed directly, those that have provide direction into how the transient consequences and fission product behavior would be characterized for the remaining PDSs.


FOIA Exemption 3 UCNI, Exemption 7f 


A number of computer codes were used to simulate the response of the ATR to the specific transients using the best available analysis tools. The SCDAP/RELAP5 code (Allison et al. 1989) was used to investigate the PCS and SCS responses, as well as the core damage progression for the CLOFA, LOCA, and ATWS events. A RELAP5 model for an experiment loop SIPT and the core flux trap was also used to determine the transient reactivity input for the severe RIA (flux trap voiding accident or FTVA). Fission product inventory was determined using the ORIGEN2 computer code (Croff 1980). Fission product release and transport in the PCS were analyzed using the CORSOR (Kuhlman, Lehmicke, and Meyer 1985), FACT (Thompson, Peltan, and Bale 1985), and TRAPMELT/PULSE (Hagrman 1990) computer codes. The MELCOR code (Summers et al. 1991) was used to simulate the behavior in the confinement. Partitioning of the iodine between the water and the atmosphere for the large break LOCA analysis (PDS 3M) was determined using the IRATE code (Bell, Lietzke, and Palmer 1982). A detailed ATR RELAP5 kinetics analysis model (Judd and Terry 1992) was used to calculate the reactivity and power response of the core to the ATWS events and the FTVA. The ATR SINDA hot plate-hot channel model (Oh 1991) was used to calculate the fuel response to the FTVA. The pressure pulses in the reactor vessel from a postulated steam explosion during the FTVA were calculated using the FCIMOD (Corradini et al. 1991) and CSQ (Thompson 1979, 1988) codes. The response of the vessel to the steam explosion was evaluated using the ABAQUS code (Hibbit, Karlsson, and Sorensen 1987).


The following sections briefly describe the results of the phenomenological analyses performed for each PDS. For the PDSs for which no specific analyses were performed, the expected accident progression is described based on the results of the analyses for the other PDSs. Additional details on the analysis modeling and the results of the analyses can be obtained from the references in the following sections and the PRA Summary Report (Atkinson and Thatcher 1994).


Following the discussion of plant damage states, three additional Sections, 15.12.10, 15.12.11, and 15.12.12 are included. Section 15.12.10 presents the on‑site and off‑site consequences of a maximum hypothetical accident. The accident was a beyond design basis DEOS of an inlet coolant pipe leading to 100% core melt. Section 15.12.11 presents the molten core behavior from a 100% core melt to determine how much energy could be removed from the molten material in the bottom of the flow distribution tank. Section 15.12.12 discusses the recriticality of the debris bed.


15.12.1 Plant Damage State 1, Low Pressure Boiloff


This event was initiated by a failure of the pressurizing system. Reactor scram on low inlet pressure occurred near 94 s. The combination of leakage from the PCS (a limiting nominal leakage of 30 gpm at normal operating pressure was assumed) and the cooldown following scram caused the PCS to depressurize. The PCPs were tripped shortly after 20 min, at a suction pressure of 50 psig, in order to protect the pumps as the net positive suction head (NPSH) limit was approached. At that time, the emergency coolant flow failed. The reactor vessel vent valves were opened 60 s after the PCPs were tripped, but no low-pressure coolant injection LDW or EFIS occurred because of system or operational failures.


With no source of water available, the decay heat slowly boiled the liquid in the reactor vessel. The resulting core uncovering, which began at 18.2 h, occurred near atmospheric pressure because the vent valves were open. The fuel melting temperature was reached by 18.9 h. A complete core melt ensued, with a complete release of all the highly volatile fission products (Xe, Kr, I, Cs, Te) in the core.


An equilibrium chemistry analysis indicated that all of the iodine released would be in the form of CsI with 8% of the Cs released. The remaining 92% of the cesium would be transported as CsOH. Most of the tellurium (93%) was in the form of Te(OH)2, while the remainder was in elemental form.


The release path for the fission products was from the reactor vessel through vent valves, through the discharge piping to a header connecting to the warm waste tank, then back up through floor drains connected to the header into the second basement. While about 13% of the Te was retained in the reactor vessel by chemiabsorption, nearly all of the remaining fission products were released through the vent valves. About 15% of soluble fission products (I, Cs, Te) were retained in the piping downstream of the vent valves. The dominant deposition mechanisms were turbulent deposition and deposition associated with effects of bends in the piping.


As steam was released into the confinement, it slightly pressurized the building, causing some leakage to the environment. However, as that steam condensed, the pressure decreased below ambient, and some inflow to the confinement occurred. These competing effects resulted in a confinement pressure that fluctuated very little from atmospheric pressure. Since there was no large driving force, most of the released fission products were condensed or deposited in the confinement. After 25.5 h (6.6 h after fuel melting and fission product release began), only about 10% of the soluble fission products were in gaseous form in the confinement, and virtually no fission product release to the environment had occurred.


All fission products in vapor form at the end of the confinement calculation could be released to the environment. This release will occur through the normal air exchange between the confinement and the environment, which is at most 10% air turnover per day. Table 15.12‑2 shows the release fractions for the five highly volatile fission products. The last column defines the fractional source term released to the environment.


15.12.2 Plant Damage State 2, High Pressure Boiloff
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The water in the reactor vessel slowly heated up, reaching saturation in the core after 8.5 h. As the coolant was heated, the pressure increased. The reactor vessel relief valves first lifted at 14.4 h, then cycled to control the pressure through the rest of the transient. Continued boiling in the core, with flow through the relief valves, resulted in a decreasing liquid level in the vessel. The level reached the top of the core near 28.7 h. Fuel melting temperatures were reached by 29 h. With no coolant makeup available, the entire core melted with a resultant release of all the highly volatile fission products to the PCS.


All of the released iodine combined with cesium to form CsI. The remaining cesium was in the form of CsOH. About 70% of the tellurium formed Te(OH)2, with the rest remaining in elemental form. With relatively low temperatures outside the core, all of these fission products are expected to be transported as aerosols.


About 20% of the released soluble fission products (I, Cs, Te) were retained in the reactor vessel. Another 20% of these were deposited in the piping downstream of the relief valve; the primary deposition mechanisms were turbulent deposition and pipe bend effects. The remaining 60% of the soluble fission products, together with all of the released noble gases, entered the confinement through floor drains and ventilation ducts leading to the warm waste tank.


As for the low-pressure boiloff described in the preceding section, there was little energy release to the confinement to drive fission products to the environment. The small amounts of steam released from the PCS condensed in the confinement, resulting in the confinement pressure remaining near ambient. Nearly all of the fission product release to the environment will be the result of normal air exchange between the confinement and the atmosphere. With no impetus for driving fission products from the confinement, most of the soluble fission products were deposited on the walls and floors in the confinement. Only those fission products existing as vapors at 35 h would be released to the environment. Table 15.12‑3 presents the release fractions for the five highly volatile fission products for this sequence. While all of the noble gases will be released to the environment, less than 10% of the other fission products will be part of the source term.


15.12.3 Plant Damage State 3, LOCA with No Low Pressure Injection
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All of the iodine released from the fuel was in the form of CsI. The remaining cesium formed both CsOH and Cs2Te. Early in the release, most of the tellurium combined with cesium to form Cs2Te while later in the transient, when there was less Cs available, the predominant form was elemental tellurium. Because of the low temperatures in the reactor vessel and PCS piping, the fission products were transported as aerosols.


When the fission products were released, a vapor-filled path existed between the fuel and the break. This resulted in virtually no retention of fission products in either the reactor vessel or the piping between the core and the break.


The confinement, however, was not pressurized by the small amount of flow leaving the PCS. With little energy being added to the confinement to force vapor to the environment, the fission product aerosols had time to be deposited on the cool walls of the confinement. Table 15.12‑4 presents the fission product release fractions for this analysis. After 10 h, no fission products had been released to the environment, and more than 90% of the soluble fission products had been deposited in the confinement. Only the fission products still in vapor form at 10 h would be released to the environment through the normal air exchange with the confinement.


A 3‑in. diameter inlet break was also investigated. This initiator showed some potential for early (within 10 min) core damage in the higher-powered regions of the core. When this damage occurred, the upper plenum was still nearly full of liquid. This liquid would retain most of the volatile fission products, both while still in the PCS and after release to the confinement. The transient continued to a low-pressure boiloff of the remaining liquid, which resulted in core uncovering near 30 min. The remaining fuel in the core would be expected to melt by that time.


The layout of the PCS piping is such that there are several loop seals in the inlet and outlet piping that will retain water during a LOCA. For example, any breaks beyond the pipe space, after the piping rises to the pipe tunnel, will trap liquid in the piping in the pipe space. If one or more of these water‑filled loop seals are located between the core and the break, this trapped water would be effective in reducing the fission product release to the environment in two ways. The water plug could prevent vapor flow to the break, allowing the fission products more time to be deposited in the piping. If vapor does flow through the liquid to get to the break, significant scrubbing of the soluble fission products would occur. Since the release to the environment consists of those fission products in vapor form in the confinement, any fission products retained in the PCS or carried in the water will not be part of the source term. Breaks from the 36‑in. outlet pipe through the 36‑in. inlet pipe will have scrubbed releases, which would result in lower releases to the environment than those shown in Table 15.12‑4.


15.12.4 Plant Damage State 3M, Direct Damage LOCA
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Accordingly, a 24‑in. outlet break, initiated from full power of 250 MW, was analyzed in detail (Bayless et al. 1992). The blowdown resulted in subatmospheric pressures in the vessel within 1 s because the top of the vessel was about 55 ft above the break, which is at atmospheric pressure. The primary and emergency coolant pumps were tripped on suction pressures of 2 psia to simulate flow degradation below the NPSH requirements of the pump. The low pressure trip for the emergency firewater injection was disabled in order to maximize the core damage; early calculations indicated that the firewater caused the core to quench as the heat of fusion was being added to the fuel, thus preventing significant fission product release. Fuel melting began near 85 s, and relocation of molten material to the flow distribution tank occurred between 100 and 110 s. The liquid level in the upper plenum dropped below the EFIS setpoint near 174 s, and firewater injection to the vessel began at about 179 s. The injection flow was able to recover the liquid level in the reactor vessel. Although the PCS thermal-hydraulic calculation was stopped at 200 s, the transient continues with intermittent operation of the EFIS and injection occurring as the level drops below 87 ft, then stopping once the level exceeds 90 ft. This continues until the confinement fills sufficiently to a level above 87 ft that can be maintained in the reactor vessel.


About 30% of the fuel melted; this fuel contained about 45% of the initial core fission product inventory (Bayless et al. 1992). Significant amounts of water remained in the upper and lower plena while the fuel melting was occurring, providing cooling to the rest of the core. Most of the fission product release occurred after relocation to the flow distribution tank. Some of the debris quenched, minimizing the fission product release, while the rest continued to increase in temperature, allowing all of the highly volatile fission products to be released from the affected fuel. However, there was water over the debris in the flow distribution tank, and in the portion of the outlet lines inside the reactor vessel that scrubbed the fission product release, so that the soluble fission products were transported to the confinement in the water.


Nearly all of the iodine released from the fuel formed CsI. The remaining 87% of the cesium was in the form of CsOH. All of the released tellurium remained in elemental form.


Iodine will partition between the water and vapor in the confinement, allowing the release of some of the iodine to the environment. A point estimate of the partitioning was done at 250 s when there was a relatively small amount of water in the confinement. This analysis indicated that about 10% of the iodine in the confinement would be in the atmosphere with the remaining 90% staying in the water. The changing chemistry (increasing pH) and increasing volume of water in the confinement will tend to increase the partition coefficient with time, keeping the remaining iodine in the water, and perhaps drawing iodine from the atmosphere back into the water.


The transport of the fission products through the confinement and to the environment is initially driven by the break flow. The primary coolant and firewater flowing out through the break displaces vapor from the confinement to the environment. The fission products in vapor form (noble gases and 10% of the released iodine) are similarly driven to the environment. This initial outflow is about 2 times greater than the normal maximum building air exchange rate. After the confinement fills so that the reactor vessel liquid level can be maintained above 87 ft, the remaining fission products in vapor form in the confinement will be released to the environment through the normal air exchange.


Table 15.12‑5 presents the fission product release fractions for this large break LOCA (Bayless et al. 1992). About 23% of the core fission product inventory was released from the fuel. Even though a higher percentage of the core was damaged (see discussion above) not all the fission products were released from the damage segments of the core. Thus keeping the release from the core to approximately 23%. Noble gases made up most of the release to the environment, along with about 10% of the iodine released from the fuel. Virtually none of the other soluble fission products were part of the source term.


15.12.5 Plant Damage State 4, ATWS
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with no threats to the fuel integrity. However, other events may result in fuel melting and fission product release. Although ATWS events leading to fuel melt have not been analyzed because they are very improbable, the results of the analysis in the preceding sections are used below to indicate the likely behavior of fission product releases resulting from such events.


If the accompanying event is a LOCA, the behavior will be like that for PDS 3 or 3M. Any fission products released early in the transient, while there is still a large volume of water above and below the core, will be scrubbed by and carried in that liquid, minimizing the eventual release to the environment. Even if the core damage results from a long-term core uncovering, most of the soluble fission products will be deposited and retained in the confinement.


If the transient does not involve a pipe break or failure, pressure control would be through the degassing tank or the reactor vessel relief or vent valves. If core damage and fission product release occur early in the transient while there is still a large amount of water surrounding the core, significant fission product scrubbing will occur. Noble gases would be released either through the relief valves, vent valves, or degassing tank. This will delay the release to the environment. Soluble fission products would be carried by and retained in liquid, again minimizing the source term to the environment. Some of the fission products may leak out of the PCS (normal leakage from the system), but this flow should be minor compared to the release through the relief valves and degassing tank. Again, the water would retain the soluble fission products. If the event results in an eventual core uncovering, the fission product behavior will be similar to that in PDS 1 or 2, depending on whether the PCS is depressurized. The timing of the melt may be accelerated because there was no scram, but the phenomenology of the fission product behavior should be the same.


15.12.6 Plant Damage State 5, Very Large RIA


The only identified mechanism for obtaining a very large and rapid reactivity insertion in the ATR core is a perched fuel element dropping into the core from a large height above its seated position after criticality has been achieved. This type of an event requires multiple failures of independent operational controls. Analyses performed for probable perched fuel element drops determined that those events resulted in no fuel damage. Therefore, only a grossly perched fuel element, a difficult condition to achieve which should be readily recognized before reactor startup, that fails to drop into the core when subjected to high downward forces from the startup of the PCS and only drops in after core criticality is achieved (the reactivity anomaly should be detected during the approach to criticality), can provide sufficient rapid reactivity input to exceed the accident level and consequences of the bounding direct fuel damage RIA for experiment loop initiated RIAs (PDS 5M).


An enveloping analysis for a very large RIA was performed in which a $1.30 step insertion of reactivity was used as an enveloping event (Hanson and Merrill 1978). Significant melting of the hot fuel elements was predicted as well as whole core damage from a postulated vapor explosion. The vessel loading due to the pressure pulses from the vapor explosion (Moore 1990) was not sufficient to fail the vessel directly, but it could potentially break the vessel loose from its restraints (Arendts 1990), therefore allowing significant vertical movement and possibly breaking inlet and outlet piping nozzles and other nozzles attached to the vessel.


Following possible vessel movement and rupture of piping and other connecting systems, the vessel can be expected to empty of coolant, and the core could boil off. If the emergency firewater injection paths to the vessel are broken, then no emergency coolant could be provided to prevent uncovering the core. A complete core meltdown in the absence of water could occur. Therefore, the consequences of the accident are similar to those for the LOCA without emergency coolant or PDS 3.


15.12.7 Plant Damage State 5M, Direct Damage Large RIA


This event is a RIA initiated by experiment loop ruptures that are severe enough to result in fuel melting before the reactor scram can be effective in terminating the reactivity transient. This event category is represented by a single event referred to as the FTVA. The FTVA is a bounding, extremely rapid, positive ramp insertion of reactivity in the ATR core due to voiding in a high positive reactivity worth experiment flux trap. The initiating event for the FTVA is a sudden rupture of an experiment loop pressure tube, which then also causes a sudden rupture of the insulating gas envelope tube in the core region of an ATR core flux trap. The double rupture results in an expulsion of high temperature, high pressure loop water into the relatively low pressure (reactor vessel pressure) flux trap annulus between the gas envelope tube and the flux trap baffle, which will very rapidly void the flux trap annulus. Since ATR flux traps, including the annulus, have a positive void reactivity coefficient, the reactor will experience a very rapid positive reactivity insertion and power transient. This rapid positive reactivity insertion and the resulting power transient can be large if the event were to happen in a flux trap position with a high potential reactivity worth in the flux trap annulus. The large negative reactivity feedback from the core fuel will terminate the transient as the fuel and core coolant heat up in response to the power rise, and a high power scram will shut the reactor down.


Destructive reactivity transient tests (SPERT-1D [Miller, Sola, and McCardell 1964]) and the SL‑1 accident (AEC 1962) have indicated that a vapor explosion is a possible phenomenon for severe reactivity transients in plate-fueled reactors. The postulated mechanism for the vapor explosion is that the rapid power rise in the fuel plates causes melting and high temperatures in the fuel core of the plates, which results in jets of high temperature molten material being ejected through the weakened cladding into cold coolant channels. The high temperature material breaks up into small droplets in the coolant, and the resulting large surface area provides for a very rapid generation of steam known as a steam explosion. The normal pressure limiting mechanisms such as ESFs, relief valves or other means of transferring water out of the reactor vessel are unable to respond fast enough to accommodate the rapid steam generation and therefore, very high transient pressures may result in reactor vessel damage.


Analyses were performed for a bounding flux trap voiding accident in the ATR. The bounding accident was for a high lobe power loop and flux trap with a total void worth of 1.30$ with 0.86$ of that worth for the flux trap annulus and 0.44$ within the IPT. The analyses calculated that the consequences of this very low probability event are a very rapid positive ramp insertion of reactivity (nearly equivalent to a 0.90$ step) which results in a peak transient power of about 900 MW in 62 ms (Nielsen 1990; Oh 1991). This extreme transient power is predicted to result in rapid melting of 1.7% of the core (Oh 1991), the high power density regions of a 250 MW core operated with a 66 MW maximum lobe power. A vapor explosion is postulated to result from the expulsion of the molten fuel into the coolant channels. The consequences of the postulated vapor explosion is core-wide damage, but the reactor vessel will not be failed and it will be restrained from excessive vertical movement in response to the pressure pulses from the vapor explosion (Moore 1992; Arendts 1992; Arendts 1993). Thus, the consequences are less severe than for the assumed 1.30$ insertion analyzed for the very large RIA.


Although this accident would result in significantly damaged core and internals, the vessel remains intact and water full. Therefore, the water and vessel barriers to the release of fission products remain. Some early fission product release may occur from lifting of the relief valves during the pressure transient. Following the very short pressure transient, fission product release from the vessel and PCS will be by primary coolant leakage. This leakage may be increased if relief valves fail to reseat, or if seals are damaged by the severe pressure transient. But, the PCS and support systems remain operable and therefore, the coolant inventory can be controlled and most of the soluble fission products can be retained and cooled within the vessel. Non-soluble gaseous fission products, primarily noble gases, may initially be released through normal operation of the degassing tank and vented through the ATR stack. But, the stack breach radiation monitors will detect the release and isolate the stack and confinement very shortly after the accident. Therefore, only a small fraction of the fission products available for release would be released from the vessel into the confinement. Although no specific fission product release or dose analyses have been performed for this accident, the release and the potential doses to on‑site and off‑site receptors will be significantly less than for the other core damage events for which fission product release and consequence analyses have been done (CLOFAs and LOCAs).


The damaged core is expected to be cooled by the continued existence of a subcooled water environment and the continued availability of cold water makeup to the vessel. This behavior would be consistent with the observed behavior for actual severe core-damaging RIAs. Therefore, additional melting and the potential for molten-fuel-coolant interactions or reactions (MFCI) is minimized. The calculated peak fuel temperatures prior to the postulated vapor explosion (1,080 K), assumed to occur at the time of maximum transient core melt fraction, are well below the temperatures for an energetic MFCI (a lower bound of 1,443 K [Epstein 1961]). The required energy transfer for MFCI to occur can result only if the contact between molten fuel and coolant is maintained beyond the steam explosion threshold; thus, the vapor explosion prevents MFCI. Also, the accident is expected to leave the core in a subcritical state since the optimum geometry of the core has been significantly altered.


15.12.8 Plant Damage State 6, Interfacing System LOCA Without Low Pressure Injection


Interfacing systems are isolated from the PCS by use of valves, orifices, and use of small diameter pipes (see Chapter 5 for an indication of the radiographic boundary). Therefore, the behavior of the plant as a result of the failure of an interfacing system is very similar to the description of PDS 3 (small LOCA). The bulk of the core damage will be the result of a core uncovering, which will occur at low pressure because of the pipe break. Some early damage may occur, but there will be sufficient water around the core to retain the soluble fission products in the liquid.


Even though the break is outside the confinement, the source term should be relatively small. The noble gases will be released, but only a very small fraction of the other highly volatile fission products released from the core will be released to the environment through the break. Long runs of uninsulated piping between the core and the break will enhance condensation of steam and deposition of released fission product aerosols, reducing the amount of fission products in vapor form. Water-filled loop seals between the core and the break will also prevent the soluble fission products from reaching the break in vapor form. With the soluble fission products retained in the water, the source term is confined to the noble gases released from the fuel.


15.12.9 Plant Damage State 7, Canal Draining


Plant Damage State 7 is associated with draining the liquid from the fuel storage canal. There are two major concerns with this event. First, the canal contains a large number of irradiated fuel assemblies, so the potential source term could be very large. Second, the canal is outside of the confinement so that any fission product release from the fuel would have a more direct and rapid path to the environment.


The source term for this plant damage state assumed complete melting of the two most recently discharged cores, each of which operated for 60 days at 250 MW, with decay times of 12 hr and 70 days, respectively (Thatcher et al. 1994). This is conservative with respect to typical core power levels and cycle length. Previously discharged fuel would have experienced an even greater cooling time and fission product decay, hence, the release is dominated by the most recently discharged core.


After fuel melting begins, it will take about 3 h to release all of the highly volatile fission products. The iodine will be in the form of CsI. The remaining cesium will be transported as CsOH, Cs2Te, or in elemental form. The tellurium will form Cs2TeO4, Cs2Te, CdTe, or remain in elemental form. These fission products will exist as condensed species, and be transported on aerosols or dissolved in water (Adams and Carboneau 1992).


No analysis of the potential fission product retention in the canal area was performed. A significant fraction of the released aerosols can be expected to be deposited on the walls, ceiling, and many structures in the canal area. However, for the consequence analyses, it is conservatively assumed that all of the released fission products reach the environment within 4 h after their release from the fuel without any deposition. Table 15.12‑6 summarizes the fission product release fractions for this transient.


Canal drain accident evaluations in Section 15.8, for fuel, which is no longer categorized as irradiated, conservatively assume that decay heat removal is provided only by natural circulation of air within the fuel element flow channels. Many of the 600‑700 irradiated fuel assemblies stored in the canal have decay times short enough that natural air convection cooling alone may not be sufficient to remove decay heat without melting. An estimate of the consequences for the severe accident canal drain may consider more realistic decay heat removal in order to minimize the number of fuel elements predicted to experience melt.


15.12.10 Radiological Analysis


A radiological analysis of a postulated hypothetical large break LOCA in the ATR is documented in this section. The large break LOCA was chosen to provide a basis for a bounding radiological analysis. The large break LOCA is one of the more probable severe accidents and is analyzed as if it resulted in complete core damage. There are some events discussed in Chapter 15.12 that could ultimately yield more fission product release due to more direct release paths from the plant to the environment and consequentially a potentially higher dose consequence. However, the amount of the release for most fission product species would not be significantly different from these events and therefore would not be substantially higher than the large break LOCA. Since the large break LOCA event resulted in rapid and total core melt and consequence of the release of the fission product inventory analyzed consistent with Regulatory Guide 1.4 (RG 1.4) (NRC 1974) guidance, it was chosen as the appropriate bounding case.


For commercial plants, calculations are performed to determine the off‑site consequences for hypothetical events that result in substantial release of fission products to the containment. This large break LOCA analysis was included to allow comparison with allowable consequences for commercial plants. The results are within the allowable results for a commercial plant due to the smaller size of ATR and the remote location of the plant. The presentation of this information is not a DOE requirement but the results, again, were included to enable comparison to commercial nuclear plants (i.e., limits of 10 CFR 100 of 25 rem whole body and 300 rem thyroid).


Following guidelines in 10 CFR 100, Regulatory Guide 1.145 (RG 1.145) (NRC 1982) and RG 1.4 (NRC 1974), the consequences were determined for both the exclusion boundary and the outer edge of the LPZ. Since ATR is unique, not all guidelines were followed but where the guidelines were modified the reason for the modification is discussed.


As defined in 10 CFR 100, the exclusion area is the area surrounding the reactor in which reactor owner authority exists to control all activities including the removal of personnel and property. Because the DOE has such authority within the Idaho National Laboratory (INL) borders, the INL site boundary was assumed to be the ATR exclusion boundary. The outer edge of the LPZ is defined as located at three quarters of the distance to the nearest population center of 25,000 or more. At 74 km from the ATR, Idaho Falls is the nearest qualifying population center. Consequently, the outer edge of the nearest LPZ lies at a radius of 55.5 km from ATR. The radiological limits of 10 CFR 100 (25 rem whole body, 300 rem thyroid) are assumed to be applicable to both off‑site personnel and the evacuating personnel on‑site.


To meet the objectives of this analysis, centerline doses were calculated for exposure to plume passage at the outer edge of the nearest LPZ, for exposure at the nearest exclusion boundary, and for exposure of evacuating workers. In general, all calculations in this analysis were performed consistent with the guidance given in RG 1.145 (NRC 1982) and RG 1.4 (NRC 1974). Where the analysis approach varied the discrepancy is discussed. The remainder of this section contains details supporting that result. It should be noted that calculations, computer files, and related data were also compiled for reference (Knudson 2000).


15.12.10.1 Computer Code Description. All dose calculations documented in this section were completed using RSAC-5 (Wenzel 1993). The RSAC-5 computer code was specifically developed to simulate atmospheric dispersion of radioactive contaminants at the INL and calculate doses resulting from exposure to those contaminants. Like earlier versions of the code, RSAC-5 has been independently verified and validated (SRA 1993).

15.12.10.2 Source Terms. The source terms used in this analysis were derived from an ORIGEN2 calculation of the ATR core inventory after 60 days of operation at 250 MWt (Carboneau 1993). A subset of the source term derived from the ORIGEN2 inventory at the time of reactor scram was extracted from that calculation. The subset represented the activities of 645 different isotopes that are included in the dose conversion database of RSAC‑5. (Note that RSAC‑5 does not consider all isotopes developed by ORIGEN2; there are some differences between ORIGEN2 listings and source term listings for RSAC‑5 input. As a result, comparisons with ORIGEN2 tables in Chapter 20 will not be one-to-one; the RSAC‑5 listing does not include some isotopes calculated by ORIGEN2.) That subset is summarized by element in Table 15.12‑7.

Based on the Reactor Safety Study (NRC 1975), nuclides in the subset were divided into seven groups represented by Kr and Xe (the noble gases krypton and xenon), Cs (cesium), Te (tellurium), I (iodine), Sr (strontium), Ru (ruthenium), and La (lanthanum). Release fractions corresponding to 100% core damage were then assigned to each group to represent the fraction of the scram inventory assumed to be available for release from confinement. Release fractions of 1.0 for the noble gas group and 0.25 for the I group were based on guidance given in RG 1.4. Release fractions for the Cs, Te, Sr, Ru, and La groups were based on their treatment in the Reactor Safety Study because RG 1.4 does not provide guidance for release of any nuclides in those groups. As indicated in Table 15.13-7, however, release fractions for the specific nuclides Cs, Te, and I are lower than the fractions used to represent the other nuclides in the respective groups. The following provides a basis for the lower fractions through consideration of the effects of engineered safety systems.


RG 1.4 and RG 1.145 and the Reactor Safety Study were developed for commercial light water reactors using oxide fuels whereas the ATR uses enriched UAlx fuel. Consequently, RG 1.4, RG 1.145 and Reactor Safety Study release fractions (which are generally thought to be conservative) may not adequately characterize the ATR. Therefore, a detailed analysis was performed to calculate the fractions of Kr, Xe, Cs, Te, and I that could be released from the ATR during a large break LOCA (Bayless et al. 1992). Results from that analysis indicated that all of the noble gases, none of the Cs or Te, and 10.5% (3.1 gm) of the I released from the fuel could be released to the environment. Thorough mixing in the confinement atmosphere at the break location, assumed delay in start of EFIS and its reduced capacity of operation, and the solubilities of Cs, Te, and I in the water surrounding the core during the accident were important factors in those results.


However, assuming this same iodine release fraction of 10.5% for the limiting LOCA considered here is expected to be overly conservative because of differing conditions. Actuation of the EFIS was delayed for 3 min in the previous analysis (Bayless et al. 1992). In addition, the EFIS was assumed to operate at approximately one half of capacity. For conservatism, a flow of 0.126 kg/s (2000 gpm) was used. Full capacity can be 5,200 gpm (Lucas 2005). These assumptions were made to artificially force maximum core damage and to maximize release into the confinement. In contrast, the EFIS will provide rated flows within seconds after the break occurs if the EFIS operates as designed. Therefore, there will be significantly more water in the core and confinement during fission product release in the subject accident. The pH of the liquid inventory will be increased by the early addition of firewater. The relatively high pH will increase the iodine partition coefficient (the ratio of the iodine concentration in the liquid to that in the vapor). The combination of the higher partition coefficient and the larger liquid inventory should result in at least a factor of 2 reduction in the iodine release fraction. For conservatism a much larger value, equivalent to 7 gm of iodine, was used in the dose calculations.


The source term available for release to the environment was calculated by multiplying the scram inventory by the release fractions with the result identified in Table 15.12‑7. Because the confinement leak rate is affected by flow from the EFIS, provisions had to be made to release parts of the total source term at different rates. Two release rates (as determined by the presence of EFIS flow rate and its subsequent termination) and associated source terms were established as described below.


15.12.10.3 Confinement Leak Rates. Once actuated, the EFIS will pump water through the break into confinement until the water level in the vessel reaches the shutoff level (the EFIS is automatically actuated and stopped on level). The confinement leak rate is proportional to the EFIS flow until that level is reached because the flow produces a corresponding volume displacement that ultimately leaks to the environment. The maximum possible EFIS flow of 0.33 m3/s or 700 cfm (5,200 gpm) was assumed (Lucas 2005). The value of 5,200 gpm bounds the maximum EFIS flow established in Rowsell (2005). Using this EFIS flow rate in conjunction with a wind speed of 11.7 mph and damper leakage of 200 cfm, as well as accounting for the effects of temperature and barometric changes, results in a building leakage of approximately 940 cfm. A bounding leak rate of 100% per date (1,140 cfm) was assumed for conservatism. The total source term at 100%/day leak rate is assumed displaced from confinement. The result, identified as the early release source term in Table 15.12‑7, was used in the RSAC‑5 calculations where it was conservatively assumed that release from confinement coincided with the time of the break.

Following termination of EFIS flow at 24 h, the confinement leak rate will decrease to the design value of 51.4% (Lucas 2005) per day. However, the total release duration for the large break LOCA accident was 24 h at 100% per day of the confinement volume release rate.


15.12.10.4 Dispersion Assumptions. The dispersion of radioactive materials were calculated differently for areas inside and outside the ATR Complex fence.

The doses for workers evacuating were based on a wind speed of 4.5 m/s with Pasquill Class D stability rather than the previous 1 m/s wind speed with Pasquill Class F stability. Building wake effects were included in the analyses. The 4.5 m/s/class D stability is consistent with the assumptions used in DOE‑STD‑1027‑92 to determine doses at 100 m from nuclear facilities for purposes establishing facility hazard categorization thresholds.


Doses outside of the fence were calculated using facility-specific data provided by NOAA. The use of facility-specific meteorology is consistent with recommendations outlined in Nuclear Regulatory Commission (NRC) RG 1.145 (NRC 1982) rather than straight line gaussian despersion of radioactive contaminants and the fixed meteorology of RG 1.4 (NRC 1974). Application of the facility‑specific meteorology is described in Knudson (2000).


The use of facility-specific meteorology was adopted because straight line gaussian dispersion is only an idealization that generally provides an approach for estimating an upper limit of contaminant concentration. Futhermore, RG 1.4 meteorology was basically derived to provide a conservative technique for initial design analyses when facility-specific data may not be available. Prediction of potential doses should be significantly improved through adoption of RG 1.145 methodologies.


Starting with true north the compass directions were divided into 22.5° sectors. The distance to neighboring facilities, the exclusion area (EA) boundary, and the low population zone boundary were determined for each sector. The EA boundary is the distance to the INL boundary. The low population zone is 75% of the distance to the nearest population center in the sector or 80 km which ever was shorter. These definitions are consistent with those used in the UFSAR. Dispersion parameters were then determined for each sector and used in the dose analyses.


15.12.10.4.1 For LPZ Exposure—Potential doses at the LPZ were calculated for exposure to the maximum plume concentration during passage of the entire release. Exposure to the entire release corresponds to the assumption that individuals beyond the outer edge of the LPZ will not be evacuated. (It should also be noted that credit is not allowed for any shielding or sheltering.)

15.12.10.4.2 For Exclusion Boundary Exposure—Receptors were assumed to be located at that distance for a period of 2 h following the onset of the release. That is equivalent to assuming that individuals from the exclusion boundary to the outer edge of the LPZ will be evacuated within 2 h. The evacuation plan for the ATR Complex is part of the INL response to emergency conditions as described in the INL Emergency Plan/RCRA
 Contingency Plan and the ATR Complex Specific Addendum. The plan is described in Chapter 13 (Management, Organization, and Institutional Safety Provisions).

15.12.10.4.3 For Exposure of Evacuating INL Workers—It was assumed that INL workers at the facilities listed in Table 15.12‑8 would be evacuated (in buses) in the event of a large break LOCA at the ATR. The listed resident times are consistent with that assumption. Specifically, resident time is the time between the onset of release and the time loaded buses are ready to leave individual facilities. A timing scenario for the large break LOCA was needed to establish those resident times as described below.

It was assumed that two minutes would elapse from break initiation to the time the ATR operator could trip the evacuation signal. It was also assumed that the ATR operator would notify the DOE‑ID (Department of Energy Idaho Operations Office) through the WCC (Warning Communication Center) at the same time. Based on the evacuation exercises (Chapter 13 [Management, Organization, and Institutional Safety Provisions]), approximately 18 min would be required to load buses following activation of the evacuation alarm. Therefore, the resident time for workers is 1200 s (2 min for activation of the evacuation alarm +18 min to load buses) as listed (Knudson and Matthews 1989). All other INL facilities would be directed to evacuate through notification by the WCC. It was assumed that WCC notification would also require 18 min (Knudson and Matthews 1989). Therefore, the resident time for all INL facilities (other than the ATR Complex) includes a delay of 20 min (2 min for the ATR operator to notify WCC plus 18 min for WCC to direct evacuation) plus the facility-specific time required to load evacuation buses.


A slightly different situation exists for the ATR Complex workers. Specifically, there is a reasonable probability that workers could avoid resident exposure because there are two separate evacuation staging areas and because plume dispersion should be insufficient to contaminate both areas. Exposure could then be avoided by directing workers to the appropriate area. (Downwind plume dispersion engulfing all evacuation routes would preclude any similar arguments at other INL facilities). However, it is not possible to categorically predict that all workers will proceed as directed. Furthermore, it is possible that some workers may inadvertently cross the plume even if they are walking toward the appropriate staging area. For those reasons, resident exposure of workers was not assumed to be zero. It was assumed that all workers would cross the plume at a 45( angle at a average distance of 100 m from the ATR (Knudson and Matthews 1989). This assumption results in less than the maximum exposure (traversing along the plume), but more than an exposure from crossing directly through the plume.

In addition to resident exposures, workers at all INL facilities could also be exposed while traveling in the buses. Travel exposure calculations were performed for each INL facility based on a previously established methodology (Knudson and Matthews 1989). The methodology allows one to arbitrarily select the worst-case wind direction with respect to bus travel from a given facility. Once the direction is selected, however, wind shift was not allowed. Consequently, travel exposure could be minimized by selecting an appropriate direction at intersections (or simply through road curvature). It was assumed that only major INL roads could be used by the buses. Travel exposure was also terminated when buses overtook the head of the radioactive plume based on a fixed bus speed of 17.9 m/s. Credit was not taken for any radiation shielding that could be provided by the buses.


Resident doses and travel doses were then summed for each INL facility. The peak doses for each facility were extracted from those results. It should be noted that the worst-case wind directions for maximizing travel exposure may not be in a direction that would lead to resident exposure. Therefore, some conservatism is introduced by simply adding resident and travel dose components. It should also be noted that dose mitigation by administration of stable iodine was not considered.


15.12.10.5 Breathing Rates. The breathing rates as a function of time following initiation of a LOCA are listed in Table 15.12‑9. Those breathing rates were used in all calculations performed in this radiological analysis.

15.12.10.6 Results. Thyroid doses and the EDEs for all calculations performed are summarized in Table 15.12‑10. The results include doses at the outer edge of the LPZ, at the nearest exclusion boundary, and for workers evacuating from INL facilities.

For all practical purposes, doses for workers evacuating from TAN, PBF, RWMC, EBR I and EBR-II are zero. Wind speeds in excess of 11 m/s would be required to get any dose at all at those locations. Doses at such wind speeds would be very small because of plume dispersion and the limited exposure times. Potential doses at the NRF, and the CFA were found to be small, but non-zero.


15.12.11 Molten Core Behavior


An analysis of the molten core material behavior following relocation to the flow distribution tank during a hypothetical LOCA in the Advanced Test Reactor is documented in this section. The analysis is designed to simulate conditions representative of the limiting hypothetical inlet piping LOCA leading to total core melt. The primary goal of the assessment was to determine the peak core debris temperature in order to determine the potential for structural failure of the flow distribution tank. The analysis was originally formulated to account for radioactive decay of, and fission product migration from, the relocated core debris to accurately assess the time-varying heat generation rate of the core debris. As described in this section, the analytical methodology did not allow for these factors to be considered in the calculation and, therefore, the calculated peak core debris temperatures are much higher than would be expected. However, the results do provide insight into the thermal response of the core debris and flow distribution tank structure and, using experimental information for temperature-dependent fission product transport from aluminum-uranium matrix fuel and the ANS standard decay heat rate for the ATR core, the survivability of the flow distribution tank can be examined.


The calculations performed showed that the flow distribution tank is capable of rejecting up to 1.8 MW of decay power to the EFIS being injected during the LOCA based on results assuming 2.5 MW constant power in the relocated debris. The 2.5 MW constant power debris case resulted in a side wall failure of the flow distribution tank approximately 425 s. after relocation. The peak core debris temperature at the time of side wall failure was approximately 4,000 K, well above the 1,600 K temperature at which the metallic fuel matrix would release all of the volatile fission products (Hammer, Dickerson, and Hobbins 1970). Accordingly, accounting for the resultant reduction in the core debris heat generation rate due to release of the volatile fission products may produce a coolable geometry preventing the flow distribution tank side wall failure. Further analyses accounting for both the fission product decay and evolution would be required to evaluate the flow distribution tank integrity issue.


15.12.11.1 Analytical Methodology. All of the calculations documented in this section were completed using Version 8ac of the SCDAP/RELAP5/MOD3.1 computer code as described in Allison (1995). SCDAP/RELAP5/MOD3.1 is an integrated code package designed for reactor accident analysis. Modules for simulation of thermal-hydraulics, heat transfer, severe core damage, and fission product transport are included. The code user is allowed to select those modules necessary to simulate the problem of interest. In these calculations, the SCDAP/RELAP5/MOD3.1 model of the ATR primary system required use of (a) the RELAP5 module for simulation of the reactor vessel thermal-hydraulics affecting the flow distribution tank heat transfer, (b) the SCDAP module for user specification of the molten core mass relocation to the flow distribution tank, and (c) the COUPLE module for simulation of the heat transfer and thermal response of the relocated core materials and the flow distribution tank structure.

The SCDAP/RELAP5/MOD3.1 input model used for these analyses, shown in Figure 15.12-1, is a simplified version of an ATR full system input model. The model was simplified for the subject analyses by removing all coolant loop piping and simulating the inlet LOCA with a junction between the upcomer inlet (Component 205) and a time-dependent volume representing the confinement (Component 720). This allowed the vessel to drain to a level just above the flow distribution tank to simulate water in contact with the outside surface of the tank. The core support tank (Component 287) was added to simulate the source of the Emergency Firewater Injection to the flow distribution tank and to provide a heat sink for the flow distribution tank support plate. EFIS injection was modeled with a time-dependent junction connected to the bottom of the core support tank. The flow distribution tank is component 232 located just below the four quadrants of the core containing the fuel elements. These quadrants are represented by components 230, 240, 250, and 270. Fuel melt occurring in any of these four quadrants is expected to relocate to the flow distribution tank.


A COUPLE input model describing the flow distribution tank geometry (Howell 1991) was added to the model. The model simulates the in-pile tubes, the flow distribution tank internal structures, the plenum sides and cover, the bottom plate of the flow distribution tank, and the top plate of the core support tank. The model allows the user to specify the order in which mesh cells are filled with debris to represent what would actually occur. The center plenum cavity surrounding the neck shim housing fills first followed by the region around and inside of the octagonal plenum. The model maintains the total heat capacity of the internal structures as well as the horizontal surface area of the support plate. The vertical surface areas were not preserved requiring modifications to the heat capacity data representing the vertical structures. The model allows for both convective and radiative heat transfer from the debris to structure and from the structure to the coolant. Radiative heat transfer from the top surface of the crust is not modeled.


The relocation of molten core debris to the flow distribution tank was performed with user-defined slumping. SCDAP/RELAP5/MOD3.1 was not capable of simulating the melt and relocation of ATR fuel elements in a manner consistent with the LOCA assessment. With user-defined slumping, the code input defines the amounts of each material that moves from the core to the debris bed, the timing of the relocation, and the total energy contained in the relocating debris. There are limitations in this approach that produce conservatisms which will overestimate the predicted debris bed temperature. The two largest contributors are: (a) there was no release of fission products from the debris as it heats up, and (b) radioactive decay of the debris was not modeled. The inability to simulate the corresponding reduction in heat generation rate from these processes produces the conservatively high debris temperatures.


The initial and boundary conditions for the analyses were selected to match the anticipated LOCA behavior. The assumptions important to the subject analyses are as follows:


A. Core relocation was assumed to take place over a 20 s period starting within 5 s of scram. This assumption primarily affects the decay heat level, a function of time after scram, and the temperature of the relocating core material, a function of the holdup time in core of the melt after initial melt and before relocation initiation.


B. The relocating core material was assumed to consist of 34 of 40 fuel assemblies, which were composed of 221 kg of Al and 34 kg of U metal. The Al contribution represents the fuel cladding and matrix material only. The Al in the fuel assembly end boxes and side plates was assumed to remain in the core.


C. The initial temperature of the relocating material was assumed to be 1250 K, a conservative estimate for melt held up in the core a few seconds after melting within 3 - 5 s of scram.


D. The relocating core debris was assumed not to interact with the coolant below the core during relocation. This was predicated on the assumption that the relocating material relocates as a jet to the bottom of the flow distribution tank.


E. A debris porosity of 1% was assumed. The small porosity is a conservative assumption because it provides essentially no internal cooling of the debris by coolant in the flow distribution tank.


F. EFIS was assumed to be initiated on low primary coolant system pressure with a final flow rate of 75.7 kg/s (1200 gpm). The EFIS was assumed to be initiated 10 s after relocation initiation with a 10 s ramp up to the final flow rate. The EFIS source water was assumed to be at 294 K and an atmospheric pressure of 87.6 kPa.


The most important initial condition for melt relocation was the power of the molten material. As stated earlier, the analytical method did not allow for a time-dependent debris power to be input. From the decay heat level following scram, the average power over the initial 100 s following scram was found to be 15 MW. It is believed that some fission products evolve from the fuel when the Al cladding melts, exposing the U‑Al fuel matrix. Additionally, experimental data shows that fission gasses evolve from U‑Al fuel starting at the melting temperature of Al (922 K) (Hammer, Dickerson, and Hobbins 1970). The exact power level of the material when it reaches the flow distribution tank is therefore unknown. Additionally, as the relocated material heats up in the tank, more fission products are likely to evolve. For these reasons, it was decided to determine at what power level the flow distribution tank might be expected to survive without structural failure.


A series of calculations was performed to examine the expected heat transfer characteristics of the flow distribution tank as a function of core debris power. The calculations used the SCDAP/RELAP5/MOD3 model described previously with constant debris power levels to determine how much power could be rejected from the flow distribution tank with EFIS cooling. From these calculations, it was found that a constant power level of 2.5 MW was potentially coolable. This power level was used for the calculations reported in the following section. Power levels higher than 2.5 MW produced a very rapid transition to film boiling on the outside surface of the flow distribution tank side wall resulting in rapid failure of the structure.


15.12.11.2 Analytical Results. The SCDAP/RELAP5/MOD3.1 calculation was initiated with the junction between the bottom of the upcomer and the confinement open and core melt relocation initiated. As stated in the previous section, the core melt was assumed to relocate within 20 s with a constant power level of 2.5 MW. The junction connecting the vessel and the confinement provided a path for EFIS water injected into the flow distribution tank to flow out the top of the core and into the confinement. Although it does not affect the calculation, it was noted that the vessel reached an equilibrium liquid inventory within 75 s of transient initiation with liquid below the top of the core and in the inlet plenum around the flow distribution tank.

The peak debris temperature for the 2.5 MW constant power core debris case is shown in Figure 15.12‑2. The material initially solidified when it came in contact with the cooler structure inside the flow distribution tank. Within 50 s, the debris heated up to the melting point of Al and the temperature began to increase. As more debris melted, the peak debris temperature continued to increase. Following 250 s, the peak debris temperature was in excess of the melting point of the stainless steel structures inside the distribution tank. The calculation was terminated at about 490 s when the peak debris bed temperature exceeded 4600 K, the upper bounds of the computer code for U-Al.


The calculated flow distribution tank structure temperatures are shown in Figures 15.12‑3 and ‑4. Figure 15.12‑3 provides the temperatures along the inside bottom surface of the support plate (in contact with the debris) at equally spaced nodes between the octagonal plenum vertical wall (Node 155) and the flow distribution tank outer wall (Node 160). At the end of the calculation, the support plate temperature was still well below the failure temperature for this structure. (Note that temperatures for other nodes shown in this figure are not pertinent to the discussion; they are a part of the available data.) The side wall temperatures, shown in Figure 15.12‑4, represent the outer surface of the wall (in contact with the coolant) at equally spaced nodes between the top surface of the support plate (Node 196) and at a point 0.11 m above the plate (Node 388). The final elevation of the debris was 0.09 m above the support plate (between Nodes 324 and 356). (Note that temperatures for other nodes shown in this figure are not pertinent to the discussion; they are a part of the available data.) As shown in Figure 15.12‑4, the outer surface remained at the coolant temperature until 410 s when the two nodes just below the top of the debris transitioned into film boiling. The wall was anticipated to fail between 425 and 500 s if the internal debris power remained at 2.5 MW.


The faster heatup of the side wall compared to the support plate is partially due to a SCDAP/RELAP5 model assumption that may not be applicable to the geometry of the flow distribution tank internal structure. For the purposes of heat transfer from the molten debris to the outer walls, the code assumes that the molten debris is in a single crucible shaped pool. Natural circulation in this pool, which is a function of the molten pool mass, would nominally produce higher temperatures near the top crust than near the bottom of the pool. To account for this phenomena, the code artificially increases the heat transfer coefficient at the top of the wall and decreases it at the bottom of the wall. It is anticipated that molten debris natural circulation will not take place until a large amount of the internal structure has melted.


The power removed from the flow distribution tank to the coolant is shown in Figure 15.12‑5. (Note that powers from other structures are shown but not discussed; they are part of the available edit and are not pertinent to the discussion.) Initially, the heat transfer is highest through the support plate (into the core support tank) and through the top crust (into the flow distribution tank coolant). The support plate is cooled by the EFIS injected into the core support tank, and the heat transferred through that structure dropped from an initial 0.3 MW to a steady value of 0.1 MW beyond 250 s. As the debris temperature increased, the heat transfer through the crust and through the flow distribution tank side wall continued to increase, partially as a result of the code increasing the heat transfer coefficients in these regions as described earlier. The total heat transfer to the coolant peaked at a value of 1.8 MW just prior to the upper surfaces transitioning to film boiling between 400 and 420 s.


The relocated core debris was allowed to oxidize in the flow distribution tank from the top crust downward into the debris bed. Debris oxidation became significant after 275 s, increasing exponentially with the debris heatup. By 415 s, 168.45 kg of metallic debris had oxidized, producing 18.7 kg of hydrogen. The hydrogen generation rate at 415 s was 0.64 kg/s.


The analysis indicated that with a constant debris power of 2.5 MW, the flow distribution tank may fail through the side wall within 500 s of core relocation. The analysis was unable to determine how long it would take the debris power level for the LOCA to reach this value through a combination of radioactive decay and fission product evolution. It was apparent that some amount of material may relocate from the distribution tank to the lower head. The amount that would relocate is dependent upon the coolability of the debris remaining in the flow distribution tank as the debris relocates. As the volume of debris decreases with a constant top and bottom heat transfer surface area, the remaining debris will eventually reach a surface area/volume ratio that represents a coolable geometry. To adequately assess the impact on the vessel would require further analyses. However, for those analyses to be useful for the LOCA analysis, the issue of time-dependent debris power needs to be addressed.


15.12.12 Recriticality of Debris Bed


The possibility of recriticality was considered for the debris bed. The approach is somewhat different for boil‑off accidents than for large break LOCAs. Results from melt quench experiments at Brookhaven National Laboratory (BNL) (Close 1996) show that the melt temperatures up to 1200 K and water subcooling less than 45 K (includes boil-off accidents) in water depths representative of ATR, that the relocated melt will form a molten pool that will eventually freeze, rather than form a bed of rubble into which water could flow and act as a moderator. Criticality analyses of various molten pool configurations (Rubio 1992) show there would be no recriticality problem.


Results from one BNL experiment showed that when water is subcooled to 80 K, the melt breaks into particles on the order of 1‑10 cm diameter (Close 1996). RELAP5 results indicate that such large subcooling can occur with some large break LOCAs (Bayless et al. 1992). But the large break LOCA debris bed model (Dobbe 1993) shows this not coolable. Consequently, any voids between the particles would be steam filled, and the rubble bed would form a molten pool before liquid could enter. Therefore, there is little threat of recriticality in this scenario. However, the melt for many large break LOCAs is expected to quench and form a rubble bed, but the mass of relocated fuel (38% of core) would be considerably less than that assumed in a conservative recriticality analysis (Rubio 1992), where 40% of the entire core was assumed to be homogenized with water and surrounding the remaining 60%. This configuration was subcritical. The foregoing reasons are the basis for assuming a probability of 10‑2 for recriticality in the ATR PRA.


Table 15.12-1. Plant damage state definitions.a

		Plant Damage State

		Description



		1

		Transients with failure of PCS recirculation, successful PCS depressurization, but failure of low-pressure coolant injection systems. Low-pressure boil-off occurs with eventual uncovering of the core and core-wide fuel damage.



		2

		Transients with failure of PCS recirculation and failure to depressurize the PCS. High‑pressure boil-off occurs with eventual uncovering of the core and core-wide fuel damage.



		3

		LOCAs with failure of low-pressure coolant injection systems. Uncovering of the core and core‑wide fuel damage occur.



		3M

		Direct-damage large LOCA, resulting in initial fuel damage, even with successful scram and coolant injection.



		4

		Sequences involving failure to shut-down the reactor, termed ATWS sequences. Potential fuel damage even with the core covered.



		5

		Very large reactivity insertion event potentially resulting in initial core-wide fuel damage and reactor vessel failure.



		5M

		Direct-damage large reactivity insertion events, resulting in initial fuel damage even with successful scram.



		6

		Interfacing system LOCAs with failure of low-pressure coolant injection systems.



		7

		Storage canal draining with failure to prevent complete uncovering of the fuel. The uncovering of hot or irradiated fuel stored in the canal results in fuel damage without confinement.



		

		



		a. Atkinson and Thatcher 1994





Table 15.12-2. Fission product release fractionsa for PDS 1.


		Fission Product

		Release
from Fuel

		Release to Environment
at 25.5 h

		In Confinement and
Available for Release to Environment at 25.5 h

		Fraction Finally Released to Environment



		Xe/Kr

		1.0

		0

		1.0

		1.0



		I

		1.0

		0

		0.01791

		0.01791



		Cs

		1.0

		0

		0.00499

		0.00499



		Te

		1.0

		0

		0.00477

		0.00477



		a. The fractions are based on the core fission product inventory at the time fuel melting began.





Table 15.12-3. Fission product release fractionsa for PDS 2.


		Fission Product

		Release from Fuel

		Release to Environment
at 35 h

		In Confinement and
Available for Release to Environment at 35 h

		Fraction Finally Released to Environment



		Xe/Kr

		1.0

		3.982E-5

		0.99996

		1.0



		I

		1.0

		1.978E-5

		0.03885

		0.03887



		Cs

		1.0

		1.260E-5

		0.04969

		0.04971



		Te

		1.0

		9.366E-6

		0.06680

		0.06681



		a. The fractions are based on the core fission product inventory at the time fuel melting began.





Table 15.12-4. Fission product release fractionsa for PDS 3.

		Fission Product

		Release
from Fuel

		Release to Environment
at 10 h

		In Confinement and Available for Release to Environment at 10 h

		Fraction Finally Released to Environment



		Xe/Kr

		1.0

		0

		1.0

		1.0



		I

		1.0

		0

		0.1221

		0.1221



		Cs

		1.0

		0

		0.0274

		0.02741



		Te

		1.0

		0

		0.0697

		0.0697



		a. The fractions are based on the core fission product inventory at the time fuel melting began.





Table 15.12-5. Fission product release fractionsa for PDS 3M.


		Fission Product

		Release from Fuel

		Release to Environment
at 30 h

		In Confinement and Available for Release to Environment at 30 h

		Fraction Finally Released to Environment



		Xe/Kr

		0.2331

		0.0176

		0.2155

		0.2331



		I

		0.2254

		0.0018

		0.0221

		0.0239



		Cs

		0.2154

		3.830E-6

		9.513E-8

		3.925E-6



		Te

		0.2254

		1.279E-6

		2.449E-8

		1.304E-6



		a. The fractions are based on the core fission product inventory at the time fuel melting began.





Table 15.12-6. Fission product release fractionsa for PDS 7.


		Fission Product

		Release from Fuel

		Release to Environment
at 4 h

		In Confinement and Available for Release to Environment at 4 h

		Fraction Finally Released to Environment



		Xe/Kr

		1.0

		1.0

		0.0

		1.0



		I

		1.0

		1.0

		0.0

		1.0



		Cs

		1.0

		1.0

		0.0

		1.0



		Te

		1.0

		1.0

		0.0

		1.0



		a. The fractions are based on the core fission product inventory at the time fuel melting began.





Table 15.12-7. Source terms used in the large break LOCA radiological analysis.


		Element

		SCRAM Inventory
(curies)

		Release Fraction

		Available Source Term
(curies)



		Kr

		4.592E+07

		1.000

		4.592E+07



		Xe

		6.228E+07

		1.000

		6.228E+07



		H

		2.120E+02

		1.000

		2.120E+02



		C

		5.401E-05

		1.000

		5.401E-05



		Ge

		9.221E+05

		1.000

		9.221E+05



		Rn

		4.577E-07

		1.000

		4.577E-07



		Cs

		5.757E+07

		0.000

		0.000E+00



		Rb

		6.196E+07

		0.500

		3.098E+07



		Fr

		1.272E-10

		0.500

		6.360E-11



		Te

		5.564E+07

		0.000

		0.000E+00



		Ga

		1.733E+05

		0.300

		5.198E+04



		As

		3.099E+06

		0.300

		9.298E+05



		Se

		1.141E+07

		0.300

		3.422E+06



		Sb

		2.238E+07

		0.300

		6.713E+06



		Bi

		4.581E-07

		0.300

		1.374E-07



		Po

		4.589E-07

		0.300

		1.377E-07



		At

		1.210E-10

		0.300

		3.630E-11



		I

		8.029E+07

		0.053

		4.256E+06



		Br

		2.610E+07

		0.250

		6.525E+06



		Sr

		7.079E+07

		0.060

		4.248E+06



		Ba

		7.404E+07

		0.060

		4.442E+06



		Ra

		4.580E-07

		0.060

		2.748E-08



		Ru

		7.040E+06

		0.020

		1.408E+05



		Co

		2.183E+00

		0.020

		4.366E-02



		Ni

		1.673E+02

		0.020

		3.345E+00



		Cu

		2.325E+03

		0.020

		4.651E+01



		Zn

		3.237E+04

		0.020

		6.474E+02



		Mo

		4.478E+07

		0.020

		8.955E+05



		Tc

		4.439E+07

		0.020

		8.878E+05



		Rh

		7.783E+06

		0.020

		1.557E+05



		Pd

		4.428E+05

		0.020

		8.856E+03



		Ag

		5.813E+05

		0.020

		1.163E+04



		Cd

		3.207E+05

		0.020

		6.414E+03



		In

		1.004E+06

		0.020

		2.007E+04



		Sn

		7.872E+06

		0.020

		1.574E+05



		Tl

		1.646E-07

		0.020

		3.293E-09



		Pb

		4.581E-07

		0.020

		9.161E-09



		La

		7.420E+07

		0.004

		2.968E+05



		Y

		8.765E+07

		0.004

		3.506E+05



		Zr

		6.432E+07

		0.004

		2.573E+05



		Nb

		8.772E+07

		0.004

		3.509E+05



		Ce

		4.574E+07

		0.004

		1.830E+05



		Pr

		3.850E+07

		0.004

		1.540E+05



		Nd

		8.517E+06

		0.004

		3.407E+04



		Pm

		6.761E+06

		0.004

		2.704E+04



		Sm

		1.642E+06

		0.004

		6.569E+03



		Eu

		2.172E+05

		0.004

		8.689E+02



		Gd

		4.618E+03

		0.004

		1.847E+01



		Ac

		5.690E-08

		0.004

		2.276E-10



		Th

		5.443E-02

		0.004

		2.177E-04



		Pa

		3.516E-02

		0.004

		1.406E-04



		U

		4.720E+06

		0.004

		1.888E+04



		Np

		3.784E+06

		0.004

		1.514E+04



		Pu

		1.322E+04

		0.004

		5.287E+01



		Am

		1.164E-01

		0.004

		4.657E-04



		Cm

		7.203E-05

		0.004

		2.881E-07



		Cf

		1.481E-10

		0.004

		5.922E-13



		Total

		1.111E+09

		

		1.747E+08





Table 15.12-8. INL facility data.


		

		



		Facility

		Radius from ATR
(m)

		Resident Time
(s)



		ATR Complex

		485a

		1200



		INTEC (Idaho Nuclear Technology and Engineering Center)

		2 900

		3300



		CFA (Central Facilities Area)

		6 600

		1800



		NRF (Naval Reactors Facility)

		7 890

		3900



		PBF (Power Burst Facility)

		7 890

		1560



		EBR-I (Experimental Breeder Reactor I)

		8 370

		2340



		RWMC (Radioactive Waste Management Complex)

		11 700

		2340



		EBR-II (Experimental Breeder Reactor II)

		24 800

		2100



		TAN (Test Area North)

		35 700

		2700



		a. Represents the distance from the ATR to the nearest ATR Complex evacuation staging area.





Table 15.12-9. Breathing rates used in the large break LOCA radiological analysis.


		Time After Accident Initiation

		Breathing Rate



		0 - 8 h

		3.48E-4 m3/s



		8 - 24 h

		1.75E-4 m3/s



		24 - 720 h

		2.32E-4 m3/s





Table 15.12-10. Potential doses (rem) for a large break LOCA in the ATR.


		

		Thyroid Dose/TEDE 



		For a Receptor

		

		



		Exposed to plume passage at the outer edge of the LPZ

		

		185/13.2



		Highest dose calculated at the exclusion boundary for 2 h following the onset of release

		

		82.7/7.5



		Evacuating from TAN

		

		0/0



		Evacuating from EBR-II

		

		0/0



		Evacuating from RWMC

		

		0/0



		Evacuating from EBR-I

		

		0/0



		Evacuating from PBF

		

		0/0



		Evacuating from NRF

		

		9.6/0.9



		Evacuating from CFA

		

		14.4/1.6



		Evacuating from INTEC

		

		131/13.4



		Evacuating from ATR Complex

		

		75.7/5.28
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Figure 15.12-1. SCDAP/RELAP5 nodalization of the ATR reactor vessel. (For Information Only)
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Figure 15.12-2. Maximum debris bed temperature for a 2.5 MW constant power debris bed following an inlet LOCA. (For Information Only)
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Figure 15.12-3. Flow distribution tank support plate inside surface temperatures for a 2.5 MW constant power debris bed following an inlet LOCA. (Node 155 - octagonal plenum vertical wall; Node 160 - flow distribution tank outer wall) (For Information Only)
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Figure 15.12-4. Flow distribution tank side wall outside surface temperatures for a 2.5 MW constant power debris bed following an inlet LOCA. (Node 196 - top surface of support plate; Node 388 - 0.11 m above support plate) (For Information Only)
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Figure 15.12-5. Heat transfer from the flow distribution tank to the coolant for a 2.5 MW constant power debris bed following an inlet LOCA. (For Information Only)
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Reactivity insertion can also occur as a result of failure or misoperation of the reactor reactivity 
control system. These events include servo failure, outer shim control cylinder or neck shim drive 
failures, operator error, etc. 


The loop scrams are a part of the loop control system intended to limit conditions with the purpose 
of assuring the investment in data and equipment is protected (Durney 1994b). The effect of the control 
system was considered in establishing the frequency of occurrence for events leading to a decrease in 
coolant density in the IPT (a positive reactivity insertion occurs for this change). As is noted below, the 
events are considered both with and without the loop-initiated scrams. Neither sequence results in a power 
transient that is damaging to the fuel elements. These loop scrams are not required to prevent damage to 
the fuel elements. 


A number of faults which result in a positive reactivity insertion are postulated. A discussion of 
these events is included in this section. The identified faults are as follows: 


A. IPT decompression with subsequent voiding due to failure of the 1/2-in. piping 


B. Rapid regulating rod withdrawal 


C. Withdrawal of all outer shims from 10-10 N


D. Withdrawal of all outer shims and neck shims from 10


F 
-5 N


E. Withdrawal of all outer shims and one neck shim from N


F 


L (one percent of NF


F. Cold water injection 


) 


G. IPT voiding due to rupture disc or relief valve failure or to opening of an accessible valve 


H. Slow power increase or lobe power balance shift due to shim or operator failure 


I. Loop flow coastdown or loop loss of temperature control with a loop instrumentation initiated 
reactor trip 


J. PALM drive system failures 


1. Simultaneous movement of two cycling tests 


2. Uncontrolled movement of a positioner test 


3. Simultaneous movement of Three PALM Tests 


K. Withdrawal of all outer shims and neck shims from 10-10 N


L. IPT voiding due to opening of a normally inaccessible valve 


F 


M. Pressure tube flow bypass due to a MUCH test train failure with loop scram 


N. Loss of loop temperature control due to heat exchanger failure or line heaters sticking on without 
loop scram 


O. Slow lobe power balance shift due to shim, lobe power indicating system or operator failure with 
operator compensation 
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P. 0.50$ step insertion which envelopes a number of events such as: 


1. Limited perched fuel element (Condition 2) 


2. Loop experiment hardware failure (Condition 3) 


3. Loss of reflector coolant (Condition 3) 


4. Reflector movement toward core (Condition 3) 


5. Perched fuel drop of two fuel elements from within measurement accuracy (Condition 3) 


6. Cold water addition from opening of primary pump discharge valve (Condition 3) 


7. Gas release into the core (Condition 3) 


8. Perched fuel element (greater than the measurement uncertainty) (Condition 4) 


9. Movement of two reflector blocks (Condition 4).  


 


      


T. Withdrawal of all outer shims and neck shims from 10-5 NF


U. Rapid regulating rod withdrawal with failure of the WRS 


 with failure of the WRS 


V. Withdrawal of all outer shims and neck shims from 10-5 NF coupled with rapid 
regulating-rod-withdrawal at 10-3 N


W. Driven test loop blowdown with experiment hardware failure 


F 


X. Voiding in all IPTs due to a simultaneous flow coastdown in all loops 


Y. Loss of loop temperature control in the AHTL due to heat exchanger failure or line heaters stuck on 
without a loop scram 


Z. Loop flow coastdown without a loop scram 
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Based on analysis in the DBR (SAR-39), events A-J are considered to be Condition 2 occurrences, 
events K-O Condition 3, and events Q-BB Condition 4. Faults in this section were previously evaluated in 
the DBR. Based on the existing analysis, event A (IPT decompression and voiding due to failure of 1/2-
in. piping) which is the limiting Condition 2 transient event for power operation was selected for 
reanalysis. Event D, uncontrolled withdrawal of all outer shims and neck shims from 10-5 NF, which is a 
limiting Condition 2 startup event for the reactor was selected for detailed discussion. The limiting step 
event (event P) selected for reanalysis is a 0.50$ step which envelops several events which are near steps 
that are difficult to characterize with time responses. The results for this event would meet the damage 
criteria established for Condition 2 faults. The analysis is used to envelop the Condition 2, 3, and 4 faults 
shown in event P above. One Condition 4 event was identified for reanalysis: event R, greater than 1/2-in. 
diameter pipe rupture in pressurized water loop out-of-pile piping, which represents the bounding 
reactivity insertion event for experiments. 


15.4.1 Flux Traps 


The ATR has a cloverleaf arrangement of aluminum clad, plate type fuel elements which result in 
flux traps for experiment irradiations. The ATR also has a combination of rotating shim drums outside the 
fueled area with small diameter shim rods inside the fueled area which allow operation with different 
power (flux) levels in different segments of the core. Figure 15.4-1 shows the configuration with 
pressurized water loop facilities located in five of the flux traps and capsule irradiation facilities in the 
remaining four flux traps. This is the configuration of the reactor following the 1994 Core Internals 
Changeout and is the reference configuration for the UFSAR. Safety rods are contained in selected flux 
traps. The safety rods are the only reactivity control modeled for reactor shutdown. The core may be 
described as consisting of 5 lobes (four corner lobes of the cloverleaf and the center area). The coolant 
through the core is divided into quadrants with the corner lobes in separate quadrants and the center lobe 
divided equally into each of the quadrants. 


The ATR has a strong negative temperature reactivity coefficient in the fuel elements. The flux 
traps have a positive temperature reactivity coefficient. Evaluations for events which consider reactivity 
changes from the reactor core as a mitigating effect consider the influence of the flux traps as well as the 
fuel elements. 
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15.4.1.1 Modeling Assumptions. The flux traps provide irradiation space for experiments 
which are cooled by the reactor primary coolant or for experiments which have their own coolant in 
self-contained loops. The materials and their configuration in the flux trap influence the power 
distribution in the fuel elements adjacent to the flux trap. The contents of the flux trap also influence the 
reactivity worth associated with density changes of the coolant. 


The analysis of reactivity and power distribution anomaly events was completed by the use of 
RELAP5, ATR-SINDA, and SINDA-SAMPLE. The power transients resulting from the reactivity 
insertions must be generated from the RELAP5 reactor model and input to ATR-SINDA. The power 
transient is sensitive to the strong feedback from the core region. This feedback is sensitive to the power 
distribution within the core (SAR-39; Terry 1994). The previous analysis (SAR-39) demonstrated that the 
most conservative approach for obtaining the power transient for the ATR-SINDA calculation is to 
assume the event occurs with a balanced power division; this approach was verified by Terry (1994). 


The feedback from the fuel is developed from physics calculations using the PDQ computer 
program. Further conservatisms are obtained by assuming outer shims are fully withdrawn to minimize 
the feedback. Since the kinetics model in RELAP5 assumes the core is a point, an adjustment for the 
effects of power shifts during the transient is included by considering the local effect of voiding in the 
flux trap. 


The balanced power division necessarily consists of lobe powers that do not exceed 50 MW each. 
However, the analysis is completed for higher lobe powers as needed by initializing the ATR-SINDA 
model to correspond to the desired power level. The power transient information from RELAP5 is 
normalized to the initial condition chosen for ATR-SINDA. The approach allows a very conservative 
power transient to be developed for the reactivity insertion sequences. 


The power transient will cause some heating within the remainder of the core which will result in 
density changes. These changes within the flux traps are relatively small but positive reactivity effects. In 
order to consider the effect of this cascading, an additional reactivity input is included in RELAP5. This 
effect is only significant for relatively severe transients. The cascade reactivity developed for the previous 
analysis of a 0.75$ step (SAR-39) is used as the basis for considering cascading in the analysis of the loop 
blowdowns. The assumed cascading becomes an envelope considered routinely in the operation. 


The pressurized water loop facilities with an IPT in the flux traps can initiate a reactivity insertion 
as a result of various failures such as pipe rupture (loss of pressure control), loss of flow, loss of 
temperature control, or test failure. The reactivity insertion rate from thermal-hydraulic upsets in the IPT 
was calculated with the RELAP5 models of the loop facilities with an assumed total reactivity insertion 
for complete voiding of the IPT (0.80$ for standard and AHTL IPT and 1.0$ for LIPT). The loop facility 
initial conditions were selected to maximize the rate of reactivity insertion. The actual total reactivity and 
rate insertion associated with a failure are dependent on the operating conditions and physical 
configuration. Variables that can influence the magnitude of the reactivity perturbation are: 


• Operating parameters (pressure, temperature, and flow rate) 


• Water fraction inside the flow shroud 


• Relative lobe power level (fraction of core power generated by the lobe) 


• Power generation in the test and structural materials 
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• Test materials and their configuration 


• Flow direction through the test train 


• Volume of the inpile tube (large or standard) 


• Heat transfer area 


• Break location and size 


• Direct moderator heating 


• Reactivity weighting within the flux trap 


• Heat transfer mode. 


The UFSAR analysis used four basic configurations for the high pressure water loops. The 
configurations were selected based on previous experience and the current test program (SAR-39) and 
provide a basis for operation of the standard, AHTL, and LIPT loops. The pressurized water loop 
facilities are described in Chapter 10 (Experiment and Irradiation Facilities). 


Those configurations are: 


A. Standard loop facility with an IPT flow tube and a standard test train including fission power 
(i.e., experiment fuel) in the test train 


B. Standard loop facility with a MUCH test train with no fission power in the test train 


C. AHTL facility with a MUCH test train and no fission power in the test train 


D. LIPT loop facility with a LIPT test train with fission power. 


While the loop facilities maintain a fixed geometry where they interface with the core components 
(i.e., reflector or safety rod assembly), there is flexibility for variations within the irradiation facility 
(e.g., IPT). There are many variables with a wide range of possible values and numerable combinations of 
the values. No predetermined operating envelope covering all possible operating conditions could be 
provided. Therefore the analysis used initial conditions shown in Table 15.4.1 that resulted in severe but 
acceptable (i.e., results meet the ATR Plant Protective Criteria) reactivity transients. In some cases, 
existing sensitivity analyses have been used to provide a range of parameters in Table 15.4-1. Where no 
existing sensitivity data are available, the single value used in the analysis is listed. The loop facility 
experiment safety analysis and CSAP for each operating cycle demonstrate that the cycle specific loading 
and operating conditions also result in reactivity insertion events with consequences that meet the ATR 
Plant Protective Criteria. The cycle-specific analyses can use direct comparison with the initial conditions 
described in this Section, analyses of specific operating conditions or parameter sensitivity analyses using 
the methodology described in this Section, or other approved methodology. Acceptability can be shown 
by comparison of the reactivity transient or reactor power transient with those described in 
Sections 15.4.4, 15.4.5, and 15.4.6 or comparison of resulting statistical margins with the appropriate 
ATR Plant Protection Criteria. Additional information on the experiment safety analysis process is 
provided in Chapter 10 (Experiment and Irradiation Facilities). 
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15.4.2 Withdrawal of All Outer Shims and Neck Shims From 10-5 N


15.4.2.1 Identification of Causes and Accident Description. This event is not a limiting 
event in the Condition 2 category, but a discussion is included since it is the limiting startup reactivity 
insertion event and demonstrates the adequacy of the WRS. 


F 


The deterrents to continuous withdrawal of all outer shims and all 22 neck shims above 10-5 NF


The necessary protection for this event is provided by the WRS with diverse protection provided by 
the neutron level subsystem.   


 are 
normal withdrawal procedures and interlocks that allow selection of only a single neck shim. The 
evaluation conservatively assumes all outer shims and 22 neck shims are withdrawn simultaneously. The 
determination of the reactivity insertion rate assumes an extreme 80/20 lobe power split and all control 
elements moving at the point of maximum differential reactivity insertion to maximize the reactivity 
insertion rate. The rate of reactivity insertion as derived in Chapter 4 (Reactor) is 0.079$/sec (0.053$/sec 
from the outer shim cylinders and 0.026$/sec from the 22 neck shim rods). 
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15.4.2.3 Conclusions. The WRS limits the consequences of the shim withdrawal event 
consistent with the Condition 2 criteria. The response requirements for the WRS are shown in 
Table 15.4-2. 


15.4.3 Slow Power Increase or Lobe Power Balance Shift Due to Shim or Operator 
Failure 


15.4.3.1 Identification of Causes and Accident Description. The power distribution in 
the reactor core (i.e., lobe-to-lobe power level) is controlled by the positioning of outer shim control 
cylinders and the neck shim rods. If an operator or the control system were to rotate the control cylinders 
out adjacent to the high power lobe, the regulating rod would maintain the total reactor power level 
constant while the power would increase in the high power lobe. The regulating rod would maintain the 
total reactor power until the regulating rod reached the inner limit of travel. Then the total reactor power 
would increase. 


The neutron level and the WRS subsystem channels share thimbles and cable routings. This 
evaluation conservatively assumes that the channel of the neutron level and WRS subsystems in the high 
power lobe does not respond to the power increase due to some common fault or that the high-power lobe 
is not adjacent the PPS chambers. 


15.4.3.2 Analysis of Effects and Consequences 


15.4.3.2.1 Method of Analysis—The response of the reactor was evaluated for a 
range of lobe powers between 40 and 75 MW. It was assumed that the regulating rod would maintain the 
total reactor power constant and that no reactivity feedback would occur due to the changing power in the 
high power lobe. Two pairs of shim drums in one quadrant were rotated at 20 degrees/min with an effect 
on the lobe power of 10 MW/$. After the insertion of 0.57$, the maximum worth of a regulating rod, the 
total reactor power was allowed to increase (Atkinson 1976c). 


15.4.3.2.2 Results—Evaluation of this event indicates that the maximum lobe power 
will be 1.34 NF


15.4.3.2.3 Conclusions—The neutron level and WRS subsystems will prevent the 
lobe power from exceeding 1.34 N


 (80.4 MW lobe power when the initial lobe power is 60 MW) when the reactor is tripped 
by either the neutron level or the WRS subsystem channels not adjacent the high-power lobe 
(Atkinson 1976b). Analysis of steady-state operation shows the protective margins at 88.5 MW lobe 
power are 3.04σ for CHF and 4.05σ for FI when two pumps are operating. With three-pump operation at 
96.0 MW lobe power, the margins are 3.25σ for CHF and 4.44σ for FI (Polkinghorne 1994a). 


F during a power imbalance with concurrent failure of the channel in 
the lobe with the power imbalance. The quadrant differential temperature subsystem with a setpoint of 
1.24 times the normal quadrant ∆T will limit the overpower to 1.45 NF. The neutron level, the WRS, and 
the quadrant differential temperature subsystems limit the consequences of the slow power increase and 
lobe power balance shift events consistent with Condition 2 criteria. 
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15.4.4 Inpile Tube Decompression with Subsequent Voiding Due to Failure of the 
1/2-Inch Piping 


15.4.4.1 Identification of Causes and Accident Description. The decompression and 
subsequent voiding of an IPT as a Condition 2 event can occur as a result of the following: 


A. Mechanical failure of any ½-in. or smaller piping  


B. Inadvertent opening of: 


1. any valve isolated line 


2. any pressure relief device. 


This can occur as a result of operator error or mechanical failure of components. Piping failures 
considered are 1/2-in. or less for this probability classification. The evaluation envelops low pressures 
resulting from control system failures as well. The analysis can be shown to envelop other failures in 
large diameter pipes that are isolated from the IPT by substantial piping lengths. Such evaluations may be 
completed on a case basis to support other activities (e.g., the application of the Inservice Inspection (ISI) 
plan to the loops). 


The limiting failure is a shear of a 1/2-in. pipe in the drain manifold attached to the loop piping at 
the heater legs. This event results in IPT voiding and a positive reactivity insertion. A scram occurs on 
high power and is initiated by the neutron level subsystem. The dominant shutdown mechanism is 
feedback from the fuel elements. The safety rod insertion provides some mitigation of the event and 
ensures the reactor remains subcritical. Diverse protection is provided by the WRS. 


15.4.4.2 Analysis of Effects and Consequences 


15.4.4.2.1 Method of Analysis—The RELAP5/MOD3 code was used to calculate the 
reactivity transient from loop voiding for this analysis (Nielsen 1994). The four configurations evaluated 
and the applicable operating conditions are described in Section 15.4.1.1. The pipe break was assumed to 
occur instantaneously resulting in a double-ended-offset shear (DEOS).  


The reactivity history from Nielsen was input to the detailed ATR RELAP5 model (Terry 1994) as 
described in Section 15.4.1.1 to obtain initial conditions and power history for input to ATR-SINDA. A 
scram with a response time of 0.025 s was assumed to occur at 1.2 NF


15.4.5


. An additional positive reactivity 
insertion was added as a ramp beginning at zero time and inserting 0.05$ in 0.13 s (it is constant 
after 0.13 s) to conservatively represent cascading from other loops. The cascade feedback for this event 
was estimated using results from other analyses. The cascade reactivity as a function of time for the more 
severe transient from a 0.75$ step is reported in the DBR (SAR-39). This curve was used to determine the 
cascade feedback reactivity insertion for the ½-in. pipe break transient. To obtain a reasonable estimate of 
the cascade feedback reactivity, the time of the peak power was obtained from the 0.5$ step in 
Section . The cascade reactivity insertion at the time of the peak power for the 0.5$ step was used 
as an approximation for the cascade reactivity insertion for the ½-in. pipe break transient. The amount of 
cascading reactivity inserted at that time was picked from the DBR curve. The resulting value was 
about 0.025$ and was conservatively addressed by adding 0.05$ as a ramp over 0.13 s. 


The approach to the CHF was evaluated using ATR-SINDA and SINDA-SAMPLE. 
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15.4.4.2.2 Results—The loop blowdown analyses showed that the bounding reactivity 
insertion occurred for the standard loop with the MUCH configuration. The insertion rate was initially 
about 6$/second and reached 0.61$ total insertion at 0.2 seconds for an average rate of about 3$/second. 
The insertion history is listed in Table 15.4-3. 


The RELAP5 results for reactor power show a maximum of 428 MW at 0.12 seconds for the 
two-pump case and 365 MW at 0.13 seconds for the three-pump case. These responses are shown in 
Figures 15.4-3 and 15.4-4 respectively. 


The ATR-SINDA and SINDA-SAMPLE calculations (Polkinghorne 1994a) show that the event 
meets the acceptance criteria for a Condition 2 event (margins to CHF and FI exceed 3σ) as well as the 
criteria for a Condition 3 event (2σ to buckling). Results of the calculations are as follows:  


Parameter 2-pump 3-pump 
Peak fuel plate centerline temperature 
(Figures 15.4-5 and -6) 


635°F 660°F 


CHF margin (Figures 15.4-7 and -8) 3.40σ 3.3σ 
Flow instability margin (Figures 15.4-7 and -8) 4.3σ 4.3σ 
Fuel plate buckling margin (Figures 15.4-7 and -8) 3.3σ 2.7σ 


 
15.4.4.2.3 Conclusion—The protective criteria margins will be preserved with 


maximum effective Plate 15 powers of 443 MW and 417 MW for the three-pump operation and the 
two-pump operation, respectively. A neutron level subsystem, which initiates reactor trip at 1.2 NF


15.4.5 0.50$ Step Insertion 


 with a 
response time of 0.025 seconds is also required by the analytical assumptions. However, as is evident 
from the time scale involved, the dominant effect in terminating the event is inherent feedback. The scram 
does contribute to the termination of the event and ensures the reactor remains subcritical. 


15.4.5.1 Identification of Causes and Accident Description. The 0.50$ step is a 
hypothetical fault which is used as a bounding event for the following several near step events:  


A. Limited perched fuel element (Condition 2) 


B. Loop experiment hardware failure (Condition 3)  


C. Loss of reflector coolant (Condition 3) 


D. Reflector movement toward core (Condition 3) 


E. Perched fuel drop of two fuel elements from within measurement accuracy (Condition 3) 


F. Cold water addition from opening of primary pump discharge valve (Condition 3) 


G. Gas release into the core (Condition 3) 


H. Perched fuel element (greater than the measurement uncertainty) (Condition 4) 


I. Movement of two reflector blocks (Condition 4). 
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The fuel elements are positioned and seated using a fuel handling tool. The elevations are measured 
and recorded, and the measurements are repeated with quality verification. The Condition 2 fault assumes 
a fuel element could be perched (i.e., not fully seated) not more than one in. after primary coolant flow is 
established and reactor criticality is attained. Advanced Test Reactor Critical Facility (ATRC) 
measurements indicate a maximum insertion of 0.062$ for this fault (SAR-39). 


Failure of the loop test hardware during reactor operation is considered at the Condition 3 
frequency of occurrence (Durney 1989). The reactivity insertion from hardware failure is administratively 
limited via the CSAP to 0.10$ for consistency with the assumption in the loop blowdown analysis in 
Section 15.4.6. 


Loss of cooling to the two reflector blocks surrounding the high power lobe, gas leakage, or void 
progression through the reflector coolant holes are Condition 3 events that would result in a maximum 
calculated reactivity insertion of 0.38$ (SAR-39). 


Two beryllium blocks surround each of the four corner lobes. Specific failures of the beryllium or 
its supports could allow the block to reposition toward the fuel elements. The Condition 3 failure of one 
block adjacent to a high power lobe (relative) can cause a reactivity insertion not greater than 0.25$ 
(Durney 1972). 


The fuel elements are seated by an operator with the fuel handling tool. The elevation of each fuel 
element is then independently measured and recorded. However, seating of two fuel elements perched as 
much as 1-in. is assumed to be a Condition 3 event. Conservative measurements indicate a maximum 
insertion worth of 0.062$ for a 1-in. insertion of the highest worth element, or 0.124$ for two elements 
(SAR-39). 


Cold water addition by opening a PCP discharge valve can result in a positive reactivity addition at 
the Condition 3 frequency of occurrence. The maximum change and rate of change in water temperature 
is limited by the physical arrangement of the PCS. The PCS consists of one coolant loop with five heat 
exchangers and four PCPs. Two or three of the PCPs are normally in operation with the remaining PCP in 
standby. Only the PCPs have isolation valves so the only location in the PCS where a volume of cold 
water can accumulate is at the standby PCP. Because of the arrangement of the PCS, the accumulation of 
cold water for rapid insertion into the core corresponds to less than a 0.10$ reactivity insertion (SAR-39). 


Gas release into the core which can result as a consequence of a failure in the envelope tube and is 
a Condition 3 fault. The gas can potentially enter the fuel annulus and degrade heat transfer (also cause a 
negative reactivity insertion) or flow through the core external to the fuel annulus where voiding is 
positive. The significant reactivity effect is voiding of the flux trap around the IPT (the effects on the fuel 
element are described in Section 15.10). The failure of the envelope tube is assumed to be a Condition 3 
event since the jacket is not inspected for flaws (ultrasonic exams are not performed during service). The 
Condition 3 failure of the envelope tube is assumed to be progressive rather than abrupt. Therefore, the 
enveloping gas flow is assumed to be the delivery rate to the envelope tube. Surveillance of the gas flow 
and the tank activities would be expected to detect the failure before it progresses to this maximum flow 
rate. The gas delivery system is regulated and has a pressure relief system; consequently, a failure of the 
envelope tube with higher than normal gas pressure is not considered credible (Atkinson 1994). The 
maximum gas flow occurs for the AHTL and the LIPT; however, the limiting effect is in the AHTL 
where the void coefficient is positive in the annulus outside the envelope tube. 
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The Condition 4 perched fuel element drop is assumed to be a drop from a height greater than the 
measurement accuracy. The limiting element perch hypothesized is 9 in. based on an evaluation that 
indicates the element could potentially be perched by 7.25 in. (Durney 1994a). To be of concern, the 
insertion of the fuel element would have to occur after the reactor is critical. The perched element would 
have to be missed in the tank closure activities and not be forced into the core by the differential pressure 
associated with full flow. Analyses indicate the total insertion for an element falling 9 in. is not more than 
0.5$ (Durney 1994a). 


Movement of a single reflector block results in a maximum of 0.25$ (Durney 1972). Simultaneous 
movement of two blocks could result in a reactivity insertion of 0.50$. 


The necessary protection for this event is provided by the neutron level PPS subsystem. Diverse 
protection is provided by the WRS. 


15.4.5.2 Analysis of Effects and Consequences 


15.4.5.2.1 Method of Analysis—The step reactivity insertion was input to the detailed 
ATR RELAP5 model (Terry 1994) as described in Section 15.4.1.1 to obtain initial conditions and power 
history for input to ATR-SINDA. The reactivity insertion of 0.50$ was inserted at time zero as an 
instantaneous step. Cascading at 0.04 s is only 0.03$ for the 0.75$ step which reached 756 MW. Since 
power is substantially less for the 0.5$ step, the feedback will be less than 0.03$. Cascading for this event 
is considered not significant; therefore, no cascade feedback from the flux traps was assumed. A reactor 
trip occurred from the neutron level subsystem at 1.2 NF


The approach to CHF was evaluated using the ATR SINDA and SINDA-SAMPLE 
(Polkinghorne 1994a). 


 with a response time of 0.025 seconds. 


15.4.5.2.2 Results—The RELAP5 results show a peak reactor power of 435 MW 
occurs at 0.04 seconds for the two pumps and 369 MW at 0.04 seconds for three pumps. The transient 
power response is illustrated in Figures 15.4-9 and -10 for the two-pump and three-pump cases, 
respectively. 


The ATR-SINDA and SINDA-SAMPLE calculations show that the event meets the acceptance 
criteria for a Condition 2 event (margins to CHF and FI exceed 3σ) as well as the criteria for a 
Condition 3 event (2σ to buckling). Results of the calculations are as follows: 


Parameter 2-pump 3-pump 
Peak fuel plate centerline temperature 
(Figures 15.4-11 and -12) 


613°F 637°F 


CHF margin (Figures 15.4-13 and -14) 3.76σ 3.76σ 
Flow Instability Margin (Figures 15.4-13 and -14) 4.95σ 5.02σ 
Fuel Plate Buckling Margin (Figures 15.4-13 and -14) 3.95σ 3.34σ 
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15.4.5.2.3 Conclusion—The protective criteria margins are maintained for both two 
pump and three pump operation during this event. A neutron level PPS subsystem which initiates reactor 
trip at 1.2 NF


 


 with a response time of 0.025 seconds is required by the analytical assumptions. 
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15.4.7 Bounded Events - Reactivity and Power Distribution Anomalies 


15.4.7.1 Rapid Regulating Rod Withdrawal. A component failure can cause the regulating 
rod to drive out. This event can occur at power levels between NL and NF


15.4.4


. The reactivity insertion for this 
event is 1.05$/sec with a maximum insertion of 0.57$ as derived in Chapter 4 (Reactor). This insertion is 
not as severe as the 1/2-in. break evaluated in Section  which results in a ramp with a maximum rate 
of nearly 6$/sec and a maximum insertion of 0.61$. The consequences of regulating rod event are 
bounded by the limiting small pipe break event discussed in Section 15.4.4. 


15.4.7.2 Withdrawal of all Outer Shims from 10-10 NF


15.4.2


. Failure of a timer interlock can 
occur due to a single failure in the Log N system. As described in 15.4.2, the maximum insertion rate 
is 5.3¢/second. The ramp rate is less than the rate of 30¢/sec evaluated in Section , and the 
consequences are bounded. 


15.4.7.3 Withdrawal of all Outer Shims and One Neck Shim from NL


15.4.2


. This fault can 
occur as a result of operator error. The maximum addition rate for withdrawal of a single neck shim 
is 0.2¢/sec [Chapter 4 (Reactor)]. Combination with the outer shim rate results in an insertion rate 
of 5.5¢/sec, which is less than the 30¢/sec ramp discussed in Section . 


15.4.7.4 Cold Water Injection. This event is discussed in Section 15.1. 


15.4.7.5 Inpile Tube Voiding Due to a Rupture Disk or Relief Valve Failure or an 
Open and Accessible Valve. Faults which result in high loop pressure, such as excess makeup, high 
temperature, or pressurizer heaters stuck on, will result in rupture disc and/or relief valve opening. Debris 
can result in failure to reseat. Drain valve opening can result due to operator error. Drain valves are 
located on one-half in. piping. 
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The size of the opening in the relief valve is less than the inside diameter of the one-half in. pipe 
(Pace 1987). Therefore, the relief valve opening is enveloped by the analysis for the limiting small pipe 
break in Section 15.4.4 (note that the relief valve is listed in Section 15.4.4). Opening a drain valve 
requires a finite amount of time to complete. Since the valve is located on one-half in. piping, the 
assumed instantaneous failure of an inlet pipe discussed in Section 15.4.4 will also bound this event. 


15.4.7.6 Loop Flow Coastdown or Loop Loss of Temperature Control With a Loop 
Instrumentation Initiated Reactor Trip. This fault is initiated by a loss of commercial power (or 
other events affecting the loop pumps) or failure of the temperature control due to controller failure or 
operator error. 


Analyses for a flow coastdown in an ATR inpile loop, or a loss of the heat exchangers in the loop, 
determined that with loop low flow or high inlet temperature trips, the reactivity addition due to these 
accidents is within the control ability of the ATR regulating rod (Atkinson 1976a; Durney 1980a, 1980b, 
1980c, 1980d, 1980e, 1980f; McCracken 1994, Polkinghorne 2006, Stites 2008). Therefore, no power 
increase would occur in the ATR for either of these accidents before the reactor would be tripped by the 
loop instrumentation. 


15.4.7.7 Powered Axial Locating Mechanism Drive System Failures 


15.4.7.7.1 Simultaneous Movement of Two Cycling Tests—Simultaneous 
movement of two PALM tests can occur from several sources, e.g., a high-temperature updrive that 
occurs in one PALM while the other is cycling normally, or a control system failure. As shown in 
Durney (1982), the limitation on the reactivity effect of the PALM test movement (the reg rod must 
control for normal cycling) results in the test worth of a single PALM being 0.49ρ where ρ is the total 
regulating rod worth. With this limitation, the worth of two tests is very nearly the worth of the regulating 
rod. The speed of the drive may approach 12 in/sec (Durney 1982) resulting in the minimum time for full 
stroke (36 in.) being 3 sec. Because the reactivity insertion is essentially the same but occurs over a longer 
time, the event is enveloped by the abrupt withdrawal of the regulating rod (Section 15.4.7.1) and meets 
the Condition 2 protection criteria. 


15.4.7.7.2 Uncontrolled Movement of a Positioner Test—The PALM can be 
used for positioning a test train during reactor operation. Normal operation of the PALM for test 
positioning requires small movements resulting in reactivity changes within the range of the regulating 
rod (Durney 1984). However, failures of the hardware or mechanism or operator failures could result in 
large movement with reactivity insertions that are outside of the control range of the regulating rod. 
Additionally, if the test is withdrawn to the upper limit, the configuration could represent an unacceptable 
potential void reactivity insertion. These two considerations are addressed in the analysis for use of the 
PALM for test positioning (Durney 1984). Administrative controls on use of the PALM in positioner 
mode limit the potential for a significant reactivity insertion to a low frequency. Any positive reactivity 
insertion would be compensated first by the regulating rod and then by the automatic insertion of the 
outer shim cylinders. The PPS would limit any power transient to ≤ 1.2 NF


The potential void analysis in the CSAP and experiment safety analysis considers the full axial 
travel of PALM tests. Any restrictions necessary to limit the potential void reactivity insertion for driven 
tests are imposed by the CSAP. The administrative controls mentioned above are further discussed in 
Chapter 10 (Experiment and Irradiation Facilities). 


 thus meeting the Condition 2 
protection criteria. 
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15.4.7.8 Withdrawal of All Outer Shims and Neck Shims from 10-10 NF. Failure of the 
control rod withdrawal timer interlock, along with operator error, can result in withdrawal of all outer 
shims and neck shims from 10-10 NF


15.4.2
. This results in a reactivity addition rate of 7.9¢/sec as discussed in 


Section  Since the evaluation in Section 15.4.2 is based on calculations for enveloping initial 
powers, the results in Section 15.4.2 are enveloping. 


The consequences for this fault are bounded by the outer shim and neck shim withdrawal described 
in Section 15.4.2. 


15.4.7.9 Inpile Tube Voiding Due to Opening of a Normally Inaccessible Valve. This 
event is identical to the event in Section 15.4.7.5 except that the valve is normally inaccessible. The 
consequences for this fault are bounded by the event discussed in Section 15.4.4. 


15.4.7.10 Pressure Tube Flow Bypass Due to a Maximum Useful Capacity Holder 
Test Train Failure with Loop Scram. The MUCH configuration utilizes the experiment shroud as 
the flow tube. A failure of the shroud or test train would result in a bypass of flow from the inlet to the 
outlet. This will result in void formation and a positive reactivity insertion. Analyses have shown that the 
peak insertion for this fault is 0.39$ (for a total IPT voiding of 0.80$) when the loop experiment flow 
scram occurs at 1.45 seconds (McCracken 1994). 


This insertion is less than a 0.50$ step, and the consequences are bounded by the event discussed in 
Section 15.4.5. Although the 0.5$ step insertion is used to bound this event, it is shown separately from 
the near step events because a specific analysis of the potential reactivity insertion was performed 
(McCracken 1994). 
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15.4.7.11 Loss of Loop Temperature Control Due to Heat Exchanger Failure or Line 
Heaters Sticking on Without Loop Scram. This fault is initiated by temperature control valve 
failure, controller failure for heat exchanger flow or line heaters, or loss of secondary flow. This causes a 
gradual temperature rise (3°F per second maximum) in the loop coolant with a resultant decrease in 
density. The modest reactivity insertion due to the density change would increase the power slowly to the 
neutron level PPS subsystem setpoint and cause a scram. However, the regulating rod can compensate the 
slow ramp up to a point slightly beyond saturation temperature at the IPT inlet. Voiding will progress 
relatively rapidly upon reaching this condition. However, the rate of reactivity addition is expected to be 
less than the rate observed for the one-half in. pipe break for two reasons. First, the total reactivity has 
been reduced by the amount of regulating rod movement. Second, the rate of addition for the heatup 
should be influenced by the rate at which the heat of vaporization is added which is slower than the 
propagation of the depressurization from the pipe break. Based on the calculations for MUCH 
(McCracken 1994), it may also be expected that the loop relief valve will lift due to the added heat. 
Lifting the loop relief valve is enveloped by the one-half in. pipe break. The event is enveloped by the 
blowdown analysis in Section 15.4.4. 


15.4.7.12 Slow Lobe Power Balance Shift Due to Shim, Lobe Power Indicating 
System or Operator Failure with Operator Compensation. The regulating rod is generally 
maintained within the operating range by rotation of shim drum pairs. Erroneous movement of shims in or 
adjacent to a high power lobe could occur as a result of shim failures or a failure of the lobe power 
indicating system. If an additional operator error resulted in compensation in other lobes by inserting 
shims, lobe powers exceeding the PPS neutron level subsystem or WRS scram setpoints may be reached. 
This assumes the PPS neutron level subsystem and WRS channels adjacent to the high power lobe are not 
functional. 


Analyses for this fault have demonstrated that the quadrant differential temperature PPS subsystem 
will trip the reactor before exceeding a power level of 1.45 NF


The consequences of this event are bounded by the limited overpower discussed in Section 


 (Atkinson 1976b; Atkinson 1976c). The 
maximum lobe power (145% of 60 MW) is 87 MW. A more detailed discussion of the event is provided 
in Section 15.11.13.2. 


15.4.3. 


15.4.7.13 Withdrawal of all Shims and Safety Rods from 10-10 NF
15.4.2


. Withdrawal of the 
outer shims and neck shims is discussed in Section . As with the analysis described in 
Section 15.4.2, the determination of the reactivity insertion rate assumes an extreme 80/20 lobe power 
split and all control elements moving at the point of maximum differential reactivity insertion to 
maximize the insertion rate. The rate of reactivity insertion from the safety rods, as derived in Chapter 4 
(Reactor), is 0.14$/sec. Combining this with the 0.079$/sec from the outer shims and neck shims results 
in a total insertion rate of 0.22$/sec. As shown in Figure 15.4-2, the peak power is less than 321.6 MW 
for a ramp rate of 0.30$/sec. The event is acceptable as described in Section 15.4.2.2. 


15.4.7.14 Withdrawal of all Outer Shims from 10-10 NF
15.4.2


 with Failure of the Wide 
Range Subsystem. As discussed in Section , the maximum ramp rate for this fault is 0.053$/sec. 
Analysis in Polkinghorne (1994b) for an unlimited ramp insertion of 0.079$/sec showed that the PPS 
neutron level subsystem with a reactor trip at 1.2 NF


15.4.2
 would limit power to 312 MW which is 4% above 


the trip setting. As described in Section , the margins to CHF are greater than 3.0σ for more than 
7.2% above the trip setting. This event is acceptable as a Condition 4 event for both two and three-pump 
operation since CHF does not occur (no melting). 
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15.4.7.15 Withdrawal of All Outer Shims and Neck Shims from 10-5 NF
15.4.2


 with Failure 
of the Wide Range Subsystem. This fault is the same as the fault discussed in Section  with 
concurrent failure of the WRS. The maximum ramp rate is 0.079$/sec. The analysis of a ramp of 
0.079$/sec from 10-10 NF (Polkinghorne 1994b) envelops this event. Beginning the ramp at 10-10 NF 
inserts more reactivity into the system than beginning at 10-5 NF


15.4.7.16 Rapid Regulating Rod Withdrawal with Failure of the Wide Range 
Subsystem. The failure of the regulating rod is discussed in Section 


. Therefore as noted in Section 15.4.7.14, 
the event meets Condition 4 criteria. 


15.4.7.1. The envelope discussed 
in 15.4.7.1 assumes that the event is terminated by the feedback and the high power scram. There is no 
consideration of a scram on rate of change (WRS function); therefore, the evaluation for the high 
probability event (Condition 2) is applicable to the event with failure of the WRS. 


15.4.7.17 Withdrawal of All Outer Shims and Neck Shims from 10-5 NF Coupled with 
Rapid Regulating-Rod-Withdrawal at 10-3 NF


15.4.7.1
. This fault is a combination of the faults described in 


Sections  and 15.4.2, with concurrent failure of the shim withdrawal permit interlock when the 
reg-rod is below 20 in. withdrawn. The combined accident is a ramp of 0.079$/sec from 10-5 NF to 10-3 
NF, then 1.129$/sec (0.079$/sec from the outer shim cylinders plus 1.05$/sec from the regulating rod) for 
0.543 seconds (total reg-rod insertion is 0.57$), then an unlimited ramp at 0.079$/sec. An analysis of this 
event (Polkinghorne 1994b) demonstrates that the WRS terminates the event before the regulating rod 
withdrawal begins. The power level does not reach 10-3 NF


15.4.7.18 Driven Test Loop Blowdown with Experiment Hardware Failure. The driven 
test has the potential for being located at various axial positions dependent on desired operating 
conditions. The variable position results in a variable drop distance for the test and a potentially variable 
reactivity effect if there is a test failure. As described in Section 


. 


15.4.6, the blowdown of the loop due to a 
large pipe break was assumed to cause failure of the test train. Driven tests are limited such that this event 
is enveloped by the analysis in Section 15.4.6. The evaluation of individual test trains is discussed in 
Section 15.4.1. 


Harris (1981) evaluated the impact of the test on the test stop. The test stop is supported by the 
flow tube. There is significant strain for the flow tube due to the drop, but failure is not predicted. 


15.4.7.19 Voiding in All Inpile Tubes Due to a Simultaneous Flow Coastdown or 
Loss of Temperature Control in All Loops. Failure of the commercial and diesel power sources 
will result in simultaneous coastdown of all loop pumps. If the loop scrams fail, voiding in all IPTs could 
occur. Loss of heat sink (i.e., failure of the HDW system) to the experiment loops or loop heater failing 
on without a loop scram could also cause voiding in all IPTs. The loss of temperature control (event titled 
“Voiding in all IPTs due to a simultaneous loss of temperature control in all loops”) progresses slower 
than the coastdown and is enveloped by the coastdown analysis. Several passes are required for heating in 
the loss of temperature control; the flow coastdown occurs in less than 3.5 seconds. Concurrent failure of 
the loop protective system is assumed, so no reactor scram will occur until the neutron level PPS 
subsystems trip at 1.2 NF. 
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An evaluation of the flow coastdown (Durney 1993) indicates the reactivity insertion for nine loops 
(seven standard IPT and two LIPT) begins with a modest rate of 0.45$/s to a total of about 1.0$ and then 
becomes more rapid with a rate of nearly 3.0$/s to a total of about 4$. The PPS will initiate a scram 
during the first modest insertion and terminate the event. A scram effectively stops heating in the IPT, and 
the effect of density change is nullified. The peak power for the event is 310 MW and occurs at 0.52 s 
(Terry 1994). As noted in 15.4.2.2 the overpower (24% in this case) is enveloped and acceptable since the 
margins to CHF are greater than 3σ. (The evaluation for nine loops is a conservative estimate for 
configurations with fewer IPTs.) (Polkinghorne 2006, Stites 2008) 


15.4.7.20 Loss of Loop Temperature Control in the ATR High Temperature Loop 
Due to Heat Exchanger Failure or Line Heaters Stuck Without a Loop Scram. Failure of the 
temperature control system will result in a slow heatup of the loop. Analysis for an AHTL with a MUCH 
structural test shows the reactivity insertion rate is less than 0.008$/sec prior to opening of the relief 
valves (McCracken 1994). After relief valve opening, the blowdown is conservatively bounded by the 
inlet pipe DEOS. 


Consequences for this fault are bounded by the event discussed in Section 15.4.6. 


15.4.7.21 Loop Flow Coastdown Without a Loop Scram. This event initiator is the same 
as discussed in Section 15.4.7.19 but for a single loop. The reactivity insertion is about a ninth of that 
considered in Section 15.4.7.19. As discussed in that section, the initial reactivity insertion rate is low 
followed by a higher reactivity insertion rate. The initial ramp is 0.05$/sec followed by a 0.33$/sec ramp 
(Durney 1993) which is enveloped by the same event for all loops discussed in Section 15.4.7.19. 
(Polkinghorne 2006, Stites 2008) 


15.4.7.22 Pressure Tube Cooling Flow Bypass Due to a Maximum Useful Capacity 
Holder Test Train Failure Without a Loop Scram. Initiation of flow bypass is discussed in 
Section 15.4.7.10. This fault assumes concurrent failure of the loop protective system scram. With failure 
of the loop scram, the event can progress to voiding in the IPT. The progression of the voiding was 
developed in McCracken (1994); it progresses no faster than the DEOS of the inlet piping. Therefore, the 
event is enveloped by the loop piping failure discussed in Section 15.4.6. The analyses show that the peak 
insertion for this fault is less than 0.5$ (for a total IPT voiding of 0.80$) so the event is also bounded by 
the 0.5$ step insertion consequences.  


15.4.8 Failure of Protective Subsystems 


The neutron level and wide range PPS subsystems each generate a scram signal on power level 
(analysis of reactivity events assumes 1.2 NF


15.4.7.14


). Therefore, identical protection for power level is provided 
by these subsystems; for events terminated on high power, either is primary and the other diverse. The 
WRS provides protection for startup events and terminates them on rate of change (scram signal 
generated because the signal changes too rapidly to allow a range change). For these events 
(Sections  and 15.4.7.15 the neutron level subsystem is shown to be diverse. 
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Table 15.4-1. Rangea


Parameter 


 of loop analysis parameters used to establish maximum core power response. 
Standard 
(Fueled) 


Standard 
(MUCH) LIPT AHTL MUCH 


Lobe Power (MW) 60 60 34 60 
Test Fission Power (kw) 0-200 0 0-200 0 
Loop Flow (gpm) 20-30 29.4-44.3 200-300 29.4-44.3 
Venturi Flow (gpm) 20-30 20-30 200-300 20-30 
IPT Exit Temperature (°F) 560-590 590-605 640 680 
Inlet Pressure (Psia) 2200-2400 2200-2400 2200-2400 3275 
Water Fraction 0.3-0.5 0.3-0.5 0.44 0.3-0.5 
Pressure Tube Void ($) 0.0-0.8 0.0-0.8 0.0-1.0 0.0-0.8 
Test Failure Reactivity ($) 0.0-0.10 0.0-0.10 0.0-0.10 0.0-0.10 
Test flow direction up b up up up 
a. In some cases, existing sensitivity analyses have been used to provide a range of parameters in table 15.4-1. Where no existing sensitivity data area available, the single value 
used in the analysis is listed. 
b. Flow through the experiment is up, previous analysis (SAR-39) indicates that the configuration is enveloping for MUCH. 
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Table 15.4-2. Response requirements for the WRS (pressurized operation). 
 Range 


(% of NF


 
) 


  


Downward 
Re-range 


Power 
(% of N Low Power F) Full Power 


1.2 NF Trip 
Power 


(% of NF


1.15 N


) 


F Trip 
Power 


(% of NF


Scram Delay 
Time 


(msec) ) 


27.0 30.0 100.0 120.0 115.0 25 


9.0 10.0 30.0 36.0 34.5 25 


2.70 3.0 10.0 12.0 11.5 25 


0.90 1.0 3.0 3.60 3.45 25 


0.270 0.30 1.0 1.20 1.15 35 


0.090 0.10 0.30 0.36 0.345 35 


0.00270 0.030 0.10 0.120 0.115 35 


 0.010 0.030 0.0360 0.0345 35 


 0.0030 0.10 0.0120 0.0115 35 


 0.0010 0.0030 0.00360 0.00345 35 


(For NF


 


 = 250 MW.) 


Range (MW)    


Re-range 
Power 
(MW) Low Power Full Power 


1.2 NF 1.15 N Trip 
Power 
(MW) 


F Scram Delay 
Time 


(msec) 


 Trip 
Power 
(MW) 


67.5 75.0 250.0 300.0 287.5 25 


22.5 25.0 75.0 90.0 86.25 25 


6.75 7.5 25.0 30.0 28.75 25 


2.25 2.5 7.5 9.0 8.62 25 


0.675 0.75 2.5 3.0 2.87 35 


0.225 0.25 0.75 0.90 0.862 35 


0.0675 0.075 0.25 0.30 0.287 35 


0.0225 0.025 0.075 0.090 0.086 35 


0.00675 0.0075 0.025 0.030 0.029 35 


 0.0025 0.0075 0.0090 0.0086 35 
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Table 15.4-3. Reactivity insertion for 1/2-in. drain line (MUCH). 
Time(s) Reactivity($) 


0.0 0.000 


0.032 0.123 


0.064 0.335 


0.100 0.468 


0.132 0.532 


0.164 0.584 


0.200 0.608 


0.232 0.612 


0.264 0.601 


0.300 0.570 


0.332 0.551 


0.364 0.533 


0.400 0.556 


0.500 0.660 


0.600 0.685 


0.700 0.701 


0.800 0.720 


0.900 0.700 


1.000 0.565 


1.200 0.512 


1.500 0.503 


1.900 0.441 
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Table 15.4-4. Reactivity insertion for pipe break (greater than 1/2-in.). 
Time(s) Reactivity($) 


0.000 0.000 


0.020 0.170 


0.040 0.307 


0.080 0.443 


0.120 0.486 


0.160 0.516 


0.200 0.539 


0.280 0.565 


0.300 0.570 


0.360 0.584 


0.400 0.597 


0.500 0.630 


0.600 0.584 


0.700 0.483 


0.800 0.450 


0.900 0.443 


1.000 0.446 


1.200 0.448 


1.400 0.424 


1.600 0.407 


1.940 0.401 
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Figure 15.4-1. ATR core cross-sectional diagram. (For Information Only) 
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Figure 15.4-2. Maximum expected power versus constant ramp rate for pressurized operation with 
uniform power distribution. (For Information Only) 
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Figure 15.4-3. Reactor power (SIPT 1/2-in. break RIA - two pump operation). (For Information Only) 
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Figure 15.4-4. Reactor power (SIPT 1/2-in. break RIA – three-pump operation). (For Information Only) 







 


    Form 412.09 (Rev. 10) 


 Idaho National Laboratory    


 CHAPTER 15.4 – REACTIVITY AND 
POWER DISTRIBUTION ANOMALIES 


– UPGRADED FINAL SAFETY 
ANALYSIS REPORT FOR THE 
ADVANCED TEST REACTOR 


Identifier: 
Revision: 
Effective Date: 


SAR-153 
 13 
 08/03/10 Page: 15.4-28 of 15.4-42 


 
Figure 15.4-5. Maximum fuel plate temperature (SIPT 1/2-in. break RIA – two-pump operation). (For Information Only) 
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Figure 15.4-6. Maximum fuel plate temperature (SIPT 1/2-in. break RIA – three-pump operation). (For Information Only) 
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Figure 15.4-7. CHF, FI, and fuel plate buckling margins (SIPT 1/2-in. break - two pump operation). (For Information Only) 
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Figure 15.4-8. CHF, FI, and fuel plate buckling margins (SIPT 1/2-in. break RIA, - three-pump operation). (For Information Only) 
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Figure 15.4-9. Reactor power (0.50$ step RIA - two pump operation). (For Information Only) 
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Figure 15.4-10. Reactor power (0.50$ step RIA - three pump operation). (For Information Only) 
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Figure 15.4-11. Maximum fuel plate temperatures (0.50$ step RIA - two pump operation). (For Information Only) 
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Figure 15.4-12. Maximum fuel plate temperature (0.50$ step RIA - three pump operation). (For Information Only) 
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Figure 15.4-13. CHF, FI, and fuel plate buckling margins (0.50$ step RIA – two-pump operation). (For Information Only) 
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Figure 15.4-14. CHF, FI, and fuel plate buckling margins (0.50$ step RIA – three-pump operation). (For Information Only) 
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Figure 15.4-15. Reactor power (SIPT pump discharge pipe break RIA - two-pump operation). (For Information Only) 
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Figure 15.4-16. Reactor power (SIPT pump discharge pipe break RIA - three-pump operation). (For Information Only) 
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		15.4 Reactivity and Power Distribution Anomalies

		15.4.1 Flux Traps

		15.4.1.1 Modeling Assumptions. The flux traps provide irradiation space for experiments which are cooled by the reactor primary coolant or for experiments which have their own coolant in selfcontained loops. The materials and their configuration in the flux trap influence the power distribution in the fuel elements adjacent to the flux trap. The contents of the flux trap also influence the reactivity worth associated with density changes of the coolant.



		15.4.2 Withdrawal of All Outer Shims and Neck Shims From 10-5 NF

		15.4.2.1 Identification of Causes and Accident Description. This event is not a limiting event in the Condition 2 category, but a discussion is included since it is the limiting startup reactivity insertion event and demonstrates the adequacy of the WRS.

		15.4.2.2 Analysis of Effects and Consequences. The DBR (SAR39) contains analysis results for various ramp rates that demonstrate the maximum reactor power which would be attained with pressurized and depressurized operation. Those results were calculated with RELAP4 whose core model was based on the one from an earlier computer code in Dimenna (1976a). Since RELAP4 has been shown to adequately match relevant reactor test data in Dimenna (1976b), it can be concluded that RELAP4 can be used to evaluate ATR reactivity transients. The applicable results for pressurized operation are illustrated in Figure 15.4-2 and documented in SAR39, although not all the supporting calculations are available in SAR39 or its references. The data in this figure were generated with a RELAP4 model; however, as discussed in Terry (1989), there is very good agreement of results between the RELAP5 model and the previous RELAP4 models. This good agreement allows continued use of the RELAP4 results for reactivity-induced transients of the ATR core.

		15.4.2.3 Conclusions. The WRS limits the consequences of the shim withdrawal event consistent with the Condition 2 criteria. The response requirements for the WRS are shown in Table 15.42.



		15.4.3 Slow Power Increase or Lobe Power Balance Shift Due to Shim or Operator Failure

		15.4.3.1 Identification of Causes and Accident Description. The power distribution in the reactor core (i.e., lobe-to-lobe power level) is controlled by the positioning of outer shim control cylinders and the neck shim rods. If an operator or the control system were to rotate the control cylinders out adjacent to the high power lobe, the regulating rod would maintain the total reactor power level constant while the power would increase in the high power lobe. The regulating rod would maintain the total reactor power until the regulating rod reached the inner limit of travel. Then the total reactor power would increase.

		15.4.3.2 Analysis of Effects and Consequences

		15.4.3.2.1 Method of Analysis—The response of the reactor was evaluated for a range of lobe powers between 40 and 75 MW. It was assumed that the regulating rod would maintain the total reactor power constant and that no reactivity feedback would occur due to the changing power in the high power lobe. Two pairs of shim drums in one quadrant were rotated at 20 degrees/min with an effect on the lobe power of 10 MW/$. After the insertion of 0.57$, the maximum worth of a regulating rod, the total reactor power was allowed to increase (Atkinson 1976c).

		15.4.3.2.2 Results—Evaluation of this event indicates that the maximum lobe power will be 1.34 NF (80.4 MW lobe power when the initial lobe power is 60 MW) when the reactor is tripped by either the neutron level or the WRS subsystem channels not adjacent the high-power lobe (Atkinson 1976b). Analysis of steady-state operation shows the protective margins at 88.5 MW lobe power are 3.04( for CHF and 4.05( for FI when two pumps are operating. With three-pump operation at 96.0 MW lobe power, the margins are 3.25( for CHF and 4.44( for FI (Polkinghorne 1994a).

		15.4.3.2.3 Conclusions—The neutron level and WRS subsystems will prevent the lobe power from exceeding 1.34 NF during a power imbalance with concurrent failure of the channel in the lobe with the power imbalance. The quadrant differential temperature subsystem with a setpoint of 1.24 times the normal quadrant (T will limit the overpower to 1.45 NF. The neutron level, the WRS, and the quadrant differential temperature subsystems limit the consequences of the slow power increase and lobe power balance shift events consistent with Condition 2 criteria.





		15.4.4 Inpile Tube Decompression with Subsequent Voiding Due to Failure of the 1/2Inch Piping

		15.4.4.1 Identification of Causes and Accident Description. The decompression and subsequent voiding of an IPT as a Condition 2 event can occur as a result of the following:

		15.4.4.2 Analysis of Effects and Consequences

		15.4.4.2.1 Method of Analysis—The RELAP5/MOD3 code was used to calculate the reactivity transient from loop voiding for this analysis (Nielsen 1994). The four configurations evaluated and the applicable operating conditions are described in Section 15.4.1.1. The pipe break was assumed to occur instantaneously resulting in a double-ended-offset shear (DEOS). 

		15.4.4.2.2 Results—The loop blowdown analyses showed that the bounding reactivity insertion occurred for the standard loop with the MUCH configuration. The insertion rate was initially about 6$/second and reached 0.61$ total insertion at 0.2 seconds for an average rate of about 3$/second. The insertion history is listed in Table 15.43.

		15.4.4.2.3 Conclusion—The protective criteria margins will be preserved with maximum effective Plate 15 powers of 443 MW and 417 MW for the three-pump operation and the twopump operation, respectively. A neutron level subsystem, which initiates reactor trip at 1.2 NF with a response time of 0.025 seconds is also required by the analytical assumptions. However, as is evident from the time scale involved, the dominant effect in terminating the event is inherent feedback. The scram does contribute to the termination of the event and ensures the reactor remains subcritical.





		15.4.5 0.50$ Step Insertion

		15.4.5.1 Identification of Causes and Accident Description. The 0.50$ step is a hypothetical fault which is used as a bounding event for the following several near step events: 

		15.4.5.2 Analysis of Effects and Consequences

		15.4.5.2.1 Method of Analysis—The step reactivity insertion was input to the detailed ATR RELAP5 model (Terry 1994) as described in Section 15.4.1.1 to obtain initial conditions and power history for input to ATR-SINDA. The reactivity insertion of 0.50$ was inserted at time zero as an instantaneous step. Cascading at 0.04 s is only 0.03$ for the 0.75$ step which reached 756 MW. Since power is substantially less for the 0.5$ step, the feedback will be less than 0.03$. Cascading for this event is considered not significant; therefore, no cascade feedback from the flux traps was assumed. A reactor trip occurred from the neutron level subsystem at 1.2 NF with a response time of 0.025 seconds.

		15.4.5.2.2 Results—The RELAP5 results show a peak reactor power of 435 MW occurs at 0.04 seconds for the two pumps and 369 MW at 0.04 seconds for three pumps. The transient power response is illustrated in Figures 15.4-9 and -10 for the two-pump and three-pump cases, respectively.

		15.4.5.2.3 Conclusion—The protective criteria margins are maintained for both two pump and three pump operation during this event. A neutron level PPS subsystem which initiates reactor trip at 1.2 NF with a response time of 0.025 seconds is required by the analytical assumptions.





		15.4.6 Inpile Tube Decompression With Subsequent Voiding Due to a Failure of Piping >1/2-inch in Diameter

		15.4.6.1 Identification of Causes and Accident Description. This event is initiated by failure of the piping in a pressurized water loop facility. The failure can result from weld zone failures, corrosion, stress levels, etc. Failure of the pipe with the resultant decompression is assumed to result in failure of the experiment hardware (Atkinson 1976a). The load results from blowdown forces on the test. The hardware failure results in a relocation dependent upon the distance between the bottom of the test and the experiment stop below the test. The relocation results in a reactivity insertion in addition to the voiding insertion. This insertion is bounded as a 0.10$ step. During the transient, temperature changes in the other flux trap facilities result in further positive reactivity insertion as a result of cascading. This contribution is bounded by previous analyses for cascading associated with a 0.75$ step.

		15.4.6.2 Analysis of Effects and Consequences

		15.4.6.2.1 Method of Analysis—The method of analysis was as described in Section 15.4.4.2.1 with the exception that the fault initiator was a DEOS of the pump discharge pipe and the added step for experiment hardware failure. The analysis assumed no loop initiated scrams. The enveloping configuration for this analysis is the standard inpile tube (SIPT) with a MUCH test (see Section 15.4.1.1 for the configurations considered). This configuration envelops the other loop configurations provided the LIPT void reactivity is limited to 1.00$ and the SIPT (includes AHTL) void reactivity is limited to 0.80$.

		15.4.6.2.2 Results—The analyses show that the bounding reactivity insertion occurs as a result of the DEOS of the SIPT at the pump discharge (Polkinghorne 1994a; Nielsen 1994; Terry 1994). The insertion rate for the limiting event is approximately 7$ per second for the first 0.05 seconds. The total insertion at 0.2 seconds was 0.54$. The insertion history is shown in Table 15.4-4.

		15.4.6.2.3 Conclusions—The protective criteria margins will be preserved with maximum effective plate 15 powers of 443 MW and 417 MW (initial condition) for the three-pump operation and the two-pump operation, respectively. A neutron level PPS subsystem, which initiates reactor trip at 1.2 NF with a response time of 0.025 seconds is also required by the analytical assumptions. However, as is evident from the time scale involved, the dominant effect in terminating the event is inherent feedback. The scram ensures the reactor remains subcritical.





		15.4.7 Bounded Events - Reactivity and Power Distribution Anomalies

		15.4.7.1 Rapid Regulating Rod Withdrawal. A component failure can cause the regulating rod to drive out. This event can occur at power levels between NL and NF. The reactivity insertion for this event is 1.05$/sec with a maximum insertion of 0.57$ as derived in Chapter 4 (Reactor). This insertion is not as severe as the 1/2-in. break evaluated in Section 15.4.4 which results in a ramp with a maximum rate of nearly 6$/sec and a maximum insertion of 0.61$. The consequences of regulating rod event are bounded by the limiting small pipe break event discussed in Section 15.4.4.

		15.4.7.2 Withdrawal of all Outer Shims from 10-10 NF. Failure of a timer interlock can occur due to a single failure in the Log N system. As described in 15.4.2, the maximum insertion rate is 5.3¢/second. The ramp rate is less than the rate of 30¢/sec evaluated in Section 15.4.2, and the consequences are bounded.

		15.4.7.3 Withdrawal of all Outer Shims and One Neck Shim from NL. This fault can occur as a result of operator error. The maximum addition rate for withdrawal of a single neck shim is 0.2¢/sec [Chapter 4 (Reactor)]. Combination with the outer shim rate results in an insertion rate of 5.5¢/sec, which is less than the 30¢/sec ramp discussed in Section 15.4.2.

		15.4.7.4 Cold Water Injection. This event is discussed in Section 15.1.

		15.4.7.5 Inpile Tube Voiding Due to a Rupture Disk or Relief Valve Failure or an Open and Accessible Valve. Faults which result in high loop pressure, such as excess makeup, high temperature, or pressurizer heaters stuck on, will result in rupture disc and/or relief valve opening. Debris can result in failure to reseat. Drain valve opening can result due to operator error. Drain valves are located on one-half in. piping.

		15.4.7.6 Loop Flow Coastdown or Loop Loss of Temperature Control With a Loop Instrumentation Initiated Reactor Trip. This fault is initiated by a loss of commercial power (or other events affecting the loop pumps) or failure of the temperature control due to controller failure or operator error.

		15.4.7.7 Powered Axial Locating Mechanism Drive System Failures

		15.4.7.7.1 Simultaneous Movement of Two Cycling Tests—Simultaneous movement of two PALM tests can occur from several sources, e.g., a high-temperature updrive that occurs in one PALM while the other is cycling normally, or a control system failure. As shown in Durney (1982), the limitation on the reactivity effect of the PALM test movement (the reg rod must control for normal cycling) results in the test worth of a single PALM being 0.49( where ( is the total regulating rod worth. With this limitation, the worth of two tests is very nearly the worth of the regulating rod. The speed of the drive may approach 12 in/sec (Durney 1982) resulting in the minimum time for full stroke (36 in.) being 3 sec. Because the reactivity insertion is essentially the same but occurs over a longer time, the event is enveloped by the abrupt withdrawal of the regulating rod (Section 15.4.7.1) and meets the Condition 2 protection criteria.

		15.4.7.7.2 Uncontrolled Movement of a Positioner Test—The PALM can be used for positioning a test train during reactor operation. Normal operation of the PALM for test positioning requires small movements resulting in reactivity changes within the range of the regulating rod (Durney 1984). However, failures of the hardware or mechanism or operator failures could result in large movement with reactivity insertions that are outside of the control range of the regulating rod. Additionally, if the test is withdrawn to the upper limit, the configuration could represent an unacceptable potential void reactivity insertion. These two considerations are addressed in the analysis for use of the PALM for test positioning (Durney 1984). Administrative controls on use of the PALM in positioner mode limit the potential for a significant reactivity insertion to a low frequency. Any positive reactivity insertion would be compensated first by the regulating rod and then by the automatic insertion of the outer shim cylinders. The PPS would limit any power transient to ( 1.2 NF thus meeting the Condition 2 protection criteria.

		15.4.7.7.3 Simultaneous Movement of Three PALM Tests—Three PALM drive units may be simultaneously in service during reactor operation with either three cycled tests or two cycled tests and one positioner test inserted. Cycled tests include those which do not use an automatic program for test positioning and instead are manually cycled during reactor operation in order to control the desired test conditions. Manually cycled tests are generally repositioned much less frequently than those which use the automatic repositioning feature.



		15.4.7.8 Withdrawal of All Outer Shims and Neck Shims from 10-10 NF. Failure of the control rod withdrawal timer interlock, along with operator error, can result in withdrawal of all outer shims and neck shims from 10-10 NF. This results in a reactivity addition rate of 7.9¢/sec as discussed in Section 15.4.2 Since the evaluation in Section 15.4.2 is based on calculations for enveloping initial powers, the results in Section 15.4.2 are enveloping.

		15.4.7.9 Inpile Tube Voiding Due to Opening of a Normally Inaccessible Valve. This event is identical to the event in Section 15.4.7.5 except that the valve is normally inaccessible. The consequences for this fault are bounded by the event discussed in Section 15.4.4.

		15.4.7.10 Pressure Tube Flow Bypass Due to a Maximum Useful Capacity Holder Test Train Failure with Loop Scram. The MUCH configuration utilizes the experiment shroud as the flow tube. A failure of the shroud or test train would result in a bypass of flow from the inlet to the outlet. This will result in void formation and a positive reactivity insertion. Analyses have shown that the peak insertion for this fault is 0.39$ (for a total IPT voiding of 0.80$) when the loop experiment flow scram occurs at 1.45 seconds (McCracken 1994).

		15.4.7.11 Loss of Loop Temperature Control Due to Heat Exchanger Failure or Line Heaters Sticking on Without Loop Scram. This fault is initiated by temperature control valve failure, controller failure for heat exchanger flow or line heaters, or loss of secondary flow. This causes a gradual temperature rise (3(F per second maximum) in the loop coolant with a resultant decrease in density. The modest reactivity insertion due to the density change would increase the power slowly to the neutron level PPS subsystem setpoint and cause a scram. However, the regulating rod can compensate the slow ramp up to a point slightly beyond saturation temperature at the IPT inlet. Voiding will progress relatively rapidly upon reaching this condition. However, the rate of reactivity addition is expected to be less than the rate observed for the one-half in. pipe break for two reasons. First, the total reactivity has been reduced by the amount of regulating rod movement. Second, the rate of addition for the heatup should be influenced by the rate at which the heat of vaporization is added which is slower than the propagation of the depressurization from the pipe break. Based on the calculations for MUCH (McCracken 1994), it may also be expected that the loop relief valve will lift due to the added heat. Lifting the loop relief valve is enveloped by the one-half in. pipe break. The event is enveloped by the blowdown analysis in Section 15.4.4.

		15.4.7.12 Slow Lobe Power Balance Shift Due to Shim, Lobe Power Indicating System or Operator Failure with Operator Compensation. The regulating rod is generally maintained within the operating range by rotation of shim drum pairs. Erroneous movement of shims in or adjacent to a high power lobe could occur as a result of shim failures or a failure of the lobe power indicating system. If an additional operator error resulted in compensation in other lobes by inserting shims, lobe powers exceeding the PPS neutron level subsystem or WRS scram setpoints may be reached. This assumes the PPS neutron level subsystem and WRS channels adjacent to the high power lobe are not functional.

		15.4.7.13 Withdrawal of all Shims and Safety Rods from 10-10 NF. Withdrawal of the outer shims and neck shims is discussed in Section 15.4.2. As with the analysis described in Section 15.4.2, the determination of the reactivity insertion rate assumes an extreme 80/20 lobe power split and all control elements moving at the point of maximum differential reactivity insertion to maximize the insertion rate. The rate of reactivity insertion from the safety rods, as derived in Chapter 4 (Reactor), is 0.14$/sec. Combining this with the 0.079$/sec from the outer shims and neck shims results in a total insertion rate of 0.22$/sec. As shown in Figure 15.4-2, the peak power is less than 321.6 MW for a ramp rate of 0.30$/sec. The event is acceptable as described in Section 15.4.2.2.

		15.4.7.14 Withdrawal of all Outer Shims from 10-10 NF with Failure of the Wide Range Subsystem. As discussed in Section 15.4.2, the maximum ramp rate for this fault is 0.053$/sec. Analysis in Polkinghorne (1994b) for an unlimited ramp insertion of 0.079$/sec showed that the PPS neutron level subsystem with a reactor trip at 1.2 NF would limit power to 312 MW which is 4% above the trip setting. As described in Section 15.4.2, the margins to CHF are greater than 3.0( for more than 7.2% above the trip setting. This event is acceptable as a Condition 4 event for both two and three-pump operation since CHF does not occur (no melting).

		15.4.7.15 Withdrawal of All Outer Shims and Neck Shims from 10-5 NF with Failure of the Wide Range Subsystem. This fault is the same as the fault discussed in Section 15.4.2 with concurrent failure of the WRS. The maximum ramp rate is 0.079$/sec. The analysis of a ramp of 0.079$/sec from 10-10 NF (Polkinghorne 1994b) envelops this event. Beginning the ramp at 10-10 NF inserts more reactivity into the system than beginning at 10-5 NF. Therefore as noted in Section 15.4.7.14, the event meets Condition 4 criteria.

		15.4.7.16 Rapid Regulating Rod Withdrawal with Failure of the Wide Range Subsystem. The failure of the regulating rod is discussed in Section 15.4.7.1. The envelope discussed in 15.4.7.1 assumes that the event is terminated by the feedback and the high power scram. There is no consideration of a scram on rate of change (WRS function); therefore, the evaluation for the high probability event (Condition 2) is applicable to the event with failure of the WRS.

		15.4.7.17 Withdrawal of All Outer Shims and Neck Shims from 10-5 NF Coupled with Rapid Regulating-Rod-Withdrawal at 10-3 NF. This fault is a combination of the faults described in Sections 15.4.7.1 and 15.4.2, with concurrent failure of the shim withdrawal permit interlock when the reg-rod is below 20 in. withdrawn. The combined accident is a ramp of 0.079$/sec from 105 NF to 103 NF, then 1.129$/sec (0.079$/sec from the outer shim cylinders plus 1.05$/sec from the regulating rod) for 0.543 seconds (total reg-rod insertion is 0.57$), then an unlimited ramp at 0.079$/sec. An analysis of this event (Polkinghorne 1994b) demonstrates that the WRS terminates the event before the regulating rod withdrawal begins. The power level does not reach 10-3 NF.

		15.4.7.18 Driven Test Loop Blowdown with Experiment Hardware Failure. The driven test has the potential for being located at various axial positions dependent on desired operating conditions. The variable position results in a variable drop distance for the test and a potentially variable reactivity effect if there is a test failure. As described in Section 15.4.6, the blowdown of the loop due to a large pipe break was assumed to cause failure of the test train. Driven tests are limited such that this event is enveloped by the analysis in Section 15.4.6. The evaluation of individual test trains is discussed in Section 15.4.1.

		15.4.7.19 Voiding in All Inpile Tubes Due to a Simultaneous Flow Coastdown or Loss of Temperature Control in All Loops. Failure of the commercial and diesel power sources will result in simultaneous coastdown of all loop pumps. If the loop scrams fail, voiding in all IPTs could occur. Loss of heat sink (i.e., failure of the HDW system) to the experiment loops or loop heater failing on without a loop scram could also cause voiding in all IPTs. The loss of temperature control (event titled “Voiding in all IPTs due to a simultaneous loss of temperature control in all loops”) progresses slower than the coastdown and is enveloped by the coastdown analysis. Several passes are required for heating in the loss of temperature control; the flow coastdown occurs in less than 3.5 seconds. Concurrent failure of the loop protective system is assumed, so no reactor scram will occur until the neutron level PPS subsystems trip at 1.2 NF.

		15.4.7.20 Loss of Loop Temperature Control in the ATR High Temperature Loop Due to Heat Exchanger Failure or Line Heaters Stuck Without a Loop Scram. Failure of the temperature control system will result in a slow heatup of the loop. Analysis for an AHTL with a MUCH structural test shows the reactivity insertion rate is less than 0.008$/sec prior to opening of the relief valves (McCracken 1994). After relief valve opening, the blowdown is conservatively bounded by the inlet pipe DEOS.

		15.4.7.21 Loop Flow Coastdown Without a Loop Scram. This event initiator is the same as discussed in Section 15.4.7.19 but for a single loop. The reactivity insertion is about a ninth of that considered in Section 15.4.7.19. As discussed in that section, the initial reactivity insertion rate is low followed by a higher reactivity insertion rate. The initial ramp is 0.05$/sec followed by a 0.33$/sec ramp (Durney 1993) which is enveloped by the same event for all loops discussed in Section 15.4.7.19. (Polkinghorne 2006, Stites 2008)

		15.4.7.22 Pressure Tube Cooling Flow Bypass Due to a Maximum Useful Capacity Holder Test Train Failure Without a Loop Scram. Initiation of flow bypass is discussed in Section 15.4.7.10. This fault assumes concurrent failure of the loop protective system scram. With failure of the loop scram, the event can progress to voiding in the IPT. The progression of the voiding was developed in McCracken (1994); it progresses no faster than the DEOS of the inlet piping. Therefore, the event is enveloped by the loop piping failure discussed in Section 15.4.6. The analyses show that the peak insertion for this fault is less than 0.5$ (for a total IPT voiding of 0.80$) so the event is also bounded by the 0.5$ step insertion consequences. 



		15.4.8 Failure of Protective Subsystems

		15.4.9 References
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15.5 Increase in Primary Coolant Inventory 


PCS pressure is controlled during normal operation by a feed and bleed system. (The PCS 
description is in Chapter 5 [Primary Coolant System].) This system maintains a coolant inventory balance 
between addition of coolant into the system from a constant flow ofgland seal water and pressurizing 
pump flow and the subtraction of coolant through a back-pressure control valve to the degassing tank. 
Since gland seal flow typically exceeds leakage, the degassing tank level is maintained by a control valve 
that bleeds inventory to the gland seal feed tank. Pressure is controlled at the reactor inlet piping as 
indicated by the PPS instruments. 


Coolant addition from the pressurizing pumps through FCV-I-8 [Chapter 5 (Primary Coolant 
System)] is controlled by the setpoint ofFRC-I-S. The gland seal flow is manually adjusted for each seal. 
The pressure controller, P1C-J-l, controls pressure at the reactor inlet piping at the setpoint by adjusting 
flow (taken from coolant inventory) to the degassing tank through PCV -J- J. Due to transmitter location, 
the controller pressure indicates approximately 10 psig higher than PPS pressure. The total PCS inventory 
is maintained by flow from the bypass demineralizer system to the gland seal feed tank through 
LCV-]-3C. The position ofLCV-I-3C is controlled by the setpoint ofLlC-I-3 to maintain the level in the 
degassing tank. 


The pressure control system has automatic functions that are designed to maintain coolant 
inventory of the PCS. IfPIC-]-] pressure decreases to 360 psig, PCV-I-J and LCV-J-3C will trip closed 
to stop the reduction in coolant inventory by the pressure control system. A further reduction in PCS 
pressure will result in an indication ofJow discharge pressure at the pressurizing pump which causes an 
automatic start of the standby pressurizing pump thereby enabling delivery of 600 gpm (design) to the 
PCS through FCV-I-S. As PCS pressure decreases, the surge tank level also decreases. When the surge 
tank level decreases to three in. below nominal, FCV-I-8 trips open to allow maximum makeup to the 
PCS. 


The design will also control high pressures in the PCS.lfthe primary pump discharge pressure as 
monitored by PIC-] -8 increases above an adjustable setpoint, nominally set about 10 psig above normal 
discharge pressure, PIC-] -S will override the control signal from FIC-] -8 to FeV-I-S to reduce the 
coolant makeup from the degas tank and maintain system pressure at the setpoint ofPIC-I-S. 


A surge tank with a normal capacity of 950 ft3 of water and 50 ft3 of pressurized air damps small 
system pressure variations. The air pressure in the surge tank is manuallycontrolled by adding air from 
HPA system receivers or by bleeding air to the degassing tarui".. 


Two reliefvalves on the reactor vessel lower drain line provide relief capacity to prevent system 
rupture due to severe overpressurization. The ATR specified design pressures are 390 psig from the 
butterfly valve to the PCPs suction, 576 psig from the pump discharge to the block valves, and 485 psig 
from the block valves to the butterfly valve. 
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A number of faults which could result in an increase in primary coolant inventory are postulated. 
These events will not result in a power-coolant mismatch in the fuel elements unless pressure boundary 
failure occurs. In this case the event will become a LOCA (Section 15.5). The acceptance criteria for 
these events that result in an increase in inventory is that the pressure not exceed 110% of design pressure 
for high-probability (Condition 2) events and to not exceed) 20% of design pressure for low-probability 
(Condition 3 and 4) events. These events are: 


A. 	 Backpressure valve PCV -1-) closes due to operator error or controller failure. 


B. 	 Pressurizing flow control valve FCV-J-8 opens due to operator error or controller failure, or a 
second pressurizing pump is started. 


C. 	 Excessive HPA is valved into the surge tanle 


D. 	 Diesel generator overspeed (~ 15%) causes pressurizing pump overspeed and increased flow. 


E. 	 A loss of instrument air closes back-pressure control valve (PCV -I-I) and opens pressurizing flow 
control valve (FCV-I-8). 


F. 	 FCV-1-8 fails to close when PCV-I-J fails closed or PCV-I-I fails to respond to increased 
pressurizing flow. 


G. 	 Extreme diesel generator overspeed resulting in high pressurizing pump discharge flow. 


H. 	 A loss of power to the diesel-commercial bus and the output from the instrument battery backed 
power closes PCV-I-I and opens FCV-I-8. 


l. 	 A loss of instrument air closes PCV - I -I and opens FCV -1-8 with concurrent failure of the inlet 
pressure subsystem. 


Based on analysis in the DBR (EG&G Idaho 1994), items A-E are considered to be Condition 2 
events, items F and G Condition 3 events, and item I a Condition 4 event. Item H requires failure of three 
power sources, one of which is a battery-backed source; it is therefore conservatively estimated to be 
Condition 4. . 


All identified accidents in this section have been evaluated in the DBR. None of the events were 
reevaluated for this presentation for the following reasons: 


• 	 RELAP4 and RELAP5 modeling of pressure increases due to addition of mass is equivalent. 


• 	 No PPS subsystems are being added. 


• 	 No PPS subsystem setpoints are respecified. 


• 	 Reactor fuel protective margins do not require evaluation because pressure remains acceptable and 
therefore the fuel temperature remains within acceptable limits. 


The limiting Condition 2 event is item E, while the limiting event for Condition 4 is item Litem E 
also envelops Condition 3 events. These events are discussed in Sections 15.5.1 and 15.5.2, respectively. 
Section 15.5.3 briefly discusses the other events; additional information is available in the DBR 
(EG&G Idaho 1994) and its references. 
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15.5.1 A Loss of Instrument Air Closes Back-Pressure Control Valve PCV-1-1 and 
Opens Pressurizing Flow Control Valve FCV-1-8 


15.5.1.1 Identification of Causes a nd Accident Description. Loss of instrument air can 
occur as a result of supply failure, regulator failure, operator error, or mechanical failure ofthe system 
components. Failure of instrument air results in closure of PCV-1-], which terminates flow to the 
degassing tan1e The failure also opens FCV-J-S which enables delivery of approximately 300 gpm into 
the PCS by the pressurizing pump. The original design resulted in start of the standby pressurizing pump 
on loss of instrument air as well as the valve actions. The design has been changed to eliminate pump 
dependence on air pressure (Durney ]993). 


15.5.1.2 Analysis of Effects and Consequences 


15.5.1.2.1 Method of Analysis-Analysis was completed using RELAP4 with a one 
node core model (Atkinson 1976a; Atkinson 1976b). The pressurizing flow was conservatively assumed 
to be 600 gpm at the beginning of the transient. An additional 75 gpm inflow from the gland seal system 
was assumed. The valve FCV-l-S fully opened in 2.5 sec, and the valve PCV-]-I was assumed fully 
closed in ] .75 sec. The analysis conservatively assumes that the standby pump starts. The rate at which 
the event progresses is faster with this assumption. 


15.5.1.2.2 Results-The unmitigated pressure response for the reactor vessel inlet is 
shown in Figure] 5.5-1. The design pressure of 390 psig for the inlet piping downstream of the PCS 
butterfly valve was reached in 3.5 sec. Design pressure plus 10% (the upper limit for Condition 2) was 
reached at 8.5 sec. (Pressures in Figure] 5.5-] are in absolute pressure units; the design limits are 
provided in gauge units.) The event is terminated by the PPS which shuts off the pressurizing and gland 
seal pumps (a scram also occurs). The setting to limit pressure to the design value is shown below 
(although the acceptance criteria is ]] 0% of design pressure for the inlet piping (390 psig) is used). 


15.5.1.2.3 Conc/usions-The Condition-2 limit for the inlet piping is 10% over the 
design or 429 psig. The limiting event causes pressure to change at 7.8 psi/sec. Since the response time of 
the PPS high inlet pressure pump shutoff subsystem is 0.5 sec and the pumps respond in 0.2 sec 
(Atkinson, I 976b), the worst-case setpoint should be ~ 423.5 psig. With an accuracy of]8 psi, the 
limiting control setting is ~ 405.5 psig. The high pressure PPS setpoint (limiting control setting) has 
historically been ~ 390.6 psig with an accuracy of ] 8 psi (worst case setting of 408.6 psig) and is 
conservative. The setting for this subsystem (~ 390.6 psig) will prevent pressures from exceeding the 
design plus 10% for the Condition 2 events by shutting off the pressurizing pumps and the gland seal 
pumps. Retaining the setting of ~ 390.6 psig also provides assurance that the action should occur prior to 
reaching the relief valve setting. However, the worse case setpoint for the lifting of the relief valves is less 
than the worse case setpoint for the pump shutoff system. Therefore, the possibility does exist that the 
relief valves could lift before the pumps were turned off. While this is not expected to happen, it is a 
possibility. 


The outlet subsystem for high pressure provides diverse action for the inlet scram (the relief valve 
provides diverse action to reduce high pressure). Data from the RELAP5 calculations (Pafford 1994) are 
used to establish the scram settings for the outlet pressure subsystem. The calculated pressure difference 
between the inlet and outlet location is ] 22.4 psi for three pump operation and 94.7 psi for two pump 
operation. At the time the inlet pressure is 423.5 psig (worst case setting), the outlet pressure is 301.1 psig 
(122.4 psi less) for three pumps and 328.8 (94.7 psi less) for two pumps. The accuracy for the outlet 
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subsystem is 11.9 psi; therefore, the limiting control settings are :s: 289.2 psig (three pumps) 

and :s: 316.9 psig (two pumps). These settings historically have been :s: 278 psig (three pumps) 

and:S: 309.7 psig (two pumps). These conservative settings (:S: 278 psig and:S: 309.7 psig) and worst-case 

setpoints (289.9 and 321.6 psig) are maintained as noted for the inlet subsystem above. 



15.5.2 A Loss of Instrument Air Closes PCV-1-1 and Opens FCV-1-8 with Concurrent 
Failure of the Inlet Pressure Subsystem 


15.5.2.1 Identification of Causes and Accident Description. This fault is initiated as 
discussed in Section IS.S.l.l but with concurrent failure of the inlet pressure PPS subsystem. Pressure 
will rise until the PCS relief valves are actuated. 


15.5.2.2 Analysis of Effects and Consequences 


15.5.2.2.1 Method of Analysis-Analysis for the relief valve setting pressure was 
performed to satisfy the ASME Code, Section 111, Class I, NB-7000, 1986 requirements (Pace 1990). 


15.5.2.2.2 Results-The analysis results indicate that a safety relief valve setting at 
:s: 390 psig will prevent PCS pressures from exceeding 120% of design pressure at all locations. 


15.5.2.2.3 Conclusions-The PCS relief valves will act as a diverse overpressure 
protection system to the inlet pressure PPS subsystem and wiII prevent PCS pressures from exceeding 
] 20% of design. Since this is a low probability event, a substantial overpressure (20%) is acceptable. 


15.5.3 Bounded Events - Increase in Primary Coolant Inventory 


15.5.3.1 Back Pressure Valve PCV-1-1 Closes Due to Operator Error or Controller 
Failure. Pressure control system failures were simulated as part of the ATR SO-102 tests. Failure of 
PCV - I -I caused the reactor inlet pressure to reach 390 psig, but closure of FCV -1-8 by PRC -1-8 
terminated the pressure rise (Magleby 1968). The rate of pressure increase for this event is slower than the 
limiting high-pressure event since FCV-I-8 does not open and the standby pressurizing pump does not 
start. 


The pressure increase for this event is terminated by the PPS setting obtained in Section 15.5.1, and 
the consequences ofthis fault are bounded by the loss of instrument air which is discussed in 
Section 15.5.1. 


15.5.3.2 Pressurizing Flow Control Valve FCV-1-B Opens due to Operator Error or 
Controller Failure, or a Second Pressurizing Pump is Started. A failure of FCV -1-8 to the 
full-open position has little effect on PCS pressure. This transient resulted in a 6 psi increase in PCS 
pressure during SO-1 02 tests. The pressure control valve PCV-I-l can compensate and control the 
transient. Either of these events is less severe than a limiting high-pressure event since PCV-I-1 does not 
close and remains operational. 


The consequences of this fault are bounded by the loss of instrument air which is discussed in 
Section 15.5.1. 
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15.5.3.3 Excessive High Pressure Air is Valved into the Surge Tank. The air supply 
valves are controlled by the operator. The pressure in the HPA supply is normally controlled to < 285 
psig, and the pressure in the surge tank for three-pump operation is about 240 psig [Chapter 5 (Primary 
Coolant System)]. (The three-pump case is considered since it envelops the two-pump operation). An 
error in adding high-pressure air could result in a pressure increase of 45 psi. The PPS setting described in 
Section] 5.5.] would clearly terminate the pressure increase. However. an increase of45 psi for the surge 
tank would result in a comparable increase in inlet pressure (45 psi added to 373 psig taken from the 
footnote in Table 15.0-2). The maximum pressure (about 420 psig) would be less than the design value. 


The consequences for this fault are bounded by the loss of instrument air which is discussed in 
Section ]5.5.1 since the maximum pressure reached « 420 psig) is less than the maximum pressure 
of 429 psig that could be reached with the least-conservative setting for the inlet pressure (high) PPS 
subsystem. 


15.5.3.4 Diesel Generator Overspeed (.515%) Causes Pressurizing Pump 
Overspeed and Increased Flow. An assumed maximum diesel generator overspeed of] 5% would 
result in a maximum pressurizing flow increase of 15%. This increase in flow is less than the flow 
increase from starting the standby pump as discussed in Section 15.5.3.2 (conservatively modeled as 
a 100% increase in pressurizing flow due to starting the second pump). 


The consequences of this fault are bounded by the loss of instrument air discussed in 
Section] 5.5.1. 


15.5.3.5 A Loss of Power to the Diesel-Commercial Bus and the Output From the 
Instrument Battery Baclr.ed power Closes PCV-1-1 and Opens FCV-1-8. This fault is the same 
as discllssed in Section ] 5.5. ] . The original design resulted in the high pressure event on loss of the 
diesel-commercial bus. A design change provided standby power for these valves (Durney 1993). 


15.5.3.6 FCV-1-8 Fails to Close when PCV-1-1 Fails Closed, or PCV-1-1 Fails to 
Respond to Increased Pressurizing Flow. This fault results in an increase in pressure that is less 
rapid than the loss of instrument air (the standby pressurizing pump does not start). 


The consequences ofthis fau It are bounded by the loss of instrument air which is discussed in 
Section 15.5.1. 


15.5.3.7 Extreme Diesel Generator Overspeed Resulting in High Pressurizing 
Pump Discharge Flow Rate. The diesel generator governor failure could allow greater than ]5% 
overspeed. A maximum overspeed cannot be determined~ however, a 100% overs peed is assumed 
excessive and results in a ]00% increase in pressurization flow. As noted in Section 15.5.3.4, the increase 
in pump speed is enveloped by starting the second pressurizing pump. The consequences are less severe 
than those discussed in Section 15.5.]. 


TIle consequences of this fault are bounded by the loss of instrument air which is discussed in 
Section 15.5. I. 



http:Baclr.ed
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Figure 15.5-1. Unmitigated pressure response for the reactor vessel inlet during a loss of instrument 
air.(For Information Only) 
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15.6 Decrease in Primary Coolant Inventory


Excessive bleed or discharge from the PCS or failure of the PCS pressure boundary will result in a primary coolant inventory decrease. This may occur as a result of mechanical failure, valve failure, or misoperation. Accessible PCS piping greater than


FOIA Exemption 3 UCNI, Exemption 7f  


The ATR operates at moderate system pressure (nominally 371.9 psig at the PPS vessel inlet pressure tap), and low temperature (not more than 125(F at the core inlet). With these conditions, the system will depressurize rapidly upon a loss of inventory, and pressure may be subatmospheric in some locations. The coolant is subcooled at the vessel outlet at atmospheric conditions. A number of faults which result in a decrease in coolant inventory are postulated. These events are discussed in this section. Detailed analyses are presented for the limiting faults. The identified faults are:


A. An opening in the PCS due to opening a drain valve, relief valve, or vent valve with an equivalent break size no greater than 3‑inch diameter


B. Heat exchanger tube rupture


C. Rupture of PCS outside radiographic limits


D. Two PCS relief valves fail open


E. Two vessel vent valves fail open


F. A loss of coolant due to a large piping crack inside the radiographic limits


G. EFIS 2-inch line failure


H. FOIA Exemption 3 UCNI, Exemption 7f 

I. An opening in the PCS (with an equivalent break size no greater than 3-inch diameter) with a concurrent outage of one Emergency Firewater Injection System


J. An opening in the PCS (with an equivalent break size no greater than 3-inch diameter) with a concurrent failure of one primary coolant pump to trip in response to the pump trip ESF


K. An opening in the PCS (with an equivalent break size no greater than 3-inch diameter) with a concurrent failure of one primary coolant pump check valve to close


L. A seismic-induced PCS leakage LOCA (concurrent failure of ac power)


M. Very small seismic LOCA


N. Significant leakage out of the top closure plate due to failure of a loop closure assembly seal


O. Opening valve outside radiographic limits or at radiographic boundary (during reactor shutdown)


P. Piping rupture outside radiographic limits (during reactor shutdown)


Q. Multiple drain valves opened (during reactor shutdown)


R. Pressure tube penetration or bottom head closure plug failure (during reactor shutdown).


Analysis in the DBR (SAR‑39), a study for the frequency of LOCA events with concurrent failures (Thatcher 1999), a study for seismic LOCA event scenarios (Atkinson 1999b), and for the frequency of direct damage LOCA events (Atkinson 1999a) defined either qualitative or quantitative LOCA event sequence probabilities. From these studies and analyses events A and B are considered to be Condition 2 events for all of ATR operation. Events C-E, I, J, and L are considered to be Condition 3 events, and F-H and K are considered Condition 4 events for all of ATR operation. Event H is an improbable event based on quantitative probabilistic analysis in the ATR PRA (Eide, Khericha, and Thatcher 1991) and is thus a beyond-design-basis event sequence. Event H is treated as if it were a Condition 4 event for the safety analysis in order to demonstrate the redundancy and diversity in the PPS. Event N is a Condition 3 event as defined by a study for top head closure failure modes and probabilities (Eide and Shurman 1999). Event M could be considered either a Condition 3 or a Condition 4 event, depending on the size of the seismic event leading to the damage. Categorization of events O‑R, postulated LOCAs occurring during reactor shutdown, is discussed in Section 15.6.10.


The occurrence of any of the postulated LOCA events during short periods of operation at maximum reactor and fuel plate powers is a lower probability event. LOCA event annual probabilities or frequencies are defined as a function of three typical ranges of ATR lobe power operation (Atkinson 1999a; Terry 1999; Bayless, Polkinghorne, and Thatcher 2004; Polkinghorne 2005). These three typical lobe power ranges are identified as: common power operation (( 34 MW peak lobe power), at lower lobe powers for more than 80% of power operation; moderate power operation at lobe powers greater than the typical power level for common power operation (( 34 MW peak lobe power) but less than for operation at maximum or high powers (( 47 MW peak lobe power), for up to 12% of power operation; and for short periods of operation at high or maximum lobe and plate powers (( 47 MW peak lobe power), no more than 8% of all power operation. The annual average fraction of operating time at the moderate and high power levels may be restricted as a means of controlling the risk for severe fuel damage accidents. The above LOCA event probability categories apply for common power operation at relatively low lobe and fuel plate powers. When the time at high or maximum plate powers is considered, then LOCA event frequencies for the above LOCA events at moderate or high power operation are defined as follows:


Event A or B during operation at high power or maximum plate powers‑Condition 3


Events C-E, I, J, L, M, or N during operation at high power or maximum plate powers‑Condition 4


All other LOCA events, F, H, and K occurring during short periods of operation at high or maximum lobe and fuel plate powers are of such a low probability that they may not need to be included in the ATR safety design basis. But, these LOCA events may still be analyzed as a design basis accident at maximum fuel plate powers in order to envelop all operating states. However, they would be evaluated according to the plant protection criteria for Condition 4 events.


The limiting Condition 2 event   FOIA Exemption 3 UCNI, Exemption 7f  


The limiting Condition 3 event is event C. This event is bounded by an analysis for event C for operation with maximum lobe and fuel plate powers, a Condition 4 event.


The limiting event C is for a rupture of the bypass demineralizer piping                            radiographic boundary. This LOCA event interfaces with the reactor vessel inlet piping at a 

FOIA Exemption 3 UCNI, Exemption 7f 


the limiting Condition 2 and Condition 3 events, when analyzed to show that it meets the Condition 2 plant protection criteria.


The limiting Condition 4 events, as analyzed for this safety analysis, are events J and L for operation with maximum lobe and fuel plate powers. Event sequences F, H, and K have a probability of occurrence below the frequency range for Condition 4 events during the short periods of operation at high or maximum plate powers but are analyzed for the design basis to bound Condition 4 LOCAs. These event sequences are analyzed as a rupture in the bypass demineralizer piping, the same limiting three-in. diameter interfacing break analyzed for event C.


The consequences of a large break LOCA are found in Section 15.12 (Severe Accident analysis). Section 15.6.2 concludes that for the ATR design, construction, inspections, and operation, a PCS LOCA resulting in any significant fuel damage is considered a severe accident instead of a design basis event because of the extremely low probability for occurrence.


15.6.1 Break Spectrum Study


Break spectrum studies have been performed for the ATR (Bayless et al. 1992; Determan 1992; Terry 1999; Bayless, Polkinghorne, and Thatcher 2004; Polkinghorne 2005) involving numerous RELAP5 calculations to determine limiting PCS break locations and sizes as a function of reactor power levels. Limiting breaks are those breaks for which core fuel damage results as a consequence of the LOCA. The break spectrum studies were used in order to categorize LOCA events according to their expected core fuel consequence; those with significant core fuel damage or direct core damage LOCAs, those experiencing only local fuel damage, and those for which no fuel damage is expected. The following definitions are used to categorize the LOCA events.


Direct core damage is a consequence of an ATR accident for which significant core fuel damage may result as a direct consequence of the accident sequence without the possibility of successful mitigation of the event by the current ATR PPS or Engineered Safety Features (ESF) or the need for additional system failures to occur before fuel damage may result. Some events can and will lead to direct but local fuel damage, such as blockage of fuel cooling channels by foreign debris, or medium or large break LOCAs in non-sensitive piping and occurring at moderate power levels. These events are not considered to be a direct core damage event as long as the consequence of such direct local fuel damage events meet the required protection criteria for Condition 4 events.


Significant core fuel damage is defined as damage to the core fuel or fuel melting sufficient to result in a potential inability to cool the molten debris in order to prevent a severe accident condition from resulting. This degree of core fuel damage is believed to require complete melting of several fuel elements or partial fuel melting of most fuel elements within a core quadrant (which contains 10 fuel elements).


Local fuel damage is when only a few locations on a few fuel plates, the hot spots in a few fuel elements, the hot channels or hot tracks, experience insufficient heat transfer conditions that result in high fuel plate temperatures exceeding the melting point. A high power lobe of the ATR core will contain about 10 to 20 hot fuel plates and channels out of a total of 200 fuel cooling channels in the quadrant.


Break spectrum analyses were performed for three typical ranges of ATR power operation defined as: common power operation (( 34 MW peak lobe power), for 80% or more of reactor power operation; moderate power operation, for operation above the lobe powers for common operation ( ( 34 MW peak lobe power) but less than for high or maximum power operation (( 47 MW peak lobe power) for up to 12% of power operation; and high or maximum power operation (( 47 MW peak lobe power) for short periods of time no more than 8% of power operation. Different sizes of breaks were assumed at different locations in the PCS since the most limiting break was found to not always be the largest possible break in the piping (Determan 1992). The analyses were carried out until either fuel plate melting temperatures were predicted or the core fuel temperatures were stable during core boiling and reflood and with Emergency Firewater Injection controlling the vessel coolant level above the core.


The results of the break spectrum analyses were summarized and applied in Atkinson (1999a) to define estimated annual probabilities or frequencies for LOCA events as a function of the three ATR operating power ranges. The expected frequency for direct core damage LOCA events and/or needed limitations on high power operation to restrict the risk for direct core damage LOCAs are defined in Atkinson (1999a); Bayless, Polkinghorne, and Thatcher (2004); and Polkinghorne (2005). It is established by these analyses that direct core damage LOCAs, for which significant core fuel damage may result, have an extremely low probability for occurrence, less than that considered probable for Condition 4 events. Therefore, direct core damage LOCAs need not be included in the ATR safety design basis as long as the fraction of operating time in high or maximum power operation is controlled. The fraction of operating time in the high to maximum operating power range is assumed to be no greater than 0.08 for the direct core damage frequency evaluation (Atkinson 1999a; Bayless, Polkinghorne, and Thatcher 2004; Polkinghorne 2005).


15.6.2 Pressure Boundary Failures


An evaluation of the potential for failure of the PCS was completed by Atkinson (1999a). This evaluation considered the design, service conditions, surveillance, and maintenance as well as the potential failure modes to conclude that a large break or catastrophic failure sufficient to cause direct and rapid damage to the reactor fuel is not credible. This evaluation resulted in the controls on the integrity of the primary coolant pressure boundary as described in Chapter 5 (Primary Coolant System) and limitations on the frequency of high power operation as discussed in Atkinson (1999a). The system operates at modest temperatures and pressures and has limited stored energy. There is little potential for failure from intergranular stress corrosion cracking, erosion, or corrosion. A flaw or crack may be propagated by the relatively modest stress cycles eventually reaching a detectable leak, but the loss of coolant can be bounded as a 1-in. break.


The detection of leaks in the primary coolant pressure boundary relies upon a system walkdown prior to each operating period, if the PCS has been depressurized [Chapter 5 (Primary Coolant System)]. The walkdown inspection is completed at operating pressure. Inspecting the bare, uninsulated pressurized system in this manner is highly effective in detecting leaks and incipient failures. Additional monitoring of the leak rate during operation is performed. However, because of limited measurement sensitivity and the slow progression of piping cracks, the leak rate surveillance by itself is not fully effective for detection of pressure boundary leakage. Thus, the walk down inspection is necessary. Leak rate monitoring can be effective for detection of component (e.g., seals) failure.


There are no identified probable mechanisms for the occurrence of a medium to large rupture of the ATR primary coolant piping (Atkinson 1999a). The effective PCS break size for interfacing piping ruptures outside the radiographic boundary may be up to 3-in. diameter. However, the largest expected break within the main ATR primary coolant system piping is due to the occurrence of a through wall crack which is bounded by a 1-in. diameter break as concluded in the evaluation for potential ATR PCS piping failures in Appendix A of Atkinson (1999a). There are no identified sudden large rupture mechanisms for the ATR primary coolant system as long as effective PCS walkdowns and other inspections are conducted and good PCS coolant chemistry controls are maintained. The most effective of the inspection methods is the visual walkdown of the main primary coolant system piping after re‑pressurization and before reactor startup. Therefore, analyses for a three-in. diameter LOCA in the vessel inlet piping at a low elevation in the system, the system safety design basis LOCA, also bound the expected Condition 4 primary coolant system piping rupture LOCA. The analyses for limiting Condition 4 LOCAs with concurrent failures and analyzed for maximum lobe and plate powers are bounding.


Sudden failures of bolted closures (e.g., top head or bottom plate closure plug and nozzle trench flanges) are assumed incredible during operation (Kelly 1993; Eide and Sherman 1999). Since the bottom plate and nozzle trench flange failures may occur as a result of maintenance operations (during shutdown), they are considered in Section 15.6.10.


The consequences of a direct fuel damaging large break are discussed in Section 15.12.4.


15.6.3 Heat Exchanger Tube Rupture


Radioactivity can be introduced into the SCS by leakage from the PCS through heat exchanger tube leaks. Radioactivity in the SCS can be released to the environment via the cooling towers. Therefore, the radioactivity of the SCS is monitored and limited consistent with limits on doses due to airborne effluent releases. Because of the design of the heat exchangers, the leakage rate from the PCS would be within the makeup capability and the consequences are a limited release of PCS coolant to the environment.


Although the leakage from a single tube (0.75 in. in diameter) is within the capability of the makeup system, a full break of a tube would result in a significant perturbation in the PCS. The flow control valve (PCV-1-1) would be expected to close fully and makeup to the degas tank would increase to equal the leakage to the SCS (in the range of 200 to 300 gpm for a small-diameter tube) which would cause an alarm (demineralized water usage). Because the flow from the degas tank is fixed, the PCS pressure would decrease when PCV-1-1 closes and a scram would occur from the PPS inlet pressure (low) subsystem. Additionally, the low level in the surge tank would cause full inflow from the pressurizing pumps and start the standby pressurizing pump. The changes in PCS status would be accompanied by an alarm from the radiation detectors for the SCS piping.


The failure of the heat exchanger tube would be detected shortly after the leakage increase occurs. Assuming a concentration of 20 (Ci/ml for the PCS (a conservatively-high concentration for continuous operation) and a 300-gpm leak rate through the heat exchanger, it requires about 70 minutes to reach 0.01 (Ci/ml in the SCS (total SCS volume is 413,000 gal). The concentration would be less than 0.04 (Ci/ml if the leak rate persisted for four hours. The operator response is to depressurize the PCS and isolate the affected heat exchanger. Since this action can be completed directly, the amount of radioactivity transferred to the SCS is limited and can be assumed to be less than 0.04 (Ci/ml. Because of the limited leakage, the effect on the public is estimated by the basis for the SCS radioactivity limit for normal operation which is discussed below.


The SCS radioactivity limit was established based on simple, yet conservative dose calculations (Velen 1989a; Velen 1989b). Potential annual off‑site and on‑site doses per unit of SCS radioactivity were calculated. The calculations assumed continuous operation with radioactivity leaking from the PCS to the SCS and maximum SCS cooling tower blowdown. Radioisotopic mixes representative of normal operation and operation with a fuel element cladding defect (fission break) were considered. Velen’s analyses concluded that the continuous release with SCS radioactivity concentration of 0.01 (Ci/ml would result in doses of no more than 2.5 mrem/year EDE to a full time resident at the INL NSB and no more than 500 mrem/year EDE to the maximally exposed ATR Complex worker. These values were based on DOE Orders and guidance in effect at the time of the analyses.


The maximally exposed worker is defined as a person who is downwind and at a distance from the cooling tower where the concentration in the plume is the highest for the work year. This calculation is conservative since wind speed and direction are variable, and it is therefore not credible to expect an individual worker to be exposed to the maximum concentration for a total work year.


The SCS radioactivity corresponding to the dose limit for each case (off‑site and on‑site for both isotopic mixes) was determined by scaling the annual dose per unit activity to the annual dose limit. The limit of 0.01 µCi/ml on SCS radioactivity was established from the most restrictive of the four cases (Velen 1989a and 1989b). Because of the low elevation of the release point, on‑site doses with the fission‑break isotopic mix were limiting. With leakage from a full break in the tube, the concentration in the SCS could approach four times that assumed for the dose calculation. However, the release persists for only a few hours (until the SCS is shut down); the dose calculation assumes that the worker is exposed for 2015 hours. The SCS could operate for about 500 hours with a concentration of 0.04 (Ci/ml before approaching the calculated doses. Since the calculated doses are less than the Condition 1 Plant Protection Criteria, the consequences of the heat exchanger tube rupture meet the Condition 2 Plant Protection Criteria.


15.6.4 Rupture of PCS Outside the Radiographic Limits or an Opening in the PCS Due to Opening a Drain Valve, Relief Valve, or Vent Valve with an Equivalent Diameter of 3‑Inch or Less


15.6.4.1 Identification of Causes and Accident Description. Failure of piping or welds outside the radiographic boundaries is considered to be a Condition 3 event. Operator error which results in opening a normally closed valve on the PCS is considered a Condition 2 event. Because of system pressures, opening of large valves (requires manual action) is difficult and therefore improbable. However, smaller valves (i.e., those located on three-in. or smaller piping could be opened. The vent valves are manually actuated solenoid operated valves that could be opened. These valves have a throat opening that is less than a three-in. diameter hole. Occurrence of any of these LOCA events during short periods of ATR Operation at high or maximum plate powers would be a lower probability event.

15.6.4.2 Analysis of Effects and Consequences. The event chosen for analysis was a double‑ended offset shear of the 6-in. pipe leading from the 36-in. reactor vessel inlet line to the bypass demineralizer. The break was assumed to occur downstream of the orifice separating the radiographed and nonradiographed portions of this pipe. The diameter of the orifice was assumed to be 3 in., although its diameter is actually 2.5 in. A 3-in. diameter opening in the PCS bounds several decrease in primary coolant inventory events. This event also bounds the Condition 2 surge tank vent line break (primary coolant system depressurization) analyzed in Polkinghorne (2003).

15.6.4.2.1 Method of Analysis—A modified version of the RELAP5/MOD2.5 code was used to calculate the thermal-hydraulic response of the core and PCS (Polkinghorne 1999a). The modifications were as follows:

· A pump cavitation model was added to RELAP5/MOD2.5 to calculate the performance of the primary coolant pumps (PCPs) after they begin to cavitate. The model calculates the head developed by the PCPs as a function of flow and net positive suction head (NPSH) (Davis 1999a).


· The RELAP5 accumulator component, which is used to model the surge tank, was modified as discussed in Davis (1999b). The modification allows water to flow back into the surge tank after EFIS flow is initiated.


The initial air volume in the surge tank was established (trial and error) such that core thermal margins were minimized. A low air volume results in more rapid depressurization of the PCS than a high air volume, but also results in earlier EFIS actuation. Thermal margins were minimized when EFIS actuation was delayed until after the PCPs had coasted down and the core flow rate had reached a minimum. Upper vessel and bottom head EFIS flow rates were modeled as functions of reactor vessel pressure (Atkinson 1999c). For conservatism, it was assumed that the overhead firewater storage tank was initially empty and that one upper vessel injection valve failed to open.


The initial vessel inlet pressure and core pressure drop were reduced somewhat from the values shown in Table 15.0-2. The vessel inlet pressure was reduced to 366 psig and the core pressure drop was reduced to either 72 psid (two-pump operation) or 95 psid (three-pump operation). Reducing the core pressure drop is conservative since it reduces the core flow rate. The effect of reducing the vessel inlet pressure is negligible. These parameters were reduced to provide greater operating flexibility in the future (pending reanalysis of other accidents in Chapter 15).


The LOCA PCP shutoff ESF was assumed to trip all the operating PCPs 60 to 70 s after reactor scram. The plant performance was assessed at these two times. The 60 s time provided the minimum thermal margins. The 70 s time provided the minimum surge tank level. These times were used because the response time is 65 s ( 5 s. After the PCPs coasted down, flow through the core was maintained by the operating emergency coolant pump (ECP). No credit was taken for automatic startup of the standby ECP. Coolant addition by the pressurizing system was also not modeled.


The 70/20 lobe power distribution discussed in Section 15.0.4.3 was used for both two- and three‑pump operation. The total reactor power was initially either 179.5 MW (two-pump operation) or 191.5 MW (three-pump operation), corresponding to Plate 19 effective powers of 417 and 445 MW, respectively. The ATR was assumed to have operated at these power levels for 60 days prior to the accident. Protective margins for Plate 19 were evaluated with the ATR-SINDA and SINDA-SAMPLE models using boundary conditions from RELAP5.


15.6.4.2.2 Results—Table 15.6-1 lists the sequence of events for two- and three-pump operation. In each case, the reactor scrammed on low vessel inlet pressure (312.6 psig + 0.1 s response time) at about 0.3 s, which caused the PCPs to trip 60 to 70 s later. EFIS flow began one second after the pressure in the upper plenum of the reactor vessel (93-ft. evaluation) decreased to 17 psia.

The operating ECP maintained flow through the core after the PCPs tripped. Coolant lost from the PCS was made up initially by the surge tank, and later by the EFIS. Less than half the surge tank liquid inventory drained before EFIS actuation caused the surge tank to partially refill.


Fuel temperatures initially increased somewhat as coolant was diverted out the break, then decreased rapidly following reactor scram. Fuel temperatures increased again after the PCPs tripped and the flow rate through the core was reduced. Minimum thermal margins occurred 20 to 30 s after the PCPs tripped (and prior to EFIS actuation). For two-pump operation, the minimum CHF and FI margins were 3.43 and 5.74(, respectively, and for three-pump operation, the minimum CHF and FI margins were 3.41 and 4.90σ, respectively. Figures 15.6-1 and 15.6-2 show peak fuel and coolant temperatures as functions of time
. CHF and FI margins are shown in Figures 15.6-3 and 15.6-4.


Low pressure indicates a potential for a loss of coolant inventory that could lead to a dry out in the fuel cooling channels possibly resulting in fuel melt. The safety limit for low inlet pressure is established in Pafford (1994). The inlet pressure for 3( to CHF is 170.6 psig for three‑pump operation and 146.7 psig for two‑pump operation. Maintaining these limits will provide a high probability of adequate heat transfer thereby limiting the temperature of the fuel plate.


15.6.4.2.3 Conclusion—The low-vessel-inlet pressure subsystem will terminate reactor operation and, in conjunction with EFIS actuation, maintain Condition 3 protective criteria for this limiting LOCA. The event envelops the high probability (Condition 2) event because the radiographic boundary effectively establishes a maximum 3-in. diameter break and the Condition 2 protective criteria are maintained.

15.6.5 Three-Inch Opening in PCS with Concurrent Failures


Discussed in this section are failures assumed to occur concurrently with the 3-in. equivalent pipe break discussed in Section 15.6.4 (referred to as the base-case 3-in. LOCA).


15.6.5.1 Upper Vessel or Bottom Head EFIS Out-of Service. The upper vessel EFIS was assumed to be out-of-service (or otherwise inoperable) for this concurrent event. Since the upper vessel EFIS provides flow directly to the core during a design-basis LOCA, its loss is potentially more serious than a loss of bottom head EFIS. The RELAP5 results for this event show that the flow rate through the core at 100 s (shortly after bottom head EFIS flow was established) was 16% lower than for the base-case 3-in. LOCA (Polkinghorne 1999a). However, as noted in Section 15.6.4, minimum thermal margins occur prior to EFIS actuation. Therefore, minimum thermal margins for this event are the same as for the base-case event, thus satisfying the ATR Plant Protection Criteria for Condition 3 faults.

FOIA Exemption 3 UCNI, Exemption 7f

· The standby ECP was started when the PCPs tripped.


A sensitivity calculation was also performed to investigate the effect of increased PCP efficiency (i.e., less head degradation) after the PCPs start to cavitate. Increased PCP efficiency was simulated using the Savannah River (SR) cavitation model discussed in Davis (1999a). For a given flow rate, the Savannah River model predicts considerably less head degradation at low NPSH than the ATR model. The Savannah River model therefore provides a conservative upper bound on the head produced by the cavitating ATR pumps.


The surge tank response is shown in Figure 15.6-5 for two‑ and three‑pump operation. Also shown is the result from the sensitivity calculation. In all cases, the surge tank did not empty and began to refill shortly after EFIS actuation. The sensitivity calculation predicted a minimum surge tank liquid volume of 4.4 ft3. While this is a very small liquid volume, the combination of very conservative assumptions as listed above, some of which cannot occur simultaneously, provides high confidence that the surge tank will not empty during a design-basis LOCA, even if one PCP fails to trip. The LOCA PCP shutoff ESF and EFIS actuation ensure that Condition 3 protective criteria are maintained during this event.


FOIA Exemption 3 UCNI, Exemption 7f

15.6.6 Seismically-Induced PCS Leakage


15.6.6.1 Identification of Causes and Accident Description. Piping connected to the PCS that is less than 3 in. in diameter or separated from the PCS by an orifice with a diameter of 3 in. or less (or a closed valve or check valve) has not been seismically analyzed. Significant seismic events up to the magnitude of the Safe Shutdown Earthquake (SSE) are expected to cause some leakage from this interfacing piping. Full rupture of the small-diameter interfacing piping is not expected during earthquakes up to and including the SSE. A severe earthquake, however, may cause some cracking of this piping.

The potential leakage resulting from a seismic event was characterized based on the configuration of the PCS and interfacing piping, the potential range of seismic events, previous evaluations of seismic fragility of piping systems at the ATR, and a walk-down of the PCS interfacing piping (Atkinson 1999b). This characterization concluded that for seismic events up to the SSE (i.e., up to a Condition 4 seismic event), the leakage would be less than that from a 1-in. diameter break in the reactor vessel inlet piping. The evaluation further concluded that Condition 2 seismic events would not result in increased PCS leakage.


15.6.6.2 Analysis of Effects and Consequences. A 2-in. diameter break in the reactor vessel inlet piping was analyzed to provide a conservative upper bound on the leakage expected following a severe earthquake. A 3-in. diameter inlet break was also analyzed since it is the design-basis small‑break LOCA for the ATR. The consequences of the 2-in. break were evaluated according to the ATR Plant Protection Criteria for Condition 3 events, and the consequences of the 3-in. break were evaluated according to the ATR Plant Protection Criteria for Condition 4 events.

15.6.6.2.1 Method of Analysis—The RELAP5/MOD2.5 code was used to calculate the thermal-hydraulic response of the core and PCS, and the ATR-SINDA and SINDA‑SAMPLE models were used to evaluate protective margins for Plate 19 (Davis and Polkinghorne 1999). The initial conditions for the seismic LOCA analyses were the same as for the 3-in. LOCA analysis discussed in Section 15.6.4.

An earthquake was assumed to trip the reactor at 0.2 s. The first damaging seismic waves reached the ATR at 2.0 s (Atkinson 1997), initiating the small-break LOCA and causing a loss of commercial and diesel AC power.
 The loss of AC power caused the PCPs, M-10 ECP, and SCS pumps to coast down. Low flow in the M-10 ECP recirculation line caused the DC-powered M-11 ECP to start automatically. EFIS flow began one second after the pressure in the upper plenum of the reactor vessel (93-ft elevation) decreased to 17 psia. It was assumed that the DC power supply for ECP M-11 was depleted 30 minutes into the accident, causing ECP M-11 to coast down.


15.6.6.2.2 Results—The times that various events occurred during the 2‑ and 3‑in. seismic LOCAs are summarized in Table 15.6-3. Thermal limits were approached twice during each event. The first approach to limits occurred as the PCPs coasted down and the flow rate through the core reached a minimum (near the time that the PCP check valves closed). Thermal margins then increased because of decreasing decay heat and increasing core flow. The core flow rate increased after the PCP check valves closed because the break flow rate decreased as the PCS depressurized. EFIS actuation caused the core flow rate to increase further. The second approach to limits occurred when the DC power supply was depleted, causing ECP M-11 to coast down. Temperatures increased and thermal margins decreased when the flow reversed (from forced downflow to natural circulation upflow).

Minimum thermal margins, both early and late, are summarized in Table 15.6-4. Figures 15.6-14 and 15.6-15 show peak fuel temperatures near the times that thermal limits were approached. CHF and FI margins are shown in Figures 15.6-16 and 15.6-17. The PCS depressurized faster for the 3-in. LOCA than for the 2-in. LOCA. Therefore, during the first approach to limits, thermal margins were lower for the 3-in. LOCA. FI margins were calculated only up until the time that the flow reversed. Following a flow reversal, boiling in the hot channel (should it occur) would not necessarily cause the flow to become unstable. Therefore, the FI criterion is only applicable for downward flow. More firewater was injected into the reactor vessel for the 3-in. LOCA than for the 2-in. LOCA. Therefore, when the flow reversed, coolant temperatures were lower, and FI margins higher, for the 3-in. LOCA.


15.6.6.2.3 Conclusions—The seismic level subsystem will terminate reactor operation and, in conjunction with the battery-backed power systems, maintain Condition 3 and 4 protective criteria for the 2- and 3-in. seismic LOCAs, respectively. However, as noted above, FI margins following the loss of DC power were lower for the 2-in. LOCA than for the 3-in. LOCA. This led to a concern that a very small seismically-induced pipe break could potentially result in unacceptable safety margins. This concern is addressed in Section 15.6.7.

15.6.7 Very Small Seismic LOCA


15.6.7.1 Identification of Causes and Accident Description. A very small seismically‑induced pipe rupture could potentially result in lower thermal margins than calculated for the 2- and 3‑in. seismic LOCAs discussed in Section 15.6.6. If the PCS leak rate were such that the reactor vessel pressure was just above the EFIS actuation pressure when DC power was lost, EFIS actuation would be delayed until after the DC-powered ECP had coasted down. The second approach to thermal limits, then, would occur at a much lower pressure than analyzed in Section 15.6.6. This event could occur with either a Condition 3 or 4 frequency.

15.6.7.2 Analysis of Effects and Consequences. A 0.7-in. diameter break in the reactor vessel inlet piping was determined to be the worst-case break size. Since thermal margins were lower for the three-pump cases discussed in Section 15.6.6, than for the two-pump cases, only three-pump operation was simulated.

15.6.7.2.1 Method of Analysis—The RELAP5/MOD2.5 code was used to calculate the thermal-hydraulic response of the core and PCS, and the ATR-SINDA and SINDA‑SAMPLE models were used to evaluate protective margins for Plate 19 (Polkinghorne 1999b). The initial conditions and sequence of events were the same as for the 2- and 3-in. seismic LOCAs discussed in Section 15.6.6 except (1) the core power was initially 250 MW, and (2) the EFIS was not actuated. Reactor power was increased to 250 MW in order to maximize coolant temperatures in the PCS.

As discussed in Polkinghorne (1999b), the SINDA-SAMPLE model will not accurately calculate statistical margins for accidents in which significant boiling occurs. Therefore, as was done for the reactivity insertion accident discussed in Section 15.4.6, SINDA-SAMPLE was used to define the worst off-nominal combination of statistical parameters. These parameters were incorporated into ATR‑SINDA, which was then used to predict worst-case temperatures for Plate 19.


15.6.7.2.2 Results—Nominal and worst-case fuel plate centerline temperatures following the loss of DC power are shown in Figure 15.6-18. In each case, substantial boiling occurred in coolant channels 19 and 20, and the critical heat flux was occasionally exceeded. A sustained dryout, however, did not occur (i.e., the fuel plate was able to rewet). Therefore, fuel plate temperatures remained considerably below the fuel plate buckling temperature.


15.6.7.2.3 Conclusions—Atwood (1993) shows that for a non-Gaussian distribution, no failures in 1200 trails corresponds, with 50% confidence, to a greater than 3( margin to the limiting value of the quantity being simulated (e.g., fuel plate temperature). Since the worst-case ATR-SINDA calculation predicted temperatures less than the fuel plate buckling temperature, it is concluded that the margins to buckling and AWIT are greater than 3(. Thus, the ATR Plant Protection Criteria for Condition 3 and 4 events are met. If PCS leakage were less than modeled, the loss of forced flow would occur at higher pressure, and thermal margins would increase. If PCS leakage were greater than modeled, thermal margins would increase because, as shown in Section 15.6.6, the EFIS would be actuated prior to the loss of forced flow.

15.6.8 Significant Leakage Out of the Top Closure Plate Due to Failure of a Loop Closure Assembly Seal


A study for top head closure failure modes and probabilities (Eide and Shurman 1999) determined that a significant leak out through a failed top head closure seal is a Condition 3 event. A seal failure will result in a maximum opening area less than the area for a 1/4-in. hole and is thus bounded by a three‑in. break. A total failure of a top head closure has an extremely low probability for occurrence and is bounded by analyses for severe LOCAs in Section 15.12.


15.6.9 Bounded Events - Decrease in Primary Coolant Inventory


15.6.9.1 Two PCS Relief Valves Fail Open. The ATR relief valve inlet throat diameter is 1.281 in. (Wagoner 2007). The equivalent diameter for two relief valves open is 1.81 in. This is less than the 3-in. diameter discussed in Section 15.6.4. The break-spectrum study shows that a break in this location is less severe than the break in the inlet piping (the discussion of the break in the upper head shown in 15.6.6 provides additional information relative to location effects). The consequences are bounded by the 3-in. break analysis discussed in Section 15.6.4.

15.6.9.2 Two Vessel Vent Valves Fail Open. The throat diameter for the vessel vent valves is 2.625 in. However, the valves are connected to the reactor vessel upper drain line by a single 3-in. diameter pipe. Thus, both valves being open is essentially equivalent to a 3-in. pipe opening. The break-spectrum studies (Bayless et al. 1992; Determan 1992) showed that a break in this location is less severe than the break in the inlet piping. (The inside diameter of this pipe is 3.07 in. which is slightly greater then the 3-in. diameter hole analyzed. However, the difference due to location is substantial as is apparent from the results presented in Polkinghorne (1999a.) The consequences are bounded by the 3‑in. break analysis discussed in Section 15.6.4.

15.6.9.3 Rupture Due to a Crack Inside the Radiographic Limits. As described in Section 15.6.2, the piping failure inside the radiographic boundary is enveloped by a break equivalent to a 3-in. diameter pipe. The break spectrum study determined that the worst location is in the inlet piping. The consequences are bounded by the 3-in. break analysis discussed in Section 15.6.4.

15.6.9.4 Emergency Firewater Injection Two-Inch Line Failure. This event results in a two‑in. hole in the bottom head. The break-spectrum study shows that a break in this location is less severe than the break in the inlet piping. The consequences are bounded by the 3-in. break analysis discussed in Section 15.6.4.

15.6.10 Decrease in Primary Coolant Inventory During Reactor Shutdown


Activities with the ATR shut down occur on a regular basis. Even though the thermal power of the irradiated fuel due to radioactive decay will become less then 0.01 NF after 90 minutes, a potential for fuel damage still exists should the vessel be drained to below the top of the fuel in the core due to a LOCA during outages. The outage operations occasionally involve penetrations in the bottom closure plate. A LOCA initiated by a failure in the bottom head can be a difficult sequence to mitigate. However, the potential for damage due to a bottom closure plate LOCA can be eliminated if fuel is required to be removed from the core before shutdown work involving bottom closure plate penetrations occurs.


Four LOCAs have been postulated and analyzed at shutdown conditions:


S. Opening valve outside radiographic limits or a radiographic boundary


T. Piping rupture outside radiographic limits


U. Multiple drain valves opened


V. Pressure tube penetration or bottom head closure plug failure.


Based on the update to the ATR probabilistic risk assessment (Thatcher et al. 1994), events A, B, and C are considered to be Condition 3 accidents. Event D is considered to be a Condition 4 accident. Failure of a bottom head closure plug (excluding failure due to maintenance activities) has been determined to be beyond design basis (Thatcher et al. 1994, Kelly 1993). This postulated event considers failure due to maintenance activities during shutdown conditions. Maintenance activities that directly affect the bottom head closure plug are not permitted with irradiated fuel elements in the reactor vessel in order to minimize the potential for a bottom head LOCA.

.


15.6.10.1 Opening Valve Outside Radiographic Limits or a Radiographic Boundary


FOIA Exemption 3 UCNI, Exemption 7f


15.6.10.1.1 Analysis of Effects and Consequences—This event would result in a slow system draining which could be easily terminated by operator action (e.g., closing the valve). If the loss of coolant were not mitigated, a vessel level subsystem would initiate an alarm for reactor operators of an in-progress loss of inventory event.
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�. Peak fuel and coolant temperatures occur near the side plates prior to reactor scram. After reactor scram, peak temperatures occur near the center of the fuel plate. The temperatures shown in Figures 15.6-1 and 15.6-2 (and subsequent figures in Section 15.6) correspond to the high-temperature portion of Plate 19 after reactor scram.


�. Not all Condition 3 seismic events are expected to result in a loss of all AC power.


�. As noted in Section 15.0.14, buckling is assumed to occur at a clad temperature of 710ºF.


�.  Outside of radiographic limits refers to piping of the PCS radiographic boundary. The PCS radiographic boundary is defined in Chapter 5 (Primary Coolant System).
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15.7 Radioactive Release from a Subsystem or Component 


The pressurized water loop facilities contain tests with a significant inventory of radioactive 
material. The radioactive material contained in the tests could be released either by failure of the loop 
piping or by dropping of a test out of the cask during test handling. 


The pressurized water experiment loop facilities described in Chapter 10 (Experiment and 
Irradiation Facilities) are the only systems not previously discussed in Sections 15.1 through 15.6, whose 
failure would result in the uncontrolled release of radioactivity to the environment under transient 
conditions. The testing program includes irradiation of fueled tests in the experiment loops. A loss of flow 
or a loss of coolant accident (LOCA) in the experiment loop could result in melting of the test. Both 
a 1/2-in. experiment loop LOCA and an experiment loop flow coastdown are considered Condition 2 
occurrences. The Condition 2 loop flow coastdown is terminated by a loop scram that should prevent fuel 
damage. A larger than ]/2-in. experiment loop LOCA and loss of flow without a loop scram are 
considered Condition 4 events. If test damage were to occur, only the LOCA events would allow fission 
product release into the loop cubicle. Any fission products released during a loss of flow event would 
remain contained in the loop piping and the release to the ATR building and environment would be 
enveloped by those from the LOCA. 


Analyses of the off-site consequences of a loop facility LOCA with fuel melt for a test 
with 200 kW fission power were completed (Knudson 2000). The computer codes employed were 
comparable to that lIsed for dose analyses in Sect ion 15.12. The ORJGEN code was used for the source 
term calculation and the RSAC-5 code was used for the dose analysis. The analysis assumed 100% of the 
noble gas inventory and 25% of the iodine inventory in the fuel was released to the ATR building. RMSS 
actuation was assumed. Worst-case (99.5%) site-specific meteorology was used. The resulting dose 
was ]92 mrem", TEDE, for the maximally exposed individual at the JNEEL NSB. This result meets the 
Condition 2 A TR Plant Protection Criteria of 500 mrem off-site dose. 


Since operating personnel are routinely in areas of the plant close to the loop facility cubicles, the 
potential personnel exposures resulting from the loop facility LOCA were determined (Lucas and 
Wagoner 2001). The dose for a worker outside of the loop cubicle including inhalation and external dose 
was determined. The analysis assumed the worker evacuated the area in 5 minutes in response to radiation 
and air monitoring equipment alarms. The resulting dose was] .95 rem, TEDE, which is below the 
Condition 2 ATR Plant Protection Criteria of 5 rem worker dose. The dose to other TRA personnel 
was 7.4 mrem, TEDE. The dose to workers at lNTEC was 15.8 mrem TEDE. JNTEC doses are higher 
due to a longer evacuation time. 


The consequences of the Condition 4 loop facility LOCA would not be significantly different from 
those described above for the Condition 2 loop facility LOCA (Knudson 2000). The source term, building 
dispersion, and meteorology would be the same. The only difference would be that fuel failure would 
occur earlier in the blowdown and potentially more of the fuel fission product inventory would be 
released slightly earlier to the loop facility cubicle. The dose for a 200-kW experiment was 192 mrem, 
TEDE to the maximally exposed individual at the NSB for entire plume passage as calculated for the 
Condition 2 release. For onsite personnel, the dose received during the Condition 4 event was the same as 
the Condition 2 results. 


• Includes conmlilled elTeclive dose equivalent from inhalation and external dose Irom air immersion and groundshine pathways. 
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The limiting control setting for the RMSS is :5315 mRlhr. The worst-case setting is conservatively 
established to limit the thyroid inhalation dose at 104 meters from the ATR to less than the 10 CFR J00 
siting criteria for releases during an off-normal event. The worst-case setting is 350 mRlhr 
(Peterson 1995). With a response time of three minutes for the action to seal confinement, the estimated 
thyroid inhalation dose at TRA would be 30 rem (one tenth of the siting criteria). The acceptable setpoint 
accuracy for the system is ten percent of the setting (35 mRlhr). This analysis was conducted using a 
different set of assumptions than was used for the dose consequences for the loop events discussed in this 
section. The analysis was done at a different time and was based on previous analysis completed in the 
late seventies. The analysis was done for a one MW test using, a 3-minute response time on confinement 
isolation and a IS-minute evacuation time. While these assumptions are somewhat different than what has 
been used here and in Section IS. 12. I 0 due to the large conservatism in the resu Its and the limited impact 
that using different assumptions would have this analysis was not repeated for the UFSAR. 


For the event where a cask holding an experiment is dropped, the experiment could be ejected. This 
ejection could lead to a significant direct radiation exposure. This event is considered the limiting 
Condition 3 event for loop experiment handling experiments. The consequences from this event are 
substantial (Marts 1998) with the possibility of lethal exposure to personnel involved with the work. For 
collocated workers an evacuation is required. The highest dose for an evacuating conocated worker was 
estimated to be 4.7 rem. 
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15.8 Fuel Storage Canal and Cask Handling Events


15.8.1 ATR Canal Description


A system of interconnected canals runs between the reactor area, storage canal area, and critical facility area, as shown in Figure 15.8‑1. The canals are functionally divided into three areas as follows: (a) reactor working canal, (b) storage canal, and (c) the critical facility canal. Chapter 9 (Auxiliary Systems) provides further description of the ATR canal.


FOIA Exemption 3 UCNI, Exemption 7f 


Bulkheads are also used to isolate the storage area for irradiated fuel elements from the working areas of the canal. Fuel elements are categorized as irradiated after operation in the core with reactor power greater than 20 kW unless they have been shown to have a decay heat generation ( 30 W (Sharp 2002; they will not air cool without melting). The separation provides assurance that the activities in the working areas will have a minimal impact on the irradiated fuel stored in the canal. In the event of a canal leak, two makeup systems are provided to the storage area to supply losses due to leakage past the bulkhead seals and evaporation. A manually operated system is supplied by Low Pressure Demineralized Water (LDW) and an automatically actuated system is supplied by firewater. The capability of supplying makeup to the stored canal irradiated fuel elements for 24 hours is required at all times. Sufficient LDW makeup is provided by either gravity feed or forced flow with a combined storage tank level of 20 ft (Stueve and Ghan 1998). With a supply pressure of 55 psig, the canal firewater system can supply 21.4 gpm makeup; the required storage is 50,000 gallons (Stueve and Ghan 1998). The required flow rate to compensate for short bulkhead seal leakage and boil-off is enveloped by 13 gpm (Attachment 7 of Durney and Wagoner 1992). With a loss of bulkhead seal pressure, expected leakage would be increased to 23 gpm, or in the worst case, increased to a maximum of 38 gpm (Atkinson 2000). In combination, the canal firewater and LDW makeup systems are capable of supplying 38 gpm if the level in the LDW storage tanks is at least 25.5 ft.


The ATR working canal interfaces with the reactor vessel at the drop chute which is used to transfer fuel elements, tests and other irradiated hardware between the reactor vessel and canal. The reactor and canal systems are isolated from each other during reactor pressurized operations by the drop chute cover. The drop chute cover is removed during reactor outages to allow transfer of the various materials. With the drop chute cover removed, any activity that affects the reactor vessel level will also affect the canal water level and vice versa.


A number of events have been postulated and analyzed that could challenge the radioactive material barrier:


A. Dropping an irradiated fuel element during fuel handling in either the reactor vessel or in the working canal with no significant damage to the fuel element.


B. Minor damage to one fuel element in the canal with a minor fission product release.


C. Dropping a heavy cask from an elevation of less than one foot above the canal floor, limited PCS leakage with the drop chute cover removed or other small or limited failure of the storage canal.


D. Dropping a heavy cask from one foot above the parapet within the restricted cask-lifting areas of the canal.


E. Dropping a heavy cask onto the floor north of the canal.


F. Dropping a cask onto the cask transfer station from within the lift height limit.


G. Dropping a cask onto the vessel or shielding over and around the vessel from within the lift height limit.


H. Dropping a cask onto the main floor not above a loop cubicle or above the circular structural and shielding wall at the 98-ft elevation level.


I. A cask lowering failure over the ATR vessel in which the cask impacts the transfer plate at a fast lowering speed.


J. A cask lowering failure over the canal experiment cask transfer station resulting in the experiment cask impacting the station at a fast lowering speed.


K. Inadvertent opening or failure of a canal drain valve or drain piping with the drain cover also having been removed.


L. A large failure of the storage canal, a large failure of the canal bellows or a rapid draining of the PCS with the drop chute cover removed.


M. Significant melting of one entire fuel element (or partial melting in more than one fuel element) due to crushing or other accidents.


N. Dropping a cask onto the canal cask transfer station from above the height limit.


O. Dropping a cask onto the main floor above a loop cubicle or above the circular structural and shielding wall at the 98-foot elevation level from above the height limit.


Based on analysis in the DBR (SAR‑39) and Thatcher (2002), event A is considered Condition 2, events B, C, D, E, F, G, H, I, and J are considered Condition 3, and events K, L, M, N, and O are considered Condition 4. The events and the effects and consequences are discussed in this section.


No high-probability faults were identified with a potential for significant leakage or draining of water from the storage canal. With the exception of events B, L, and M, the analysis is directed at establishing limits to preclude any release of fission products. For these events, the acceptance criteria is no damage to the fuel element cladding. For events B, L, and M, damage to the cladding occurs, when the acceptance criteria is based on doses. Since these events (B, L, and M) occur in the canal with ample water, the potential temperatures are assumed to be well below that required to reach the aluminum‑water-ignition temperature.


PRA insights have identified a need for compensatory measure to limit the fuel damage frequency of the stored irradiated fuel in the canal in various situations. These measures include irradiated fuel storage area makeup system availability, canal drain cover plate usage, irradiated fuel storage area short bulkhead seal failure, and PCS maintenance activity restrictions while the drop chute cover is removed. Additionally some compensatory actions were identified that limit fuel damage frequencies for individual accident sequences for canal draining events to ( 1 ( 10-7/year. These actions were made so that the fuel damage frequency would be in agreement with the INL commitments made to DOE-ID. The actions are discussed in Anderson (1994), Atkinson (1997), and McCracken (1996).


While it is recognized that the casks contain sufficient radioactive material to be categorized as a Category 2 facility, the safety analysis for the casks are addressed at the present time by Experiment Safety Analysis documents and transportation plans. The one exception is cask storage in TRA‑634. The safety analysis for interim storage of loaded casks in TRA‑634 is addressed in Chapter 9. The casks are treated as a non‑reactor facility for the analysis.


15.8.2 Cranes and Cask Handling Description


The ATR has two heavy-duty bridge and trolley cranes, a 40-ton crane in the reactor building, and a 30-ton crane in the storage canal area. The 40-ton crane is used to lift reactor top shielding, the ATR top closure, ATR experiment transfer casks, and other heavy lifts. The 30-ton canal crane is used to lift various casks, including the Waste Calcining Facility (WCF) filter cask, the ATR spent fuel cask, the Hot Cell Carrier 3 (white elephant) cask, and various other casks into and out of the canal. The cranes are used to lift loads other than casks; however, the heaviest and most frequently lifted loads are casks, and the analysis provides a basis for limits. Non-cask loads and cask movements are evaluated on a case basis and lift restrictions identified by either the use of Technical Safety Requirement (TSR) or by the ATR Building Lift Book (SD‑11.3.14). Some significant non-cask loads are the canal clean-up ion exchange blocks, test weights and the hatch cover blocks in the laydown area.


The largest cask handled by the 40-ton reactor-building crane is the ATR-experiment handling cask (28.6 ton). This cask is positioned over the top of the ATR vessel and rests on the vessel transfer plate for discharge (or loading) of irradiated loop IPT components such as the flow tubes or pressure tubes. It may also be used to transfer experiments from the IPT or selected core components from the vessel to the canal. Similar but slightly lighter casks are also used for typical irradiated experiment transfer. Experiment cask movement near the working canal is restricted to placing experiment casks on the cask transfer station on the working canal parapet.

The largest casks or heavy loads normally handled in the ATR canal are the 15.6‑ton (loaded) spent fuel transfer cask and the WCF cask, which is less than 20 tons fully loaded. Cask lifting into and out of the storage canal is restricted to areas supported to bedrock; those areas are marked on Figure 15.8‑1. Cask movement outside these marked areas in the storage canal is restricted to minimize the probability of a draining accident that uncovers irradiated fuel elements. Administrative procedures are used to ensure proper crane rigging, inspection, and supervision for cask lifts. These procedures and controls, the TSRs for cask handling, and the design features and factors of safety in the crane components and slings reduce the probability of a cask dropping accident with the 40‑ton and 30‑ton cranes in the reactor building to acceptable levels (Thatcher 2002).


Other cranes and lifting devices (e.g., fork lifts and portable hoists) generally have more limited capability for lifting heavy objects and have a more limited potential for damage to the facility from failure. However, some of these can be used in sensitive areas (e.g., canal area, reactor main floor area, laydown area over PCS components, diesel generator pit, over the reactor vessel, and over PCS piping locations). Consequently, analyses to define lifting limitations and formal controls over these lifting devices to limit their use consistent with the analyses and plant conditions are exercised and documented in the ATR Building Lift Book (SD‑11.3.14).


15.8.3 Inadvertent Opening or Failure of a Canal Drain Valve or Drain Piping with the Drain Cover Also Having Been Removed
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Following an indication from the canal low level alarm, actions can be taken to attempt to terminate the canal draining or to replace lost inventory. For a limited time there is sufficient capacity available to replace the water lost through an open drain by opening the canal quick fill line (8-in. line) and starting pumps, as required, to increase demineralized water flow to the canal. If canal draining is not terminated, the irradiated fuel would still remain isolated from the failed drain by the installed full or partial height bulkheads, and the canal emergency makeup systems to the irradiated fuel storage area would be used to prevent uncovering of the irradiated fuel. These makeup systems are designed to provide makeup to compensate for bulkhead seal leakage and boiloff. With the irradiated fuel remaining covered, no fuel damage would result. The loss of shielding provided by water in the canal would require worker evacuation.


15.8.4 A Large Failure of the Storage Canal, a Large Failure of the Canal Bellows or a Rapid Draining of the PCS with the Drop Chute Cover Removed


15.8.4.1 Identification of Causes and Accident Description. A large crack or other large failure of the storage canal is considered a Condition 4 event that could cause the storage canal to drain and could result in damage to fuel cladding from physical impact.

15.8.4.2 Analysis of Effects and Consequences. A large crack or other failure of the storage canal due to a severe earthquake, an extensive failure of the canal bellows (canal-vessel interface), a rapid draining of the PCS event with the drop chute cover removed or the dropping of a heavy cask from a significant height above the canal floor has the potential of rapidly draining the canal. These events could drain the storage canal so rapidly that normal canal level cannot be maintained.

A canal seismic analysis has been completed for the ATR fuel storage canal (Miller 1980; Miller 1992a). This analysis shows that the ATR canal is capable of withstanding the SSE. A review of the canal crane construction indicates that the trolley will stay in place during the SSE and will not fall into the canal (Guenzler 1992). Severe damage to the canal was not predicted for the seismic event evaluated.


The analysis for the heaviest dropped cask (Miller 1992b) indicates that a fall from 22 ft above the canal floor in an unsupported area of the floor will result in some penetration and severe cracking. The extent of the damage is not determined quantitatively. Even though the draining rate is not specifically determined, some comparative draining rates provide a perspective on the time available and the actions to be taken. Calculations (Merrill 1994) for a hole of one foot diameter indicate that the canal would drain to the top of the fuel in about 20 minutes if no actions were taken. A smaller hole, equivalent to a canal drain line, would require about 73 minutes to drain to the top of the fuel. Analyses for a drop of a cask over a well-supported area of the canal determined that the expected extent of damage would be to rubble the seven‑foot thick reinforced concrete floor of the canal and partially into the supporting wall (Miller 1992b). The leak rate from the canal for this damage was estimated by Atkinson (1995) using an empirical equation for flow through gravel beds. The leakage analysis determined that the time for the canal level to drop down to the top of a short bulkhead isolating the irradiated fuel is > 113 minutes.


The operator can extend the draining time by initiating significant canal water makeup, thereby allowing more time to respond to the event. However, the comparison indicates the time available for complete mitigation is limited. Further, the conditions for the operators are demanding due to increasing radiation fields in the area. Therefore, bulkheads should be in place to separate the irradiated fuel from the cask handling area to ensure the fuel is not uncovered and therefore melted. The bulkheads need not be full height to accomplish the isolation.


Through application of the following cask movement restrictions, a cask drop resulting in canal rupture and irradiated fuel elements being uncovered is not credible (Thatcher, et al. 1994):


P. Restricting cask lifts into or out of the canal to the designated areas that are supported to bedrock.


Q. Restricting the height of horizontal cask movement within the canal unless a specific analysis has been performed that predicts acceptable consequences if the cask is dropped.


R. Requiring full-height or partial-height bulkheads, high enough to maintain water over the irradiated fuel elements, to be in place prior to cask handling to isolate the irradiated fuel elements. Additionally, to ensure the integrity of the bulkhead from a dropping accident, the cask handling is not allowed immediately adjacent to the isolating bulkhead(s) (Thatcher 2002).


S. Performing cask handling over an energy-absorbing pad.


T. An available automatic makeup system or an operator available for manual actuation of inventory makeup.


U. Providing formal procedures for response to a dropped cask or other heavy load.


V. Restricting lifts over safety system equipment when required to be operable to prevent or mitigate events (e.g. PCS lines, canal makeup supply lines, or canal drains).


W. Requiring canal drain valves be locked and the drain cover in place when the drain is not in use.


X. Restricting cask and noncask lift heights for lifts above the canal parapet and canal floor, and lifts that could compromise the canal west end support structure. Cask lifts west of building grid 7.5 are limited to 3 ft above the floor (at the 98 ft elevation) to protect the canal west end support structure.


Y. Restricting cask and noncask lift heights protects the canal from more extensive canal wall damage and limits the flooding into the pump motor room, a concern during power operation. Cask lifts between the pipe tunnel and building grid 7.5, to load and unload transporters, are acceptable for lifts up to 4 ft above the floor. If a higher lift height is needed, an analysis will be required to show that the higher lift does not exceed the consequences of the bounding WCF cask drop over parapet and canal wall analyzed in Miller and Murray (2001).


Analyses for a limiting cask drop onto supported areas (Lacy 1992a) shows that the supported areas can withstand a 29‑foot drop of a 20‑ton or 15.6‑ton cask without catastrophic failure of the supporting walls. The drop from 29 ft might result from combined operator and crane failures that raise the cask to a maximum height.


A cask drop over the supporting column at the west end of the canal without energy dissipation or added column support can result in collapse of the column (Miller 1992b). Failure of the canal could be widespread with the collapse, which would cause material stored in the west end of the canal to fall into the second basement. Since the stored material could include fuel elements that would air cool but do contain fission products, the relocation could result in damage to the elements releasing the fission products. In order to preclude the potential for fission product release, cask handling in the west end of the canal is not appropriate without measures to preclude column failure. The analysis of an appropriate energy absorbing pad to preclude damage to the floor is analyzed in Atkinson (1994c) and the use of pads was shown to be adequate for casks and ion exchange module lifts.


An analysis of the canal wall for cask drops onto the parapet or canal wall was performed to estimate the extent of damage to the canal wall, depth of damage and potential leak rate into the pump motor corridor for cask lifts one foot above the canal parapet (Miller and Murray 2001).


The irradiated fuel elements stored in the canal can be isolated from potential rapid canal draining events due to canal-vessel bellows expansion joint failure by a bulkhead. With the bulkhead in place prior to any potential failure and an available canal make up subsystem to the isolated irradiated fuel area, uncovering and melting the stored irradiated fuel elements is precluded. Normally a single short bulkhead is used to provide the necessary isolation during reactor outages when Door 51 is normally open. Door 51 is closed and provides a second isolation during reactor operation. If the inflatable seal for the short bulkhead becomes inoperable, a full-length bulkhead is recommended to isolate the canal irradiated fuel from the bellows. This function may be fulfilled by Door 51 or by installation of one of the other bulkheads normally stored in the canal area for use in isolating sections of the canal. The inflatable seal must be operable for the bulkhead providing the alternate isolation. Installation of a full-length bulkhead significantly reduces the frequency of a canal draining event (by reducing the irradiated fuel exposure time to that normally provided by Door 51) initiated at the canal-vessel interface (Atkinson 1997).


Various maintenance activities on the PCS or systems connected to the PCS pose some threat of draining the PCS. With the reactor vessel drop chute cover removed, the threat is extended to the canal. To allow a significant time for operator response to stop the draining or initiate makeup to the canal irradiated fuel element storage area, formal control (lockout-tagout) should be instituted when working on piping > 1 in. in diameter while the drop chute cover is removed. The 1‑in. criteria was developed for determining adequate response time for PCS draining events (Atkinson 1994b) and is conservatively applied to events where the PCS and canal are connected. Alternatively, the frequency of canal draining due to maintenance activities on the PCS can be reduced to an acceptable level by closing Door 51 and inflating the seal or installation of a full height bulkhead with an inflated seal to isolate the canal irradiated fuel from the reactor vessel.


Isolation of the irradiated stored fuel by use of bulkheads will reduce the volume of cooling water around the stored fuel if a significant failure occurs in other parts of the canal. Particularly if the bulkheads installed are not full height, the amount of water available can be a concern in the longer term. However, the bulkhead design limits leakage when sealed to less than 5 gpm and evaporation due to decay heating is about 8 gpm; therefore, the canal makeup requirements to the irradiated fuel storage section of the canal are modest (Attachment 7 of Durney and Wagoner 1992). Operator action (before a decrease in level of more than 4 ft) or automatic actuation (at a level decrease of 12 ft) to supply makeup to the isolated portion of the canal would be adequate to maintain the inventory.


ATR fuel elements that are coolable in air will not melt if the canal drains; however, direct radiation levels from the uncovered fuel elements within the canal would be severe.


During core internals changeout (CIC) which occurs only infrequently (about 6‑year intervals), core components are moved directly to the canal using the two-ton reactor room crane. The components typically weigh a few hundred pounds. Dropping such components poses little risk of significant damage to the canal. However, since the individual components are not specifically analyzed for effects of dropping, they must be transferred to the canal with the irradiated fuel elements stored in the canal isolated from the handling area. These activities are completed with the reactor defueled, and there is not a risk of a LOCA leading to fuel element melt in the reactor vessel.


In conclusion, the canal seismic analysis shows that the canal can withstand the SSE. There may be some tensile cracks from the SSE, but these cannot be expected to cause leakage. Additionally, the stainless steel liner is flexible and is very unlikely to be damaged. Thus, the only design basis accident capable of rupturing the canal and causing a large leakage would be the low probability cask drop. However, with the defined cask handling restrictions and the use of the energy-absorbing pads, damage to the canal is precluded. Even if a cask drop occurred away from an energy-absorbing pad, isolating the stored irradiated fuel elements, with a decay heat generation ≥ 30 Watts, from the cask handling area by use of appropriate bulkheads will preclude fuel melting. Other potential large canal draining events include a rupture of the canal-vessel bellows expansion joint or PCS draining with the drop chute cover removed. A canal low level alarm has been installed for quick notification of operators for a serious canal-draining event. The setpoint for this alarm is established (Atkinson 1976b) to be ( 16.5 ft. However, the alarm can be set more conservatively; a setpoint ( 18.5 ft with an uncertainty of (6 in. is within the capability of the system and is therefore specified. This modified setpoint provides more time for the operator to respond to loss of water from the canal. The canal emergency makeup subsystem into the irradiated fuel storage area is sufficient to prevent uncovering of irradiated fuel elements for a serious canal draining event without other protective actions provided bulkheads isolate the irradiated fuel elements from the cask handling area or the source of the canal draining. Therefore, with the proper preparation and operator action, fuel element melting and excessive radiation levels would be prevented for canal draining accidents.


15.8.5 Dropping an Irradiated Fuel Element During Fuel Handling in Either the Reactor Vessel or in the Working Canal with no Significant Damage to the Fuel Element


15.8.5.1 Identification of Causes and Accident Description. Dropping an irradiated fuel element during fuel handling in either the reactor vessel or in the working canal with no significant damage to the fuel element is considered a Condition 2 event. Although direct damage does not occur, the configuration limits natural convective cooling and results in elevated temperature for the element.

15.8.5.2 Analysis of Effects and Consequences. An analysis was performed for the maximum steady state temperature in an ATR fuel element lying in a horizontal position in the canal as a function of the decay time or time after reactor shutdown (Nielsen 1978). Two positions with the fuel element lying on the floor were studied: (a) one with the fuel plates parallel to the canal floor, and (b) one with the fuel plates approximately at right angles to the floor (sideplate on the floor). The latter position was the more severe with regard to fuel element temperatures and was evaluated to establish handling limits. The analysis conservatively assumed that the channels were steam-filled, and that heat transfer was primarily by conduction through the fuel plates to the side plate(s) where heat was then transferred by natural convection and nucleate boiling to the canal environment. Also, there would be some heat transfer through the vapor-filled channels to canal water outside the exterior plates.

The analysis calculated that an ATR fuel element could be dropped and fall into a horizontal position in the canal, and the maximum temperature would not exceed 900°F (a greater than 15% margin from the solidus temperature 1080°F) if the fuel element had operated at a power of approximately 5.9 MW and the time after shutdown were 4 hours or more. For fuel element powers greater than 5.9 MW, the necessary times after shutdown to ensure no fuel melting if the element fell to a horizontal position are given in Figure 15.8-2. However, an ATR fuel element that did lie in a horizontal position, only a short time after the cooling time identified above had been met, would require evaluation prior to reuse due to the potential for high stresses resulting from elevated temperatures.


The model used to develop controls for this accident (cooling time before handling) considered an element having 19 fuel plates, each the size of plate 18 but generating the power of the highest powered plate. Since the 7F element has a higher plate power than the 7NB, the model envelops the 7NB. The existing cooling time requirements provide adequate protection for the 7NB element.


15.8.6 Minor Damage to One Fuel Element in the Canal With a Minor Fission Product Release


15.8.6.1 Identification of Causes and Accident Description. Minor damage to one fuel element in the canal with a minor fission product release is considered a Condition 3 event.

15.8.6.2 Analysis of Effects and Consequences. ATR operating experience with leaking fuel elements due to defective cladding or other causes demonstrates the capability to handle fuel elements in the canal with no significant radiation hazard to operations personnel or to those outside the immediate area (SAR‑39). An analysis (Atkinson 1994a, Wagoner 2001) for the minimum fuel melt to result in a 5-rem thyroid dose to a receptor at the canal, indicated that more than 0.2% of the fission products in a fuel plate would have to be released (assuming the fuel was operated for 60 days in the ATR and had a 13‑hour decay time, and the receptor had a 5‑minute exposure).

Therefore, based on the calculation and ATR experience, minor damage to the fuel stored in the canal, which may result in some cladding failure and fission‑product release, is not expected to result in a radiation hazard outside the immediate area. The cladding damage would not result in excessive exposure to personnel in the canal area as long as excessive radiation (particularly) is alarmed such that personnel leave the area within approximately 5 minutes. Even though this event is classified as a Condition 3 event, the resulting doses meet the Plant Protection Criteria for Condition 2. Installed instrumentation provides indication of local activity to support as low as reasonably achievable concerns for operators.


15.8.7 Significant Melting of One Entire Fuel Element (or Partial Melting in More than One Element) Due to Crushing or Other Accidents


15.8.7.1 Identification of Causes and Accident Description. Significant melting of one entire fuel element or partial melting in more than one fuel element due to crushing or other accidents is considered a Condition 4 event.

15.8.7.2 Analysis of Effects and Consequences. A review has been made of the fuel element storage racks during a seismic event (Holman 1988). The storage racks are designed to protect the fuel elements while storing them in a critically safe array. The review used the ATR design response spectrum for a SSE, and the resulting loads were applied to the racks to determine if tipping would occur. The analysis was made for fully loaded racks and for racks with fuel elements loaded on one side only. It was found that neither fully loaded nor partially loaded racks would tip over during a postulated SSE, and the fuel elements would remain safely contained in the storage racks. An analysis was also performed to determine the sliding distance of a metal object on the floor of the canal during a seismic event (Jensen 2005). The analysis concluded that if stored at least six inches from a vertical descent, a metal object would not slide over the edge.

Potential doses due to significant fuel damage and melting in the storage canal (without canal draining) is enveloped by the analysis for the large-break LOCA discussed in Section 15.12.10. The dose calculated for 100% core melt considers release of 64.5% of the source term in the first day and the remainder over the next 10 days; the total dose is 185 rem thyroid and 13.2 rem EDE (whole body) at the LPZ. The outer edge of the LPZ is defined as three quarters of the distance to the nearest population center of 25,000 or more. Assuming that all the calculated dose results from the first day release provides an estimate of the dose from 64.5% of the core or 25.8 fuel elements. If the event affects eight fuel elements, the fraction of the dose resulting would be 0.31 (the ratio of 8/25.8). The estimated dose at the LPZ is 57.4 rem thyroid and 4.1 rem whole body for failure of eight fuel elements. The dose at the nearest INL boundary (2-hr exposure) is negligible as noted in Section 15.12.10. This estimate assumes no decay time for the elements which is an additional conservatism. Therefore, eight of the high power fuel elements could be significantly damaged (melted) within the canal without exceeding the ATR acceptance criteria (Section 15.0). In conclusion, significant fuel element damage in the ATR canal has consequences that are within the allowable limits for a Condition 4 event.


Fuel elements may be out of storage during various evolutions (e.g., while in transit to the reactor, for inspection or for leak testing of the clad) and canal draining events could cause melting of irradiated fuel elements. When irradiated fuel elements are out of the irradiated fuel element storage area an operator must be in attendance to return these element(s) to storage in the event of a canal draining event.


15.8.8 Dropping a Heavy Cask from an Elevation of Less Than One Foot Above Canal Floor, Limited PCS Leakage with the Drop Chute Cover Removed or other Small or Limited Failure of the Storage Canal


15.8.8.1 Identification of Causes and Accident Description. Dropping a spent fuel transfer cask or a WCF cask from an elevation of less than one foot above the canal floor or a non-cask load drop is considered a Condition 3 event that could cause canal leakage (Thatcher 2002). The WCF is a representative heavy cask that provides consequences for failures involving the WCF, spent fuel, white elephant, and other similar casks. A small fracture or fatigue corrosion induced crack in the canal‑vessel bellows expansion joint or net PCS leakage during reactor shutdown with the drop chute cover removed are considered Condition 3 events that would result in limited leakage from the canal.

15.8.8.2 Analysis of Effects and Consequences. Early studies for the ATR had determined that to preclude the possibility for severe damage to the ATR canal with significant water leakage out of the canal, heavy cask lifts into or out of the canal should be restricted to areas in the canal which are supported by reinforced concrete walls. Additionally, cask movement within the unsupported areas of the canal could be allowed as long as the cask was not more than one foot above the canal floor(Atkinson 1976a) At the west end of the canal, the supporting column can collapse for drops greater than approximately 11 in. for a 20‑ton cask (Miller 1992b). The collapse could result in significant damage to the canal with attendant significant leakage and disruption of stored materials. The column would need to be modified to withstand the impact of a cask drop with only limited damage or alternate considerations such as energy absorption devices could be used.

Dropping the WCF cask or a spent fuel transfer cask from one foot above the canal floor will result in limited cracking of the floor, but will not result in any significant canal damage or leakage for all areas except the west end of the canal (west of the center tee) where the limit is 11 in. to control the probability of column collapse (Miller 1992b). Lifts into and out of the canal can be completed over the column provided an energy absorbing pad is installed over the column (Atkinson 1994c; Miller and Murray 2001).


A drop of a non-cask component, such as in-pile tube, in the canal can damage the canal liner leading to limited (small) leakage. A crack in the canal‑vessel bellows expansion joint or a net PCS leakage with the drop chute cover removed will also result in limited canal leakage and in the uncovering of the irradiated fuel in the canal if not isolated from the leakage path. If this leakage exceeds the canal makeup (up to about 60 gpm), then a decrease in canal water level will occur and protective action for the stored irradiated fuel will be required.


The canal low level alarm will alert operators of the canal draining event and is required when irradiated fuel elements are in the canal. The canal level is also visually verified daily. Protective actions for the irradiated fuel can consist of:


· Isolating the irradiated fuel from the potential leakage source by a bulkhead or drop chute cover as appropriate. A bulkhead is required at all times to isolate the irradiated fuel from the bellows at the canal/reactor vessel interface. Normally a single short sealed bulkhead is assumed to provide the necessary isolation during reactor outages with Door 51 providing an additional isolation during reactor operation. With the inflatable seal for Door 51 inoperable there is a reduction of defense in depth. If the inflatable seal for the short bulkhead becomes inoperable in conjunction with failure of the Door 51 seal, a full-length bulkhead is recommended to isolate the canal irradiated fuel from the bellows. This function may be fulfilled by installation of one of the other bulkheads normally stored in the canal area for use in isolating sections of the canal. The inflatable seal must be operable for the bulkhead providing the alternate isolation. Installation of a full-length bulkhead reduces the frequency of a canal draining event (by reducing the canal irradiated fuel exposure to the small bellows failure that is normally provided by Door 51) initiated at the canal-vessel interface to an acceptable level. Alternately, procedures to install a full-length bulkhead during a small canal bellows failure, before the water level decreases to a point that radiation levels would prohibit bulkhead installation, may be employed (Atkinson 1997).


Additionally, the stored irradiated fuel is isolated from cask handling activities in the canal, the cask transfer station or from handling operations over canal drains.


· Limiting the vulnerability to an unplanned PCS draining event. With the drop chute cover removed, shutdown maintenance activities on the PCS or connected systems may increase the frequency of canal draining. The frequency can be reduced to an acceptable level by installation of a full height bulkhead with an inflated seal to isolate the irradiated fuel from the reactor vessel or instituting administrative control (lockout-tagout) to limit the probability of canal draining via the PCS to an acceptable level.


· Detecting and mitigating the source of leakage. If the leakage cannot be mitigated, then makeup will be needed to compensate for bulkhead leakage and water evaporation due to decay heat. Sufficient LDW makeup is provided by either gravity feed or forced flow with a combined storage tank level of 20 ft. The canal firewater system can provide the required makeup via forced flow with storage of 50,000 gallons (Stueve and Ghan 1998).


15.8.9 Dropping a Heavy Cask from One Foot Above the Parapet Within the Restricted Cask-Lifting Areas of the Canal


15.8.9.1 Identification of Causes and Accident Description. Dropping a heavy cask such as the spent fuel transfer cask or WCF cask from one foot above the parapet within the restricted cask-lifting areas of the canal is considered a Condition 3 event that could cause canal leakage.

15.8.9.2 Analysis of Effects and Consequences. The analyses in Miller (1992b) concluded that dropping a heavy cask from one foot above the parapet of the canal onto unsupported areas could cause an undetermined amount of cracking of the canal, although full penetration is not likely. Less canal leakage will occur for cask drops over supported areas. Therefore, cask lifting in the canal needs to be restricted to the well-supported areas (marked on Figure 15.8‑1). These walls are supported to bedrock and can support the loading due to a dropped spent fuel transfer cask, the WCF cask, or similar heavy cask. The estimated extent of damage and canal leakage for a cask drop onto a well-supported area is discussed in Section 15.8.4.2. The controls, restrictions, and precautions by which canal rupture and draining resulting in uncovering of the stored irradiated fuel is precluded are contained in Section 15.8.4.2. With these measures, melting irradiated fuel in the canal due to cask drops is not a credible event.

The leakage from the canal may cause leakage from the PCS if the reactor is in an outage and the drop chute cover is open. The drop chute cover is at an elevation that is very nearly at the core top. If the core contains irradiated fuel elements and draining of the PCS were to occur through the drop chute, only limited cooling is available to safely dissipate the decay heat. In order to ensure decay heat removal will not be compromised due to reactor vessel draining, the irradiated fuel elements in the vessel are required to be isolated from the cask handling in the canal area by either the installed drop chute cover or by an installed and sealed bulkhead.


15.8.10 Dropping a Heavy Cask onto the Floor North of the Canal


15.8.10.1 Identification of Causes and Accident Description. Dropping a heavy cask such as the spent fuel transfer cask or the WCF cask onto the floor north of the canal is considered a Condition 3 event that could fail the floor. Dropping a cask onto the floor north of the canal over the pipe tunnel is considered a Condition 4 event that could result in a small LOCA without building confinement. The small LOCA event is bounded by the analysis in Section 15.6.4 (Thatcher 2002).

15.8.10.2 Analysis of Effects and Consequences. Casks used in the canal are handled over the floor immediately adjacent to and north of the canal. They are typically brought into the area on a 
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(Richens and Thinnes 1992).

The cask handling cannot be completed without exceeding a height of nine in. when using either the crane or the fork lift. Therefore, it must be assumed that the dropped cask will fail the floor and fall 
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operable. Also, with only one of the canal makeup sources to the irradiated fuel storage area operable, cask handling is restricted to prevent a cask drop from initiating a canal draining event and simultaneously damaging the only remaining makeup source.
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With the controls on the bulkheads, the drop chute cover, the drain covers, and the drain valves, draining of the canal irradiated fuel section is not credible. Although a height limit does not preclude floor failure for the heaviest casks, crane lifts over the floor in the canal area should be limited to one ft except as needed to load and unload transporters, to access the canal, and to access cask cleanup facilities. Lifts above the one ft-limit to place a cask into the canal should be completed immediately adjacent to the supported area being used. Cask lifts west of building grid 7.5 are limited to 3 ft above the floor (at the 98 ft elevation) to protect the canal west end support structure. Cask lifts between the pipe tunnel and building grid 7.5, to load and unload transporters, are acceptable for lifts up to 4 ft above the floor. If a higher lift height is needed, an analysis will be required to show that the higher lift does not exceed the consequences of the bounding WCF cask drop over parapet and canal wall analyzed in Miller and Murray (2001). Limiting this lift height protects the canal from more extensive wall damage and limits the flooding into the pump motor room, a concern during power operation.
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were to occur through the drop chute, only limited cooling is available to safely dissipate the decay heat. In order to ensure decay heat removal will not be compromised due to reduced inventory, the cask handling over drains below the floor north of the canal must be isolated from the irradiated fuel elements in the vessel by drain covers, an installed drop chute cover, or an installed and sealed bulkhead.


15.8.11 Dropping a Cask onto the Canal Cask Transfer Station from Within the Lift Height Limit


15.8.11.1 Identification of Causes and Accident Description. Dropping a cask onto the experiment cask transfer station from within the lift height limit is considered a Condition 3 event that could cause damage to the canal.

15.8.11.2 Analysis of Effects and Consequences. Analysis for the experiment cask transfer station (Atkinson 2002) indicates that the station will not fail as a result of dropping a 30‑ton cask from 3.5 in. Due to their proximity to the transfer station and the uncharacterized potential vessel damage, the height limitations also apply to the adjacent removable shielding, the adjacent canal wall and the adjacent raised cantilevered section of the circular structural and shielding wall at the 101 foot elevation (Atkinson 1998). Since the station does not fail, the cask will remain on the station and not initiate either a canal draining event that damages stored fuel or a reactor LOCA sequence that leads to fuel damage. The station will experience some deformation and may require repair prior to further use.

Some evolutions require the cask to be lifted above these limits (e.g., IPT removal). The consequences of the cask drop from these greater heights for both the transfer station and the transfer plate are discussed in Section 15.8.12.2. These activities (IPT and flow tube removal from the vessel) are necessarily completed with the reactor not operating; however, the consequences of the drop also dictate that the reactor be shut down and irradiated fuel elements be removed from the vessel. Additionally, the irradiated fuel elements stored in the canal must be isolated from the canal areas where handling occurs. The basis for these limitations is discussed in Sections 15.8.12.2 and 15.8.14.2.


15.8.12 Dropping an Experiment Cask onto the Canal Cask Transfer Station from Above the Height Limit


15.8.12.1 Identification of Causes and Accident Description. Dropping an experiment cask onto the canal cask transfer station from above the height limit for experiment transfer is considered a Condition 4 event that could significantly damage the canal and structures below the canal.

15.8.12.2 Analysis of Effects and Consequences. The cask lifts over the transfer station are limited to ensure that a dropping accident will not cause failure of the station. However, there is still some potential for a failure to occur from some greater height (Thatcher 2002). Additionally, there are some evolutions that cannot be completed without lifting the casks to several feet above the station. The probability of a cask drop occurring from a height greater than the limit is considered low. A cask drop from above the lift height limit can result in failure of the station support (Atkinson 2002); the cask and station would be expected to fall into the canal. The exact location of the cask impact in the canal cannot be determined; however, a LOCA may occur for the PCS, and it is clear that the canal will sustain significant damage. Further it must be assumed that the confinement will be compromised by the loss of Door 51 and the associated Door 51 bulkhead will also fail.

LOCA consequences are mitigated by ensuring the reactor is not operating when the cask dropping event occurs. If the reactor is not operating, the fuel elements would not be damaged unless they are irradiated and the core becomes uncovered. The EFIS is capable of maintaining the coolant inventory in the reflector tank and precluding the uncovering from occurring. To ensure prompt response of the system, EFIS is required to be in automatic rather than manual mode during these lifts when irradiated fuel is in the reactor vessel. The cask lift must approach the cask transfer station from the east; the cask is not allowed over the working canal. To prevent a cask drop from a cask lifted adjacent to the cask transfer station during power operation, a lift height restriction is imposed that the lift not exceed 30 in. above the main floor for lifts within 13 ft of raised reactor structures. This ensures that the cask will not fall onto the cask transfer station that is 36 in. above the main floor. During reactor shutdown with irradiated fuel in the vessel, a lift height limit is imposed so that a cask lift adjacent to the cask transfer station would not fall onto the cask transfer station from an unacceptable height. The canal draining consequences associated with the station failure can be mitigated by installation of an isolating bulkhead in the canal away from the impact area prior to cask handling at the station and an available makeup system to the isolated irradiated fuel area to compensate for bulkhead leakage and water evaporation due to decay heating. Although this action precludes release of fission products, the damage to the facility would be extensive, and it would be difficult to recover the facility. It is important to ensure that the crane, rigging, and cask lifting points are well maintained to minimize the potential for occurrence even though fission products are not released.


15.8.13 Dropping a Cask onto the Vessel or Shielding Over and Around the Vessel from Within the Lift Height Limit


15.8.13.1 Identification of Causes and Accident Description. Dropping a cask onto the vessel or shielding over and around the vessel from within the lift height limit is considered a Condition 3 event that could cause damage to the vessel. The lift height is limited relative to the transfer plate to minimize the potential for damage from a cask drop. The maximum height allowable is 14 in. (Lacey 1992b; Macek 1975). This height limit is relatively easily met since adequate clearances are available. Although the probability of failure (cask drop) is not insignificant (Condition 3), there is a low probability that the cask would be inadvertently lifted above the height limit with adequate administrative controls (Thatcher et. al. 1994; Thatcher 2002). Therefore, the only design basis event for the cask drop onto the vessel is a drop from a height within the lift restriction of 14 in. above the transfer plate.

15.8.13.2 Analysis of Effects and Consequences. The experiment casks are moved to the top of the vessel to insert and remove experiments and/or loop hardware when the reactor is shutdown. Analysis for dropping the cask onto the vessel head indicates that the head will not fail for a drop from 14 in. above the transfer plate. Additionally, the vessel support does not fail as a result of the impact. The drop is assumed to occur at either the center of the vessel where the drop distance is only 14 in. or off center such that the drop distance is nearly four ft. (The cask elevation is assumed constant; the drop distance varies because of the change in the elevation of the upper head.) The drop onto the center of the vessel is enveloping. Although the shielding and the vessel head may sustain some damage, the cask is supported, the fuel elements are not damaged, and the event does not result in the release of fission products. Planned lifts over the vessel for experiment handling must be limited to no more than 14 in. above the transfer plate consistent with the assumptions in the analysis. (Lacey 1992b; Macek 1975)

The cask must be moved over the shielded area immediately adjacent to the vessel to access the top head. This space around the vessel is over the nozzle trench, the shim drive corridor, and the safety rod drive corridor (these are successive levels below the main floor). Cask drops onto the area around the vessel are assumed to fail the shielding and can result in impact to the equipment in these spaces (Thatcher 2002). EFIS piping and experimental loop piping are located in the nozzle trench; damage to the loop piping can initiate loop draining events. However, if this occurs with the reactor shut down, it is not significant since the potential reactivity addition is small relative to the required shutdown margin. (The maximum reactivity from draining a loop is 1.0$ based on analysis in Sections 15.4.4 and 15.4.6 which is small compared to the minimum safety rod worth indicated in Section 15.0.6.). Damage to the shim drives or the safety rod drives is not significant with the reactor shut down, which is the required condition for any experiment changes. Therefore, cask drops affecting this equipment do not result in damage to the fuel elements or release of fission products. Experiment loop loss of coolant event may lead to damage of a fueled experiment; Section 15.7 discusses the effects and consequences of fueled experiment damage. There is some PCS piping located in these same spaces that could be damaged resulting in a shutdown LOCA. (Outlet piping exits the vessel in the shim drive corridor.) To prevent cask drop from a cask lifted adjacent to the reactor structures during power operation, a lift height restriction is imposed that the lift not exceed 30 in. above the main floor for lifts within 13 ft of raised reactor structures. This ensures that the cask will not fall onto these structures that are 36 in. above the main floor. During reactor shutdown with irradiated fuel in the vessel, a lift height limit is imposed so that a cask lift adjacent to the raised reactor structures would not fall onto them from an unacceptable height. For the cask movements over the shielding covers during reactor shutdown with irradiated fuel in the vessel, a lift height limit has been established that would prevent the cask from perforating the shield covers; therefore, for lifts within the lift height, PCS piping damage would not result from a cask drop.


Because a cask drop for lifts approaching the reactor vessel transfer plate could fall into the working canal, EFIS is required to be in automatic during these lifts when irradiated fuel is in the reactor vessel.


15.8.14 Dropping a Cask onto the Main Floor above a Loop Cubicle or above the Circular Structural and Shielding Wall at the 98 Foot Elevation from above the Height Limit


15.8.14.1 Identification of Causes and Accident Description. Dropping a cask onto the main floor above a loop cubicle or above the circular structural and shielding wall at the 98 foot elevation from above the lift height limit is considered a Condition 4 event that could cause significant damage.

15.8.14.2 Analysis of Effects and Consequences. Cask lifts over the cubicles or above the circular structural and shielding wall at the 98 foot elevation will not result in floor failure if the drop of a 30‑ton cask occurs from six ft or less (Richens and Thinnes 1992). Cask drops from above the height limit are estimated to have a very low probability of occurrence with adequate administrative controls (Thatcher 2002). Although the lifts can be limited to a specific height, it is still credible for the cask to drop from a greater height. If a 30‑ton cask is dropped from above six ft onto the floor above a loop cubicle, it can be assumed that the cask falls into the cubicle and damages loop piping. If a 30‑ton cask is dropped from above six ft onto the circular structural and shielding wall at the 98 foot elevation level it could result in partial penetration of the adjacent loop cubicle ceiling and concrete scabbing into the cubicle with the possibility of piping damage (Atkinson 1998). The damaged piping would cause voiding of the IPT which would insert positive reactivity, causing a power transient. However, the event is enveloped by the Condition 4 loop pipe break considered in Section 15.4.6. 


FOIA Exemption 3 UCNI, Exemption 7f 


15.8.15 Dropping a Cask onto the Main Floor not above a Loop Cubicle or above the Circular Structural and Shielding Wall at the 98 Foot Elevation


15.8.15.1 Identification of Causes and Accident Description. Dropping a cask onto the main floor south of the loop cubicle is considered a Condition 3 event that could cause significant damage.

15.8.15.2 Analysis of Effects and Consequences. The probability of a cask drop while moving over the floor is estimated in (Thatcher 2002). The weight of casks used is such that it is not feasible to impose a limit to preclude all floor failures. However, the amount of floor damage can be minimized by imposing a height limit for cask lifts of ten in. For some casks and drops, it is expected that floor failure will not occur, but spalling of the concrete will always be expected. The spalling may well result in damage to equipment in the first basement. The damage is enveloped by the discussion below.

The drop of an experiment cask from greater than seven in. on floors not above the cubicles may fail the floor (Richens and Thinnes 1992), and the cask will potentially drop to bedrock. However, since limiting the height to seven in. would leave less than five in. clearance and would not preclude possible significant damage to the equipment below due to concrete scabbing, a practical lift height limit has been selected as 10 in. If the cask drops into the basement areas below the main floor, a number of plant systems can be affected (Thatcher et al. 1994). 


FOIA Exemption 3 UCNI, Exemption 7f 


The specific electrical systems affected are not identified, with the exception of the building spray system and the PPS. Conduit marked as PPS is visible in both the first and second basement areas below required cask handling paths (south of the vessel). The cask drop that would damage PPS cabling is away from the PCS and the loop piping. The event cannot initiate an accident sequence that challenges the PPS or requires ESF action for mitigation. Therefore, although the imposed height limit cannot preclude damage to these plant systems, the event is acceptable as a Condition 4 fault since it does not result in an accident sequence requiring any of the affected equipment.


15.8.16 A Cask Lowering Failure Over the ATR Vessel in Which the Cask Impacts the Transfer Plate at a Fast Lowering Speed


15.8.16.1 Identification of Causes and Accident Description. A cask lowering failure over the ATR vessel in which an experiment transfer cask impacts the transfer plate at a fast lowering speed is considered a Condition 3 event that could cause damage to the reactor vessel.

15.8.16.2 Analysis of Effects and Consequences. The ATR 28.6‑ton experiment handling cask can be dropped from a height of 14 in. without causing damage to the ATR vessel or the top head shielding structure (Macek 1975). With the cask on the 40‑ton crane hoist, the maximum lowering speed is only 10 ft/min, which is equivalent to the momentum of a 0.006‑in. free fall (Atkinson and Bulmahn 1976). Therefore, fast lowering an ATR experiment cask onto the ATR top will not result in any significant damage to the reactor.

15.8.17 A Cask Lowering Failure Over the Canal Experiment Cask Transfer Station Resulting in the Experiment Cask Impacting the Station at a Fast Lowering Speed


15.8.17.1 Identification of Causes and Accident Description. A cask lowering failure over the canal experiment cask transfer station resulting in the experiment cask impacting the station at a fast lowering speed is considered a Condition 3 event that could cause damage to the canal.

15.8.17.2 Analysis of Effects and Consequences. Analysis for a 30‑ton cask indicates it can be dropped from a height of 3.5 in. without causing failure of the canal transfer station (Atkinson 2002). Since the kinetic energy of the cask at 10 ft/min is not significant relative to the potential energy of the cask at 3.5 in., the fast lower sequence will not damage the station. (The momentum noted in Section 15.8.16.2 above applies to this sequence.)
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a. Working canal consist of the area of the canal from the reactor vessel to the intersection of the inside vertical surface of the storage canal south wall (27 ft from the reactor vessel).


Figure 15.8-1. Advanced Test Reactor canals. (For Information Only)
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Figure 15.8-2. Retention time for Advanced Test Reactor fuel in the core after shutdown to ensure no melting if dropped horizontally in canal. (For Information Only)
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15.1 Increase in Heat Removal by the Secondary 
(Cold Water Addition) 


The SCS is the principal heat removal system for the A TR. Decreasing the secondary temperature 
or increasing the secondary flow rate will result in an increased heat removal rate from the A TR. Opening 
of the secondary coolant control valve with the resu Itant increase in coolant flow is an example of a 
condition that increases the heat removal rate. The secondary temperature and flow can also be influenced 
by changes in support systems such as the cooling tower operation and the number of operating secondary 
pumps. 


Depending upon the core configuration, the temperature reactivity feedback coefficient can be 
either positive or negative for isothermal changes." The flux trap loading can determine the sign of the 
isothermal temperature coefficient. If each flux trap is occupied by an independently cooled facility 
(e.g., IPT with associated experiment loop), the coefficient is usually negative since the fuel behavior will 
dominate. If there are several flux traps cooled by primary coolant, the coefficient could be positive since 
the flux trap behavior will dominate. If the coefficient is negative, the cold water addition will result in a 
positive reactivity insertion. Experience has shown that the coefficient is typically near zero, and the 
effect is therefore relatively small and not limiting for safety analysis considerations. The consequences 
of these temperature changes are limited power transients similar to those discussed in Section 15.4. 


An increase in the heat removal from the pes results in a decreased inlet temperature. Cold water 
added to the primary coolant can also result in a decrease in the inlet temperature. 


A number of faults which could result in addition of cold water to the reactor core are postulated. 
These events are discussed in this section assuming that the temperature coefficient is negative. )fthe 
coefficient is positive, a heat up of the coolant would result in the power transient. The mechanism to 
obtain the power transient from the secondary behavior can be reversed (i.e., close the temperature control 
valve rather than open it). Therefore, the consequences of the limiting event will still envelop the 
sequences. 


A number of faults which could result in addition of cold water to the reactor core are postulated. 
These events are discussed in this section. 


A ses Fev fails to the open position 


B. Excessive heat removal from the ses 


C. Starting a standby PCP 


(Note: If the temperature coefficient is positive, then the resulting reactivity insertion would be due 
to a "hot" instead ofa "cold" water addition, and then event A becomes closing ofthe valve from 
the open position, and event B becomes insufficient heat removal.) 


e. Isothennal in this case refers to uniform fluid temperature in the core. UnifoJTII fluid temperature changes or isothennal 
changes are accomplished by changing the reactor vessel coolant inlet temperntlrre. 
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Based on the analysis in the DBR (EG&G Idaho 1994), items A and B are considered Condition 2 
events and item C is considered a Condition 3 event. These sequences have been evaluated in the DBR 
(EG&G Idaho 1994) and are bounded by the limiting reactivity insertions (Section 15.4). 


The discussion of these events is based on information contained in the DBR (EG~G Idaho 1994). 


15.1.1 Secondary Coolant System Flow Control Valve Fails to the Open Position 


Opening ofthe secondary FCV results in increased flow rate to the secondary side of the primary 
heat exchangers. A bounding analysis with the secondary coolant at 32°F and an increase to full flow 
from an initial flow rate of 5% of full flow indicates a reactivity insertion of I .7$ added at a rate of 
0.03$/sec (EG&G Idaho 1994). 


This event results in a very limited overpower as indicated in Figure 15.4-2. The overpower is less 
than 25% and is acceptable as described in Section 15.4.2. 


15.1.2 Starting a Standby Primary Coolant Pump 


The PCS consists of one coolant loop with five heat exchangers and four PCPs. The heat 
exchangers do not have isolation valves; therefore, the only source for cold water is the standby pump(s). 
The enclosed volume of a pump and corresponding dead legs is small. The reactivity worth of the volume 
corresponds to less than 0.10$ (EG&G Idaho 1994) and is bounded by the 0.50$ step insertion discussed 
in Section 15.4.5. 


15.1.3 Excessive Heat Removal From the Secondary Coolant System 


The secondary coolant heat load is dissipated to the atmosphere via a cooling tower. A change in 
fan speed, number of operating fans, and volume of water over the tower will result in a change to the 
off-tower water temperature. However, the large basin volume will make temperature changes to the heat 
exchangers occur over a long time frame compared to other events discussed in Section 15.4 and thus, 
this event is bounded. The event is also bounded by the sequence discussed in Section 15 .LI. 
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15.2 Decrease in Heat Removal by the Secondary 


The SCS is the principal heat removal system for the A TR. 1ncreasing the secondary temperature 
or decreasing the secondary flow rate will result in a decreased heat removal rate for the ATR. A break in 
the secondary piping with a resultant loss of secondary coolant inventory from the primary heat 
exchangers is a severe example. The secondary temperature and flow can also be influenced by failure of 
support systems such as instrument air. Oxide or crud buildup on the heat exchanger tubes can also 
decrease the rate of heat removal. These phenomena are normally slow to develop (days or weeks for 
significant changes). 


Decrease in heat removal from the primary system results in an increased primary coolant 
temperature. High primary coolant temperatures result in: 


• 	 Lower margins toCHF 


• 	 Increased liquid volume due to thermal swell 


• 	 Increased pipe wall and reactor vessel temperatures. 


A number of faults which could result in a decrease in heat removal are postulated and discussed in 
this section. A detailed analysis is presented for the most limiting of the following events which result in a 
decrease in heat removal from the primary coolant system: 


• 	 SCS FCV closed against stop. 


• 	 Cooling tower failure. 


• 	 Loss of commercial power. 


• 	 Failure ofsecondary pumps. 


• 	 Loss of secondary flow from either a secondary flow control valve complete closure or closure of 
all six motor operated cooling tower return valves. 


• 	 Failure ofcooling tower fans. 


• 	 Loss ofcooling tower basin water. 


• 	 Excessive heat exchanger tube fouling. 


• 	 Long-term loss ofcommercial power. 


• 	 Secondary system rupture upstream of primary coolant heat exchangers (complete loss of 
secondary). 


• 	 Extended loss of commercial, diesel, and utility DC power. 


Based on analyses in the DBR (EG&G Idaho 1994), items A, B, and C, are considered to be 
Condition 2 events, items D, E, F, G, and H, are Condition 3 events, and items I, J, and K are Condition 4 
events. 
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The piping failure upstream of the heat exchangers (event J) is analyzed as a complete and abrupt 
loss of secondary coolant. It becomes the enveloping event for all the other sequences that result in the 
degradation of the heat sink. 


15.2.1 Complete Loss of Secondary (Complete Loss of Heat Sink) 


15.2.1.1 Identification of Causes and Accident Description. Catastrophic failure of the . 
piping between the secondary pumps and the heat exchangers would result in complete loss of flow to the 
heat exchangers with a rapid depletion of the coolant inventory from the secondary of the heat 
exchangers. The combined events would result in essentially no heat removal from the primary coolant. 
(Some heat loss occurs through the uninsulated primary coolant piping; however the effect is 
conservatively neglected in the analysis.) 


The necessary protection for this event is provided by diverse protective systems or functions 
dependent upon the time interval. Initial protection for the reactor fuel is provided by a reactor trip due to 
high inlet temperature. This trip is actuated by two out ofthree logic driven by the inlet temperature PPS 
subsystem. Diverse protection is provided by the high outlet coolant temperature PPS subsystem. 


As the temperature of the primary coolant continues to rise due to the decay heat, the volume will 
increase, resulting in a pressure rise. The pressure relief valves will maintain the pressure below damage 
levels. 


If alternate cooling is not established by the time the primary coolant reaches approximately 200QF, 
the vessel vent valves are assumed to be manually opened to limit the coolant temperature to the boiling 
temperature at atmospheric pressure. The EFIS can be used at atmospheric pressure to maintain the 
coolant inventory. 


15.2.1.2 Analysis of Effects and Consequences 


15.2.1.2.1 Method of Analysis-The thermal-hydraulic response for the A TR system 
as a result of this fault was analyzed using RELAP5IMOD 2.5 with four sets of initial conditions 
(Pafford 1994): 


1. 	 A total reactor power of 250 MW with a balanced 50 MW lobe power split, three PCPs operating, 
Q


and a core inlet temperature of 125 F. 


2. 	 A total reactor power of230 MW with the SAR 70 lobe power split, three PCPs operating, and a 
core inlet temperature of 125°F. 


3. 	 A total reactor power of 250 MW with a balanced 50 MW lobe power split, three PCPs operating, 
and a core inlet temperature of 94°F (the lowest expected inlet temperature for full power 
operation). 


4. 	 A total reactor power of 250 MW with the 60/40 MW lobe power split, two PCPs operating, and a 
core inlet temperature of 125°F. 


These reactor power levels and inlet temperatures were evaluated to ensure event consequences 
were bounded. 



http:4.:-:1~2.09
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The RELAP5 model had either two or three PCPs operating with a five channel core model (four 
quadrant channels and one "hot" fuel element channel). The secondary side coolant was removed at the 
time of initiation with the heat exchanger structure retained. Radiative and convective heat losses from the 
PCS piping and reactor vessel exterior surfaces were not modeled. This results in a conservative 
prediction for primary coolant temperature response. 


Reactor trip was from the high vessel inlet temperature subsystem at 150°F, with a 40-sec response 
time. The PCPs were assumed to be manually tripped at approximately 10 minutes; the vessel vent system 
was manually initiated when the PCS temperature reached 200°F. The loss of heat sink results in a 
pressure increase that was conservatively assumed limited by the relief valve opening rather than a high 
pressure scram which stops the pressurizing pumps (also, the pressure control system could limit the 
pressure to the nonnal range). 


The reactor protection criteria margins were evaluated using ATR-SINDA and SINDA-SAMPLE 
with boundary conditions from the RELAP5 results (Polkinghome 1994). The analysis was completed for 
fuel plate 19. Figure 15.0-5 depicts the ATR-SINDA fuel plate model. 


15.2.1.2.2 Results-The sequence of major events from the RELAPS calculations is 
shown in Table 15.2-1 for the three-pump cases and in Table ]5.2-2 for the two-pump case. The vessel 
relief valves lift shortly after transient initiation. The peak hot channel temperature which occurs for 
two-pump operation is 246.4°F with a peak vessel outlet temperature of 205 .6°F. The maximum vessel 
inlet temperature was 203.2°F. The peak vessel temperature occurs late in the transient which is 
dominated by decay heat and is insensitive to the number of pumps operated. The time response for the 
vessel inlet and outlet temperature is illustrated in Figures 15.2-1, -2 and -3. 


For three-pump operation, the peak fuel plate temperature calculated with ATR-SINDA is 575.0°F 
occurring just prior to reactor scram. The minimum CHF and FI margins, 5.140 and 7.680, respectively, 
occur just prior to reactor scram at 143 sec. The maximum fuel-plate temperature and CHF and Fl 
margins are shown in Figures 15.2-4 and -5, respectively. For two-pump operation, the peak fuel plate 
temperature calculated with ATR-SINDA is 525.0°F occurring just prior to reactor scram. The minimum 
CHF and FI margins, 5.460 and 8.3 ]0, respectively, occur just prior to reactor scram at 72 sec. The 
maximum fuel plate temperature and minimum CHF and FI margins are shown in Figures 15.2-6 and -7, 
respectively. 


The two-pump calculation was terminated after 200 s since sufficient data for evaluation of the fuel 
element performance was generated. The results in Table 15.2- I show that peak fuel plate temperatures 
occur at the time of the scram (see also Figure 15.2-4). The long-term effect of concern is the heating of 
the piping; the results for the three-pump calculation are sufficient to determme limits and controls. 
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15.2.1.2.3 Conclusions-A high vessel inlet temperature subsystem, which initiates 
reactor trip at ] 50°F with a 40-sec response time, will preserve the reactor protection criteria for CHF and 
Fl. The vessel relief valves with a nominal lift pressure setpoint of S 390 psig will provide overpressure 
protection. The PCS must be depressurized before the primary coolant inlet temperature exceeds 200°F. 
Depressurizing the PCS ensures that the 240°F design temperature for the PCS is not exceeded and that 
the fuel plate temperature remains a few degrees above the local fluid saturation temperature. 
Depressurization can be accomplished in several ways (normal pressure control system, opening the 
vessel vent valves, or bleeding air from the surge tank); however, the vessel vent valves comprise the 
safety system for depressurizing to allow EFIS addition. The scram at ISO°F ensures that the margins to 
CHF in the hot fuel element are at least 30. 


The analysis included actuation of the EFIS following opening of the vent valves before the inlet 
temperature exceeds 228°F; the analysis demonstrates that EFIS addition will terminate the temperature 
transient. However, the manual actuation of EFIS is not necessary if full depressurization of the pes 
occurs before exceeding 200°F. The calculation indicated that the addition of cooler water can reduce 
temperatures below those determined by the saturation temperature. The limits on inlet temperature 
(S 200°F and S 228°F) can be conservatively applied to the outlet temperature since outlet temperature 
exceeds the inlet temperature during this phase of the transient. Assuming fuJI depressurization occurs, 
actuation offirewater should be done only to maintain inventory since addition of fire water drastically 
degrades chemistry as well as causing building flooding because the firewater flow exceeds the capability 
to dispose of liquid effluents. The evaluation of vessel level setpoints in Section ]S.9 and EFIS setpoints 
in Section IS.3 are sufficient to maintain the inventory and ensure piping temperatures are limited. 


15.2.2 Bounded Events - Decrease in Heat Removal by the Secondary 


15.2.2.1 Secondary Coolant System Flow Control Valve Closed Against Stop. 
Closure of the SCS flow control valve, TCV -] -I 0, results in a secondary flow reduction to not less than 
2,000 gpm. Closure can occur due to operator error, controller failure, or valve component mechanical 
failure. 


Temperature rise rate for the primary coolant will be slower than for the event discussed in 
Section ]S.2.1 (loss of heat sink assumed to be instantaneous), and after reactor scram, the decay energy 
will be removed. Thus, the sequence is bounded by the discussion in Section IS.2.1. 


15.2.2.2 Failure of Secondary Pumps. One through four pumps, in any combination, 
supply coolant to the secondary system. Two lower capacity UCW pumps are also available. 


Pump failure may be caused by blockage, by failure in the pump/motor/coupling assembly, or by a 
loss of power (local equipment failure). These result in a range of consequences from partial loss to total 
loss of secondary coolant flow. The PCS response is bounded by the response discussed in Section] 5.2.1 
for these conditions. 
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15.2.2.3 Loss of Secondary Flow from Either a Secondary Flow Control Valve 

Complete Closure or Closure of All Six Motor Operated Cooling Tower Return Valves. 

These events are Condition 3 events or below. There are flow paths in the secondary coolant system 
upstream and downstream of the primary coolant heat exchangers that could be blocked by valve 
c1osure(s). The secondary flow control valve, TCV-I-IO, if completely closed would block the secondary 
flow supply to the primary heat exchangers. A mechanical stop in the valve prevents complete closure; 
however, failure of the stop or valve shaft would allow complete closure. The closure of all six motor 
operated cooling tower return valves could also block secondary flow return to the cooling tower or basin. 
Multiple valve closures would be required for complete flow blockage. Inadvertent operation of all valves 
to the closed position resulting from control system faults is prevented by administrative controls that are 
in place to disable the motor operator of at least one cooling tower riser valve from being inadvertently 
controlled by the DCS. The events are bounded by the complete loss of secondary discussed in 
Section 15.2.1. 


15.2.2.4 Failure of Cooling Tower Fans. The cooling tower has four bays with a fan on 
each bay. Partial or total failure of the fans will result in a slow temperature increase in the supply to the 
heat exchangers. This sequence is bounded by the loss of heat sink discussed in Section 15.2.1 since the 
increase is slow and flow is maintained. 


15.2.2.5 Loss of Cooling Tower Basin Water. Loss of the basin water inventory may 
occur due to an open drain valve or due to failure of the secondary coolant makeup. Several hours are 
required for total loss. The sequence is bounded by the loss of heat sink discussed in Section 15.2.1 since 
the delay time is long before complete loss, even if undetected by the operators. 


15.2.2.6 Cooling Tower Failure. Tower icing, failure of the cell packing, flow distribution 
system, or flow being bypassed to the basin will result in a slow temperature rise of the basin inventory. 
Again, the sequence is bounded by the complete loss of secondary discussed in Section 15.2.1. 


15.2.2.7 Excessive Heat Exchanger Tube Fouling. The process offouling requires 
appreciable time. Gradual increase in the primary coolant temperature would restrict reactor operation if 
the 125°F limit could not be maintained. The sequence is bounded by the complete loss ofheat sink 
discussed in Section 15.2.1. 


15.2.2.8 Loss of Commercial Power and Long-Term Loss of Commercial Power. 
Loss of commercial power will result in a loss of secondary flow since the secondary coolant pumps are 
powered from the commercial bus. The secondary flow will coast down to UCW flow, and the sequence 
approaches the complete loss of heat sink. The sequence is bounded by the complete loss of heat sink 
discussed in Section 15.2.1. The more global effects of loss of commercial power are discussed in 
Sections 15.3 and 15.11. 


15.2.2.9 Extended Loss of Commercial, Diesel, and Utility DC Power. Loss of all 
power sources for an extended period of time will result in loss of all secondary flow as is considered in 
Section 15.2.1. The global effects of the failure of these power sources are considered in Section 15.3. 
The event is bounded by the loss ofPCS flow analysis discussed in Section 15.3. 
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15_2.3 Failure of Inlet Temperature Subsystem 


The outlet temperature PPS subsystem has a reactor trip at 188°F for three-pump operation and 
185°F for two-pump operation and a response time of 25 sec. The difference between the inlet and outlet 
setpoints is very nearly the core differential temperature at 250 MW. Since the transit time for the coolant 
from the inlet sensor to the outlet sensor is about 25 sec, the inlet scram and the outlet scram signals are 
generated with about a JO-sec differential (setpoints are reached with a 25-sec differential but the outlet 
response time is 15 sec shorter). As shown in Figures 15.2-5 and -7, the margins to CHF change little if 
any in 10 sec. Therefore, the margins to CHF are greater than 3.00, and there is no approach to CHF. The 
piping and fuel plate temperatures are little affected by the 10 sec delay in the scram; the long term 
temperature is limited by the depressurization to atmospheric pressure. The time at which 
depressurization is required may be reached a few seconds earlier, but the change is not significant 
relative to the actual time (perhaps a 10 sec change in 2600 sec). Since the event is adequately limited by 
an outlet 'temperature scram at 188°F or 185°F (3-PCP and 2-PCP operation, respectively), the outlet 
temperature PPS subsystem is diverse to the inlet temperature PPS subsystem. 


Table J 5.2-1. Sequence of events for the loss of heat sink transient calculations (three-pump operation). 


Event 250 MW" 250 MWb 230 MW" 


Transient initiated 0.0 0.0 0.0 


Safety reI ief valves fIrst lift < 3.0 < 2.0 < 3.0 


Reactor scram on high inlet temperatures (includes 40.0 71.8 142.9 73.3 
second delay) 


Peak hot channel exit temperature reached 71.8 142.9 73.3 


(Pcak temperature) (218.5°F) (219.8°F) (24 L 7°F) 


PCPs manually tripped 671.8 742.9 673.3 


pes temperature reaches 200°F (at core inlet) 2672. 3020. 3347. 


Vent vah'es ll1anu:lIly opened 2672. 3020. 3347. 


Lower flTewater injection started 2747. 3095. 3422. 


Peak vessel outlet temperature reached 2778. 3118. 3452. 


(Peak tcmperature) (205.6°F) (205.6°F) (202.8°F) 


Peak vessel inlet temperature reached 3148. 3490. 3812. 


(Peak temperature) (203.2°F) (203.2°F) (204.8°F) 


Transient calculation tenninated 4500. 4500. 4500. 


8. Core inlet temperature of 125°F. 
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Table 15.2-2. Sequence of events for the loss of heat sink transient calculations (two-pump operation with 


Event Times (5) 


Transient initiated 


Safety relief valves first lift 


Reactor scram on high inlet temperature 


(includes 40.0 second delay) 


Peak hot channel exit temperature reached 


(Peak temperature) 


Transient calculation tenninated 


0.0 


< 2.0 


72.4 


72.4 


(246.4°F) 


200 
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Vessel inlet and outlet coolant temperature, 



250 MW, balanced 50 MW lobe power, 3 pes pumps. 



125°F initial vessel inlet temperature, 
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Figure 15.2-1. Vessel inlet and outlet coolant temperatures: 250 MW, balanced 50 MW lobe power 
distribution; 125°F initial vessel temperature; three-pump operation. (For Information Only) 
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Figure 15.2-2. Vessel inlet and outlet coolant temperatures: 250 MW, balanced 50 MW lobe power 
distribution; 94°F initial vessel temperature; three-pump operation. (For Information Only) 
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Vessel inlet and outlet coolant temperature. 



230 MW, SAR 70 MW lobe power, 3 pes pumps. 



125°F initial vessel inlet temperature. 
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Figure 15.2-3. Vessel inlet and outlet coolant temperatures: 230 MW, SAR 70 MW lobe power 
distribution; 125°F initial vessel inlet temperature; three-pump operation. (For Information Only) 
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Figure 15.2-4. Maximum fuel plate temperature (LOHS accident, three-pump operations). (For 
Information Only) 
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Figure 15.2-5, CHF and Fl margins (LOHS accident, three-pump operation). (For Information Only) 
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Figure 15.2-6. Maximum fuel plate temperatures (LOHS accident, two-pump operation). 
(For Information Only) 
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Figure 15.2-7. CHF and FI margins (LOHS accident, two-pump operation). 
(For 1nformation Only) 
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15.3 Decrease in Reactor Primary Coolant Flow Rate 


The PCS consists of a single loop with some parallel flow paths to provide for four PCPs, five 
primary heat exchangers, two inlet pipe segments, and four discharge pipe segments. There are also two 
emergency coolant pumps which are in parallel to each other and to the PCPs. 


The normal mode of operation is with either two or three PCPs and one emergency coolant pump 
operating. Gross PCS flow is controlled by the number of operating primary pumps, and fine flow . 
adjustments are made with the butterfly FCV. 


The PCPs are powered by commercial power. Thus, a loss of commercial power will result in a 
coastdown of the primary pumps. One emergency coolant pump operates from an uninterruptible power 
supply (UPS), that is normally supplied by a commercial bus (dc-motor), the other operates on the 
diesel-commercial bus (ac-motor). If the diesel-commercial power supply were to fail in conjunction with 
the commercial power, the emergency coolant pump with battery backup will provide short-term forced 
flow <the pump starts if in standby mode and continues to operate if in service). The battery bank will 
operate one emergency coolant pump for a minimum of 30 minutes which allows actions to restore the 
other power sources and allows time for core decay heat to decrease. 


The primary coolant flow rate can also be decreased by closure ofthe butterfly FCV, by closure of 
block valves, by failure of pumping components, or by partial blockages. A decrease in the primary 
coolant flow rate results in a decrease in the heat transfer coefficient and an increase in the coolant 
temperature. 


A number of faults which result in a decrease of the reactor primary coolant flow rate are 
postulated. A discllssion of these events is included in this section. Detailed analyses are presented for the 
limiting faults which result in decreased primary coolant flow rates. The identified faults are as follows: 


A. 	 Trip of one (two-pump operation) or two (three-pump operation) of the operating PCPs 


B. 	 Loss of commercial power (or a severe commercial power undervoltage or 
underfrequency) 


C. 	 Sleeve failure in a ] 6-in. outlet pipe 


D. 	 Failure of one operating PCP due to mechanical failure 


E. 	 A closure of the PCS butterfly valve from operating position (approximately 45% open) 
to 38% open 


F. 	 Slow closing primary pump discharge check valve 


G. 	 Complete closure of the flow control butterfly valve 


H. 	 Closure of a 24-in. reactor inlet isolation valve 


1. 	 Rupture ofa ]6-in. outlet pipe inside the ATR vessel 


J. 	 A long-term complete loss of flow 


K. 	 Failure of the first actuating PPS subsystem during a Condition 2 event. 
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Based on analysis in the DBR (EG&G Idaho ]994) and Brower (1993), items A-E are considered 
to be Condition 2 events, Item F a Condition 3 event, and items G-K Condition 4 events. 


The limiting Condition 2 event is a loss of commercial power to the site. For Condition 3, the 
limiting event is the slow closing of a primary pump discharge check valve. The limiting Condition 4 
event is a long-term, complete loss of flow. These events are discussed in Sections] 5.3. I through 15.3 A. 
Section] 5.3.5 contains a discussion of the other events enveloped by the analysis. Maintaining the 
accident frequencies above requires limiting probability of fires that can result in loss of flow (see 
Section 15.16.1). 


15.3.1 Loss of Commercial Power 


15.3.1.1 Identification of Causes and Accident Description. Loss of commercia] 
power, a Condition 2 event, wiH result in a coastdown of the operating PCPs. The loss can be of any 
duration, dependent on the cause. For example, the loss can be caused by weather, line failure, breaker 
failures, or dispatcher failure. The operability of the emergency coolant pumps is not influenced by this 
event. The flow will coast down to emergency coolant flow (the reactor is scrammed on low inlet 
pressure), and decay heat will be removed by the SCS (circulation provided by the UCW). 


The necessary protection for this event is provided by a diverse protective system. Initial protection 
for the reactor fuel is provided by a reactor trip initiated by the inlet pressure PPS subsystem. Diverse 
protection is provided by the vessel differential pressure PPS subsystem. 


The pressure taps for the protective channels are located in the inlet and outlet piping in the pipe 
tunnel. The RELAP5 model located these taps at the location ofthe pressure taps for control of the inlet 
pressure (the taps for PIT-I-I). These taps are at a lower elevation than the PPS taps. Therefore, the 
modelling results in a conservative result for the low-pressure subsystem (Pafford I 994c) because of the 
elevation head difference. For the differential pressure subsystem, the elevation head is not an issue 
(elevation effects are removed by taking the difference in two pressures). A1though flow losses are 
different at the two locations, the difference is small and the evaluation by Pafford (1994c) shows that the 
modelling is conservative. 


15.3.1.2 Analysis of Effects and Consequences 


15.3.1.2.1 Method of AnalysiS-The response of the PCS was analyzed with 
RELAP5IMOD 2.5 (Terry 1994). The reactor core was modeled as four quadrant channels and one «hoC 
fuel element channel. The two-pump and three-pump operating modes were evaluated. 


The analysis included the core feedback reactivity including the flux traps. Two reactivity tables 
were used to represent feedback from the flux traps including three flux traps with capsule irradiation 
facilities and six flux traps with lPTs. This was the core configuration between the 1993 process control 
upgrade and the 1994 core internals changeout. The input tables were generated from two 
separate RELAP5 analyses for the two flux trap types. These two calculations used the reactor power 
history obtained for a flow coastdown transient without feedback (Nielsen] 991 and 1993). The RELAP5 
void fractions were coupled with PDQ calculations of reactivity versus flux trap void fraction to obtain 
functions of reactivity versus time for the two flux trap types. The reactivity feedback from the IPTs 
results from loss of half the operating loop pumps when commercial power is lost. The reactivity 
feedback from the flux traps without IPTs and for the flux traps with IPTs is shown in Tables 15.3-1 
and -2, respectively. The flux trap feedback as a result of the coastdown is positive and is represented by 
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the sum of the data in these two tables. The overall core feedback is negative. The flux trap feedback does 
not become significant by the time minimum margins are reached; as shown below the minimum margins 
are reached in approximately one second. The flux trap facilities were changed to five flux traps with 
IPTs and four flux traps with capsule irradiation facilities during the 1994 core internals changeout. As 
shown in Tables ]5.3-] and -2 and discussed in Terry (1994), the IPT flux traps insert more positive 
reactivity than the capsule irradiation facility flux traps during the time period of concern for this event 
(i.e., - ] second). Therefore, the six IPT/three capsule facility configuration used in the analysis envelops 
the baseline five IPT/four capsule facility configuration. The positive flux trap feedback for the 
5/4 configuration would be smaller than that for the 6/3 configuration. 


Due to the nature of ATR operation new experiments are occasionally inserted into the reactor. 
When new experiments are placed into the reactor, additional analysis is performed to provide assurance 
that the reactor response with new experiments meets the established safety envelope. 


The secondary coolant pumps were assumed to coast down due to the loss of commercial power. 


Reactor trip was from the low vessel inlet pressure subsystem with a setpoint of 324.8 psia and a 
response time of 0.1 sec. The same setpoint was used for both two-pump and three-pump operation. 


15.3.1.2.2 Results-The sequence of major events for the RELAP5 transients is 
tabulated in Table 15.3-3. The temperatures for the fuel plates from the RELAP5 calculations are shown 
for information although they are not used forthe analysis of the plates; the ATR-STNDA model is used 
to establish the plate temperatures and limits. The time histories for the core differential pressure are 
depicted in Figures IS.3-1 and -2 for two-pump and three-pump operation, respectively. The loss of 
pumping power results in a low-pressure scram in approximately one second. 


The peak fuel plate temperatures as calculated with ATR -STNDA (Polkinghorne 1994) are 51SoF 
with two pump (Figure 15.3-3) and S55°F for three pumps (Figure 15.3-4). These fuel temperatures, 
5 ]SOF and 5S5°F, are higher than the fuel temperatures for the RELAPS results shown in Table IS.3-3 
because ATR-SfNDA models the core hot spot while RELAP5 models the hot element. The 
RELAP5 models do not accurately reflect the detailed power distribution within the fuel plates of the hot 
fuel element. The corresponding two-pump CHF and FI margins were 4.360 and 5.800, respectively. The 
three-pump minimum margins to CHF and FI were 4.070 and 5.440, respectively. The margins to CHF 
and FI for two-pump and three-pump operation are plotted in Figures 15.3-5 and -6, respectively. 


15.3.1.2.3 Conclusions-A low vessel inlet pressure PPS subsystem which initiates 
reactor trip at 324.8 psia (312.6 psig) will preserve the reactor protection criteria for CHF and FI for both 
two and three pump operation. The vessel differential pressure (t~P) PPS subsystem is diverse to the inlet 
pressure subsystem (see Section IS.3.5.6). 


15.3.2 Slow Closing Primary Pump Discharge Check Valve 


15.3.2.1 Identification of Causes and Accident Description. The discharge from each 
PCP has a check valve which normally closes as the flow coasts down and directs the remaining coolant 
flow (usually emergency coolant flow) through the piping system to the reactor vessel (see Chapter 5 
(Primary Coolant System) for a piping diagram). This event assumes failure ofa check valve to close 
which allows emergency coolant flow to circulate through the primary pump back to the emergency 
coolant pump suction and partially bypass the reactor core. 
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The loss of flow from the PCPs combined with a slow closing check valve will result in a reactor 
trip initiated by the reactor inlet pressure PPS subsystem with diverse protection provided by the vessel 
differential pressure PPS subsystem. 


15_3.2.2 Analysis of Effects and Consequences 


15.3.2.2.1 Method of Analysis-The method of analysis with RELAP5 was the same 
as discussed in Section 15.3.1.2.1 with the following exception. The check valves at the discharge ofthe 
PCPs were modeled as motor valves with a closure rate that resulted in flow rate histories equivalent to 
the calculated rate in the base model. For this analysis, it was assumed that one of the check valves 
remained open. 


15.3.2.2.2 Results-After the check valve that isolates the emergency coolant pump 
recirculation loop opens, about 30% ofthe emergency coolant pump output (with a failure of the one the 
PCP check valves) circulates through the PCP to the emergency coolant pump inlet (Terry 1994). (Tests 
performed with a blocked open PCP check valve (Magleby ] 968) showed that less than 29% of the 
emergency pump flow would actually bypass the reactor.) The peak coolant temperatures calculated 
with RELAP5 remain below 200°F. ATR-SINDA and SINDA-SAMPLE analyses were not performed for 
this event since it progresses much the same as the loss of commercial power event. After the scram, the 
flow will decrease to 70% of that considered in Section 15.3.1.2.1 (Terry 1994); however, because of the 
scram, there will be little difference in the margins or the peak fuel temperature (minimum margins occur 
before flow reduces to the emergency coolant pump output). Additionally, experimental data indicate that 
an emergency coolant flow of 2000 gpm will maintain a margin of three standard deviations or more from 
FI immediately following a primary coolant flow coastdown (Atkinson 1994). Since the nominal 
emergency coolant pump flow is 4,700 gpm, the flow through the core is 3290 gpm with an open check 
valve which is substantially greater than the 2,000 gpm required from the experimental data. 


15.3.2.2.3 Conc/usions-The low inlet pressure PPS subsystem, having a setpoint and 
response time as defined in Section 15.3.1.2.3 in conjunction with design flow resistances in the reactor 
PCS, result in acceptable system performance for this fault. 


15.3.3 Long-Term Complete Loss of Flow 


15.3.3.1 Identification of Causes and Accident Description. Loss of commercial power 
in conjunction with a loss of diesel power will result in coastdown of the operating PCPs and failure of 
one emergency coolant pump; however, the dc-motor emergency coolant pump will operate on battery 
power for at least 30 minutes. (The dc-motor pump starts automatically if in standby mode and continues 
to operate if in service.) Failure oftheac-motor emergency coolant pump (or any of the PCPs) to start due 
to loss of power or mechanical failure will result in complete loss of flow after 30 minutes. Following the 
loss of forced flow, natural convection becomes established in the reactor vessel. 


The probability that both diesel and commercial power will fail simultaneously is relatively high. 
However, the probability of restoring one or both sources within 30 minutes is also relatively high 
(Thatcher 1997). If the battery-backed power is avai1able to the dc-motor emergency coolant pump, a 
complete loss of flow in less than 30 minutes is beyond design basis; the complete loss of flow after 
30 minutes is estimated to be a Condition 4 event (Thatcher 1997). 
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The PCS design does not provide a path for natural convection flow around the primary coolant 
piping system. There is a natural convection coolant path within the vessel. (During the natural 
convection process in the vessel, cooler water in the flow distribution tank wiII rise heating as it passes up 
through the core. From the core, the water will mix with cooler water in the upper plenum and vessel. 
Cooler water in the vessel will pass downward through openings in the reflector and outside of the 
reflector tank and return to the flow distribution tank. There are ambient losses from the vessel which 
account for the cooler water in the vessel and upper plenum region.) However, heat losses through the 
vessel walls are not sufficient to dissipate the total decay heat, and the coolant in the reactor vessel will 
heat up. At this point, the transient is similar to the complete loss of secondary (Section 15.2.1) in that 
pressure will rise, the relief valves will cycle, and depressurization will be required ifforced circulation is 
not restored before the vessel coolant temperature reaches approximately 200°F. 


Initial protection for the reactor fuel is provided by the vessel inlet pressure PPS subsystem reactor 
trip. Diverse protection is provided by the vessel differential pressure subsystem. 


15.3.3.2 Analysis of Effects and Consequences 


15.3.3.2.1 Method of Analysis-The analysis methodology for this fault was the 
same as described in Section 15.3.1.2.1 except that the emergency coolant pump was secured at 
t == 30 minutes rather than continuing to operate. The secondary coolant pumps were secured concurrent 
with the PCPs, and secondary flow was linearly ramped to zero in ten seconds (i.e., no credit was taken 
for decay heat removal by the UCW system). 


15.3.3.2.2 Results-Adequate thermal margins are maintained for the first 30 minutes 
following the loss of commercial power (Terry 1994). The resu Its of the complete loss of flow after 
30 minutes are presented and discussed starting 30 minutes after reactor scram; that is, time equal zero in 
the figures and the discussion is 30 minutes after scram. Fuel plate temperatures at midplane are shown in 
Figures ]5.3--7 and -8 for two pump and three pump operation, respectively. Channel 19 coolant 
velocities are shown in Figures 15.3--9 and -10. Figures 15.3-7 through 15.3--]0 were obtained from 
SfNDA results. For two-pump operation, the flow reversed 26 s after the emergency coolant pump started 
to coast down; the flow reversed 24 s after emergency coolant pump started to coast down for three-pump 
operation (Terry 1994; Polkinghorn 1994). The margins to CHF and FI are shown in Figures ]5.3-] I 
and -12. The margins for two-pump operation are 2.540 (CHF) and 7.520 (FI); the margins for 
three-pump operation are 2.430 <CHF) and 5.980 (FJ). The minimum margin to fuel plate buckling is 
about 60, and the minimum margin to A WJT is greater than 370 (Polkinghorne 1994). 


15.3.3.2.3 Conclusions-The required margins to A WIT are maintained for the 
complete loss of flow assuming that the battery-powered emergency coolant pump operates until the 
batteries are depleted (at least 30 minutes). This assumption requires battery-backed power to be available 
to the dc-motor emergency coolant pump. The long-term success requires depressurization of the PCS 
and replacement of coolant inventory as it boils off. 


15.3.4 Complete Closure of the Flow Control Butterfly Valve 


15.3.4.1 Identification of Causes and Accident Description. The butterfly valve is 
designed to provide fine adjustment of the primary coolant flow. The valve is constructed with an external 
stop to keep the valve from closing completely. Since there is not an internal stop, certain shaft failures, 
those "downstream" of the external stop, would allow the valve to rotate freely. The external stop keeps 
the valve at least 20% open. 
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Three mechanical failures could potentially lead to rapid closing of the butterfly FCV: 


• Gear box failure 


• Key (shaft) failure 


• Shaft failure. 


Gear box failures and most shaft failures would allow the valve to close to the external stop. 
However, some failures of the shaft, and any key failure, would bypass the external stop and allow the 
disk to rotate without being limited by the stop. 


The consequences of such butterfly valve failures are a pressure pulse upstream from the valve and 
a sudden reduction in PCS flow. Since the valve disk is smaller than the valve throat, a complete stoppage 
of flow cannot occur even with the valve fully closed. The consequences of the reduction in flow are 
discussed in Section 15.3.4.2; the consequences of the pressure increase are discussed in Section 15.13.2. 
If the failure bypassed the external stop, the valve disk would rotate through the fully-closed position and 
oscillate about the fully closed position before finally reaching the fully-closed position (Durney 1994). 
Both failure to the stop and failure with the stop ineffective are considered. 


The reactor fuel is protected by the low inlet pressure and low differential pressure PPS subsystems 
as well as the design of the butterfly FCV disk and location of the stop. 


15.3.4.2 Analysis of Effects and Consequences 


15.3.4.2.1 Method of Analysis-The mechanical failures were considered by Brower 
(1993) and were shown to be low probability events (consistent with Condition 4). Qualitative treatment 
of torques and energy conservation (Durney 1994) indicate that the valve disk will rotate through the 
closed position, reverse direction of rotation, and oscillate to the closed position if the stop is ineffective. 


This sequence was analyzed using RELAP5/MOD 2.5 with the base model which has a simplified 
five channel core (four quadrant channels and one «hot" fuel element channel) (Pafford 1994a, 1994b). 
The reactivity scram curve was an enveloping curve for two or three PCP operations. Feedback from the 
core or flux traps was not included. 


The sequence was modeled by closure of the butterfly valve to the stop and by rotation through the 
stop and the closed position. The valve closing was modeled with a linear ramp for motion. The time to 
rotate to the stop was 0.016 s for the two-pump operation and 0.0149 s for the three-pump operation. 
When fully closed, the valve flow area was] .66 square ft. The flow loss coefficient for the closed valve 
was obtained from benchmark calculations of test data for operation of one and two PCPs. 


The reactor trip was on low vessel inlet pressure. For the analyses, the trip setting was 324.8 psia 
with a O. I sec response time for three-pump operation and 308.2 psia for two-pump operation with a 
0.1 sec response time. 


The reactor protection criteria were evaluated using ATR-STNDA and SINDA-SAMPLE with 
boundary conditions from the RELAP5 results (Polkinghorne 1994). 
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15.3.4.2.2 Results-The sequence of major events as calculated with RELAP5 are 
listed in Tables 15.3-4 and 15.3-5. The temperatures for the fuel plates from the RELAP5 calculation are 
shown for information although they are not used for the analysis of the fuel plate; the ATR-SINDA 
model is used to establish the plate temperatures and limits. A pressure pulse was generated as the valve 
closed, and it propagated upstream, dampening as it progressed. The peak pressure occurred directly 
upstream of the valve. The discussion of the pressure pulse is presented in Section 15.13.2. 


The more significant flow perturbation occurs for closure to the stop. The minimum margins were 
developed for this result. (If the stop is not effective, the disk moves through the fully-closed position 
resulting in a relatively minor flow perturbation.) 


The peak fuel plate temperatures (for the case where the valve closes to the stop) calculated with 
ATR-SINDA are shown in Figure 15.3-13 and -14; the results demonstrate that only a small temperature 
increase occurs. The SIND A-SAMPLE calculated minimum CHF margin was 5.26u and the minimum FI 
margin was 7.80u for two-pump operation and 4.27u (CHF) and 5.9]u (Fl) for three-pump operation. 


15.3.4.2.3 Conclusions-The flow through the valve with the disk at 22.5° is 
sufficient to maintain the minimum margins to CHF for three-pump operation without a scram. A scram 
does occur for two-pump operation; however, the margins to CHF are ample, and a scram may not be 
necessary. The disk design and the PPS senings are sufficient to protect the fuel. 


Jfthe disk rotates through the stop, a scram occurs for both two and three-pump operation. The 
margins to CHF are greater than those for closure to the stop. 


The event results in minimum margins that are greater than 3u to CHF. Since CHF does not occur 
(no melt), the event meets Condition 4 criteria. 


15.3.5 Bounded Events - Decrease in Reactor Primary Coolant Flow Rate 


15.3.5.1 Trip of One (Two-Pump Operation) or Two (Three-Pump Operation) of the 
Operating Primary Coolant Pumps or Failure of One Operating Primary Coolant Pump 
due to Mechanical Failure. This fault results in one PCP in operation. This can result as a 
consequence of individual power supply failure (line, breaker, etc.), mechanical failure (event titled "Loss 
of one operating PCP due to any mechanical failure), or actuation of the PPS subsystems for high primary 
coolant flow. 


This is only a partial failure of the PCS flow. The consequences are bounded by consequences for 
the flow reduction described in Section J 5.3. I. 


15.3.5.2 Sleeve Failure in a 16-ln. Outlet Pipe. The outlet pipes have a sliding joint design 
inside the reactor vessel. A study for this configuration determined that the maximum joint opening due to 
wear and sleeve failures would be equivalent to a 2-in. hole in the outlet pipe (Atkinson 1995). This hole 
provides a flow path that would bypass the core. 


Calculations for the 2-in. holes show that there is an insignificant decrease in flow through the core 
(Merrill and Haroldsen 1976). The consequences of this event are bounded by the consequences for the 
flow reduction described in Section 15.3.1. 
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15.3.5.3 Flow Control Butterfly Valve Closure from Operating Position. This slight 
closure of the flow control butterfly valve (approximately 45% to 38% open) could be initiated by 
operator error. The valve is manually adjusted during reactor operation to provide the required vessel 
differential pressure. The minor misadjustment of the valve would reduce flow on the order of 
10% (EG&G Idaho 1994). However, since the flow reduction would be much less than the flow reduction 
to calise a scram, the margins to CHF are well above 3.00", and the event is bounded by the event 
discussed in Section 15.3. I. 


15.3.5.4 Closure of a 24~in. Reactor Inlet Isolation Valve. The reactor primary coolant 
piping system has two 24-in. inlet lines to the reactor vessel. Each line has an isolation valve. Sudden 
closure of one of these valves was assumed, and analyses were completed to assess the resulting 
perturbation to the primary coolant flow. The results show that the effect on reactor flow was minimal 
(Varacalle 1975, 1976). Polkinghorne (1994) shows that the margins to CHF are not less rhan three 
standard deviations for a three-pump differential pressure of42.0 psid, which is a reduction in flow to less 
than 60%. Since the flow is only minimally affected by the valve closure, the margin to CHF can be 
assumed to be significantly greater than three for this event, and it is acceptable as a low probability 
event. 


15.3.5.5 Rupture of a 16·in. Outlet Pipe Inside the A TR Vessel. The primary coolant 
flow exits from each core quadrant through a 16-in. pipe, which is in the inlet flow annulus. A rupture in 
this pipe will allow coolant flow to bypass the reactor core. Analysis has shown that a hole 12 in. in 
diameter will result in a flow decrease to 67.5% of normal in the quadrant affected (Merrill and 
Haroldsen 1976). Analysis (Atkinson 1995) has shown that the largest, extremely unlikely break in the 
in-vessel piping is smaller than 7-in equivalent diameter. Therefore, the maximum credible break would 
show a much smaller flow decrease than 67%. From Polkinghorne (1994), the margins to CHF for 
two-pump operation are at least three standard deviations for a differential pressure of23.7 psid (for 
three-PCP the differential pressure is 42.0 psid). Since the flow would have to be reduced to 60% or less 
to approach three standard deviations to CHF, the event is acceptable as a low probability occurrence. 


15.3.5.6 Failure of First Actuating PPS Subsystem During Condition 2 Event. For 
the low flow events analyzed, the inlet pressure PPS subsystem, on low pressure trip, initiated release of 
the safety rods. The vessel differential pressure PPS subsystem is diverse to the inlet pressure subsystem 
and will trip at approximately the same time, but it has a delay time of 0.4 sec as compared to 0.1 sec for 
the inlet pressure subsystem. The limIting flow event, the loss of commercial power, was analyzed 
concurrent with the failure of the inlet pressure PPS subsystem. For this event, the margins to CHF and FI 
for three-pump operation are 2.7 I 0" and 3.240", respectively. The margin to fuel plate buckling is 5.200"; 
the minimum margin to AWIT is 37.70" (Polkinghorn 1994). These margins are acceptable for 
Condition 4 events. The analysis for loss of flow for two-pump operation indicates that the low 
differential pressure scram is generated 0.24 s earlier than for three-pump operation (Polkinghorne 1994) 
which occurred at 1.82 s. An analysis for the flow coastdown (two-pump operation) without a scram from 
either low pressure or low differential pressure shows that 30" to CHF is not reached until 2.10 s after 
initiation of the coastdown (Polkinghome 1994). Since the differential pressure scram occurs at 1.58 s, the 
margin to CHF is clearly greater than 30". Therefore, the above results envelop the two-pump case, and it 
is not necessary to complete the analysis for margins to buckling and A WIT for two-pump operation. 
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Protection of the fuel fOl: low-flow events is provided by a low-pressure setting of 324.8 psia with a 
response time of 0.1 s for both two and three-pump operation. (The analyses for loss of pumps uses 
324.8 psia for both two-pump and three-pump operation; the analyses of the butterfly-valve closure uses 
308.2 psia for two-pump operation but 324.8 psia for three-pump operation. The 324.8 psia setting is 
limiting and the required value for both modes of operation.) The differential pressure (low) setting is 
diverse for three pumps operation at 45.8 psid and for two-pump operation at 38.0 psid. 


The modelling difference noted in Section 15 J. Ll affects the inlet pressures reported by 
Polkinghorne (1994) since they were edited at the location of the pressure controller taps rather than at the 
PPS tap location. In order to provide the safety limits through the PPS instrumentation, the values at the 
locations of the PPS taps (piping values rather than transminer values) are provided by Pafford (l994c). 
The revised differential pressure for 30 to CHF is 38.6 psid for three-pump operation and 21J psid for 
two-pump operation (Pafford 1994c); these values are selected as safety limits in Chapter 16 (Derivation 
of the Technical Safety Requirements). 


.. Ii db k f 'h '1 b d . . ITa bl 3 1 R eactlvlty ee ac rom flux traps Wit out mpi e tu es unng oss 0 f commercia power. e 15. - . 


Reactivity Reactivity 


Time (sec) (dollars) Time (sec) (dollars) 


0.00 0.0 5.00 3.1I2E-2 


0.02 6.687E-6 6.00 3.799E-2 


0.04 ] .346E-5 8.00 5.] 97E-2 


0.10 3.74]E-5 i 10.00 6.658E-2 


0.30 3.462E-4 ! 12.00 8.467E-2 


0.50 I 9.816E-4 13.00 9.501E-2 


I 
0.76 I 2.218E-3 14.00 1.06]E-l 


1.00 3.643E-3 15.00 1.l98E-l 


1.24 5.206E-3 16.00 1.330E-1 


1.50 6.845E-3 17.00 1.417E-l 


1.74 I 8.245E-3 18.00 1.478E-] 


2.00 9.840E-3 ]9.00 1.537E-l 


2.50 I ] .335E-2 20.00 1.555E-] 


I 3.00 ].698E-2 21.00 ] .555E-] 


I 3.50 2.042E-2 21.45 1.555E-] 


4.00 2.376E-2 ]000.00 ] .555E-l 


I 


I 


I 


! 


I 
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.. fi db k fi '1 b d f . 1T bl a e 1532- ReactlvJty ee ac rom mpl e tu es urmg oss 0 commercIa.power,
'--.. 


Reactivity 
(dollars)Time (sec) 


0.0 0.0 


0.8 0.01 


LO 0.0128 


0.01751.5 


2.0 0.0207 


2.6 0.0233 


4.0 0.0267 


0.03]77.0 


10.0 0.0357 


20.0 0.046 


40.0 0.0593 


]00.0 0.0853 


Events 2 PCP 
Time (s) 


3 PCP 


Transient initiated 0.0 0.0 


Reactor scram on low vessel inlet pressure 
(safety rod insertion begins) 


1.145 1.000 


, Peak hot-spot coolant temp<:ralure reached 1.20 1.05 


I (Peak temperature) (232.3°F) (23L1°F) 


!Peak hot element fuel temperature reached 1.15 LIO 
~(peak fuel tem~erature) 
ITransient calculation temlinated 


(405.1 0 F) 


98.0 


(425.8°F) 


.=J30.0 


Table 15.3-3. Sequence of events for the loss of commercial power transient calculations (RELAP5). 


I 







Idaho National Engineering and Environmental Laboratorv 412.09 (0910312002 - Rev. 7) 


CHAPTER 15.3 - DECREASE IN REACTOR Identifier: SAR-] 53 
PRIMARY COOLANT FLOW RATE  UPGRADED Revision: 9 


FINAL SAFETY ANALYSIS REPORT FOR THE Page: 15.3-11 of ]5.3-28 
ADVANCED TEST REACTOR Effective Date: 08110/04 


Table 15.3-4. Sequence of events for the butterfly valve closure transient calculation for three-pump 
operation (RELAP5) 


Times (s) 


Event Case ]8 Case2b 


Transient initiated 0.0 0.0 


Butterfly valve completely closed 0,015 0.Q2 


Peak pressure occurs upstream of butterfly valve 0.072 0.024 


• (Peak pressure) (506.4 psia) (510.9 psia) 


~o, scmms on low vessel ;nle\ peessure c 0.154 
(safety rod insertion begins) 


fuel temperature occurs 1.69 0.158 


(Peak temperature) (457.3°F) (434.6°F) 


I Transient ca1culation tenninated 2.0 2.0 


a. Valve closes to the stop (22.50) 


b. Valve rotates through closed position and continues to the closed position 


c. Event did not occur 


Table 15.3-5. Sequence of events for the butterfly valve closure transient calculation for two-pump 
.. (RELAP5)opera Ion 


Event Times (s) 


Transient initiated 0.0 I 


Butterfly valve reaches stop position 0.016 
I 


Peak pressure occurs upstream of butterfly valve 0.073 i 


(Peak pressure) (4828 psia) I 
~crams on low vessel differential pressure 0.580 


(safety rod insertion begins) 


Peak fuel temperature occurs 0.585 


(Peak temperature) (421.2°F) 


ITransient ca1culatio'.llenninated 2.0 
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Figure 15.3-1. Core pressure drop (Ioss-of-commercial power, two-pump operation). (For JnformAtion Only) 
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Figure 15.3-2. Core pressure drop (loss-of-commercial power, three-pump operation). (For Information Only) 
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Figure 15.3-3. Maximum fuel plate temperatures (loss-of-commercial power accident, two-pump operation). (For Information Only) 
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Figure 15.3-4. Maximum fuel plate temperatures (Ioss-of-commercial power accident, three-pump operation). (For Information Only) 
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Figure 15.3-5. CHF and FI margins (loss-of-commercial power accident, two-pump operation). (For Information Only) 
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Figure 15.3-6. CHF and FI margins (Ioss-of-commercial power accident, three-pump operation). (For Information Only) 
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Figure 15.3-7. Mid-core fuel plate temperatures (complete loss of flow accident (CLOFA), two-pump operation). (For Information 
Only) 
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Figure 15.3-8. Mid-core fuel plate temperatures (CLOFA, three-pump operation). (For Information Only) 
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Figure 15.3-9. Hot-stripe inlet and outlet coolant velocities (CLOFA, two-pump operation). (For Information Only) 
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Figure 15.3-10. Hot-stripe inlet and outlet coolant velocities (CLOFA, three-pump operation} (For Information Only) 
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Figure 15.3-14. Maximum fuel plate temperatures (butterfly valve closure (to the stop) accident, 
three-pump operation). (For Information Only) 
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15.13 pes High Pressure Anomalies 


High pressure can occur in the PCS as a consequence of failure of components or as a result of 
misoperation. These high pressures may be local and transient such as pressure waves caused by water 
hammer, or may involve significant portions ofthe PCS. High pressure throughout the system can result 
as a consequence ofloss ofheat removal or increased inventory. These events were discussed in 
Sections 15.2 and 15.5, respectively. Additional faults, such as valve closure, will be evaluated in this 
section. Faults which can result in high pressure in the PCS are as follows: 


A. 	 A primary pump discharge valve or check valve closes abruptly 


B. 	 An emergency coolant pump discharge check valve is open with PCPs in operation 


C. 	 Startup of a PCP against a fully closed discharge valve with suction pressure significantly higher 
than 230 psig 


D. 	 The FCV (butterfly) fails. 


Items A-C are considered to be Condition 3 events based on analysis in the DBR (EG&G 
Idaho 1994). hem D is a Condition 4 event (Brower 1993). The acceptance criteria for these events that 
result in an increase in pressure is that the pressure not exceed 110% of design pressure for high
probability events (Condition 2) and to not exceed 120% of design pressure for low-probability events 
(Condition 3 and 4). 


15.13.1 A Primary Pump Discharge Valve or Check Valve Closes Abruptly 


15.13.1.1 Identification of Causes and Accident Description. The faults are initiated by 
a mechanical failure which allows the valves to close rapidly when the coolant velocity provides a 
significant driving force for closure. 


The PCP discharge valves are gate valves. Mechanical failure of the valve shaft could potentially 
result in closure of the valve slide. However, the valves are mounted such that the slide closure is 
inhibited by gravity. Therefore, if closure occurs, it is not likely to be rapid. 


The check valves have a flapper which rotates on a shaft. Wear or galling of this shaft can result in 
a sticky valve which could hang up. This, in conjunction with shutoff ofthe PCP while other PCPs are 
operating, could result in high backflow through the valve and then sudden closure. 


These events result in a dynamic pressure pulse resulting from water hammer. The check valve will 
have the more serious consequences because of the potentia) for more rapid closure. 


15.13.1.2 Analysis of Effects and Consequences 


15.13.1.2.1 Method of Analysis-The check valve failure was analyzed previously 
(Bridges and Burr 1968). The check valves were modified to correct problems resulting in slow closing 
times and failure to close. The problems were encountered during routine testing. The modifications were 
evaluated to show that there was no change in failure modes, probability or consequences (Dwight 1996). 







idaho National Engineering and Environmental LaborolOry 412.09 (09/03/2002 • Rev. 7) 


CHAPTER] 5.] 3 - PCS HIGH PRESSURE Identifier: SAR-1S3 
ANOMALIES - UPGRADED FINAL SAFETY Revision: 9 
ANALYSIS REPORT FOR THE ADVANCED Page: ]5.13-2of15.13-8 


TEST REACTOR Effective Date: 08110/04 


The pump discharge valve mechanical failure was not specifically analyzed since the pressure 
transient is not expected to exceed the pressure experienced during cheCk valve failure. (Both valves are 
located in essentially the same sect ion ofpiping.) Control system failures causing the PCP discharge 
valve to shut would result in a very slow transient with the resulting system pressures enveloped by 
item C (Startup of a PCP against a fully closed discharge valve with suction pressure significantly higher 
than 230 psig). 


15.13.1.2.2 Results-A PCP check valve failed to close properly during a trip of one out 
of three primary pumps on December I], 1967. Analysis. of this fault showed the maximum calculated 
pressure was 900 psig. No observable damage occurred to the PCP discharge piping, which has a design 
pressure of 576 psig. Some pipe hangers were damaged. (Under dynamic conditions, higher pressures 
may not be damaging to the piping.) Although the PCS has operated sllccessfully since this event, a repeat 
of the event should be avoided. Consequently, preventive maintenance and testing of the valve are in 
place to limit degradation of the valves. 


15.13.1.2.3 Conclusions-The fault results in pressure pulses greater than design 
pressure. The piping between the pumps and the check valve has experienced the event without failure. 
Surveillance and maintenance of the valves are required to ensure the abrupt closure is a low probability 
event. The surveillance monitors closure time (e.g., signature tests) to verify the characteristics are 
consistent with design. 


15.13.2 The Flow Control Valve (Butterfly) Fails 


15.13.2.1 Identification of Causes and Accident Description. The FCV is a rotating disk 
inside the inlet piping that is adjusted to obtain the desired coolant flow into the vessel. The valve is 
designed with an external stop (on the valve body rather than internal to the valve) to limit the amount of 
closure. Since the valve disk has 6 holes in it and is smaller than the valve throat, a complete stoppage of 
flov.1 cannot occur should the flow stop fail and the valve close completely. Operating data indicate that 
the flow induced forces on the disk over the nornlal operating range are in the direction to close the valve. 
Failure of the drivmg system for the disk could potentially allow the disk to be driven to the stop resulting 
m a reduction in the flow. The impact of flow reduction on the heat removal is addressed in 
Section IS.3.4. The effect of the closure on the pressure within the piping is considered below. 


The valve failure is initiated by mechanical failure of the linkage to the motor and/or components 
in the valve. The failure of the universal joints in the drive result in an as is failure; the disk does not 
move (Brower 1993). Mechanical failures within the valve (shaft, key, or pins) may result in closure that 
is not limited by the stop_ Mechanical failures outside the valve generally would result in disk motion 
limited by the stop. An analysis of the valve design (Brower] 993) indicates substantial design margins 
for the significant components. Based on this evaluation, the probability of failure resulting in valve 
closure (either to the stop or the closed position) is considered very low and consistent with a Condition 4 
event. 


15.13.2.2 Analysis of Effects and Consequences 


15.13.2.2.1 Method of Analysis-The pressure transients associated with rapid closure 
of the disk were evaluated using RELAPSIMOD 2.5 assuming the valve closed linearly to the stop 
in 0.016 sec for two-pump operation and 0.0149 sec for three-pump operation. 
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An active low pressure scram (inlet) at 324.8 psia with a 0.1 sec response time was also modelled. 
The pressure histories for closure to the stop and for continuing through the closed position were 
generated (Pafford 1994) and evaluated (Durney 1994). The disk is relatively massive, and once in 
motion it will not stop quickly. Therefore, the disk would pass through the minimum flow position if the 
failure makes the stop ineffective. The disk will stop before reaching a position that is a mirror image of 
the initial position and return to the minimum flow position after having passed through it. Although the 
disk cannot rotate to the fully open position, the fully-opened position results in consequences addressed 
in Section 15.14. The effects of the final position are to result in a low flow condition and pressure spikes 
followed by increased pressure upstream of the valve (minimum flow position). Since there is more 
momentum in the coolant for three-pump flow, the three-pump case results in more-significant pressure 
pulses. 


15.13.2.2.2 Results-The sequence of events for the RELAP5 calculations is shown In 


Tables 15.3-4 and 15.3-5. The peak pressure for closure to the stop is 494 psig at 0.072 sec directly 
upstream from the valve as shown in Figure 15.13-1. (Gage pressure is obtained from absolute pressure 
by subtracting 12.2 psi from the absolute pressure shown in the Figure). The design pressure in this 
section of piping is 485 psig: the pressure allowed (safety limit) for transient conditions is 533 psig 
(Burr 1978) "Ine pressure history for passing through the stop is shown In Figure 15.13-2. The peak 
pressure is 499 psig at about 0.024 sec which is well below safety limit. A pressure transient occurs 
downstream from the valve as it passes through the zero position as shown in Figure 15.13-3. The peak 
pressure downstream is about 445 psig at 0.059 s. The peak is within the safety limit of 468 psig for this 
section of piping. When the valve returns to the minimum flow position, the stable pressure upstream 
from the disk would be about 388 psig (Durney] 994). This result assumes that all three pumps remain in 
operation. 


15.13.2.2.3 Conclusions-The failure of the butterfly valve will result in a modest 
pressure transient of about 86 psid over normal (the pressure difference for zerO time and 0.024 s m 
Figure 15.13-2). The transient is well within the static loading considered in off normal events. 


15.13.3 Bounded Events - pes High Pressure Anomalies 


15.13.3.1 An Emergency Coolant Pump Discharge Check Valve is Open with 
Primary Coolant Pumps In Operation. The normal operating pressure upstream of the bunerfly 
valve is shown in Figure 15.13-1; the pressure at zero time is the pressure that would occur in the 
emergency coolant piping for a check valve failed open. The pressure shown in the figure is about 
425 psia (4) 3 psig). The design pressure for the discharge portion of the emergency coolant piping is 
485 psig; the design pressure for the Sllction piping is 390 psig (Davidson 1979). Assuming no pressure 
drop across the emergency coolant pump, the suction pressure would be about 6% over design with the 
check valve open. The piping code allows a 20-percent overpressure for low probability events~ therefore, 
the overpressure is acceptable. The pressure in the discharge piping is within the design value with the 
check valve open. 
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15.13.3.2 Startup of a Primary Coolant Pump Against a Fully Closed Discharge 
Valve with Suction Pressure Significantly Higher than 230 psig. The maximum possible 
suction pressure of the PCPs will occur just as the PPS over-pressure protection features actuate 
(McCracken 1996). For purposes of this evaluation the worst-case setpoints (401 psig for the relief valve 
setting and 408.6 psig for the pump shutoff ESF) are used. Based on these worst-case setpoints and 
adjusting for position dependencies in pressure, the maximum PCP suction pressure is 405 psig. This 
sllction pressure could only occur if procedures covering operation of the gland seal pumps were violated 
and the gland seal pumps were allowed to pressurize the plant above the prescribed shutoff pressure. 
Further procedure or control system failures would have to occur to start a PCP with the discharge valve 
fully closed. 1l1e worst-case pressure in the pump discharge piping would be 656 psig adding 251 psig 
pump shutoff head for the PCP (Chapter 5 (Primary Coolant System». The resulting pressure is less 
than 120% ofthe design pressure (1.2 >< 576 = 691 psig) for the pump discharge piping and therefore 
meets the acceptance criteria for a Condition 3 event. 


Pressure directly upstream of.- butterfly valve. 

230 MW, SAR 70 lobe power distriQu~ion: ~ pes pump 



Valve closed to stop: 22.5 open. 
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Figure 15.13-1. Pressure directly upstream of the butterfly valve: valve closure to the stop at 22.5° open, 
(For lnformation Only) 
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Pressure directly upstream of- butte rtly valve. 

230 MW. SAR 70 lobe power distribution; 3 pes pump 



Valve rotates through closure to initial position. 
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Figure 15.13-2. Pressure directly upstream of the butterfly valve: valve rotated through the closed 
position and back to the initial position. (For Information Only) 
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Vessel inlet and upper plenum pressures_ 

230 MW. SAR 70 lobe power distribution; 3 pes pump 



Valve rotates through closure to initial position. 
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Figure 15.13-:3. Vessel inlet and upper plenum pressure for the butterfly valve closure transient: valve 
rotated through closed position and back to the initial position. (For) nformation Only) 
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15.14 pes High Flow Anomalies 


High primary coolant flow can occur as a result of control system failure, commercial power 
overfrequency, or operator error. High flow enhances the heat transfer characteristics and will result in 
larger margins for the plant protective criteria. Thus, the fuel plate thermal conditions do not require 
evaluation. The high flow does result in higher than normal loading of the core support and increased 
loading on the fuel plates. 


Faults which can result in increased primary coolant flow with a resultant increase in the 
differential pressure across the reactor core are as follows: 


A 	 Opening of the flow control butterfly valve to full open or the starting of third PCP with two PCPs 
already in operation 


B. 	 Commercial power overfrequency «3%) 


C. 	 Startup of the fourth PCP 


D. 	 Extreme commercial power overfrequency (>3%). 


Based on analysis in the DBR (EG&G Idaho 1994), items A and B are considered to be 
Condition 2 events. hem C is a Condition 3 event, while item D is a Condition 4 event. 


These faults were analyzed previously in the DBR (EG&G Idaho ]994). The analyses did not result 
in system modifications. None of the events were reevaluated for this presentation for the following 
reasons: 


• 	 Modeling for differential pressure as a function of velocity is equivalent between RELAP4 
and RELAP5. 


• 	 No PPS setpoints are respecified. 


• 	 Reactor fuel protective margins do not requITe evaluation. 


• 	 No PCS modifications have been made that would change the PCS flow versus core differential 
pressure relationship significantly. (The core configuration changes that removed some of the nine 
loops included design consideration and testing to verify this assumption.) 


It has been determined that the damage thresholds for ATR in-vessel components are as follows 
(Hanson ]976; Burr 1977; Tomberlin 1993): 


Equivalent Vessel .1.P 
(psid)"Components 


Fuel element and most in-core components· 


· Shim dnlln su r1 beam 


DalTh1ge Threshold Core.1.P 
( sid) 
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The limiting Condition 2 event is item A. hems C and D are Condition 3 and Condition 4 faults, 
respectively. These events are discussed in Sections ]5.14.1 through 15.14.3, respectively. The bounded 
event is discussed in Section 15.14. 


15.14.1 	 Opening of the Flow Control Butterfly Valve to Full Open or the Starting of Third 
PCP with Two PCPs Already in Operation 


15.14.1.1 Identification of Causes and Accident Description. The FCV provides a 
means of adjusting flow through the core. In three-pump operation, there is a relatively large pressure 
drop across the valve. If the valve is opened, the pressure drop is reduced across the valve and is 
increased across the core. This high flow condition will result in additional loading of the core internals; 
the loading has the potential for resulting in damage to the core and compromising the integrity of the fuel 
element cladding. Infomlation from the flow control butterfly valve vendor indicates that the butterfly 
valve disk, upon shaft failure, will always close (Anselmi) 976). TIlerefore, valve opening will occur only 
as a result of control or operator failure. The FCV is nearly fully opened during operation with only two 
PCPs. If a standby pump is started under these conditions, the effect is the same as if the valve were 
opened with three coolant pumps initially in operation. The two conditions are considered to be the same 
accident sequence and are described by the three-pump case. TIle start of a standby pump is judged to be a 
lower probability event than opening the FCV, but it is adequately treated by this approach. 


15.14.1.2 Analysis of Effects and Consequences 


15.14.1.2.1 Method of AnalysiS-Various analyses and measurements have been 
performed to predict the core L\P when the butterfly valve is opened (Burr 1977; Varacalle 1976). The 
RELAP4 analysis assumed the valve was approximately 45% open at the start of the transient, and the 
valve full-open time was 20 seconds. A PCP and the reactor were tripped when the vessel L\P 
was 146 psid, with a response time of 0.6 seconds. 


15.14.1.2.2 Results-The maximum core differential is 124.2 psid at 2.7 seconds. The 
time response is illustrated in Figure 15.14-1. The maximum potential pressure drop across the core 
without the pump shutoff action is not obtained by the analysis. However, evaluations d~lTing the ClC 
in 1977 (Whitehead J977) indicated the maximum would be less than 130 psid, providing support for the 
calculation. 


15.14.1.2.3 Conclusions-There are no core components stressed beyond their rated 
capacity. Thus, a vessel ~P, high, PPS subsystem with a setpoint of 146 psid and a response time 
of 0.6 seconds will prevent damage that would impair operability of reactor core components. The action 
of the PPS subsystem safely limits the effect of the butterfly valve opening with three pumps in operation 
or the effect of starting a standby pump during operation with two primary pumps. 
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15.14.2 Startup of the Fourth Primary Coolant Pump 


15.14.2.1 Identification of Causes and Accident Description. Startup of the fourth 
PCP can occur as a result of operator error or by fault in the process distributed control 
system. 


15.14.2.2 Analysis of Effects and Consequences 


15.14.2.2.1 Method of Analysis-Analysis was completed using RELAP4 with a one 
node core model (Varacalle 1976). The analysis assumed a 60-second opening time for the PCP discharge 
valve. 


15.14.2.2.2 Results-The RELAP4 results gave a maximum core AP of 1)9 psid. The 
time history is plotted in Figure 15.14-2. 


15.14.2.2.3 Conclusions-Starting the fourth PCP results in a core AP less than for a 
butterfly valve opening event. The consequences are bounded by the discussion in Section )5.14.1. 


15.14.3 Extreme Commercial Power Overfrequency (> 3%) 


15.14.3.1 Identification of Causes and Accident Description. A frequency variation in 
commercial power to the PCPs can occur due to generation faults. Extreme overfrcquency is defined as 
greater than 3%. A Bonneville Power Administration representative stated that a significant intertie 
failure resulted in less than 3% increase in frequency. Based on that expenence it is assumed that an 
extreme overfrequency would not exceed] 0% and that the overfrequency condition would only last a few 
seconds (Atkinson] 974). 


15.14.3.2 Analysis of Effects and Consequences. The credible overfrequency event will 
calise an increase in 110w that is estimated to be less than the increase due to opening the FCV. Therefore, 
the overfrequency event is enveloped by the discussion in Sect ion] 5 .14 .1. If the 110w increase were 
substantial, the scram and pump shutoff would be expected to limit the differential pressure consistent 
with the analysis of Section] 5.14.]. 


15.14.4 Bounded Events - PCS High Flow 


15.14.4.1 Commercial Power Overfrequency (<3%). A 3% overfrequency will result in a 
small increase in flow and AP. The increase will be less than for the butterf1y valve opening, as discussed 
in SectIOn 15.]4.1. 


The consequences for this fault are bounded by the butterf1y valve opening, discussed in 
Section 15.14.1 
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Figure] 5.14-1. Core differential pressure history for butterfly valve full-open with protective action. (For 
lnformation Only) 







Idaho National Engineering and Environmental Laboratorv 412.09 (09103nOO2 • Rev. 7) 


CHAPTER 15.14 - PCS HIGH FLOW 
ANOMALIES - UPGRADED FINAL SAFETY 
ANALYSIS REPORT FOR THE ADVANCED 


TEST REACTOR 


ldentifier: 
Revision: 
Page: 
Effective Date: 


SAR-] 53 
9 
]5.14-5 of] 5.14-6 
08110/04 


1~.--------r--------.--------r--------r-------~ 


~100L-______-L________L_______ _________L_______~ 


o 20 80 100 
Tlme (sec) 


Figure 15.14-2. Core differential pressure history with startup of fourth primary pump. (For 1nformation 
Only) 
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15.15 Reflector Aging 


The A TR reflector is a machined beryllium structure located in regions of significant gradients in 
the neutron flux. The resulting nonuniform exposures result in nonuniform growth and internal stresses. 
The internal stresses eventually result in cracking of the thin ligaments and spalling along the cracks. This 
aging ofthe reflector relative to safety issues is examined in Tomberlin (1989) and Durney (l994). 


The aging ofthe reflector results in cracking that may lead to loose pieces of beryllium. 
Tomberlin (1989) considers the impact of the loose pieces on the normal operation as well as the 
off-normal events. The off-normal events are reconsidered in Durney (1994) using the codes and 
formalisms developed for the analysis in this Chapter 15. The analysis reconsiders the events limited by 
Plate] 9 performance (relatively-slow, thermal-hydraulic events such as the flow coastdown) with Plate 
] 9 insulated to simulate a loose piece of beryllium. The rapidly-progressing events (power transients) 
limited by the inner plates are reconsidered with increased power peaking. The increased power peaking 
results from a crack or similar effect of aging which replaces beryllium with water. 


The analysis determines the limits for operation of the aged reflector (one in which cracking is 
expected to occur) to maintain the risk consistent with that accepted for the new reflector. When cracking 
is expected (ligament stresses are within two standard deviations of the mean strength), the lobe power is 
limited with the standard 7F fuel element (Durney 1994). Higher lobe powers are accommodated with the 
Y A fuel prescription which has a non-fueled plate adjacent to the reflector ligaments with high stresses. 
Perturbations due to reflector cracking (holes or loose pieces that might insulate the adjacent plate) have 
limited impact on the adjacent fuel element performance if Plate 19 does not contain fuel. As described 
below, the effective plate power is the parameter that results from the analysis of the fuel plate 
performance. The acceptable lobe power for operation with the standard 7F fuel element is determined by 
these effective plate power limits. 


The ligament cracking can result in replacement of bery II ium with water. This replacement 
increases the power peaking in the adjacent fuel element. ]n order to anticipate this increased peaking 
during operation, the power peaking limit must be reduced or the calculated power peaking must be 
increased in the evaluation of acceptable operation. The peaking increase is enveloped by a 2.5% change 
(Tomberlin 1989). The need for these limitations (effective plate power resulting in modified fuel element 
requirements and 2.5% adjustment of power peaking) is based on the stress analysis completed for the 
operating reflector. The applicability of the stress analysis is supported by routine surveillance to ensure 
aging is progressing consistent with the analytical assumptions. Additional information on the reflector 
performance and operating conditions including the surveil1ance is contained in Chapter 4 (Reactor). 


The analyses for fuel elements adjacent to reflector ligaments that are cracked (or may be near 
cracking) established an acceptable (reduced) lobe power for the standard 7F fuel element. The reduction 
is consistent with an effective plate power for Plate 19 of358 MW for two-pump operation and 357 MW 
for three-pump operation (Polkinghorne 1994). The effective plate powers for the inner plates remain the 
same as for the new reflector (417 MW for two-pump operation and 443 MW for three-pump operation). 
However, as noted above, the power peaking limit must be reduced or the calculated power peaking must 
be increased in the evaluation process (anticipates the reflector crack occurring during the operation). 
Therefore, the inner plate limits are reduced by 2.5% to 406 MW for two-pump operation and to 431 MW 
for three-pump operation. The power adjustment is not applied to Plate 19 since the enveloping condition 
is a fully-blocked coolant channel which does not result in a localized increase in power peaking. 
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Operation with a reflector that is experiencing normal aging is supported by increased surveillance 
requirements and operational limits that are initiated when the calculated stress in the A or E ligaments 
are within 20 of the failure stress (Tomberlin 1989). Additional surveillance requirements are imposed 
when cracking of the beryllium is first observed (Tomberlin 1998). The reflector status may also be 
evaluated in order to support continued operation with B ligament stresses within 20 of the failure stress. 
Operation with B ligament stresses within 20 of the failure stress has been historically supported by 
insertion of retainer pins in the B holes of the affected reflector blocks (Sharp 2003). 


Abnormal reflector aging includes all changes in the geometry of the reflecto~ as a result of aging 
that are not expected based on previous experience and are not addressed in the safety analysis. 
Full-length cracks in the B, D, and F ligaments or full-length cracks from the I-holes into the outer shim 
cylinder holes indicate abnormal reflector aging. This definition of abnormal aging is used to ensure that 
the reflector status is consistent with the status assumed in the reflector safety analysis. 
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15.16 External Events 


As discussed in Chapter 3 (Design of Structures, Components, Equipment, and Systems), the ATR 
was designed and built considering external design factors. Since original construction, new systems have 
been added to the facility and selected systems have been upgraded. ]n general, new and upgraded 
systems have been designed to later criteria (e.g., updated design basis seismic criteria). External events 
can cause abnormal conditions in ATR such as internal fires and floods. This section discusses such 
internal events in addition to the external events. Beyond design basis external events sllch as extreme 
winds, earthquakes, and floods, which can cause abnormal conditions in the A TR and potential fuel 
damage, are discussed herein. 


Results of the PRA (Atkinson and Thatcher] 994) indicate a total fuel damage frequency for all 
external initiated events of 2.5E-5/yr which is 76% of the total fuel damage frequency for a11 events 
(3.3E-5/yr). Of the total fuel damage frequency for external initiated events, seismic (reactor core fuel 
damage) events contributed 84%, extreme wind, internal flooding, seismic (canal), and internal fire events 
each contributed approximately 4% while the other identifIed external events combined contributed less 
than 1 % to the core damage frequency. (The internal fire and flooding are contamed in this discllssion of 
external events for consistency with the PRA which discussed and analyzed the two internal events with 
the external events.) 


Eide, Khericha, and Thatcher (1991) screened an exhaustive list of external events applicable to the 
ATR. The screening criteria were (a) the event is more severe than those for which the plant has been 
designed, (b) the event can not be included in another event definition, and (c) the event has a 
site-independent frequency that is not negligible (fuel damage frequency was greater than I.OE-7/yL). 
Ten lInscreened external events were identified: 


• Internal fire 


• Internal flooding 


• Seismic activity 


• External flooding 


• Volcanic activity 


• Accidental release of chemicals from onsite storage 


• Industrial facility accident 


• Transportation accident 


• Aircraft impact 


• Extreme wind and tornado. 
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Many of these external events could initiate design basis events for example, loss of commercial or 
other power systems, loss of the firewater system, loss of instrumentation and controls, low PCS flow, 
loss ofheat sink, loss of PCS inventory, and reactivity insertions. The design basis events are discussed in 
other sections of this chapter. More severe, very low probability external events or failures of protective 
systems and actions in response to an external event result in the beyond design basis events analyzed for 
the PRA. The design basis seismic, external flooding, volcanic, transportation, aircraft, and extreme wind 
and tornado events are discussed in Chapter 3 (Design of Structures, Components, Equipment, and 
Systems). The remaining beyond design basis external events are discussed in this section. 


15.16.1 Internal Fire 


Eide, Khericha, and Thatcher (199 I) performed a comprehensive internal fire analysis for the A TR. 
The analysis included plant walkdowns, a vital area analysis using the SETS (Worrell 1985) computer 
program, fire-specific human reliability analyses, and analyses of fire propagation for select areas using 
the COMPBRN (Apostolakis, Siu, and Ho 1985) computer program. The analysis examined fire-induced 
threats to core safety by fire in a single location with or without additional random failures. Fire spread 
due to barrier failure, and damage due to fire suppression activities (when a fife has occurred) were 
considered. Transient combustible fires, self-ignited cable fires, self-ignited electrical panel fires, and 
machinery fires also were considered in this analysis. An update to address additional complete loss of 
flow accidents (CLOF As) and relocation of emergency pump conduits is summarized in Thatcher (1999). 
These fire-induced CLOFAs in the pump motor corridor or switchgear dominate the previous fire PRA 
results because of the new accident analysis success criteria in the UFSAR (Section 15.0.14). 


An additional evaluation of fire-induced threats to the A TR facility considered both design basis 
Chapter 15 accident initiators and beyond design basis accidents (l1mtcher 2000). This analysis identified 
the administrative controls and fire protection features necessary to maintain an acceptably low frequency 
of fire-induced threats to fuel safety. The conclusions of the analysis and those elements required to be 
designated as SAR commitments are identified in Table] 5 .16-]. Administrative controls to control 
transient combustibles and ensure fire protection system adequacy have been implemented in the A TR 
facility_ 
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15.16.2 Interna I Flooding 


Eide, Khericha, and Thatcher (1991) performed a comprehensive internal flooding analysis for the 
ATR. The analysis included plant walkdowns, a SETS (Worrell 1985) vital area analysis, and a flooding
specific human reliability analysis. Both core-related and fuel-storage-related events were considered. 
The definition of internal flooding encompassed: 


• Equipment submergence 


• Water spray 


• 1nadvenent actuation of fire sprink ler systems. 


The dominant sequences involve failure to depressurize in response to a loss of power and forced 
flow to the reactor or A TWS. Areas of imponance with respect to internal flooding include the switchgear 
room and the reactor main floor. The operators are separated from these areas and are expected to be able 
to perform needed functions to safely shut down the reactor following the occurrence of flooding. The 
total core damage frequency from internal flooding is 9.3E-7/yr (Atkinson and Thatcher 1994). 


15.16.3 Accidental Release of Chemicals from Onsite Storage 


Eide, Khericha, and Thatcher (1991) performed a comprehensive analysis of onsite chemical 
release. Core damage may occur if a chemical release results in an explosion that damages the safe 
shutdown equipment at ATR or a release results in toxic vapors that cause the control room to become 
uninhabitable. In both cases, additional events would have to occur for core damage to result. 


15.16.4 Industrial Facility Accident 


Eide, Khericha, and Thatcher (1991) summarizes comprehensive and detailed analysis of industrial 
facility accidents (Rood 1991). The risk to ATR from industrial facility accidents arises from the 
chemicals transported to and stored at the Idaho Nuclear Technology and Engineering Center (JNTEC). 
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The potential risk to A TR from INTEC arises from the chemicals transported to and stored at 
INTEC. A detailed survey of chemicals used at INTEC was conducted. The chemicals were then screened 
based on toxicity, volatility, and quantity. Also, a walkdown of the INTEC was conducted to determine 
the mode of storage and transfer for each chemical, its exact location at INTEC, and the existence of any 
containment structure. Nine chemicals were identified to be analyzed. The chemicals are ammonium 
hydroxide, anhydrous ammonia, chlorine, gasohne, hexone, hydrofluoric acid, nitric acid, nitrogen, and 
propane. 


For all cases the Immediately Dangerous to Life and Health (DOL 1985) limit would not be 
exceeded. The release modeling used for this analysis (complete release and spreading of the chemical 
over the entire roadbed and shoulders) is conservative. Less conservative assumptions such as only partial 
release from the tank truck and a smaller spiJJ area would result in the Immediately Dangerous to Life and 
Health limit not being reached. Evaluation of some events required use of realistic release models rather 
than the most conservative puff release assumption. The release of chemicals transported to or stored at 
INTEC will not disable the A TR operators such that they can not perform their duties during their shift 
(Eide, Khericha, and 1l1atcher 1991). This indicates that the A TR core damage risk from industrial 
facility accidents is negligible. 
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Table 15.16-1. Summa 'of SAR commitments and recommended Ion 
.~~~~~~~~~~~~~~__~L-~ 


Area 	 SAR Commitments 


Rel1ctor Main Floor 	 Power Operl1tion: Transient combustible 1011ding restricted Transient combustible loading restrictions within 5 ft of 
within 5 ft of tubing ,md re<lctor mised shielding areas to "very cask of "very low." 
low" a and tTl1ctor-trniler compensatory' l1ctions. Long-tenn: Ensure sprinkler heads are adequate, 


i.e. consider installing fcl~t ~e3'()n_se sprinklers. 


Caml Area 	 Tnmsient combustible loading restrictions within 5 ft of 
cask of "very low." 


Long-tenn: Ensure sprinkler heads are adequate, 
i.e. consider installing fast response sprinklers. 


Diesel Area 	 Power Operation and 30 Minutes After Shutdown: Transient Long-term: Ensure design adequacy ofprotection ofat 
combustible loading restrictions near PPS rooms. commerci111 least one commercial power feeder, and provide protective 
power feeder. ,md pi! cable tTfl\'S as low l1S pTflcticable. barriers for pit cable trays. 


Long-term: Find w~vs to reduce the fire-contributing 
combustible loading in this area SlIch as special lube oil 
storage. 


Nozzle Trench 	 Power Operation: Transient combustible loading restrictions of Long-term: Install loll' ,·oltage trip or alarm/or WR and N 
"very low." level PPS channels. 


First Bl1sement East Hl1ll 	 Power Operation: Transient comhustihle loading Long-term: Installlow voltage trip or alarm for I.f1R and N 
restrictions underneath Wide Range and High Neutron level PPS channels. 
PPS subs'\'stem cahfing of ""en' low." Long-term: Jnstalllow voltage trip or alarm for Quadrant 
Transient comhustihle loading restrictions underneath D~fJerential Temperature PPS channels. 
Quadrant Differential Temperature PPS suhs"stem cahling 
that is near 670-E-80 of ""en' low." 


Switchgear Room 	 Power Operation and 30 Minutes After Shutdown: Address possible adverse fire fighting effects. 
Maintain low transient comhustihle limits of "ver" low" 
near pump motor room door and 1l70-E-15, and "low" 
even'where else in the room. Limit sprinkler s"stem 
IInavailllbilitv and m:e compensator" measures (Reference 
5) to limit the prohahility of suppression failure to 1.0E
Idemand. 


Long-term: Install afully or partia'~v redundantfire 
protection system and/or add cable wrap to protect cabling 
to alleviate reliance on the fire department for reducing 
CLOFA event frequency. 


During power operation, maintain transient combustible 
loading restrictions that address areas involving the high 
temperature PPS conduits of "very low" or low voltage trip 
or alarm in the (:ol1trol room. 
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Table 15.16-1. (continued) 


Area SAR Commitments 	 Recommendations 


Pump Molor Room 	 Power Operation and 30 Minutes After Shutdown: Long-term: Insta/l a fu/~v or partial(v redundant fire 
Maintain transient comhustihle limits of "ver\' low" within protection system and/or add coble wrap to protect cabling 
5 ft of ECPs, M-]O conduit, and hetween the M-9 and M-]O to alleViate reliance on the fire department for reducing 
pumps. Maintain transient comhustihle limits of "low" CLOFA event frequency. 
e"er\'where else in the room. Limit sprinkler svstem 
una\,ailahilih' and use compensaton' measures (Reference 


I 


5) to limit the orohahilitv of suppression failure to 1.0E· 
2/demand. 


I Heat Exchanger Area and 	 I Power Operation and Reactor Fueled: Transient I Find ways to prevent overgrowth oftransient combustibles 
I comhustihle loading restrictions of ""en' low" within 5 ft of Ifor scaffolding, etc. that stay in the area during power Pipe Tunnel 
I the sur!!e tank and "low" e\'ervwhere else. operations. 


SubpiJe Room ! Power Operation and Reactor Fueled: Transient I I 
combustihle loadin!! restrictions of "low, .. • 


Safety Rod Drive Area Power Operation: Transient comhustihle loading 
restrictions of "low," 


I OSCC and pipe corridor Power Operation: Transient comhustihle loading I 
restrictions of "low," 


HDW room and second Power Operation and 30 Minutes After Shutdown: 
basement east hall near UPS Transient comlmstihle loading restrictions of "low." i 
panels 


! Basement hilllways IDuring power operation. limit fire protection system 


j 
/lnm'ai/obi Iitv ond seek wavs to m'oid excessive transient 


•• ... 


I combustible materialloadin . 


, a. Two specific transient combustible control cilfegories were identified and are chilracterized as "low" or 1 million BTU per ft2 area and "very low" (1/8th of 
Llow). 
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15.9 Depressurized Operations Events 


The A TR is designed for operation in both the pressurized and depressurized modes. The 
depressurized mode is available to perform special tests (e.g., flux measurements) as needed to support 
pressurized operation. It has been used for requalification of the facility foJlowing major changes such as 
replacement of core internals. Since major changes occur infrequently (e.g., core internals replacement 
has occurred at approximately seven to eight year intervals), operation in the depressurized mode is 
relative]y rare. 


Depressurized or open head operation of the reactor is conducted at a desired reactor power level 
up t0500 kW with forced flow through the core provided by the emergency coolant pumps. Forced 
primary coolant flow is normally provided by two emergency coolant pumps, although the safety analyses 
conservatively aSSllme flow is provided by a single pump. Depressurized operation may be with a new 
core or with a partially depleted core, provided that decay heat generation following reactor scram is 
shown to be within the conditions evaluated for the loss of coolant accident presented in Section ]5.9.2. 
Reactor control is manual by the operator. Automatic reactor control by the servo control system is not 
used. The experiment loop heaters are also not used during depressurized operation. Historically, 
depressurized operation was allowed up to 2.5 MW; however, power levels greater than 500 kW are not 
required. Limiting the power level to 500 kW minimizes the accident analysis required to support the 
safety basis for depressurized operation without restricting required reactor operation. 


The accident analysis basis supporting depressurized operation has been updated in preparation for 
the next major core change. The updated reactivity insertion accident analyses for depressurized operation 
are documented in Polkinghorne (2003a). The updated reactivity insertion analyses were performed using 
the A TR version of RELAP5IMOD2.5 (Davis 1999). Verification and validation of the RELAP5 reactor 
kinetics model is discussed in Davis (200]). Evaluations of postulated low primary coolant flow and loss 
ofcoolant accidents are documented in Sharp (2004). 


Discussion in this section applies specifically to reactor operation in the depressurized 
configuration. The postulated loss of coolant accidents during normal reactor shut down vary significantly 
from those during depressurized operation. Postulated loss of coolant accidents during shutdown are 
discussed in Section] 5 .6. 


15.9.1 Low Flow, Open Head Operation 


Forced primary coolant flow during depressurized operation is provided by the emergency coolant 
pumps (ECPs). The initial flow conditions assumed in the accident analyses are conservatively based on 
operation of a single emergency coolant pump, although flow may be provided by 2 pumps. 


Sharp (2004) identifies the following low flow events that may occur during depressurized 
operation. 


A. 	 Momentary loss of flow due to an emergency coolant pump failure or inadvertently turned 
off 


B. 	 Extended loss of flow due to extended failure of both emergency coolant pumps 
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C. Butterfly valve closes when shaft fails or valve is closed and stop fails 


D. Core flow bypass. 


Sharp (2004) categorizes each of these events with respect to their expected frequency of 
occurrence; Event A is categorized as Condition 3 and Events B, C, and D are categorized as Condition 4. 
Each event is discussed below. 


15.9.1.1 Momentary Loss of Flow Due to an Emergency Coolant Pump Failure or 
Inadvertently Turned Off 


15.9.1.1.1 Identification of Causes and Accident Description-Momentary loss 
offlow due to failure of the operating emergency coolant pump (or pumps), resulting in an emergency 
coolant pump flow coastdown, is considered a Condition 3 loss of flow event. For this event, operators 
are assumed to be able to restore flow from at least one ECP (e.g., restoring commercial and/or diesel 
power) within several hours and before adequate core cooling is lost (see Section 15.9.1.1.2). An 
extended loss of flow event occurring during depressurized operation, wherein operators are unable to 
re-establish ECP flow, is a Condition 4 event (Sharp 2004). 


An emergency coolant pump coastdown would result in a rapid reduction in the primary coolant 
flow rate to below the scram setpoint. Following reactor scram, decay heat must be removed from the 
core in order to ensure no fuel damage occurs. The loss of flow conditions evaluated for this flow 
coastdown event also bound a pump seizure event. 


The minimum required flow during depressurized operation (3600 gpm) can be provided by one 
ECP, however, depressurized operation is typically conducted with both ECPs operating. A simultaneous 
loss of commercial and diesel power to both ECP§ would result in immediate coastdown of the M-IO 
ECP. With both ECPs initially running (typical configuration), the M-II ECP would continue to operate 
for 30 minutes on battery power. FoHowing depletion of banery power, the M-Il ECP would coastdown 
and reactor scram would occur on either low Emergency Pump Circulation Flow or low Emergency Flow 
(conservatively assuming that the loss ofpower does not directly initiate reactor scram). This scenario, 
with both ECPs initially operating, is more limiting than the case where M-I 0 only is initially operating. 
The case with only the M-I 0 ECP initially operating would result in an immediate reactor scram due to 
M- I0 coastdown while the M-II ECP remained available to provide 30 minutes of continued flow 
following reactor scram. 


15.9.1.1.2 Analysis of Effects and ConsequenceS-The evaluation of a 
momentary loss of flow is based on A TR CORE-I tests which demonstrated that the A TR can be cooled 
by natural convection for more than one hour when depressurized and operating at 2.5 MW (Atkinson 
1976b). CORE-] tests also demonstrated that at 1.4 MW, flow reversal from forced downflow to natural 
convection upflow occurs within ATR fuel element channels without a heat transfer crisis (Hanson, 
Griebenow, and Richert 1970). The maximum allowed core power during depressurized operation is 500 
kW. The core power will be further reduced to Jess than 25 kW « 5% initial power) within I minute 
following reactor scram (Sharp 2004). Adequate cooling ,vould be ensured for several hours at these 
conditions (if not longer) through natural circulation and the large upper vessel volume of water available 
as a heat sink. Forced flow from at least one ECP would be restored within this time period. 
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The accident consequences are not sensitive to the low flow scram setpoints. For convenience, the 
setpoint is conservatively based on pressurized operating conditions (discussed below). Previous analysis 
of emergency coolant pump coastdown during open head operation was performed with the reactor 
operating at 2.5 MW (Varacalle ] 975, ] 976; Merrill] 977, 1980). The results show that three standard 
deviations from Fl are reached approximately 38 seconds from initiation ofthe transient. The number of 
standard deviations for CHF were greater than 6.0 at 38 seconds. At 38 seconds, the emergency coolant 
flow had dropped to 302 gpm. This analysis bounds the conditions for the updated safety basis for 
depressurized operation wherein the reactor power level is limited to 500 kW. 


ATR CORE-l heat transfer tests determined that the emergency coolant flow needed to prevent Fl 
for decay heat removal after a loss of primary coolant flow is no more than 2,000 gpm (Atkinson 1 976b). 
This value was used to determine the worst-case setpoint for the PPS emergency coolant pump 
recirculation flow subsystem for pressurized operation. The flow in the recirculation line during 
pressurized operation (normal PCS flow provided by the PCP with one emergency coolant pump 
operating) was scaled to the value that would correspond to 2000 gpm passing through the core if the PCP 
failed. This flow corresponds to 90 gpm or less of recirculation flow during normal, pressurized operation 
of the ATR (Reilly 1977), With this worst-case setpoint, and with a ] 0 sec response time to allow for 
startup of the standby emergency coolant pump to full speed before a reactor trip (in the pressurized 
mode), the reactor would be tripped (by a release of the safety rods), or the standby emergency coolant 
pump would be operating by the time emergency coolant flow from the failed pump had decreased to 
805 gpm. 


The 2000 gpm value was lIsed as the worst-case setpoint for the PPS emergency coolant pump 
discharge flow subsystem which is operable during depressurized operation. The PPS emergency coolant 
pump recirculation flow subsystem is also operable during depressurized operation, The 90 gpm 
(determined as the worst-case setpoint for pressurized operation) is conservative for depressurized 
operation (McCracken 1992). With these setpoints, the reactor wiH be tripped significantly before three 
standard deviations from FI would be approached for an emergency coolant pump coastdown during 
depressurized operation. (The logic on low recirculation flow does not include the 10-sec delay in the 
depressurized mode. The scram is diverse to the low flow scram.) The subsystem trip responses arc: 


TRW INUIATOR FLOW AFTER I O-SEC RESPONSE TIME 


2,000-gpm emergency coolant flow trip 805 gpm 


90-I!Dm recirculation flow triD 1.06'i pnrn 
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15.9.1.2 Extended Loss of Flow Due to Extended Failure of Both Emergency 
Coolant Pumps 


15.9.1.2.1 Identification of Causes and Accident Description-Extended loss of 
flow due to failure of both emergency coolant pumps is considered a Condition 4 Joss of flow event. This 
postulated event differs from the momentary loss of flow event discussed above in that the operators are 
not able to reestablish primary coolant flow from at least one emergency coolant pump. 


15.9.1.2.2 Analysis of Effects and Consequences-Core heat generation 
following a complete Joss of flow event can be successfully transferred by natural convection for at least 
several hours as concluded forthe momentary loss of flow event in Section 15.9.1.1. For an extended loss 
of flow, operators would establish core cooling (if needed) by manually actuating the emergency 
firewater injection system (EFIS). 


15.9.1.3 Butterfly Valve Closes When Shaft Fails or Valve is Closed and Stop Fails 


15.9.1.3.1 Identification of Causes and Accident Description-Rapid closing of 
the butterfly valve can occur by failure of the valve shaft or by the valve stop failing. These events are 
conservatively considered to be a Condition 4 loss of flow event (Sharp 2004). Torque on the disk is 
expected to be substantially lower in depressurized operation than in pressurized operation, and it is very 
conservative to consider this event. 


15.9.1.3.2 Analysis of Effects and Consequences-The butterfly valve disk is 
smaller than the valve throat area, therefore, a complete flow stoppage cannot occur (Sharp 2004). Flow 
to the reactor core is expected to remain greater than the low flow scram setpoint. For this condition, the 
continued flow will be sufficient to remove the maximum allowed core power level of 500 kW during 
depressurized operation. Should the flow to the reactor core be reduced to less than the low flow scram 
setpoint, resulting in a reactor scram, the event would be bounded by the evaluation for an extended loss 
of flow event discussed above. 


15.9.1.4 Core Flow Bypass 


15.9.1.4.1 Identification of Causes and Accident Description-Core flow 
bypass due to a hole in an outlet pipe inside the vessel is discussed as a Condition 4 loss of flow event 
even though the estimated probability is below the Condition 4 bounds (i.e., a beyond design basis event). 
This event, however, bounds all credible core bypass events that are due to holes in a 16-inch outlet pipe 
In the reactor vessel. 


15.9.1.4.2 Analysis of Effects and Consequences-An analysis of core flow 
bypass (Merrill and Haroldsen 1976), due to holes in a 16-inch outlet pipe in the ATR vessel, determined 
that even with a 16-inch hole, 2, I62 gpm of emergency coolant flow still passes through the core (with 
operation of one emergency coolant pump), and that all quadrant flows are nearly the same. Since this 
amount of emergency c001ant flow is sufficient, no PPS action is required. 


15.9.2 Loss of Coolant Accidents 


Operation of the ATR in a depressurized or open head condition is infrequent. Additionally, piping 
stress is less severe relative to pressurized operation because of reduced pressures and temperature 
conditions. Therefore, the occurrence of a loss of coolant accident (LOCA) during depressurized 
operation has a greatly reduced frequency of occurrence. 
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Sharp (2004) identifies the postulated LOCA events that may occur during depressurized operation. 
' 


A. Opening valve outside radiographic limits or at radiographic boundary 


B. Piping rupture outside radiographic limits 


C. Multiple drain valves opened 


D. Pressure tube penetration or bottom head closure plug failure. 


Sharp (2004) categorizes each ofthese events with respect to their expected frequency of 
occurrence. Event A is categorized as Condition 3 and Events B, C, and D are categorized as Condition 4. 
Each event is discussed below. 


15.9.2.1 Opening Valve Outside Radiographic Limits or at Radiographic Boundary 


15.9.2.1.1 Identification of Causes and Accident Description-Opening a valve 
outside the radiographic limits or at the radiographic boundary is considered a Condition 3 event 
(Sharp 2004) that could cause a LOCA during open head operation. Outside of radiographic limits refers 
to piping outside of the PCS radiographic boundary. The PCS radiographic boundary is defined in 
Chapter 5 (Primary Coolant System). 


15.9.2.1.2 Analysis of Effects and Consequences-Opening a valve outside the 
radiographic limits or at the radiographic boundary would result in a slow system draining which could be 
easily terminated by operator action (e.g., closing the valve). ]fthe loss of coolant were not mitigated, the 
vessel level subsystem would initiate release of the safety rods to terminate depressurized reactor 
operation. FolJowing reactor scram, decay heat must be removed from the core in order to ensure no fuel 
damage occurs. With irradiated fuel in the reactor vessel, the EFIS would be in manual mode and reactor 
operators would take action to initiate emergency firewater injection. No credit for operator action to 
initiate emergency firewater injection is assumed in the evaluation of this event unless irradiated fuel, as 
defined by the Technical Safety Requirements, is present in the reactor core. 
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uepressunzed operation is performed ,,,,ith fresh or nearly fresh fuel in the core that would not be 
categorized as irradiated by the definition provided in the ATR Technical Safety Requirements. 
Furthermore. depressurized operation normally occurs at a core power level less than 20 kW. For these 
conditions. the maximum core decay heat generation I () minutes following reactor scram is less than . 
300 W and much less than 30 W in the limiting fuel element (Sharp 2004). The decay heat generation at 
the time of possible uncovering of the core is low and will be adequately removed without fuel damage . 
occurring (Sharp 2004). Therefore. if power is limited to ::; 20 kW during depressurized operation. EFJS 
operability and actuation are not required in response to a LOCA event. This condition assumes that fresh 
or nearly fresh fuel was initially loaded into the reactor core for the intended operation at depressurized 
conditions. 


15.9.2.2 Piping Rupture Outside Radiographic Limits 


15.9.2.2.1 Identification of Causes and Accident Description-PeS piping 
nlpture outside the radiographic limits is conservatively considered a Condition 4 event that could cause a 
LOCA during depressurized reactor operation. 


15.9.2.2.2 Analysis of Effect and Consequences-The break size and drain rate 
for this event are bounded by the evaluation for the Condition 3 valve opening event discussed above. 
Therefore. the consequences for a piping rupture outside the radiographic limits are bounded by the 
consequences determined for the opening ofa valve outside the radiographic limits. 


15.9.2.3 Multiple Drain Valves Opened 


15.9.2.3.1 Identification of Causes and Accident Description-The 
unintentional opening ofseveral drain valves (all of which are outside the radiographic limits). or opening 
a normaJly inaccessible or locked valve. is considered a Condition 4 event that could cause a LOCA 
during depressurized operation. 


15.9.2.3.2 Analysis of Effects and Consequences-Tests at the ATR, and an 
analysis at Idaho State University for ATR siphon breaker performance. have shown that the vessel will 
not drain ifmultipJe drain valves are opened (Gose and Nej]) 1975), The potential consequences of 
opening several drain valves are therefore the same as for the discussion in section J5.9.2.1. 


15.9.2.4 Pressure Tube Penetration or Bottom Head Closure Plug Failure 


15.9.2.4.1 Identification of Causes and Accident Description-Failure of a 
bonom head closure plate penetration (closure plug). resulting in a LOCA, is conservatively considered a 
Condition 4 event during depressurized operation. As discussed in Section 15.6.2. this event is not 
considered credible during normal (pressurized) reactor operation. The event is more likely to occur 
during reactor shutdown due to an error occurring during maintenance activities. 
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15.9.2.4.2 Analysis of Effects and Consequences-The break size and drain rate 
for this bottom head LOCA event are bounded by the evaluation for the Condition 3 valve opening event. 
Therefore, no additional analysis or evaluation is required. Because the event consequences are bounded 
by the evaluation ofthe valve opening event, no controls or commitment are required to prevent 
maintenance activities on systems associated with this portion of the primary coolant system. However, 
maintenance activities on associated systems are not expected to occur during depressurized operation. 


15.9.3 Reactivity Accidents 


Polkinghorne (2003b) calculated a conservative overpower limit for application to depressurized 
operation using the ATR version ofRELAP5IMOD2.5 (Davis 1999) and ATR-SJNDA Version B 
Revision I and SINDA-SAMPLE Version B Revision I (Polkinghorne 2002). The thermal analysis for 
steady-state depressurized operation with 3,600 gpm of emergency coolant flow and 125°F at the vessel 
inlet determined that depressurized operation could occur up to a power of 7.3 MW in an extreme 70/20 
lobe power split while maintaining margin from CHF and FJ of at least three standard deviations 
(Polkinghorne 2003b). Therefore, a large margin exists for depressurized operation at a power level of 
500 kW before approaching core damage thresholds. The core power limit (7.3 MW) is applied in each of 
the reactivity insertion accident analyses for depressurized operation listed below. 


For ATR depressurized operation, two PPS trips are available to provide reactor protection on high 
neutron leve1. A conservative scram setpoint of] .] 5 MW (2.3 )( 500 kW) was modeled in the reactivity 
insertion accident analysis. This bounds the worst case actuation setpoint of 600 kW (1.2 )( 500 kW), 
considering potential measurement and instrumentation uncertainties of both the neutron level and WRS 
neutron level functions. During depressurized operation, both trips are operable at all times. A 35-msec 
delay time was assumed in the reactivity insertion accident analyses, which also bounds the performance 
for each of these functions. 


The period protection function of the WRS is also available during depressurized operation. The 
period function provides reactor protection for a reactivity insertion event initiated from power levels 
significantly less than 500 kW. The period.ranges assumed for the analyses are shown in Table ]5.9-1 
(Sharp 2004). 


A ramp reactivity insertion event (e.g., $/sec) initiated from a relatively low power level will result 
in a scram actuated by the period function ofthe WRS. The limiting case for a specific reactivity insertion 
rate, resulting in the peak core power level attained, occurs when the event is initiated from the minimum 
power level which fails to exceed the period setpoint prior to leaving the highest power interval (] 50 to 
500 kW). In this case, a minimum reactor power period occurs in combination with the reactor scram 
actuation being delayed until actuated by either neutron leve] or WRS neutron level functions. Table 
] 5.9-2 provides various ramp reactivity insertion rates and the corresponding limiting initial and 
maximum core power levels (Polkinghorne 2003a). The maximum core power level as a function of the 
reactivity insertion ramp rate is also presented in Figure 15.9-1 (Po1kinghorne 2003a). 


A number of postulated events that would result in a reactivity insertion and/or power excursion 
have been analyzed: 


A. Withdrawal of all outer shims from 10.5 NF 


B. Rapid reg-rod-withdrawal 
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C. 	 Withdrawal of all neck shi~s and outer shims Jrom 10,5 NF 


D. 	 Withdrawal of all outer shims from 10,10 NF 


E. 	 Cold loop draining due to open and accessible valve 


F. 	 Loop heaters accidentally on 


G. 	 Slow power increase or lobe power balance shift 


H. 	 Perched fuel drop from within measurement accuracy (one in.) 


1. 	 Cold water addition due to inadvertent startup of a PCP or inadvertent actuation of emergency 
firewater injection 


J. 	 Withdrawal of all outer shims and neck shims from 10'\0 NF 


K. 	 Cold experiment loop draining due to an open, normally inaccessible valve 


L. 	 Step Reactivity Insertions 


Sharp (2004) categorizes each of these occurrences with respect to their expected frequency. Event 
A is categorized as Condition 2, Events B through I are categorized as Condition 3 and Events J 
through L are categorized as Condition 4. The events and analyses are discussed below. 


15.9.3.1 Withdrawal of All Outer Shims from 1U5 N, 


15.9.3.1.1 Identification of Causes and Accident Description-The continuous 
withdrawal of all outer shims from I O's NF is categorized as a Condition 2 event. Since protection from 
the ATR intermediate timer is terminated above 10,5 NF, there is no restriction on withdrawal of the outer 
shims. In certain circumstances, withdrawal of all outer shims is, in fact, a normal operating procedure 
during both pressurized and depressurized operation. However for this analysis, it is postulated that 
operator inanention while pulling the outer shims could result in an excessive reactivity insertion. 


15.9.3.1.2 Analysis of Effects and Consequences-As discussed in 
Section 15.4.2, the minimum reactivity insertion rate for withdrawal of all OSCCs is 0.053$/sec. Initiated 
from a relatively low power level, a 0.053$/sec reactivity insertion will result in a scram actuation by the 
period function ofthe WRS. The limiting case, resulting in the peak core power level, results when the 
insertion is initiated from the minimum power level which fails to exceed the WRS period setpoint prior 
to leaving the highest power interval. In this case a minimum period is achieved in combination with a 
reactor scram actuated by either the neutron level or WRS neutron level functions. 


As shown in Figure 15.9-) (Polkinghome 2003a), the maximum power level predicted for a 
0.053$/sec ramp reactivity insertion accident is less than 1.4 MW. Thermal analysis for the ATR hot 
channel, using models for steady-state depressurized operation with 3600 gpm emergency coolant flow at 
125°F at the inlet, determined that depressurized operation could occur up to a power of 7.3 MW in an 
extreme 70120 lobe power split while maintaining margin from CHF and FI of at least three standard 
deviations (Polkinghome 2003b). Therefore, fuel integrity is maintained and the event consequences will 
not challenge the plant protection criteria for a Condition 2 event. 
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15.9.3.2 Rapid Reg-Rod-Withdrawal 


15.9.3.2.1 Identification of Causes and Accident Desc,;ption-A component 
failure can cause the regulating rod to drive out, thus inserting positive reactivity. The postulated 
reg-rod-withdrawal accident results in a 1.05$lsec insertion up to a maximum (total) insertion of 0.57$ 
(Section 5.4.7.1). Rapid reg-rod-withdrawal is categorized as a Condition 3 event during depressurized 
operation (Sharp 2004). This is a conservative event category since reg-rod movement is manually 
controlled during depressurized operation. 


15.9.3.2.2 Analysis of Effects and Consequences-As discussed above, the 
maximum reactivity insertion rate for a rapid reg-rod-withdrawal is I .05$/sec. The limiting event during 
depressurized operation, resulting in the peak core power level, results when the reactivity insertion is 
initiated from 500 kW. Figure 15.9-2 presents the core power transient and Figure 15.9-3 presents the net 
core reactivity for the rapid reg-rod-withdrawal event (Polkinghorne 2003a). A reactor scram is initiated 
when the power level reaches 1.15 MW at approximately 0.5 seconds. The safety rods are released 
following a 0.035 second delay. The maximum core power of 1.32 MW is attained at approximately 0.6 
seconds. Thermal analysis for the ATR hot channel determined that depressurized operation could occur 
up to a power of 7.3 MW in an extreme 70/20 lobe power split while maintaining margin from CHF and 
FI of at least three standard deviations (Polkinghome 2003b). Therefore, fuel integrity is maintained and 
the event consequences will not challenge the plant protection criteria for a Condition 3 event. 


15.9.3.3 Withdrawal of All Neck Shims and Outer Shims from 1U5 NF 


15.9.3.3.1 Identification of Causes and Accident Description-Normally one 
neck shim can be selected for withdrawal when the A TR power level is above 10.5 Nf , the upper level of 
the power range where the control rod withdrawal timer interlock is turned off. Additionally, procedures 
do not support multiple neck shim withdrawal. Therefore, withdrawal of all neck shims and outer shims 
from 10.5 NF is categorized as a Condition 3 event during depressurized operation. 


15.9.3.3.2 Analysis of Effects and Consequences-The reactivity insertion pf 
this postulated control rod withdrawal accident is 0.079$/sec (Section 5.4.2). Initiated from a relatively 
low power level, a 0.079$/sec reactivity insertion will result in a scram actuation by the period function of 
the WRS. The limiting case, resulting in the peak core power level, occurs when the insertion is initiated 
from the minimum power level which fails to exceed the period setpoint prior to leaving the highest 
power interval. In this case a minimum period is achieved in combination with a reactor scram actuated 
by either neutron level or WRS neutron level functions. 


From Figure 15.9-1, withdrawal of all neck shims and outer shims from 10.5 NF (worth 0.079$/sec) 
results in less than 1.5 MW peak power. Thermal analysis for the ATR hot channel determined that 
depressurized operation could occur up to a power of7.3 MW in an extreme 70120 lobe power split while 
maintaining margin from CHF and FI of at least three standard deviations (Polkinghome 2003b). 
Therefore, fuel integrity is maintained and the event consequences will not challenge the plant protection 
criteria for a Condition 3 event. 
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15.9.3.4 Withdrawal of All Outer Shims from 1U 'O Np• 


15.9.3.4.1 Identification of Causes and Accident Description-This occurrence 
requires a timer interlock failure, which can occur undetected due to a single failure in the Log-N system. 
This is categorized as a Condition 3 event during depressurized reactor operation (Sharp 2004). As 
discussed in Section 15.9.3.], the maximum reactivity addition from simultaneous withdrawal of all outer 
shims is 0.053$/sec. 


15.9.3.4.2 Analysis of Effects and Consequences-Withdrawal of all outer shims 
from 10.10 NF (worth 0.053$/sec) is bounded by the Condition 2 case that considered withdrawal of all 
outer shims from 10.5 NF. The peak power is less than 1.4 MW. Therefore, fuel integrity is maintained and 
the event consequences will not challenge the plant protection criteria for a Condition 3 event as defined 
in Section 15.0.4 


15.9.3.5 Cold Loop Draining Due to an Open and Accessible Valve. 


15.9.3.5.1 Identification of Causes and Accident Description-Cold loop 
draining due to an open and accessible valve is considered a Condition 3 event The reactivity insertion 
rate for the cold loop draining event is 0.06$/sec (Durney 1 980b) and the total reactivity insertion is 
significantly less then the negative reactivity provided by the safety rods following reactor scram 


15.9.3.5.2 Analysis of Effects and Consequences-. 


From Figure 15.9-1, a 0.06$/sec reactivity insertion results in less than 1.5 MW peak power. 
Thermal analysis for the A TR hot channel determined that depressurized operation could occur up to a 
power of 7.3 MW in an extreme 70/20 lobe power split while maintaining margin from CHF and Fl of at 
least three standard deviations (Polkinghorne 2003b). Therefore, fuel integrity is maintained and the event 
consequences will not challenge the plant protection criteria for a Condition 3 event as defined in 
Section 15.0.4. 


15:9.3.6 Loop Heaters Accidentally On 


15.9.3.6.1 Identification of Causes and Accident Description-Loop heaters 
accidentally left on in a single loop during depressurized reactor operation, resulting in loop voiding, is 
categorized as a Condition 3 event (Sharp 2004). This is a very conservative event frequency category for 
this accident since loop heaters are not used during depressurized operation. The maximum worth of this 
event would be 0.22$/sec for the AHTL (Durney 1980a, 1983) or 0.1 O$/sec for other loops (Atkinson 
J976a). The event is enveloped by the AHTL response. 


15.9.3.6.2 Analysis of Effects and ConsequenceS-From Figure 15.9-1, a 
0.22$/sec reactivity insertion results in a peak power less than 1.9 MW. Thermal analysis for the ATR hot 
channel determined that depressurized operation could occur up to a power of 7.3 MW in an extreme 
70/20 lobe power spit while maintaining margin from CHF and FJ of at least three standard deviations 
(Polkinghorne 2003b). Therefore, fuel integrity is maintained and the event consequences will not 
challenge the plant protection criteria for a Condition 3 event. 
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15.9.3.7 Slow Power Increase or Lobe Power Balance Shift 


15.9.3.7.1 Identification of Causes and Accident Description-Shim failure or 
operator error could cause a slow power increase or a lobe power balance shift. The slow power increase 
or lobe power balance shift is considered a Condition 3 event during depressurized reactor operation. 
Depressurized operations are required to be performed with reactivity control in manual (i.e., the 
regulating rod control system is not used). Thus the frequency of occurrence and the postulated effects 
and consequences for this event are very conservative. 


15.9.3.7.2 Analysis of Effects and Consequences-The lobe power unbalance 
accident causes a different type of power increase; the total reactor power will be held nearly constant by 
the operator while the power increases in one lobe. ]f one of the neutron level subsystem detectors is 
assumed to be failed (the detector facing the lobe in which the power is rising), then the neutron level PPS 
subsystem wi)) not be effective in stopping the power rise in the affected lobe until total reactor power 
reaches the neutron level or WRS trip point. The accident is essentially the same as the lobe power shift 
accident discussed for pressurized operation in SAR Section 15.4.3. The analysis performed for 
pressurized conditions concluded that a reactor scram setpoint of 1.24 NF would result in a maximum lobe 
power of 134% of the initial lobe power. This corresponds to the affected lobe power leading the reactor 
power by up to a maximum of 10% (Atkinson 1976b). Consistent with the other reactivity accidents 
discussed in Section 15.9, a conservative scralTl setpoint of] .15 MW (2.3 x 500 kW) is assumed for this 
event. The corresponding maximum lobe power will be 2.4 times the initial lobe power level 00% greater 
than the assumed scram setpoint). Conservatively assuming that the total core power is 2.4 times the 
initial core power (i.e., all lobes 10% above the safety analysis scram setpoints) results in a maximum 
core power of 1.2 MW (2.4 x 500 kW). Since the core power could increase to 7.3 MW before a margin 
of three standard deviations from CHF or Fl is reached (Polkinghorne 2003b), a large protective margin 
exists for this accident. 


15.9.3.8 Perched Fuel Drop from Within Measurement Accuracy (One Inch) 


15.9.3.8.1 Identification of Causes and Accident Description-A perched fuel 
element drop from within the measurement accuracy (one in.) occurring during depressurized operation is 
categorized as a Condition 3 event. The driving mechanisms for inducing an element drop are coolant 
flow and vibration. Core coolant flow is established before reactor criticality is achieved. All essential 
vibration-inducing mechanisms such as flow, pumps, and diesels are also in operation prior to criticality. 
The vibration induced by these mechanisms is also less severe compared to pressurized operation 
primarily due to the reduced flow requirements at depressurized conditions. 


15.9.3.8.2 Analysis of Effects and Consequences-ATRC measurements for 
conservative conditions indicate a maximum event insertion of 0.062$ for a I-in. insertion of the highest 
worth element. This estimate of the reactivity insertion for the fuel element movement is very 
conservative due to the assumption that a I-in. movement is worth ]/48 of the total worth. A more exact 
treatment lIsing the accepted S-curve reactivity dependence results in only 0.03$ added for a I-in. 
movement of the 7NB fuel element (Durney and Hallinan 1978). (The 1-in. movement of the 7F element 
would be worth somewhat 1ess due to the boron content). However, the reactivitv insertion assumed for 
the 7F element in this accident (0.062$) envelops the insertion from the 7NB element. 
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The limiting case, resulting in the peak core power level, results when the reactivity insertion is 
initiated from 500 kW. Figure 15.9-4 presents the core power transient and Figure 15.9-5 presents the net 
core reactivity for a 0.1 0$ step reactivity insertion, which bounds a 0.062$ step insertion (Polkinghome 
2003a). Following a prompt jump to 556 kW, the core power slowly increased to the reactor scram 
setpoint of 1.]5 MW at approximately 53 seconds. The safety rods were released following a 0.035 
second delay. The maximum core power calculated was I.] 5 MW. Thermal analysis for the A TR hot 
channel determined that depressurized operation could occur up to a power of 7.3 MW in an extreme 
70120 lobe power split while maintaining margin from CHF and FJ of at least three standard deviations 
(Polkinghome 2003b). Therefore, fuel integrity is maintained and the event consequences will not 
challenge the plant criteria for a Condition 3 event. 


15.9.3.9 Cold Water Addition Due to Inadvertent Startup of a Primary Coolant 
Pump or Inadvertent Actuation of Emergency Firewater Injection 


15.9.3.9.1 Identification of Causes and Accident Description-Cold water 
addition due to the inadvertent startup of a PCP or inadvertent actuation of emergency firewater injection 
are considered Condition 3 events during depressurized reactor operation. This type of occurrence results 
in a positive reactivity insertion in the core. The cold water due to the inadvertent PCP startup is 
transported to the core at greater than 10,000 gpm. For inadvertent actuation of the EFJS, only 4000 gpm 
of cold water will be transported into and mixed with the water in the reactor vessel. Therefore, the PCP 
startup event is more limiting. 


15.9.3.9.2 Analysis of Effects and Consequences-Startup of a PCP when the 
ATR is operating at depressurized conditions can result in injection of cold water into the core resulting in 
an increase in reactivity (assumes the isothermal temperature coefficient is negative). The reactivity 
insertion can be modeled as a ramp increase over a period of ] 0 or 20 sec, which is the approximate time 
for the pump to reach full speed. A conservative core reactivity void (or density change) coefficient of 
0.253$/% is assumed for a 70120 core power split (Carpenter 1974). Assuming the core coolant is initiaHy 
at 125°F (conservatively high), and the coolant temperature at the primary pump suction is 40°F 
(conservatively low), then the reactivity worth of the change in core temperature (neglecting the effect of 
the regulating rod) would be 0.433$ (Sharp 2004). 


The resulting reactivity insertion rate is estimated to be 0.04$/sec. From Figure 15.9-1, a 0.04$/sec 
reactivity insertion results in a peak power less than 1.4 MW. Thermal analysis for the ATR hot channel 
determined that depressurized operation could occur up to a power of 7.3 MW in an extreme 70120 lobe 
power split while maintaining margm from CHF and Fl of at least three standard deviations 
(Polkinghome 2003b). Therefore, fuel integrity is maintained and the event consequences will not 
chal1enge the plant protection criteria for a Condition 3 event. 


15.9.3.10 Withdrawal of All Outer Shims and Neck Shims from 10'10 NF 


15.9.3.10.1 Identification of Causes and Accident Description-As discussed in 
Section 15.9.3.3 withdrawal of all outer shims and neck shims from 10') NF is categorized as a 
Condition 3 event during depressurized operation. The additional failure of the control rod withdrawal 
timer interlock is also required for this event to occur from 10.10 NF, hence, this occurrence is categorized 
as a Condition 4 event. The reactivity insertion of this postulated control rod withdrawal accident 
is 0.079$/sec (Section 15.4.2). 



http:15.9.3.10
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15.9.3.10.2 Analysis of Effects and Consequences-If initiated from a relatively 
low power level, a 0.079$/sec reactivity insertion will result in a scram actuation by the period function of 
the WRS. As a result, the analysis of this event is equivalent to withdrawal of the outer shims and neck 
shims from 10.5 NF discussed in Section 15.9.3.3. That is, the peak core power level occurs when the 
insertion is initiated from the minimum power level which fails to exceed the period setpoint prior to 
leaving the highest power interval. In this case a minimum period is achieved in combination with a 
reactor scram actuated by either neutron level or WRS neutron level functions. 


From Figure 15.9-1, withdrawal of all neck shims and outer shims (worth 0.079$/sec) results in a 
peak power less than 1.5 MW. Thermal analysis for the ATR hot channel determined that depressurized 
operation could occur up to a power of 7.3 MW in an extreme 70120 lobe power split while maintaining 
margin from CHF and F1 ofat least three standard deviations (Polkinghome 2003b). Therefore, fuel 
integrity is maintained and the event consequences will not challenge the plant protection criteria for a 
Condition 4 event. 


15.9.3.11 Cold Experiment Loop Draining Due to an Open Normally Inaccessible 


15.9.3.11.1 Identification of Causes and Accident Description-A cold 
experiment loop draining event due to an open, but normally inaccessible, valve is considered a 
Condition 4 event (Sharp 2004). This event is equivalent to a cold loop draining event due to an open 
accessible valve (Section 15.9.3.5). 


15.9.3.11.2 Analysis of Effects and Consequences-The accident conditions and 
consequences of this event are bounded by the evaluation in Section ] 5.9.3.5. 


15.9.3.12 Step Reactivity Insertions 


15.9.3.12.1 Identification of Causes and Accident Description-Perched fuel 
drop of two fuel elements from within measurement accuracy (one in.) is considered a Condition 4 event 
during depressurized operation. The driving mechanisms for inducing subsequent element release are 
gravity, flow and vibration. Before reactor criticality is achieved, core coolant flow is established and 
essentially all vibration inducing mechanisms (e.g., flow, pumps, and diesels) are in operation. The 
reactivity worth of two fuel elements falling into place is approximately 0.06$ (Sharp 2004). 


Movement of an experiment (or equivalent) may also cause a step reactivity insertion during 
depressurized operation that is categorized as a Condition 4 event. The reactivity insertion for this 
occurrence is limited by restricting the reactivity worth due to movement of an experiment (or equivalent) 
to S 0.10$. Driven experiments could have a worth greater than 0.10$ and, therefore, are not loaded into 
the reactor during depressurized operation. Therefore, movement of a driven experiment does not 
represent a credible reactivity insertion event. 


15.9.3.12.2 Analysis of Effects and Consequences-Drop of two perched fuel 
elements from within measurement accuracy or movement of an experiment (or equivalent) may result in 
a maximum step reactivity insertion of 0.1 0$. The consequences of this occurrence are bounded by the 
analysis performed for the Condition 3 drop of a single perched element (assumed to be worth 0.10$) 
discussed in Section 15.9.3.8. 



http:15.9.3.12

http:15.9.3.11
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Figure] 5 .9-]. Maximum expected power versus constant ramp reactivity insertion rate for depressurized 
(open head) operation with 70/20 core power distribution .. 
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Figure ]5.9-2. Reactor power transient for a rapid reg-rod withdrawal accident during 
depressurized (open head) operation: 
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Figure 15.9-3. Core reactivity transient for a rapid reg-rod withdrawal accident during 
depressurized (open head) operation. 
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Figure 15.9-4. Reactor power transient for a 0.10$ reactivity insertion accident during 
depressurized (open head) operation. 
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Figure 15.9-5. Core reactivity transient for a 0.10$ step reactivity insertion accident during 
depressurized (open head) operation. 
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15.10 Fuel Failures 


The A TR fuel element cladding is the first barrier to radioisotope release. If the fuel element 
cladding does fail, radioisotopes will be released into, but still contained by, the pes. Radioisotopes 
released into the pes will be detected approximately 6 sec after release by gamma detectors on the outlet 
piping, a part of the PPS fission break subsystem (FBS). The fission break subsystem will terminate 
reactor operation by initiating a release of the safety rods. The only fuel failures of concern to the safety 
analysis are those that fail the fuel cladding and release radioisotopes. 


A number of fuel failures without the occurrence of reactor or pes accidents have been postulated 
and anal yzed: 


A. 	 Partial fuel channel blockage from small debris in the pes. 
B. 	 Unexpected high peaking in the fuel due to an analysis or loading error. 


C. 	 Small defects in fuel elements or minor handling damage to fuel. 


D. 	 Fuel channel blockage from a sight glass or other inventoried items left in the reactor system after a 
shutdown. 


E. 	 Fuel channel blockage due to failure of small structural elements in the A TR vessel above the core 
or due to failure of the inlet screen 


F. 	 Structural filel element defects affecting a few filel elements in the core due to design or fabrication 
errors or handling damage. 


G. 	 Fuel plate buckling due to an excessive buildup of oxide on filel plate surfaces. 


H. 	 Gas leakage into the fuel element coolant channels due to an insulating jacket failure during normal 
pressurized operation. 


1. 	 Fuel channel blockage or fuel damage due to the failure oflarge structural elements above or 
within the core. 


J. 	 Structural fuel element defects affecting many fuel elements in the core due to design or fabrication 
errors or severe handling damage. 


Based on evaluations contained in the DBR (EG&G Idaho 1994), events A, B, and Care 
considered Condition 2; events D, E, F, G, and H are considered Condition 3; and events] and J are 
considered Condition 4. The events and analyses are discussed in the following sections. 


15.10.1 	 Partial Fuel Channel Blockage from Small Debris in the Primary Coolant 
System 


15.10.1.1 Identification of Causes and Accident Description. Small debris in the 
PCS may partially block the fuel element coolant channel. Fuel channel blockage could cause localized 
fuel failure without the occurrence of reactor or PCS accidents. This event is considered a Condition 2 
event. 
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15.10.1.2 Analysis of Effects and Consequences. Analysis and testing have shown 
that because of the ATR fuel element vents, ATR fuel channels need to be blocked more than 80% before 
potential fuel damage is likely (Neder 1971). Therefore, small amounts of blockage by anticipated debris 
in the PCS will not cause fuel element failure due to hydraulic forces. Analyses of heat transfer indicate 
adequate cooling is maintained (Buescher 1993). Routine inspections of irradiated fuel elements would 
help detect any possible structural damage to the fuel elements. 


15.10.2 	 Fuel Channel Blockage from a Sight Glass or Other Inventoried Items Left in 
the Reactor System After a Shutdown or Due to Failure of Small Structural 
Elements in the ATR Vessel above the Core or Due to Failure of the Inlet Screen 


15.10.2.1 Identification of Causes and Accident Description. Sight glass or other 
inventoried items left in the reactor system after shutdown, the failure of a small structural element in the 
ATR vessel above the core, or the failure of the inlet screen could result in blockages in the fuel coolant 
channel. (Screen failure could allow debris to reach the fuel element and could generate debris by failure.) 
Blockage of the fuel element coolant channel could cause fuel failure without the occurrence of reactor or 
PCS accidents. Blockage by inventoried items and by the failure of small structural elements in the vessel 
is considered a Condition 3 event. 


15.10.2.2 Analysis of Effects and Consequences. Fuel channel blockage greater than 
80% will cause some fuel cladding failure, as has been experienced at the Engineering Test Reactor 
(ETR) (Keller 1962; Smith 1967). The ETR used aluminum plate-type fuel elements that were similar in 
design heat fluxes, power densities, materials, and fabrication processes to ATR fuel elements. The 
significant differences between the ETR and the A TR for flow blockages are the fuel element side plate 
vents in the ATR design and the fuel element cross section (ETR square vs ATR cylindrical segment). 
Due to hydraulic communication through the fuel element vents, any damage in the ATR is expected to 
be less extensive than for similar-sized blockages in the ETR. 


Two ETR fuel element blockage incidents were studied to scope the damage and possible PPS 
protective action for credible fuel channel blockage accidents (Atkinson 1976b). These two incidents 
were fuel blockage due to a sight glass which was left inside the ETR vessel after a shutdown on 
December] 2, 1961 (Kel1er 1962), and fuel channel blockage due to metalJic colored tape that had been 
dropped onto the core on February 20, 1967 (Smith 1967). The worst damage from these two incidents 
was from the sight glass incident which resulted in partial to complete melt ing in 18 fuel plates in 
6 different fuel elements. An estimated 12.4 gm ofU-235 with 134 gm of aluminum was dispersed in the 
PCS, and about 6.4 curies of radioactivity was released to the atmosphere. These consequences should 
bound the worst expected fuel melting for a relatively probable fuel channel blockage in the A TR. 


The study of these blockage incidents found that the ETR fast fission break (FFB) subsystem 
(a subsystem comparable to the A TR FBS at that time called the N-16 system in ETR and later changed to 
the ETR FFB subsystem) was the first of any subsystems to detect the flow blockages, and the first to 
initiate any protective action (by automatically lowering the reactor power). The study also indicated that 
during the sight glass incident, the ETR would have been shut down significantly earlier with possibly 
less fuel damage and radiation release if there were a ETR FFB setpoint for an intermediate power level. 
Fuel damage during the sight glass incident occurred at an ETR power of90 MW (0.51 NF), and a post 
accident data study indicates that the ETR operated at this power for over 40 minutes with flow blockage 
and fuel melting occurring (Hanson 1971). The ETR FFB trip was set for at least 20% above normal-fuJI 
pO\:ver PCS radiation levels (ETR full power was approximately 175 MW). Thus, when the ETR FFB did 
eventually trip, the trip level corresponded to 233% of the operating level at 90 MW. 
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Studies for fuel failure accidents, particularly from ETR experience with fuel failure accidents, 
have concluded that an A TR FBS can adequately respond to detect fuel cladding failures and trip the 
safety rods to terminate power operation. The study ofETR experience also showed that fuel failures, 
which would be most probable during a reactor startup, may occur at an intermediate power level 
(at about 0.5 NF) and that an intermediate power level trip point is desirable for a FBS for normal startups. 
Although the study could not determine a firm quantitative basis for an A TR FBS trip point, it was 
concluded that a nominal trip point (or a limiting control setting) of J50% or less of the normal operating 
radiation level readings of the ATR FBS detectors for intermediate trip level should be applied in the 
range of 0.5 to 0.75 offull power levels. However, the subsystem design conservatively includes two 
ranges, one with a trip level at 150%ofthe normal coolant radiation level at NF/3 to detect and limit any 
very large blockage early in the startup sequence and a second with a trip level at 150% ofthe normal 
coolant radiation level at NF• The coolant transport time from the core to the fast fission break detector 
locations is assumed to be approximately 6 sec. 


Since the non-gaseous fission products are retained in the PCS for these types of fuel-failure 
accidents (except for some small PCS leakage), and since the radiation releases during the ETR incidents 
were not excessive (with use of proper operational controls for system cleanup and effluent release), then 
the consequences of this type ofaccident are acceptable for a Condit ion 3 fault. 


15.10.3 	 Fuel Channel Blockage or Fuel Damage Due to the Failure of Large Structural 
Elements Above or Within the Core 


15.10.3.1 Identification of Causes and Accident Description. Failure of large 
stmctural elements in the reactor vessel above or in the core could block the fuel element coolant channel 
or severely damage fuel elements. Both events could cause fuel failure without the occurrence of reactor 
or PCS accidents. Both events are considered Condition 4 events and envelop those events that result in 
large blockages. 


15.10.3.2 Analysis of Effects and Consequences. Gross fuel element damage may 
result in the release of a significant amount of fission products into the PCS. However, without a PCS 
break, most fission products will be retained in the PCS, except for gaseous fission products and those 
escaping due to PCS leakage. Because ofthe serpentine geometry of the A TR core, it is improbable that a 
substantial portion of the core would be involved for a major component failure. Based on engineering 
judgment, it is assumed that no more than two complete fuel elements would be affected. This judgment 
is based on the serpentine core design, which makes it difficult to block multiple elements and historical 
experience with material found in the vessel. The dose at the nearest site boundary and the LPZ for 
extensive damage of two fuel elements would be less than 5% of the dose for the full core melt resulting 
from a large break LOCA. The radiological results of the large break LOCA are discussed in 
Section J5.12. JO. The dose at the LPZ from two fuel elements damaged without compromise to the PCS 
boundary would be less than 9.3 rem thyroid and 0.7 rem EDE (1/20 of the large break LOCA results of 
Section] 5.12.1 0). 
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15.10.4 	 Gas Leakage into the Fuel Element Coolant Channels Due to an Insulating 

Jacket Failure During Normal Pressurized Operation 



15.10.4.1 Identification of Causes and Accident Description. Helium gas is used in 
the annulus of the IPT to provide insulation. In the LIPT and the AHTL, the gas pressure exceeds the PCS 
pressure. Failure of the insulating jacket normally would result in water entering the annulus of the 
standard tubes; for the failure in the LJPT or AHTL, helium would enter the PCS. Helium gas leakage 
into the fuel element coolant channel could cause fuel failure due to degraded heat transfer. Rupture of the 
insulating jacket of the IPT is assumed to be a Condition 3 event since the jacket is not inspected for 
flaws (ultrasonic exams are not performed during service). The gas delivery system is regulated and has a 
pressure relief system; consequently, a failure of the insulating jacket with higher than normal gas 
pressure is not considered credible (Atkinson 1994). The reactivity effect of gas released into the core is 
considered in Section 15.4. 


15.10.4.2 Analysis of Effects and Consequences. An evaluation of the gas flow from 
the AHTL (represents both AHTL and LIPT) at normal gas pressures indicates a gas flow rate 
of 0.136 ft 3/s (8.] 6 ft3/min) at core outlet pressure (Ambrosek 1993). However, the evaluation of the code 
used in this analysis against measured data indicates that the code underpredicts the gas flow rate. Based 
on the comparisons, the results obtained with the code were scaled upward accordingly. The assumed 
flow rate for insulating jacket failure based on this analysis is 12.1 ft3/min. 


The study of gas leak flow distribution tests (Bulmahn 1975a) from a height of approximately 3 ft 
(0.91 m) above the fuel channels (the location ofthe first IPT weld above the ATR core, considered the 
closest probable leak location above the core) showed that the gas leak flow distributed fairly evenly into 
all channels in the test section. Although the channels closest to the IPT would receive somewhat more 
gas flow, the hot channels in ATR fuel are those closest to the reflector, away from the ]PT. Therefore, 
for a thermal analysis with gas leak flow, uniform distribution was assumed. Uniform gas flow 
distribution is the type of flow which may be expected with jetting of gas leak flow from an IPT gas 
jacket flaw. 


The gas leak flow thermal analysis, discussed in Varacalle (1976), used a gas leak flow distribution 
based on the gas leak flow distribution tests reported in Bulmahn (1975a) and assumed uniform 
distribution. The analysis used two-phase two-component hydraulics and heat transfer equations and 
analysis methods, and included slug flow to annular flow boundary data for downflow from Golan and 
Stenning (1969). Channel 19 which was the hot channel as well as the largest channel had the most gas 
flow (4.23 ft3/min == 0.0020 m3/sec). The thermal analysis for 75.5 ft3/min of total gas flow [this extreme 
gas flow was a conservative envelope for assumed failure ofpressure regulation (Bulmahn 1975b)], 
with 4.23 ft3/min down channel 19 for the hot fuel element in a 70 MW lobe did not predict either FI or 
CHF for this large gas flow. The modest gas flow for the Condition 3 event (12.1 ft3/min) is 
about 16 percent of the flow considered by Varacalle (1976) and therefore will not result in an approach 
to either Fl or CHF. The insulating jacket failure meets Condition 2 criteria and is acceptable as a 
Condition 3 event. 
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15.10.5 	 Structural Fuel Element Defects Affecting a Few Fuel Elements in the Core Due 
to Design or Fabrication Errors or Handling Damage 


15.10.5.1 Identification of Causes and Accident Description. Localized fuel element 
structural defects due to design, fabrication errors, or handling damage could cause fuel failure without 
the occurrence of reactor or PCS accidents. Fuel failures due to localized defects or damage are 
considered Condition 3 events. 


15.10.5.2 Analysis of Effects and Consequences. Local fuel element defects or 
damage can result in some cladding failure, but the fission products released would be small and 
significantly less than for fuel-channel-blockage accidents. The effect may not be significant relative to 
the sening for the ATR FBS (Section 15.10.2.2). Ifthe fission product concentration does not reach the 
setting for the FBS, routine monitoring and controls ensure releases from the PCS are limited. 


15.10.6 	 Structural Fuel Element Defects Affecting Many Fuel Elements in the Core Due 
to Design or Fabrication Errors or Severe Handling Damage 


15.10.6.1 Identification of Causes and Accident Description. Gross fuel element 
structural defects due to design, fabrication errors, or severe handling damage could cause fuel failures 
without the occurrence of reactor or PCS accidents. Gross fuel element defects or damage are considered 
Condition 4 events. 


15.10.6.2 Analysis of Effects and Consequences. The effects ofgross fuel failure due 
to stnlctural or design defects or handling damage are on the order of the large channel blockage events in 
Section 15.10.3.2 above. The consequences are assumed to be enveloped by the dose estimated for the 
large blockage (two fuel elements or equivalent are fully involved). 


15.10.7 	 Fuel Plate Buckling Due to an Excessive Buildup of Oxide on Fuel Plate 
Surface 


15.10.7.1 Identification of Causes and Accident Description. Fuel plate buckling 
due to an excessive buildup of oxide on fuel plate surfaces could cause fuel failure without the occurrence 
of reactor or PCS accidents. Excessive oxide buildup is considered a Condition 3 event because of the 
meticulous chemistry control of the primary coolant and routine oxide surveillance measurements at the 
end of each cycle. 


15.10.7.2 Analysis of Effects and Consequences. Fuel plate buckling due to high 
thermal stresses when an excessive oxide film builds up on the fuel plate surface will not necessarily lead 
to cladding failure. Tests reported in Griebenow (1971) have demonstrated that severe fuel channel 
distortion will need to occur before adjacent plates contact and plate collapse and failure will result. 
Therefore, the amount of cladding failure which might occur during this accident is small. A release of 
the safety rods by action ofthe FBS would terminate reactor operation before significantly more fuel 
failures occurred. The amount ofmelting involved is estimated to be similar to the blockage considered in 
Section 15.10.2. The failure may result in fission product concentrations that approach the FBS selling. If 
not, routine monitoring and controls provide assurance that releases from the PCS are limited. 
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15.10.8 Unexpected High Peaking in the Fuel Due to an Analysis or loading Error 


15.10.8.1 Identification of Causes and Accident Description. An analysis error or 
loading error may cause unexpected high power peaking in the fuel. Severe, high power peaking could 
cause localized fuel element failure without the occurrence of reactor or PCS accidents. Unexpected high 
power peaking in the fuel in considered a Condition 2 event. 


15.10.8.2 Analysis of Effects and Consequences. Higher peak powers in the fuel than 
expected from analysis due to analytic or loading errors can result in peak powers that are above normal. 
The worst-case error involving increased peaking in a 7F element results in a 15% increase in power 
peaking due to replacing a depleted element with a new 7F element (Atkinson] 976a). The increase could 
be expected to be greater than 15% if the new element were non-borated. Peak power in an element is 
increased by not more than 9% by boron removal (Kim and McClure 1993). Therefore, a loading error 
involving replacement of a depleted element with a new 7NB element is estimated to cause not more than 
a 26% increase in peaking (product ofa 9% and 15% increase). The increased peaking would correspond 
to a lobe power of 76 MW. As shown in Polkinghome (] 994), Condition 2 margins to CHF and Fl are 
maintained at lobe powers of88.5 MW and 96.0 MW for two-pump and three-pump operation, 
. respectively. Therefore, no fuel damage will occur due to fuel element analysis or loading errors. 


15.10.9 Small Defects in Fuel Element or Minor Handling Damage to Fuel 


15.10.9.1 Identification of Causes and Accident Description. Small defects in the 
fuel element or minor handling damage to the fuel could cause fuel failure without the occurrence of 
reactor or PCS accidents. Small defects in and minor damage to the fuel element are considered 
Condition 2 events. 


15.10.9.2 Analysis of Effects and Consequences. ATR experience for operation with 
fuel element cladding defects has shown that small localized clad failures will not result in excessive 
radiation levels in the ATR PCS, and that operation of the bypass demineralizer system can maintain low 
radiation levels in the primary coolant for minor fission product leakage. These types of failures only 
raise the PCS fission product activity levels by about 0.2 IlCi/mL; and the activity in the PCS remains 
well below the 20 IlCi/mL limit for normal pes activity (Dawson ]970). 
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PREAMBLE


Change Number: ]J23L8


This Authorization Agreement documents the agreement between the Department of Energy
Idaho Operations Office (NE-ID) and the Idaho National Laboratory (INL) contractor, Battelle
Energy Alliance, LLC (BEA), on the overall basis for the safe operation of the Reactor
Technology Complex Advanced Test Reactor (ATR) facility. DOE has reviewed and approved
BEA's proposed Safety Basis as defined in LST-100 for the defined scope of work. This
authorization agreement contains key terms and conditions (controls and commitments) under
which BEA is authorized to perform work. Any changes to these terms and conditions require
DOE approval. In documenting the overall basis for the safe conduct of work, this authorization
agreement highlights the scope of the authorization, the safety basis, and the key terms and
conditions (controls and commitments). This agreement highlights existing requirements rather
than introducing new requirements. However, the agreement does distill and succinctly state the
overall basis for the safe conduct ofwork in support of effective DOE and BEA integrated safety
management of the facility.


AGREEMENT


The DOE has determined, based on the completion of the following activities, that
implementation of the authorization agreement is sufficient to adequately protect the
public, the workers, and the environment, and DOE is confident BEA is capable of
meeting the commitments identified in the authorization agreement:


A. Through the periodic assessment of the contractor's performance and through the
review and approval of the documents that are identified by this authorization
agreement, DOE ensures that the contractor, BEA, has identified the basis for safe
operation of the INL.


B. Through review and approval, the ATR Upgraded Final Safety Analysis Report
(UFSAR) and Technical Safety Requirements (TSR) adequately documents the
analysis of facility hazards, specifies the controls necessary to prevent and
mitigate the hazards, and defines a safety management program, which affords an
acceptable level of safety to the public, the workers, and the environment. A
complete list of applicable safety documents is identified in LST-1100.


C. Through the use of the Environmental Checklist/National Environmental Policy
Act (NEPA) process as described in MCP-3480, "Environmental Instructions for
Facilities, Processes, Materials, and Equipment," the ATR facility evaluates the
effects to the environment resulting from changes in its operations.
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Through the performance of restart assessments in accordance with
DOE Order 425.1A and revisions thereto as identified in contract
DE-AC07-05-ID14517, there is assurance the facility is being operated without
endangering the health and safety of the public, the workers, or the environment.


Based on items B, C, and D above, and on its institutional and support programs
and processes, BEA has adequate technical and managerial capability to safely
operate the ATR facility.


The authorization agreement applies to the ATR facility, located within the Reactor
Technology Complex of the INL located 50 miles west of Idaho Falls, Idaho. The
facilities, major functions, subsystems, and support facilities are described in the safety
documents identified in LST-100.


The scope of activities authorized in conjunction with the operation of ATR is defined
by: (a) the Work Authorization and Change Control process specified in Contract
Number DE-AC07-05-ID14517, and (b) the safety documents identified in LST-100. The
following activities involving the processing, handling, and storage of radioactive
material are authorized:


Operation of the ATR, a Category A, Department of Energy nuclear reactor with
a design thermal power of 250 MW, a nominal operation pressure of 360 psig at
the top of the core, and a nominal reactor outlet temperature of 167°F


Irradiation of experiments as defined in the facility Technical Safety
Requirements


C. Experiment change-out operations


D. Reactor refueling operations and reactor fuel and experiment storage operations


E. Handling and storage of radioactive waste materials generated from the above
activities


All additional work which may be required in order for BEA to meet its
contractual obligations under Contract Number DE-AC07-05-ID14517 at the
ATR facility.


4. Operation of the ATR is subject to the following requirements and conditions:


A. Safety Basis, Environmental Permits, and DOE-approved Operational Readiness
Reviews/Readiness Assessments, as applicable, were used to develop this
agreement. This agreement forms the basis for operation of the ATR. Authorized
deviations shall be documented by BEA and approved by DOE through
Exemption Requests, Compliance Schedule Agreements, Implementation Plans,
modifications to the contract, or other means as appropriate.
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B. BEA shall operate the ATR in accordance with the operational controls specified
in the Safety Basis as defined by LST-t00.


I BEA shall maintain the Safety Basis, defined in LST-100. As Safety Basis
documents are revised, added, or deleted as approved by DOE, the list shall be
updated. Changes to LST-100 do not require separate DOE approval under the
following conditions:


Change in the revision date or number of a listed document if DOE has
formally approved the new document revision


Addition of a new Safety Basis document [e.g., Safety Analysis
Report/Technical Safety Requirement document, Unreviewed Safety
Question (USQ), hazard classification] that has been formally approved by
DOE


Change in the revision date/number of a listed document if the new
document revision has received a USQ screening/evaluation and
determined not to involve a USQ


Deletion of a listed document if cancellation of the document has been
formally approved by DOE


Editorial changes (e.g., typographical errors)


All other changes to the Safety Basis List documents require the approval
of both DOE and BEA management at the level of the Authorization
Agreement signatories.


BEA shall implement and maintain in effect an ATR Facility Emergency
Preparedness and Planning Program as described in BEA Manual 16, Emergency
Preparedness.


BEA shall comply with the requirements specified in the active revisions of the
following approved permits and compliance agreements.


Idaho Department of Environmental Quality, "State of Idaho Permit to
Construct for TRA Evaporation Pond," Permit Number 023-00001,
September 9, 2002


James Johnston, Department of Environmental Quality, letter to
Mr. Stacey Madson, "INEEL Test Reactor Area (TRA) Cold Waste Pond
and Water Reactor Research Test Facility (WRRTF) Wastewater Disposal
Ponds," January 19, 2001.
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Through the use of a facility Configuration Management Process controlled by
PRD-115, "Configuration Management," BEA maintains the ATR hardware,
procedures, and organizational integrity.


Through the use of An Integrated Safety Management System detailed by
PDD- 1 004, "INEEL Integrated Safety Management System," BEA integrates the
environmental, safety, and health issues into the totality of the work for the ATR
facility.


This Authorization Agreement is subject to the conditions listed herein. Nonconformance
to the components of this agreement will be reported using currently applicable reporting
systems such as the Issues Communications and Resolution Environmental (ICARE)
System and the Occurrence Reporting and Processing System. DOE and BEA agree to
the conditions and limitations contained in the Authorization Agreement. The conditions
and limitations within this Authorization Agreement are effective upon the date identified
in the first page header of this document and shall expire upon expiration or termination
of Contract Number DE-AC07-05-ID14517.


I


This Authorization Agreement is not intended to change or add to the Management and
Operations (M&O) contract, but is intended to implement applicable requirements of the
M&O contract. If there is an inconsistency between the M&O contract and this
Authorization Agreement, the M&O contract terms will prevail.
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Safety Basis List for


ADVANCED TEST REACTOR FACILITY


NOTE: Many of the institutonal safety programs are administered byfunctional area
organizations that are outside of the organizational structure directly responsible
for operation of the AJR. See SAR-153, Section ES.1.1.3for commitments
regarding these programs.


SAR-1 53, "Upgraded Final Safety Analysis Report for the Advanced Test Reactor,"
Current Issue.


TSR-186, "Technical Safety Requirements for the Advanced Test Reactor," Current
Issue.


DOE-NE Approval letter to John E. Dwight, Director, ATR Programs, March 30, 2005,
Transmittal of NE-40 Approval of the Advanced Test Reactor (ATR) Upgraded Final
Safety Analysis Report Addendums, Engineering Design Files (EDF) 5488 and 5614, and
Associated Technical Safety Requirements (TSR) Revisions. (See
LO-RTCISMC-05-025.)


Nuclear Criticality Safety Supplement - none required.


Test Authorizations - none required.


Hazard Classification and Categorization - see SAR- 153.


Standard Practice (SP)-10,3. 1.31 DOE concurrence, D. M. Lucoff to R. V. Furstenau,
Nuclear Facility Restart Authorization and Power Reduction Recovery, DML-65-01,
dated May 29, 2001.


Readiness Assessment approval T. F. Burns Jr., to J. C. Okeson, Approval to Restart the
Advanced Test Reactor (Initial Criticality) Following the Core Internals Changeout -
OPE-TRA-94-067, dated July 9, 1994.


Other Documents and process associated with the safety basis of DOE-ID activities -
E. C. Anderson Letter to E. J. Ziemianski, ECA-10-94, Modifications to ATR Canal
Operations, dated March 8, 1994.
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10. Unreviewed Safety Questions -TRA-USQ-2004-176, "Reactor Shutdown System Reactor
Vessel Level Limiting Control Setting."


TRA-USQ-SE-2003-1451'2,"ATR Firewater Supply
System Modeling Issues."


TRA-USQ-2004-2142, Revision 1, "ATR Seismic Safety
Basis Deterioration."


TRA-USQ-2004-385, Revision 1, "ATR Surge Tank
Level Instrument Limiting Control Settings."


TRA-USQ-2004-3962, "ATR Seismic Primary Coolant
System Break Size and TRA Support Building
Vulnerabilities."


TRA-USQ-2004-4132, "ATR Seismic Primary Coolant
System Break Size Contribution from Letdown Valves."


RTC-USQ-2005-173, "Impact of Potential PCS Leakage
on Fuel Element Thermal-Hydraulic Conditions Prior to
Reactor Vessel Venting."


RTC-USQ-2005-197, "M-1 I Emergency Coolant Pump
Flow Measurement and Uncertainty."


RTC-USQ-2005-248, "GAP-005-05 - Radiation
Monitoring and Seal System Setpoint Derivation."


RTC-USQ-2005-336, "Derivation of Emergency Coolant
Pump Performance Parameters Modeled in the ATR
Accident Analyses."


An interim resolution supporting the continued operation with this USQ was approved by DOE. See: O. W. Lowe
memorandum to E. D. Sellers, November 21, 2003, Approval of the Safety Evaluation Report (SER) for
Resolution of Unreviewed Safety Questions Related to August 21, 2003 Shutdown of the Advanced Test Reactor
(ATR) and Approval for ATR Restart.


An interim resolution supporting the continued operation with these USQs were approved by DOE. See:
J . A. Malmo letter to J. E. Dwight, March 30, 2005, Transmittal of NE-40 Approval of the Advanced Test Reactor
(ATR) Upgraded Final Safety Analysis Report Addendurns, Engineering Design Files (EDF) 5488 and 5614, and
associated Technical Safety Requirements (TSR) revisions (LO-RTCfSMC05-025).
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1.0 USE AND APPLICATIONS


1.1 DEFINITIONS


NOTE
The defined terms of this section appear in capitalized type and are applicable
throughout the Technical Safety Requirements and the Bases.


TERM DEFINITION


ACCURACY The maximum difference between the nominal protective channel SETPOINT and
the actual value, of the measured variable, at which channel trip occurs, not
including time lags due to channel response time.


ACTION That part of the Technical Safety Requirements that prescribes Required Actions to
be taken under designated Conditions within specified COMPLETION TIMES.


ACTUATION Components and interconnections controlled by the PPS, from the output of the
LOGIC CIRCUIT 2 of 3 logic module(s) through the components listed for the following


ACTUATION SYSTEMS:


RSS Rod Clutch Controller Relays (the K-I relay associated with
each module, Al through A8) for a total of four ACTUATION
LOGIC CIRCUITS.


EMERGENCY Circuit and relay modules for Vessel Level and Pressure,
FIREWATER located in the relay logic panel in each PPS room with four
INJECTION circuits for each UV and BH subsystem.


The circuit includes four Vessel Pressure bypass switches.


RMSS Radiation Monitoring and Seal System (RMSS) relays R1AX2,
RIAXI, RIAl, RIAX2B, RIAXIB, RIAIB, RIA2B, RI (A
through C), RIA (A through C) and BDRI through BDR4
configured into two 2 out of 2 logic circuits for argon delay line
valves and for the primary and secondary ventilation dampers.


Primary Pump ESF I and 4 relays, 500-1X, 500 ESF-I, 62-1, 500-4X, 500
Shutoff ESF-4, and 62-4 consisting of two circuits.


1-1
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1.1 DEFINITIONS (continued)


Pressurizing and ESF I and 4 relays 502-IX, 502 ESF-l, 502-11X, 502 ESF-1B,
Gland Seal Pump 502-44X, 502ESF-4, 502-4X, and 502 ESF-4B consisting of
Shutoff two circuits.


LOCA PCP There are 4 circuits; one for each PCP,
Shutoff M-6 PCP: Bypass Relays KI-IN-1, K1-IN-4, KI-OUT-1, KI-


OUT-4; Input Relays K2-IN-1, K2-IN-4, K2-OUT-L and
K2-OUT-4; Time Delay Relays TMR-IN-1, TMR-IN-4, TMR-
OUT-1, TMR-OUT-4; and relays KM6-INI-1, KM6-INI-2,
KM6-IN4-1, KM6-IN4-2, KM6-OUTI-1, KM6-OUTI-2,
KM6-OUT4-1, and KM6-OUT4-2.


M-7 PCP: Bypass Relays K1-IN-1, K1-IN-4, K1-OUT-1, Kl-
OUT-4; Input Relays K2-IN-1, K2-IN-4. K2-OUT-1, and K2-
OUT-4; Time Delay Relays TMR-IN-1, TMR-IN-4, TMR-
OUT-1, TMR-OUT-4; and relays KM7-1N 1-1, KM7-1N 1-2,
KM7-IN4-1, KM7-IN4-2, KM7-OUT I-1, KM7-OUT1-2,
KM7-OUT4-l, and KM7-OUT4-2.


M-8 PCP: Bypass Relays Kl-IN-1, KI-IN-4, KI-OUT-1, KI-
OUT-4; Input Relays K2-IN -1, K2-IN-4, K2-OUT-1, and K2-
OUT-4; Time Delay Relays TMR-IN-1, TMR-IN-4, TMR-
OUT-1. TMR-OUT'-4, and relays KM8-INI-l, KM8-INI-2,
KM8-1N4-1, KM8-IN4-2, KM8-OUT1-1, KM8-OUT1-2,
KM8-OUT4-1, and KM8-OUT4-2.


M-9 PCP: Bypass Relays KI-IN-1, KI-IN-4, KI-OUT-1, Kl-
OUT-4, Input Relays K2-IN-1, K2-IN-4, K2-OUT-l, and K2-
OUT-4, Time Delay Relays TMR-IN-l, TMR-IN-4.
TMR-OUT-I, TMR-OUT-4, and relays KM9-IN1-l,
KM9-IN1-2, KM9-IN4-1, KM9-1N4-2, KM9-OUTI-1,
KM9-OUTI-2, KM9-OUT4-1, and KM9-OUT4-2.


ACTUATION Components and interconnections of a system, from the sensor(s) to the
SYSTEM ACTUATOR.


ACTUATOR A device that acts directly on the plant to provide protective action when released,
energized, or deenergized by a trip, ACTUATORS include, but are not limited to,
SAFETY RODS, Pressurizing and Gland Seal Pumps, PCPs, CONFINEMENT
fans and dampers, and EFIS level control valves.


ACTUATOR A device that directly provides a protective action signal to the ACTUATOR.
CONTROLLER
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APPROVED FUEL A fixed single or multi-item location or container outside the reactor fuel annulus
STORAGE or irradiation facilities within the reflector tank whose k r, cooling requirements,


and related administrative controls for containing fissile material have been
analyzed in approved safety documentation.


Carriers for transporting fissile material forms within the INEEL that operate in
accordance with an Approved Transportation Plan (ATP) that meets the kfr,
cooling, movement and placement requirements, and related administrative
controls, qualify as APPROVED FUEL STORAGE provided applicable
requirements defined in the ATP to meet these specifications are carried out at the
ATR FACILITY.


Containers for shipping fissile material forms that are authorized shipping
packages qualify as APPROVED FUEL STORAGE.


ATR QUADRANT A portion of the ATR CORE consisting of the ten FUEL ELEMENTS cooled by
one of the four quadrant flow systems and whose power is measured by one of the
quadrant water power channels. There are four quadrants designated as NW, NE,
SW and SE.


AUTOMATIC Structures, systems or components configured to perform their intended functions
independent of human influence.


BOUNDARY As applied to the PCS is leakage through a fault in a PCS component body, pipe
FAULT wall, or vessel wall within the RADIOGRAPHIC LIMIT (does not include leakage
LEAKAGE past seals, gaskets, or valve packing).


CALIBRATION A local test performed on instrumentation to ensure its output responds within
acceptable tolerance to known values of the input parameters. The acceptable
tolerance is based on ensuring that the instrument remains operational between
successive tests by accounting for uncertainties in the test and instrumentation
drift.


CASCADING The positive reactivity feedback due to voiding in flux trap EXPERIMENT
facilities during a reactor power excursion. The reactivity insertion from the flux
trap EXPERIMENT facility that initiated the excursion is not included in the
CASCADING.


CHANNEL / All components and interconnections, from sensor to COMPARATOR/CLLC
INSTRUMENT inclusive, necessary to monitor a plant variable or condition and to initiate a trip
CHANNEL when the variable or the condition deviates beyond a set limit. A CHANNEL


terminates at the output of the COMPARATOR/CLLC (bistable).


COMPARATOR A module having a logical output which is a function of the SETPOINT and the
value of the monitored analog variable input. The logical output has two, and only
two, operating discrete stable output states defined as `reset' (normal) and
"tripped".


COMPLETION The maximum permitted time interval between the discovery of exceeding a
TIME SAFETY LIMIT or OPERATING LIMIT and the satisfactory completion of the


associated Required Action.
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DEFINITIONS (continued)


CONFINEMENT


CONTRACTOR


CONTROL RODS


CORE


CORE CHANGES


CRITICAL HEAT
FLUX


DEPRESSURIZED
OPERATION


DEPRESSURIZED
SHUTDOWN


EMERGENCY
FIREWATER
INJECTION
SYSTEM (EFTS)


ENGINEERED
SAFETY
FEATURE (ESF)


The ATR substructure and superstructure intended to partially contain fission
products in case of a severe accident involving the PRIMARY COOLANT
SYSTEM and/or installed EXPERIMENTS, with all penetrations designed to
minimize leakage. The substructure includes all first and second basement areas
except stairwell Number 3. The superstructure includes the reactor area, reactor
control room, instrument repair room, reactor data acquisition computer room,
freight elevator, passenger elevator, and stairwells Number 1, 2 and 4.


The company to which DOE has awarded the primary contract for operation of the
ATR facility.


Particular rods that are used for making adjustments in reactivity or power
distribution. These are further classified as outer shim control cylinders, SAFETY
RODS, neck shim rods, and regulating rods. Certain of the neck shim rods may be
selected as regulating rods.


The general region in the Reactor Vessel, within the Core Reflector Tank,
containing FUEL ELEMENTS, CONTROL RODS, EXPERIMENT irradiation
facilities and reflector.


The manual movement or manipulation of any component within the Core
Reflector Tank with two or more FUEL ELEMENTS in the reactor CORE. The
manual movement of components (e.g., SAFETY RODS) using their normal drive
mechanisms is not considered a CORE CHANGE however: movement of these
components with their normal drive mechanisms disconnected is considered a
CORE CHANGE.


A heat transfer crisis condition in which a heat flux is reached or exceeded and a
transition from nucleate boiling to film boiling occurs leading to a rapid surface
temperature rise.


Defined in this text in Table 1.3-I, Reactor Operating Conditions.


Defined in this text in Table 1.3-1, Reactor Operating Conditions.


An ESF that provides an emergency coolant source to maintain water level over the
CORE, consisting of two subsystems: 1) upper vessel injection (UV) and 2) bottom
head (BH) injection with ACTUATION SYSTEMS to control each, and supplied
via the critical firewater path by TRA Firewater System through valve GT-I 0-63 for
the upper vessel and through valve GT-10-35 for the bottom head.


An essential protective system or subsystem that functions to mitigate the
consequences of an incident by providing protection other than scram- ESF systems
are the Primary Pump Shutoff, Pressurizing and Gland Seal Pump
Shutoff, LOCA PCP Shutoff, EFIS, Vessel Vent, RMSS, PCS Relief Valves and
Vessel Level Alarm.
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DEFINITIONS (continued)


EXPERIMENT


FISSION BREAK


FLOW
INSTABILITY


FUEL ELEMENT


FUNCTIONAL
TEST


HOLDDOWN
REACTIVITY
MARGIN


IMMEDIATELY


INSERVICE
INSPECTION


IRRADIATED


LEAKAGE


LIMITING
CONDITIONS
OPERATION
(LCO)


LIMITING
CONTROL
SETTING (LCS)


LOBE


An inpile test assembly, pneumatic irradiation capsule, or other hardware device
inserted into the reactor to utilize the reactor neutrons or radiation generated therein.
The material content of such hardware device including structural components,
encapsulation or confining boundaries, and contained fluids or solids are part of the
EXPERIMENT.


A significant release of fi ssion products to the PCS due to the breach of a fissile
material container-


A heat transfer crisis condition in thin, heated cooling channels with down flowing
coolant due to hydraulic instability . The normal downflow becomes hydraulically
unstable due to increased flow resistance caused by significant boiling within the
channel , resulting in channel voiding , drastically reduced beat transfer , and high
surface temperatures . In ATR FUEL ELEMENTS, FLOW INSTABILITY is
predicted to occur when the bulk coolant temperature rise of the hot track equals or
exceeds the temperature rise required to produce saturation temperature at the outlet.


The assembly of fuel plates , side plates and end boxes designed to be installed in the
ATR fuel annulus.


Test performed on a system or piece of equipment to determine if it is capable of
performing its intended function.


The amount the reactor remains subcritical for reactivity changes during shutdown
evolutions.


Term used as a COMPLETION TIME to indicate the Required Action is to be
pursued without delay and in a controlled manner.


Inspection that comprises the methods and actions for assuring the structural and
pressure-retaining integrity of plant components,


As applied to FUEL ELEMENTS, any FUEL ELEMENT which has cooled less
than or equal to 1200 days after operation in the CORE with reactor power greater
than 20 kW unless the FUEL ELEMENT has been shown to have a decay heat
generation < 30 W.


As applied to the PCS is leakage from identified sources and from sources that have
not been specifically located.


The lowest acceptable conditions to ensure functional capability or performance
level of SAFETY-RELATED structures, systems, and components and their support
systems required for normal safe operation of the facility.


Setting on the RSS that prevents process variables from exceeding SAFETY
LIMITS during normal operation (Condition 1) and during anticipated transients
(Condition 2).


One of five portions of the CORE consisting of eight FUEL ELEMENTS
surrounding one inner flux trap. Identified as Northwest (NW), Northeast (NE),
Center (C), Southwest (SW), or Southeast (SE).
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1.1 DEFINITIONS (continued)


LOOP FACILITY An irradiation facility consisting of independent piping, pumps, pressurizers, and in-
pile piping installed to use one or more ATR flux trap baffle positions.


LOW POWER Defined in this text in Table 1.3-1, Reactor Operating Conditions.
OPERATION


MANUAL As applied to the EFIS, means one manually operated valve in applicable flow
path(s), in the closed position.


Ni The reactor operating steady power level (up to and including 250 MW). The power
level Nr represents may change, not only for each reactor operating cycle but also
during an operating cycle. During a SCHEDULED STARTUP, NF is the
projected/anticipated full operating power level. Actual EXPERIMENT
requirements or operational considerations may necessitate small deviations from
the projected value. The neutron level and wide range neutron SUBSYSTEMS are
adjusted such that upon reaching NF the indication is equal to or greater than 100%.


N;, For POWER OPERATION and LOW POWER OPERATION, a power level which
corresponds to 1% NF. For DEPRESSURIZED OPERATION, the maximum
allowed reactor power level (0.5 MW).


OPERABLE/ When a system, subsystem, component, or device is capable of performing its
OPERABILITY specified function(s), and when all necessary attendant instrumentation, controls,


components, electrical power, cooling or seal water, lubrication, or other auxiliary
equipment that are required for the system, subsystem, component, or device to
perform its function(s) are also capable of performing their related support
function(s). General principles of operability are as follows:


I. A system is considered OPERABLE as long as there exists assurance that it is
capable of performing its specified safety function(s).


2. A system can perform its specified safety function(s) only when all of its
necessary support systems are capable of performing their related support
functions.


3. Assuring the capability to perform a safety function is an ongoing and
continuous process.


4. When all systems designed to perform a certain safety function are not
capable of performing that safety function, a loss of function condition exists.
Facility operation with such a condition may not continue (ACTION
statements are provided to identify and respond to a loss of function).


5. When a system is determined to be incapable of performing its intended
safety function(s), the declaration of inoperability shall be immediate.


6. Any exception to an immediate determination of inoperability must be
justified.


OPERATING A term used to represent LIMITING CONTROL SETTINGS and LIMITING
LIMITS (OPLIMS) CONDITIONS for OPERATION.
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PLANT
PROTECTIVE
SYSTEM (PPS)


POWER
OPERATION


POWER
RECOVERY


PRESSURIZED
SHUTDOWN
PRESSURIZED
STANDBY
PRIMARY
COOLANT
SYSTEM (PCS)


RADIOGRAF
LIMIT
REACTOR
DEFUELED
REACTOR
OPERATION


REACTOR
OUTAGE
REACTOR
SHUTDOWN
REACTOR
STARTUP


Those active devices, with the associated equipment that initiates their action, whose
function in conjunction with passive structures of the plant is necessary to prevent
unacceptable release or spread of radioactive materials by preventing plant variables
or conditions from reaching their respective SAFETY LIMITS, or mitigating the
consequences of exceeding SAFETY LIMITS. The PPS also prevents unacceptable
plant damage in accordance with the limits specified by the CONTRACTOR. The
PPS includes the Reactor Shutdown Systems (RSS) which cause the release of the
SAFETY RODS and the ENGINEERED SAFETY FEATURES (ESF). The RSS
instrument SUBSYSTEMS are listed in LCO 3.1.1 Table 3.1.1-1. The PPS ESF
systems are the Primary Pump Shutoff, Pressurizing and Gland Seal Pump Shutoff,
LOCA PCP Shutoff, Emergency Firewater Injection, Radiation Monitoring and
Seal, Vessel Vent Valves, PCS Relief Valves and Vessel Level Alarm.


Defined in this text in Table 13-1, Reactor Operating Conditions.


The attempted restoration of reactor power after a power reduction prior to
shutdown by xenon buildup. During a POWER RECOVERY all surveillances shall
be maintained for the reactor operating condition (Table 1.3-1) at the time of the
power reduction; i.e., for surveillances, mode Applicability is not exited. A POWER
RECOVERY is distinguished from, and does not include XENON RESTART.


Defined in this text in Table 1.3-1, Reactor Operating Conditions.


Defined in this text in Table 1.3-1, Reactor Operating Conditions.


The system, including all connecting piping and associated valves, and pumps that
circulates demineralized water at elevated pressure to remove reactor generated
heat. It consists of the following major components: Reactor Vessel, Primary
Coolant Pumps. Emergency Primary Coolant Pumps, Primary Heat Exchangers
(tube side), Primary Surge Tank, Primary Pressurizing Pumps and Primary
Degassing Tank.


C The interface between the PCS piping larger than 3 inches in diameter and certain
other piping branches. The limits are defined by Drawing 414577.
Defined in this text in Table 1.3-I, Reactor Operating Conditions.


Any DEPRESSURIZED OPERATION, LOW POWER OPERATION, or POWER
OPERATION as defined in Table 1.3-1, Reactor Operating Conditions.
A REACTOR SHUTDOWN for the performance of evolutions such as
maintenance, refueling, modification , or EXPERIMENTS change.
Whenever the reactor is not in the REACTOR OPERATION condition.


Withdrawal of SAFETY RODS with the intent of making the reactor critical.
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1.1 DEFINITIONS (continued)


SAFETY LIMIT Limit on a process variable associated with those physical barriers that are necessary
(SL) for the intended facility function and that are found to be required to guard against


the uncontrolled release of radioactivity.
SAFETY Those structures, systems, and components relied upon during or following design-
RELATED basis events to ensure (a) the integrity of the reactor coolant pressure boundary,


(b) the capability to shut down the reactor and maintain it in a safe REACTOR
SHUTDOWN condition, and (e) the capability to prevent or mitigate the
consequences of accidents that result in potential offsite exposures comparable to
the 10 CFR 100 guidelines.


SAFETY RODS Those cylindrical assemblies with hafnium absorber plates which are released from
their drive mechanisms and drop into the CORE upon receipt of a trip signal from
the Reactor Shutdown System (RSS). A safety rod assembly with the hafnium
absorber plates removed is not a safety rod.


SCHEDULED Withdrawal of SAFETY RODS for REACTOR OPERATION following a
STARTUP REACTOR OUTAGE.
SETPOINT The value at which a protective subsystem is set to initiate an alarm or required


protective action.
SOURCE POWER The power generated in the vicinity of a flux trap. For inner flux traps (i.e., those


STANDBY


SUBSYSTEM
SUBSYSTEM
LOGIC


TOTAL
RESPONSE
TIME/RESPONSE
TIME


inside of the fuel annulus), the SOURCE POWER is the local LOBE power,
whereas for outer flux traps, the SOURCE POWER is the average of the three
adjacent LOBE powers.
The condition in which the subject equipment is not operating but has been
functionally tested to verify it is OPERABLE and capable of being placed
in-service, either AUTOMATICALLY or manually, within a specified time frame.
A group of PPS CHANNELS which monitor the same variable.
A PPS subassembly which receives trip signals from SUBSYSTEM INSTRUMENT
CHANNELS and provides a trip signal as an output when a sufficient number of
INSTRUMENT CHANNEL trips occur in a prescribed combination.
The interval between the time when a measured variable reaches the SETPOINT at
the SUBSYSTEM sensor and the time at which the SAFETY RODS release, the
pump starts to coast down, or the valve is open. It is the sum of the appropriate
CHANNEL RESPONSE TIME, logic RESPONSE TIME, ACTUATOR
CONTROLLER RESPONSE TIME and ACTUATOR RESPONSE TIME. The
RESPONSE TIME may be measured by means of any series of sequential,
overlapping, or total steps so that the entire RESPONSE TIME can be determined.


XENON RESTART Withdrawal of the SAFETY RODS with the intent of making the reactor critical,
following loss of startup reactivity due to xenon poisoning, after xenon poison
decays sufficiently to allow adequate startup reactivity.
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1.2 ORGANIZATION


The SAFETY and OPERATING LIMITS and their associated ACTIONS and su rveillances are
specified in Section 2 - SAFETY LIMITS, and Section 3/4 - LIMITING CONTROL SETTINGS
and LIMITING CONDITIONS for OPERATION. Section 2 is organized by the specific
SAFETY LIMIT (SL). Each SL has an applicability statement and an ACTION table. Section 3/4
is organized into general application and specific LIMITING CONTROL SETTINGS (LCS) or
LIMITING CONDITIONS for OPERATION (LCO). Section 3/4.0 establishes general
requirements applicable to all LCSs and LCOs. Sections 3 /4.1 through 3/4.9 provide specific LCS
and LCO requirements . Each LCS and LCO has an applicability statement(s), ACTION (s), and
su rveillance requirements . Many of the LCSs and LCOs specify limitations using tables to
describe parameters of components , such as valve alignment, instrumentation , or CORE power.


ACTION tables are set up in three columns that list the Conditions, Required Actions for the
pa rticular conditions , and the COMPLETION TIMES for the Required Action. The surveillance
tables list the su rveillance requirements and their accompanying su rveillance intervals.


Administrative Controls are specified in Section 5.


1.2.1 SAFETY AND OPERATING LIMITS


SAFETY LIMITS and OPERATING LIMITS maintain the facility operation within the safety
envelope established by SAR-153 (limit the consequences of high-probability events to those of
operational incidents).


1.2.1.1 SAFETY LIMITS


SAFETY LIMITS ( SLs) are limits on process variables associated with those physical
barriers that are necessary for the intended facility function and that are found to be
required to guard against the uncontrolled release of radioactivity.


The SAFETY LIMITS for the CORE are selected from the thermal-hydraulic
parameters and the LOBE power. The total CORE power is not a significant parameter
for operation compared to the LOBE power; therefore, the SAFETY LIMIT is on
LOBE power. For the CORE, the SLs are the values of each variable for which the
margin to CRITICAL HEAT FLUX (which includes flow instabilities that could lead
to rapid temperature increase) is at least 3a (standard deviations of the normal
distribution). SLs for the piping are selected from the design values considered for the
piping. For the primary coolant piping, the SLs are values that ensure the probability of
failure for the pressure boundary of the PRIMARY COOLANT SYSTEM is acceptably
low.


The parameters that have direct impact on the safety of the reactor through protection
of the barriers to fission product release are (a) LOBE stead)' state power, (b) CORE
differential pressure (high), (c) PRIMARY COOLANT SYSTEM (PCS) pressure,
(d) CORE flow rate (low CORE differential pressure), and (e) PCS fluid temperature.
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1.2 ORGANIZATION (continued)


Each SAFETY LIMIT describes as precisely as possible the parameters being limited
in measurable units (pressure, temperature, etc.). Applicability statements have been
provided to describe the mode(s) in which the SL shall be complied with. ACTION
statements describe the ACTION(s) to be taken when an SL is not met. Exceeding an
SL is a TSR violation and a reactor scram shall be IMMEDIATELY initiated and any
other applicable specific ACTION(s) completed. Follow up actions as described in
Section 5 Administrative Controls, include a technical evaluation to determine the
extent of damage and the OPERABILITY of the system(s) or component(s) and place
restrictions on approval for the restart of the affected system(s) or component(s).


1.2.1.2 General Application


Section 314.0 establishes the general requirements applicable to all LIMITING
CONTROL SETTINGS and LIMITING CONDITIONS for OPERATION, including
su rv eillance requirements , and apply at all times, unless otherwise stated. This section
provides guidance in a narrative format and does not contain ACTION and surveillance
tables. In general, the direction provided in this section is in itself a description of use
and application for LCSs. LCOs and SRs.


1.2.1.3 LIMITING CONTROL SETTINGS


LIMITING CONTROL SETTINGS (LCSs) are settings on safety systems that control
process variables to prevent exceeding SAFETY LIMITS during normal operation and
during Condition 2 events. The LCSs provide REACTOR SHUTDOWN through the
Reactor Shutdown System (RSS) as required in the accident analysis. The RSS is
designed to limit high-probability events to operational incidents (no damage to the
FUEL ELEMENT cladding).


The LCS( s) describe the RSS SETPOINT values, ACCURACY, and RESPONSE
TIMES for parameters in measurable units (pressure , temperature , etc.). Applicability
statements have been provided to describe the mode( s) in which the LCS shall be
complied with. ACTION statements describe the ACTIONS to be taken when an LCS
is not met.


If an AUTOMATIC safety system does not function as required, appropriate action
shall be taken to compensate for the failure of the AUTOMATIC safety systems. This
action may take the form of a REACTOR SHUTDOWN or ENGINEERED SAFETY
FEATURE initiation. Failure to comply with LCS requirements or ACTION(s) as
described in Section 5.4 Administrative Controls, constitutes a TSR violation and
follow up actions may be required as specified in AC 5.4.4.1


1.2.1.4 LIMITING CONDITIONS FOR OPERATION


LIMITING CONDITIONS for OPERATION (LCOs) are the lowest functional
capability or performance level of SAFETY-RELATED structures, systems, and
components (SSC) and their support systems required for normal safe operation of the
facility.
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1.2 ORGANIZATION (continued)


The LCO(s) describe SETPOINT values, ACCURACY, and RESPONSE TIMES for
parameters in measurable units (pressure, temperature, etc.). Applicability statements
have been provided to describe the mode(s) in which the LCO shall be complied with.
ACTION statements describe the ACTIONS to be taken when an LCO is not met.
Failure to comply with LCO requirements or ACTION(s) as described in Section 5.4
Administrative Controls, constitutes a TSR violation and follow up actions may be
required as specified in AC 5.4.4.2.


1.2.1.5 Surveillance Requirements


Surveillances are required to ensure that structures , systems, and components (SSC)
required for the safe operation of the reactor are OPERABLE and to ensure that
required ranges of parameters are maintained . Su rvei ll ance requirements are
requirements relating to tests , test intervals , CALIBRATIONS, or inspections to ensure
OPERABILITY of SAFETY-RELATED SSC and to ensure that the facility operation
will be within the SAFETY LIMITS and that the LIMITING CONTROL SETTINGS
and the LIMITING CONDITIONS for OPERATION will be met.


Since surveillance requirements must be met for all SSC to be considered OPERABLE,
failure to perform a surveillance within the required time interval or failure of a
surveillance test may result in the SSC being declared inoperable. Section 3/4.0
provides specific guidance for failing to meet or perform surveillance requirements and
places limitations on mode changes when all surveillance requirements for the SSC
required for the new condition are not met. Failure to comply with surveillance
requirements as described in Section 5.4 Administrative Controls, constitutes a TSR
violation and follow up actions may be required as specified in AC 54.4.3.


1.2.2 Administrative Controls


Administrative Controls are the requirements for organization and management,
procedures, record keeping, reviews and audits, and programs necessary to ensure safe
operation of the ATR in accordance with the other sections of the TSR. Among other
requirements, Administrative Controls contain the requirements for reporting
deviations from TSR, for staffing facility positions important to safe operation of the
ATR, and the physical and administrative controls of the nuclear criticality safety
program.


Administrative Controls (ACs) are in effect during all modes of applicability unless
otherwise stated within a particular AC. Failure to comply with an AC is considered a
TSR violation and follow up actions may be required as specified in AC 5.4.4.4. There
are three types of Administrative Controls; specific requirements (e.g., staffing, fuel
handling and storage requirements), requirements for establishing, implementing, and
maintaining institutional safety programs (e.g., fire protection, maintenance,
configuration management), and requirements for certain elements of institutional
safety programs (e.g., identification of configuration items, procedures for normal
operation). Programs and programmatic elements encompass a large number of details.
Noncompliance with a specific part or detail of a required TSR institutional safety
program or programmatic element (e.g., failure to identify or control an individual
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1.2 ORGANIZATION (continued)


configuration item) does not constitute failure to comply with the Administrative
Control unless it significantly increases the risk of facility operation. Noncompliance
with a specific requirement in the TSR Administrative Controls section (e.g., a fuel
handling or storage requirement) does constitute a failure to comply with the
Administrative Control. The specific categorization of each Administrative Control is
shown in the following table.


Specific Requirements Institutional Safet Pro rams and Pro rammatic Elements


AC 5.3.2.1, AC 5.4.3, AC 5.2.I, AC 5.2.2, AC 5.3.1, AC 5.3.2,2, AC 5.3,3.1, AC 5.3,3.2,
AC 5.4.4.1 a, AC 5.4.4.2 a, AC5.4.1.AC5.4.2.AC5,4.4.1b,c&d, AC 5.4.4.2b&c,
AC 5.4.4.3 a, AC 5.7.7.2. AC 5.4.43 Mc, AC 5.4.4.4, AC 5A.5, AC 5.5. 1 .AC 5.6.1, AC 5.6.2,


AC 5,7. 1, AC 5.7.2, AC 5.73, AC 5.7.4, AC 5.7.5, AC 5.7.6,
AC 5.7.7.1, AC 5.7.8, AC 5.7.9, AC 5.7. 10, AC 5.8. 1, AC 5.8.2,
AC5.$.3,AC5.8.4,AC5.$.5,AC5.$.6,AC5.8.7,AC5.9.1.
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1.3 MODE APPLICABILITY


The reactor operating conditions for which each Technical Safety Requirement applies is stated
with each requirement under the heading of Applicability. Table 1.3-1 provides a list of reactor
operating conditions or modes established for the ATR. The table distinguishes between different
modes of operation based on reactor power level, reactor vessel inlet pressure, AUTOMATIC or
MANUAL operation of EFIS and fuel loading. The modes described have been chosen in an
effort to provide definite lines of demarcation between modes, yet hold the number of modes to a
minimum.


It should be recognized that certain facility conditions exist or evolutions are performed in which
the modes listed in Table 1.3-1 are not linked directly to the condition. In these circumstances a
modifying description has been added to the modes to further distinguish the required conditions.
The most common example of a mode modifier is the term "with IRRADIATED FUEL
ELEMENTS". This modifier when used with a reactor operating condition such as
DEPRESSURIZED SHUTDOWN further describes and establishes a submode of
DEPRESSURIZED SHUTDOWN when the Reactor Vessel contains IRRADIATED FUEL
ELEMENTS. Following is a list of examples showing different modifiers or unique conditions
used throughout the TSR:


Modifiers


• For 30 minutes following


• ... (2 PCP) or (3 PCP)


• Prior to initial use in ...


Special Conditions


• All times


• During cask movement with IRRADIATED FUEL ELEMENTS in the Reactor
Vessel


• With IRRADIATED FUEL ELEMENTS in the canal


• PCP operation


• During CORE CHANGES


• Following POWER OPERATION


• When loop conditions are > 200°F and 750 psig (1,500 psig AHTL)


• until:


1. SR 4.5.1.2, FUEL ELEMENT cooling time, is met


OR


2. < I operating PCP.
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1.3 MODE APPLICABILITY (continued)


Table 1.3-1 Reactor Operating Condition


REACTOR
REACTOR OPERATING POWER LEVEL ADDITIONAL IDENTIFYING


CONDITION MW CONDITIONS METHODS OF CHANGING REACTOR OPERATING CONDITIONS


POWER OPERATION > 3 PCS at operating pressure Enter from LOW POWER OPERATION by increasing reactor power level.


RFIS in AUTOMATIC


LOW POWER < 3 PCS at operating pressure Enter from PRESSURIZED STANDBY by withdrawing SAFETY RODS with the
OPERATION intent of making the reactor critical . Enter from POWER OPERATION by


EFIS in AUTOMATIC reducing the reactor power level.


PRESSURIZED 0 PCS above atmospheric pressure Enter from POWER or LOW POWER OPERATION as a result of reactor scram
STANDBY or shutdown procedure . Enter from PRESSURIZED SHUTDOWN or REACTOR


EFTS in AUTOMATIC DEFUELED by establishing the PCS boundary with EFIS in AUTOMATIC.


PRESSURIZED 0 PCS above atmospheric pressure Enter from PRESSURIZED STANDBY by placing EFIS in MANUAL. Enter
SHUTDOWN ! from DEPRESSURIZED SHUTDOWN or REACTOR DEFUELED by


EFIS in MANUAL establishing the PCS boundary with EFISrn MANUAL._


DEPRESSURIZED 0.5 PCS at atmospheri c pressure Enter from DEPRESSURIZED SHUTDOWN by withdrawing SAFETY RODS
OPERATION with the intent of making the reactor critical.


EFIS in AUTOMATIC or MANUAL


DEPRESSURIZED 0 PCS at atmospheri c pressure Enter from DEPRESSURIZED OPERATION as a result of reactor scram or
SHUTDOWN shutdown procedure . Enter from PRESSURIZED SHUTDOWN or


EFIS in AUTOMATIC or MANUAL PRESSURIZED STANDBY by opening a Vessel Vent valve or equivalent (above
CORE elevation ). Enter from REACTOR DEFUELED by loading a FUEL
ELEMENT into the reactor vessel.


REACTOR DEFUELED 0 PCS at atmospheric pressure Enter from DEPRESSURIZED SHUTDOWN by removing all FUEL
ELEMENTS from the Reactor Vessel. (Fueled EXPERIMENTS may remain in


EFIS not required the CORE.) Enter from PRESSURIZED STANDBY or PRESSURIZED
SHUTDOWN by opening a Vessel Vent valve or equivalent (above CORE
elevation).


,4
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1.4 LOGICAL CONNECTORS


1.4.1 Discussion


Logical connectors are used in the TSR to discriminate between, and yet connect, discrete
Conditions, Required Actions, COMPLETION TIMES, Surveillances, and Frequencies. The only
logical connectors that appear in the TSR are AND and OR. The physical arrangement
(e.g., indentation) of these connectors constitutes logical conventions with specific meanings.


Several levels of logic may be used to state Required Actions. These levels are identified by the
placement (or nesting) of the logical connectors and by the number assigned to the Required
Action. The first level of logic is identified by the first digit of the number assigned to a Required
Action and the placement of the logical connector in the first level of nesting (i.e., left justified
with the number of the Required Action). The successive levels of logic are identified by
additional digits of the Required Action number and successive indentations of the logical
connectors.


When logical connectors are used to state a Condition, COMPLETION TIME, Surveillance, or
Frequency, only the first level of logic is used, and the logical connector is left justified with the
statement of Condition, COMPLETION TIME, Surveillance, or Frequency. Nesting of logical
connectors is used in Required Actions as needed to convey the requirements.


1.4.2 Examples


The following examples illustrate the use of logical connectors.


Example 1.4.2-I
ACTIONS:


CONDITION REQUIRED ACTION COMPLETION TIME


A. LCO not met. A.I Verify


AND


A.2 Restore ...


In this example the logical connector AND is used to indicate that when in Condition A, both
Required Actions A. I and A.2 must be completed.
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1.4 LOGICAL CONNECTORS (continued)


ACTIONS:


CONDITION


A. LCO not met.


Example 1.4.2-2


REQUIRED ACTION COMPLETION TIME


A.1 Restore ...


OR


A.2.1 Trip ,..


AND


A.2.2.1 Verify


OR
A.2.2.2 Reduce...


OR
A.3 Scram the reactor.


This example represents a more complicated use of logical connectors. Required Actions A. 1,
A.2, and A.3 are alternative choices, only one of which must be performed as indicated by the use
of the logical connector OR and the left justified placement. Any one of these three ACTIONS
may be chosen. If A.2 is chosen, then both A.2.1 and A.2.2 must be performed as indicated by the
logical connector AND. Required Action A.2.2 is met by performing A,2,2.1 or A.2.2.2. The
indented position of the logical connector OR indicates that A,2.2.1 and A,2.2.2 are alternative
choices, only one of which must be performed.
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1.5 COMPLETION TIMES


15.1 Discussion


LIMITING CONDITIONS for OPERATION specify minimum requirements for ensuring safe
operation of the facility. The ACTIONS associated with an LCO state Conditions that typically
describe ways in which the requirements of the LCO can fail to be met. Specified with each stated
Condition are Required Action(s) and COMPLETION TIME(S).


COMPLETION TIME is the time interval allowed to complete an ACTION. It is referenced to
the time a situation (e.g., inoperable equipment or process variable not within limits) is
discovered that requires entering an ACTIONS Condition, provided the facility is in the operating
condition as stated in the applicability statement. The Required Action(s) must be completed
before the specified COMPLETION TIME expires. An ACTIONS Condition remains in effect
and the Required Actions apply until the Condition no longer exists or the system or facility is no
longer within the LCO Applicability.


If situations are discovered that require entry into more than one Condition at a time within a
single LCO (multiple Conditions), the Required Actions should be performed within their
associated COMPLETION TIME. When in multiple Conditions, each COMPLETION TIME
shall be tracked separately starting from the time of discovery of the situation that required entry
into the Condition.


Once a condition has been entered, subsequent failures or process variables discovered to be not
within limits, will result in a separate entry into the Condition. The Required Actions of the
Condition apply to each additional failure, with the COMPLETION TIMES based on the entry
time for each failure.


IMMEDIATE When IMMEDIATELY is used as a COMPLETION TIME, the Required Action is
COMPLETION to be pursued without delay and in a controlled manner.
TIME A COMPLETION TIME of IMMEDIATELY is used throughout the TSR when the


intent is to take ACTION as soon as practical in a controlled manner. Typically,
most ACTIONS can be completed within a few minutes; however conditions /
evolutions may exist that require longer time periods to complete the ACTION. In
these circumstances it is not desirable to provide a finite time period for completion
since the intent is to initiate ACTION once the condition has been detected;
however performance of the ACTIONS may require a undetermined time period for
safe, effective completion.


The following examples illustrate the use of COMPLETION TIMES with different types of
conditions and changing conditions,


1-17
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1.5 COMPLETION TIMES (continued)


1 .5 .2 Examples


ACTIONS:
Example 1.5.2-1


CONDITION RE UIRED ACTION COMPLETION TIME


A. LCO not met. A.] Verify ...
AND


A.2 Reduce ...


2 Hours


4 Hours


Condition A has two Required Actions. Each Required Action has its own separate
COMPLETION TIME. Each COMPLETION TIME is referenced to the time Condition A is
entered.


The Required Actions of Condition A are to verify- within 2 hours AND to reduce ... within
4 hours. A total of 2 hours is allowed for verifying ... and a total of 4 hours (not 6 hours) for
reducing ...


ACTIONS:


CONDITION


F A. LCO not met.


Example 1.5.2-2


REQUIRED ACTION


A.] Restore ...


OR


A.2 Reduce ...


COMPLETION TIME


0 Minutes


Condition A provides a choice of either A.I OR A2 as Required Actions. The COMPLETION
TIME of 30 minutes applies to either of the choices. When only one COMPLETION TIME is
stated for a condition, the time applies to all Required Actions.


ACTIONS:


CONDITION


Example 1.5.2-3


REQUIRED ACTION


A. LCO not met. A. 1 Declare system inoperable.


AND


A.2 Verify pressure greater
than ...


COMPLETION TIME


MMEDIATELY


Every 8 Hours


When the LCO has not been met the Required Action A.2 requires repetitive verification
(identified by the term "Every") on an interval of 8 hours. The initial completion of A.2 must be
within 8 hours of entering Condition A. A 25% extension is allowed for completion of repetitive
ACTIONS (as allowed for in SR 4.0.2), thus each succeeding verification may be performed
within 1.25 times the specified 8 hour interval or 10 hours.
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1.5 COMPLETION TIMES (continued)


ACTIONS:


A. Pu


CONDITION


P perable.n


Required Action and
associated COMPLETION
TIME of Condition A not
met.


Example 1.5.2-4


REQUIRED ACTION


A.1 Restore pump
OPERABILITY.


B.1 Verify ...


AND


B.2 Reduce ...


COMPLETION TIME


0 Minutes


4 Hours


8 Hours


When the pump is declared inoperable , Condition A is entered. If the pump is not restored to
OPERABLE status within 30 minutes , Condition B is entered and the COMPLETION TIME
clocks for ACTIONS B.1 and B . 2 start. If the inoperable pump is restored to OPERABLE status
after Condition B is entered , Condition A and B are exited, and therefore , the Required Actions of
Condition B may be terminated.


ACTIONS:


CONDITION COMPLETION TIME


Example 1.5.2-5


REQUIRED ACTION


C. LEAKAGE greater than I C.1 Reduce LEAKAGE to
10 gpm. 10 gpm or less.


Prior to entering LOW
POWER OPERATION


In this example an LCO limit on LEAKAGE for a system prior to entering a mode change into
LOW POWER OPERATION has been exceeded. The Required Action for reducing the leakage
to less than 10 gpm does not have a finite COMPLETION TIME but must be completed prior to
entering the LOW POWER OPERATION mode. Where a COMPLETION TIME is based upon
changing modes of operation, continued operation in the present mode is considered acceptable
for an indefinite period of time unless otherwise specified.
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1.6 FREQUENCY NOTATIONS


1.6.1 Discussion


Tab


Each Surveillance Requirement (SR) has a specified frequency which must be met in order to
meet the associated LCO. Frequency notation may at times be used to specify surveillance
intervals. The frequency notations are listed in Table 1.6.1-1.


1.6. Fr uencv Notation


NOTATION FREQUENCY


Each Shift-- ----------- At l east once per 12 hours--------------------------
Daily At least once per 24 hours


Weekly At least once per 7 days


Monthly At least once per 31 days


Semi-Annually At least once per 184 days


Annually/Yearly


Startup


At least once per 366 days


Prior to SCHEDULED STARTUP OR XENON RESTART


NOTE
Does not include POWER RECOVERY


1.6.2 Examples


The followin e amples illustrate the various ways that frequencies are specified.


SURVEILLANCE REQUIREMENTS-
Example 1.6.2-1


Verify CALIBRATION j Annually


Example 1. 6.2-1 contains the type of SR most often encountered in the TSR. The frequency
specifies an interval of (Annually) during which the associated Surveillance must be performed at
least one time. Performance of the Surveillance initiates the subsequent interval. Although the
Frequency is stated as Annually, an extension of the time interval to 1.25 times the interval
specified is allowed by SR 4.0.2 for operational flexibility. The measurement of this interval
continues at all times even when the SR is not required to be met per SR 4.0.1 (such as when the
equipment is inoperable or when the unit is outside the applicability of the LCO).


If the interval specified (plus the 25% extension) is exceeded while the system or facility is in a
mode where the surveillance is required, then SR 4.0.3 provides guidance to complete the SR
within 24 hours or the specified frequency, whichever is less.
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1.6 FREQUENCY NOTATIONS (continued)


If the interval specified (plus the 25% extension) is exceeded while the system or facility is not in
a mode where the surveillance is required, the Surveillance must be performed within the
frequency requirements prior to entry into the mode or specified condition. Failure to do so would
result in a violation of SR 4.0.4.


Example 1.6.2-2


SURVE ANCE REQUIREMENTS:


SR 4 SURVEILLANCE REQUIREMENT


Verify connection valves
(critical Firewater path) are open.


Example 1,6.2-2 has two frequencies. The first one is a one time performance frequency and the
second one is of a type shown in Example 1.6.2-1. The logical connector AND indicates that both
Frequency requirements must be met. The use of -startup" indicates a single performance as
defined in Table 1.6.1-1. This type of frequency does not qualify for the extension allowed by
SR 4,0.2.


Table 1.6.1-1 defines "startup" as "Prior to SCHEDULED STARTUP OR XENON RESTART".
The surveillance must be performed prior to each startup. The use of "monthly" indicates that the
surveillance requirement must be repeated each month (extension applies) during applicability.
There are no time restrictions associated with "startup" that limit the performance of the SR
within a finite time prior to startup; however the SR must be performed after any activity that
may invalidate the SR. If the SR was performed and subsequently invalidated for any reason, the
SR must be performed again to comply with SR 4.0.4.


Example 1.6.2-3


SURVEI ANCE REQUIREMENTS:


SR#
I SURVEILLANCE REQUIREMENT


Verify charger supplying E-11 {A through D Prior to enterin


QUENCY


P Ann icabili


Example 1.6.2-3 contains the type of SR commonly used in the TSR. Prior to entering any single
mode listed in an LCOs Applicability, the requirement of the LCO surveillance must be met.
Since the same surveillance applies to each mode individually, it can be considered to apply to all
listed modes as a group. Thus, when a Surveillance has a frequency of prior to entering
Applicability, the Surveillance must only be completed prior to entry into any one of the modes
listed, but not prior to subsequent entry into other listed mode(s). As long as the system remains
in one of the applicable modes the Surveillance Requirement continues to met. If the system is
subsequently configured such that none of the listed modes are Applicable, then the surveillance
must again be performed once prior to entering any of the Applicable modes.
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1.6 FREQUENCY NOTATIONS (continued)


There are no time restrictions associated with "prior to Applicability" that limit the performance
of the SR within a finite time. However, if the SR was performed and subsequently invalidated
for any reason, the SR must be performed again to comply with SR 4.0.4. This type of frequency
does not qualify for the extension allowed by SR 4.0.2.


Consider as an initial condition, the reactor operating at 100 MWs and the Applicability for an
LCO is as follows:


APPLICABILITY:


• POWER OPERATION


• For 30 minutes following POWER OPERATION


• LOW POWER OPERATION


PRESSURIZED STANDBY


PRESSURIZED SHUTDOWN


• DEPRESSURIZED OPERATION


• DEPRESSURIZED SHUTDOWN with IRRADIATED FUEL ELEMENTS in the
Reactor Vessel


• >_ 2 PCP Operation.


This concept is illustrated in the following example. If the reactor is shutdown for a
SCHEDULED OUTAGE, all Surveillances must be maintained current and mode Applicability
will exist until all IRRADIATED FUEL ELEMENTS have been discharged from the Reactor
Vessel. Mode Applicability could again be entered by several different evolutions e.g., reloading
IRRADIATED FUEL ELEMENTS, pressurizing the PCS with EFIS in MANUAL
(PRESSURIZED SHUTDOWN) or EFIS in AUTOMATIC (PRESSURIZED STANDBY), or by
withdrawing SAFETY RODS for DEPRESSURIZED OPERATION. For this example, the
reactor will be returned to 100 MW operation. Mode Applicability will be entered by loading an
IRRADIATED FUEL ELEMENT in the Reactor Vessel. The surveillance is required prior to
entering Applicability (i.e., loading the first IRRADIATED FUEL ELEMENT) and is maintained
(is not to be performed again) through all subsequent Applicable mode changes. The surveillance
is required only once since mode Applicability is maintained from the time the first
IRRADIATED FUEL ELEMENT was loaded and continues during 100 MW POWER
OPERATION.
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2.1 CORE THERMAL PERFORMANCE PARAMETERS


2.1.1 STEADY-STATE POWER


SL: LOBE steady-state power sha ll not exceed (POWER OPERATION):


88.5 MW for operation with two PCP.
OR
96.0 MW for operation with three PCP.


CORE steady-state power shall not exceed (DEPRESSURIZED OPERATION):


7.3 MW


APPLICABILITY:


• POWER OPERATION
• DEPRESSURIZED OPERATION


ACTIONS:


CONDITION REQUIRED ACTION COMPLETION TIME


A. LOBE or CORE Power A.1 Scram the reactor.
above limit.


IMMEDIATELY







2.0 SAFETY LIMITS


2.1 CORE THERMAL PERFORMANCE PARAMETERS


2.1.2 REACTOR VESSEL DIFFERENTIAL PRESSURE (LOW)


SL: Reactor Vessel Differential Pressure shall not be less than:


30.6 psid for operation with two PCPs.


OR


39.3 psid for operation with three PCPs.


APPLICABILITY:


• POWER OPERATION
• LOW POWER OPERATION


ACTIONS:


CONDITION


A Differential Pressure below
the limit with SAFETY
RODS not released.


RE UIRED ACTION


A.I Scram the reactor.


TSR-186
Revision: 2
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2.1 CORE THERMAL PERFORMANCE PARAMETERS


2.1.3 REACTOR INLET PRESSURE


SL: Reactor Inlet Pressure (measured in the 36 -inch inlet piping to the vessel) shall not be less
than :


146.7 psig for operation with two PCP.


OR


170.6 psig for operation with three PCP.


APPLICABILITY:


POWER OPERATION
LOW POWER OPERATION


ACTIONS:


CONDITION REQUIRED ACTION CO PLETION T E


EDIATELYA. Inlet Pressure below the limit A.I Scram the reactor.
with SAFETY RODS not
released.
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2.1 CORE THERMAL PERFORMANCE PARAMETERS


2.1.4 REACTOR COOLANT FLOW


SL: Reactor Coolant Flow shall not be less than 302 gpm.


APPLICABILITY:


DEPRESSURIZED OPERATION


ACTIONS:


CONDITION REQUIRED ACTION


A. Coolant Flow below the Ii
with SAFETY RODS not
released.


A.I Scram the reactor. IMMEDIATELY
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2.2 PRIMARY COOLANT SYSTEM


2.2.1 PRIMARY COOLANT SYSTEM PRESSURE


SL: The PCS pressure shall not exceed:


a. 634 psig, pump discharge to the first block valve,
b. 533 psig, first block valve to butterfly valve.
c. 468 psig, butterfly valve to Reactor Vessel outlet.
d. 429 psig, Reactor Vessel outlet to pump suction.


APPLICABILITY:


• All times


ACTIONS:


CONDITION , REQUIRED ACTION COMPLETION TIME


A. Pressure limit(s) A.1 Verify reactor scram. IMMEDIATELY
exceeded. AND


NOTE
Pressurizing and Gland Seal Pump operation is
allowed to maintain CORE inventory or to
suppo rt evolutions required by a radiological
assessment.


A.2 Cease operation of Pressurizing and Gland IMMEDIATELY
Seal Pumps.


AND


NOTE
If a FISSION BREAK is suspected, perform a
radiological assessment prior to reducing PCS
pressure to atmospheric.


A.3 Be in DEPRESSURIZED SHUTDOWN. 2 Hours or per
i radiological assessment
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2.2 PRIMARY COOLANT SYSTEM


2.2.2 PRIMARY COOLANT SYSTEM TEMPERATURE


SL: The PCS Temperature shall not exceed 240°F.


APPLICABILITY:


• All times


ACTIONS:


CONDITION REQUIRED ACTION COMPLETION TIME


A. PCS temperature linut A.l Verify reactor scram. IMMEDIATELY
exceeded. AND


NOTE
If a FISSION BREAK is suspected,
perform a radiological assessment prior to
reducing PCS pressure to atmo s pheric.


NOTE
If a FISSION BREAK is suspected, PCS
feed and bleed is only allowed if approved
by a rad i ological assessment.


A.2 Establish a method to reduce PCS IMMEDIATELY or per
temperature to 5 240°F. radiological assessment
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2222 PRIMARY COOLANT SYSTEM


2.2.3 REACTOR VESSEL DIFFERENTIAL PRESSURE (HIGH)


SL: The Reactor Vessel Differential Pressure shall not exceed 150 psid.


APPLICABILITY:


• All times


ACTIONS:


CONDITION RE UIRED ACTION _ CO


High Vessel Differential A.1 Verify reactor scram . IMMEDIATELY
'a�A


AIY]


A.2 Reduce the PCS flow until 30 Minutes
differential pressure 150 psid
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2,2 PRIMARY COOLANT SYSTEM


2,2.3 REACTOR VESSEL DIFFERENTIAL PRESSURE (HIGH)
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314.0 GENERAL APPLICATION


3.0 LIMITING CONDITIONS FOR OPERATION


LCO 3.0.] LCOs shall be met during the modes and other specified conditions identified in the
Applicabilit statement, except as provided in LCO 3.0.2.


LCO 3.0.2 Upon discovery of a failure to meet an LCO, the associated ACTIONS shall be met. If
the LCO is restored or is no longer applicable before the specified COMPLETION
TIME(S)ei res, completion of the ACTION is not requ ired, unl es s otherwise stated.


LCO 3.0.3 When an LCO is not met and the associated ACTIONS are not met or an ACTION is
not provided, the facility shall be placed in a mode or other specified condition in which
the LCO is not applicable. Activities shall be initiated to place the affected system(s) or
facility in a mode or other specified condition in which the LCO is not applicable within
1 hour. When the appropriate ACTIONS have been determined for placing the system
or facility in a mode in which the LCO is not applicable, the COMPLETION TIME of
the ACTIONS shall be IMMEDIATELY.


Where corrective measures are completed that permit operation in accordance with the
LCO or ACTIONS, completion of the ACTIONS required by LCO 3.0.3 are not
required.


LCO 3.0.4 A mode or other specified condition in the Applicability shall not be entered, if doing so
results in an LCO not being met, except when the associated ACTIONS to be entered
permit continued operation for an unlimited period of time. LCO 3,0.4 shall not prevent
changes in modes or other specified conditions in the Applicability that are required to
comply with ACTIONS.


If while operating within an ACTION a power reduction occurs, re-entry into modes or
other specified Conditions in the applicability is allowed during POWER RECOVERY,
when the ACTIONS to be entered permit operation for a limited time. The
COMPLETION TIME remains as the time from which the Condition was initially
entered.


Exceptions to LCO 3.0.4 are stated in the individual LCOs. When an individual LCO
states that LCO 3.0.4 does not apply, then it allows entry into modes or other specified
conditions in the Applicability when the associated ACTIONS to be entered permit
operation in the mode or other secpified condition for only a limited time.


LCO 3.0.5 Equipment removed from service or declared inoperable to comply with ACTIONS may
be returned to service tinder administrative control solely to perform testing required to
demonstrate its OPERABILITY or the OPERABILITY of other equipment. This is an
exception to LCO 3.0.2 for the system returned to service tinder administrative control.
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3/4.0 GENERAL APPLICATION


4.0 SURVEILLANCE REQUIREMENTS


SR 4.0.1 SRs shall be met during the modes or other specified conditions in the Applicability for
individual LCOs unless otherwise stated in the SR. Failure to meet a surveillance
required for LCO compliance (whether such failure is experienced during the
performance of the surveillance or between performances of the surveillance) shall
constitute failure to meet the LCO. Failure to perform a surveillance within the specified
frequency shall constitute failure to meet the LCO, except as provided in SR 4.0.3.
Surveillances do not have to be performed on inoperable equipment or variables outside
specified limits.


SR 4.0.2 The specified frequency for each SR is met if the surveillance is performed within
1.25 times the interval specified in the frequency, as measured from the previous
performance or as measured from the time a specified condition of the frequency is met.


For frequencies that are required to be performed only once or that are linked to a
specific event, the above interval extension does not apply.


If a COMPLETION TIME for an ACTION statement requires repetitive performance
on a time interval, the above frequency extension applies to each performance after the
initial performance .


SR 4.0.3 If it is discovered that a surveillance required for LCO compliance was not performed
within its specified frequency, compliance with the requirement to declare the LCO not
met may be delayed from the time of discovery up to 24 hours or up to the limit of the
specified frequency, whichever is less. This delay period is permitted to allow
performance of the surveillance.


If the surveillance is not performed within the delay period, the LCO shall
IMMEDIATELY be declared not met, and the applicable ACTIONS shall be entered.
The COMPLETION TIMES of the ACTIONS begin IMMEDIATELY on expiration of
the delay period. When the surveillance is performed within the delay period and the
surveillance is not met, the LCO shall IMMEDIATELY be declared not met, and the
applicable ACTIONS shall be entered- The COMPLETION TIMES of the ACTIONS
begin IMMEDIATELY on failu re of the su rveillance .


SR 4.0.4 Entry into a mode or other specified condition in the Applicability of an LCO shall not
be made unless the LCO's surveillances have been met within their stated surveillance
interval or as otherwise specified. This provision shall not prevent passage through or to
Modes or other specified conditions in the Applicability that are required to comply with
ACTIONS.
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5.0 ADMINISTRATIVE CONTROLS


5.1 PURPOSE


Administrative Controls are the requirements for organization and management, procedures, record
keeping, reviews and audits, and programs necessary to ensure safe operation of the ATR such that
it meets the Technical Safety Requirements.


Administrative Controls (ACs) apply to all activities at the ATR during all REACTOR
OPERATING CONDITIONS unless otherwise stated with the particular AC.


5.2 MANAGEMENT RESPONSIBILITIES


AC 5.2.1 The ATR Operations Manager shall be responsible for the following:


a. Overall facility operation and shall establish a policy for the succession to his
authority during his absence.


b. Ensuring that the ATR is operated and surveillances are conducted in accordance
with the ATR TSR.


c. Establishing controls and policies that ensure operations are conducted following
approved procedures.


d. Ensuring that each on-duty shift shall be composed of at least the minimum shift
crew composition required in AC 5.3.2.


Ensure approved administrative procedures establish overtime and stress
guidance for general working conditions that include the maximum number of
consecutive working hours and maximum number of consecutive days.


AC 5.2.2 The Shift Supervisor (SS) shall be responsible for the local command function of the
facility. During any absence of the SS a certified Senior Reactor Operator (SRO) shall
be designated to assume the local command function.
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5.3 ORGANIZATION AND STAFFING


AC 5.3.1 Organization chart updates showing the operations line of authority shall be available to
DOE-ID. Organization charts shall show the lines of authority, responsibility, and
communication directly affecting ATR. The organization charts shall include operation
staff, training, radiation control, and quality assurance support as well as technical and
craft support.


AC 5.3.2 Minimum Operations Shift Complement and Actions


AC 5.3.2.1 The minimum allowable ATR staff for various plant conditions shall be as
follows:


a, During REACTOR OPERATION.


I. A certified RO or SRO shall be at the controls.


2. A certified SRO shall be in the Reactor Control Room.


3. Minimum Reactor Control Room staffing shall be two.


4. An Experiment Operator (EO) shall be in the vicinity of the loop
control consoles to act on alarms.


5. A qualified operator capable of responding to areas outside of
building TRA-670 to take accident mitigating action in addition to
the staffing requirements for RO, SRO, and EO noted above.


b. During REACTOR SHUTDOWN with two or more fuel elements in
the CORE.


NOTE
Not applicable if physical restraints are in place to prevent changes in
reactivity.


1. An RO shall beat the controls.


During CORE CHANGES through the reactor vessel refueling ports.


1. An SRO certified for fissile material handling shall be at the
reactor top with no other duties except supervision of CORE
CHANGES.


d. During CORE CHANGES other than through the reactor vessel
refueling ports.


1. An SRO certified for fissile material handling shall directly
supervise personnel perforating the changes.
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5.3 ORGANIZATION AND STAFFING (continued)


e. Radiological Control Technician (RCT) staffing.


1. An RCT shall be available at TRA at all times. The RCT may
respond to requests for emergency assistance in areas outside
TRA, provided that no work requiring constant radiological
surveillance is in progress or is begun during the RCT absence.


f During REACTOR SHUTDOWN with IRRADIATED FUEL
ELEMENTS in the reactor vessel.


1. A qualified operator capable of responding to areas outside of
building TRA-670 to take accident mitigating action.


AC 5.3.2.2 Approved administrative procedures shall define (a) the specific areas
where the RO and SRO must remain to be considered "at the reactor
controls" and "in the reactor control room," (b) the emergency conditions
under which the RCT may be called away from TRA, and (c) the specific
areas where the EO must remain to be considered "in the vicinity."


AC 5.3.3 Operating So ort


AC 5.3.3.1 A list of facility support personnel by name, title, and work and home
telephone number shall be available to operating staff. The list shall be
current (updated quarterly) and shall include as a minimum Operations
management, a radiation engineer, and key mechanical, electrical, reactor
safety, and maintenance specialists.


AC 5.3.3.2 The minimum supporting staff required during any operational shift shall
be available. Minimum supporting staff is those personnel required to
administer and effectively carry out the responsibilities of the programs
listed under AC 5.7 during the shift.
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5.4 TECHNICAL SAFETY REQUIREMENTS


AC 5.4.1 General


The TSR Shall:


a. Be prepared, independently reviewed, and approved in accordance with DOE
Order 5480.22.


b, Define the controls to ensure the ATR remains within the safe operating envelope
defined in SAR-153. The TSRs formally document the requirements in the
following sections:


1. Use and Application.


2. SAFETY LIMITS.


3/4. OPERATING LIMITS, which include LIMITING CONTROL SETTINGS.
LIMITING CONDITIONS FOR OPERATION, Su rvei llance Requirements.


5. Administrative controls.


c. Be complied with except for reasonable action taken in an emergency when this
action is immediately needed to protect the health and safety of workers and the
public, and when ACTION consistent with the TSR is not immediately apparent.


d. Be procedurally controlled to require that changes are:


1. Prepared with a submittal package, including a description of the revision,
justification for the change, and supporting analysis.


2. Reviewed and approved by the contractor.


3. Approved by the DOE prior to incorporation of the TSR change.


NOTE
Changes to the TSR Bases do not require DOE approval if they meet the
conditions of Section 5.4.5.


AC 5.4.2 Compliance


The Contractor is responsible for ensuring the requirements of the ATR TSR are met.
Compliance shall be demonstrated by:


a. Operating within the SLs.


b. Operating within the LCSs, LCOs, and the associated SRs during their
applicability.


c. Operating within the ACTIONS of LCSs and LCOs when required.


d. Performing all SRs as required.


e. Establishing, implementing, and maintaining the required ACs.
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5A TECHNICAL SAFETY REQUIREMENTS (continued)


AC 5.4.3 Violation of TSR


Violations of the TSR occur as a result of the following:


a. Exceeding an SL.


b. Failure to perform an ACTION within the required COMPLETION TIME,
including LCO 3.0.3, following:


1. Exceeding an LCS.
2. Failure to meet an LCO.
3. Failure to successfu ll y meet an SR.


c. Failure to perform a surveillance within the required frequency.


d. Failure to comply with an AC (as specified in Section 1.2.2).


AC 5.4 .4 Response to TSR Violations


AC 5.4.4.1 Response to Safety Limit Violations.


If an SL is violated proceed as follows:


a. Place the facility in a safe condition in accordance with SL
ACTIONS.


b. Notify DOE of the violation in accordance with DOE 0 232.1.


c. Prepare an Occurrence Report in accordance with DOE O 232.1.


d. Perform and document a technical evaluation of the SL violation to
determine if any damage has occurred, evaluate the capacity of the
facility to restart, and obtain DOE approval prior to restart.


AC 5.4.4.2 Response to an LCS or LCO Violation.


If a TSR violation occurs as a result of the failure to perform an ACTION
within the required COMPLETION TIME, including LCO 3.0.3,
following the failure to meet an LCO or exceeding an LCS, proceed as
follows:


a. Place the facility in a safe condition by entering LCO 3.0.3.


b. Notify DOE of the violation in accordance with DOE 0 232.1.


c. Prepare an Occurrence Report in accordance with DOE 0 232.1.
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5.4 TECHNICAL SAFETY REQUIREMENTS (continued)


AC 5.4,4.3 Response to an SR Violation.


If an SR has not been successfully performed within the required
frequency, proceed as follows:


a. Perform the SR as provided in SR 4.0.3.


1. If the SR is successfully met, Exit SR 4.0.3 and continue
operation in a compliant condition.


2. If the SR is not successfully met, enter the ACTIONS of the
applicable LCO.


b. Notify DOE of the violation in accordance with DOE O 232.1.


c. Prepare an Occurrence Report in accordance with DOE 0 232.1.


AC 5.4.4.4 Response for failure to comply with an AC.


If an AC is has not been complied with, proceed as follows:


a. Notify DOE of the violation in accordance with DOE O 232.1.


b. Prepare an Occurrence Report in accordance with DOE O 232.1.


c. Prepare a recovery plan describing the steps leading to compliance
with the AC.


d. Perform and document a technical evaluation of the AC violation to
determine if any damage has occurred.


AC 5.4.5 TSR Bases Control


Changes may be made to the TSR Bases without prior DOE approval provided the
changes do not involve any of the following:


a. A change to the TSR,


b. A change to SAR-153 that involves an unreviewed safety question as defined by 10
CFR 830.


c. A change to the way that operability or the TSR could be met, applied, or
interpreted.


Proposed changes that meet the criteria of (a), (b), or (c) above shall be reviewed and
approved by the DOE prior to implementation. Changes to the Basis that may be
implemented without prior DOE approval shall be provided to the DOE for information
at least annually.
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5.5 PROCEDURES


AC 5.5.1 Procedures shall be established,
following activities:


p tried, maintained, and controlled that govern the


a. Administrative aspects of operation of the ATR.


b. Normal operation of the ATR,


c. Emergency operation of the ATR.


d. Surveillance requirements specified in Section 3/4 of the TSR.


e. Surveillance activities to support and maintain operation including:


Reactor Sta rt up (initial critical evaluati on).
Safety instrument performance.
INSERVICE INSPECTION plan completion.


Procedure creation, review, approval, revision, and temporary changes.
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5.6 RECORD KEEPING


AC 5.6.1 Record creation and retention practices shall be in accordance with configuration
management of documents and plant modification and the quality assurance programs.


AC 5.6.2 The following documents shall be created and retained as records:


a. Records and logs of facility operation.


b. Records and logs of principal maintenance activities, inspections, repairs, and
replacements of principal equipment items related to nuclear safety.


c. All reportable events and occurrences,


d. Records of surveillance activities, inspections, and calibrations required by the
TSR.


e. Records of changes made to procedures supporting the TSR.


f. Records and drawing changes reflecting facility design modifications made to


g


Ii. Records ofgaseous and liquid radioactive material released to the environment.


i. Records of radioactive material releases.


j. Records of principal facility tests and experiments.


k. Records of unreviewed safety question (USQ) determinations performed for changes
made to procedures or equipment, or USQ determinations for tests and experiments.


1. Records of fuel inventory, loading and storage,


systems and equipment described in SAR-153.


Records of radiation exposure for all individuals entering radiologically controlled
areas.
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5.7 PROGRAMS


AC 5.7.1 Configuration Management Control


A program shall be established, implemented, and maintained for the control of ATR
configuration including both documents and facility structures, systems, and
components, including software. The program shall have the following elements:


a. Establish policy and responsibilities for configuration management.


b. Identify and document configuration items. Configuration items shall include
documents that apply to design, construction, and operation of the ATR. The
configuration items should also include documents that support the safety basis such
as, SAR-153, TSR, operating, maintenance, and training manuals, program
implementation plans, procedures, and manuals.


c. Establish verification, validation, and acceptance criteria for configuration items.


d. Establish review and approval of configuration items,


e. Establish control of configuration changes and review and approval of changes.


AC 5.7.2 Emergency Preparedness


A program shall be established, implemented, and maintained for the control of facility
emergencies and the response thereof to protect personnel, property, and the
environment. The program shall have the following elements:


a. Establish a policy and responsibilities for emergency preparedness,


b_ Establish specific procedures and actions to be taken to minimize injuries to
personnel, damage to property, and impact on the environment.


c. Base planning and preparedness on and commensurate with the major hazards and
consequences.


d. Consider operational emergencies including incidents involving hazardous material,
fires, explosions, natural phenomena, and terrorist threats or acts.


e. Establish training, drills, and exercises for emergency preparedness with an annual
independent audit.
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5.7 PROGRAMS (continued)


AC 5.7.3 Fire Protection


A program shall be established, implemented, and maintained for the control of fire
protection. The program shall have the following elements:


a. Establish a policy and responsibilities for the control of fire protection.


b. Minimize the threats to public health or welfare resulting from fire, hazards to site
personnel from a fire, delays to important DOE programs as a result of a fire, and
minimize the extent of property damage to a manageable level.


c. Minimize the potential for the occurrence of a fire and hazards associated with a
fire.


d. Establish a defense-in-depth fire-protection philosophy.


e. Establish responsibility, accountability, and authority for fire protection compliance.


AC 5.7.4 Hazardous Materials Protection


A program shall be established, implemented, and maintained for the control of
hazardous materials for protection of site personnel and the public health and welfare.
The program shall have the following elements:


a. Establish the policy and the responsibilities for hazardous material protection.


b. Incorporate the as-lore-as-reasonably-achievable (ALARA) philosophy for
personnel exposures. Eliminate or control all potential health hazards to the
ALARA level while allowing efficient conduct of operations.


c. Incorporate an industrial hygiene program and policy to provide a work place free
from recognized hazards and protect personnel against recognized hazards. Control
the level of hazardous materials to which personnel may, at times, be exposed.


d. Incorporate bioassay and medical monitoring.


AC 5.7.5 Inservice Insepction


A program shall be established, implemented, and maintained for the control of inservice
inspection. The program shall have the following elements:


a. Establish a policy and responsibilities for the control of inservice inspection.


b. Identify and document structures, systems, and components for which periodic,
systematic, and comprehensive inspection or testing will be implemented.


AC 5.7.6 Maintenance


A program shall be established, implemented, and maintained for the control of
maintenance of the ATR and supporting facilities.
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5.7 PROGRAMS (continued)


AC 5.7.7 Nuclear Crifscality Safety


AC 5.7.7.1 A program shall be established, implemented, and maintained for the
control of nuclear criticality sa
elements:


program shall have the following


a. Establish a policy and the responsibilities for the control of nuclear
criticality safety.


b. Control nuclear criticality safety parameters and their bases,
identification, and verification.


c. Establish access controls and physical security protection for fissile-


d, Establish identification, accountability, control, mana
storage of fissile-material.


e. Establish physical protection and control for ons
transport of fissile-material.


e handling and


AC 5.7.7.2 Fuel storage and handling shall meet the following requirements:


NOTE


Fissile material equivalents of U-235 are : 1 gram of
U-235 = 1/2 gram of Pu = 114 gram of U-23 3.


NOTE
The fissile material mass of flux monitors or similar measuring devices
shall be included as part of the fissile material mass of the fi ssile
material fo rms in which they are installed.


a. Allowable fissile material forms in the ATR FACILITY shall be
limited to:


1. ATR FUEL ELEMENTS containing :5 1100 g of U-235.


2. Fueled LOOP FACILITY EXPERIMENTS containing equivalent
of <_ 1500 g of U-235 and with a fitel diameter < 4 in.


3. Miscellaneous fissile material specimen containing equivalent of
S 365 g U-235 (e.g., capsule EXPERIMENTS, flux monitors and
sources).
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5.7 PROGRAMS (continued)


b. Fissile material shall be stored in APPROVED FUEL STORAGE
that is subject to the following limits:


L krtr shall not exceed 0.95 for the service conditions.


2. Cooling shall be adequate to remove decay heat without reaching
saturation temperature in the coolant.


3. Storage shall be stable and not susceptible to tipping from
credible natural phenomena or work activities.


4. Relocation of storage units shall be completed only when fissile
materials have been removed from the unit. (Carriers for
transporting fissile material forms and shipping containers for
unirradiated fissile material forms that are APPROVED FUEL
STORAGE are exempt from this limit.)


5. Storage shall be located away from areas where heavy loads are
routinely handled (e.g., crane assisted activities) or specific
limitations shall be established to preclude physical contact
between heavy, loads and materials in storage.


APPLICABILITY


Applies at all times except as specified for fissile material
forms outside of APPROVED FUEL STORAGE
(AC 5.7. 7.2(d)). Miscellaneous fissile material specimens
containing in aggregate the equivalent of < 15 g of U-235
(e.g., EXPERIMENTS , flux monitors and sources) are
excluded from and/or do not need to show compliance with
these requirements.


APPROVED FUEL STORAGE for FUEL ELEMENTS in the
Reactor Vessel but not in their CORE positions shall be limited to
two FUEL ELEMENTS in an-v_ two locations of the in-vessel fuel
storage racks.


APPLICABILITY


Storing FUEL ELEMENTS in the Reactor Vessel outside of
the fuel annulus is allowed only during DEPRESSURIZED
SHUTDOWN.
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53 PROGRAMS (continued)


d. Fissile material forms outside of APPROVED FUEL STORAGE
shall be limited to (limits apply to each independently):


1. Canal


i. No more than four FUEL ELEMENTS , including canal
transfer tube.


ii. No more than one fueled EXPERIMENT. Miscellaneous
fissile material specimens containing in aggregate the
equivalent of <_ 15 g of U-235 (e.g., EXPERIMENTS, flux
monitors and sources ) are excluded from this requirement.


iii. No more than 365 g U-235 equivalent in miscell aneous
specimen.


iv. No more than one type (FUEL ELEMENT(S), fueled LOOP
FACILITY EXPERIMENT or miscellaneous fissile material
specimen) of fissile material shall be out of approved storage
at any time. Miscellaneous fissile material specimens
containing in aggregate the equivalent of < 15 g of U-235
(e.g., EXPERIMENTS, flux monitors and sources) are
excluded from this requirement.


2. Vessel


i. No more than two FUEL ELEMENTS outside the fixed
locations (APPROVED FUEL STORAGE) or the CORE.


ii. No more than one fueled EXPERIMENT outside the CORE.
Miscellaneous fissile material specimens containing in
aggregate the equivalent of _< 15 g of U-235 (e.g.,
EXPERIMENTS, flux monitors and sources) are excluded
from this requirement.


iii. No more than 365 g U-235 equivalent in miscellaneous
specimen outside the CORE.


iv. No more than one type (FUEL ELEMENT(S), fueled LOOP
FACILITY EXPERIMENT or miscellaneous fissile material
specimen) of fissile material shall be out of approved storage
at any time. Miscellaneous fissile material specimens
containing in aggregate the equivalent of _S 15 g of U-235
(e.g., EXPERIMENTS, flux monitors and sources) are
excluded from this requirement.
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5.7 PROGRAMS (continued)


3. Other


i. No more than four unirradiated FUEL ELEMENTS outside
the canal or the reactor vessel.


ii. No more than one fueled EXPERIMENT outside the canal or
the reactor vessel. Miscellaneous fissile material specimens
containing in aggregate the equivalent of 5 15 g of U-235
(e.g., EXPERIMENTS, flux monitors and sources) are
excluded from this requirement.


iii, No more than 365 g U-235 equivalent in miscellaneous
specimen outside the canal or the reactor vessel.


iv. No more than one type (FUEL ELEMENT(S), fueled LOOP
FACILITY EXPERIMENT or miscellaneous fissile material
specimen) of fissile material shall be out of approved storage
at any time. Miscellaneous fissile material specimens
containing in aggregate the equivalent of < 15 g of U-235
(e.g., EXPERIMENTS, flux monitors and sources) are
excluded from this requirement.


e. In water, a minimum distance of one foot shall be maintained
between any two of the individual items of the fissile material forms
outside APPROVED FUEL STORAGE, except for special
circumstances during loading or unloading of FUEL ELEMENTS
from the fuel annulus. When tolerances or other interferences do
not allow loading or unloading a single FUEL ELEMENT from the
fuel annulus, a pair may be inserted or removed provided the SRO
in charge of handling has completed a specific evaluation that
establishes limits to preclude interaction with any other fissile
material out of APPROVED STORAGE.


Miscellaneous fissile material specimens containing in aggregate
the equivalent of <_ 15 g of U-235 (e.g., EXPERIMENTS, flux
monitors and sources ) are excluded from minimum distance
requirements.


All activities requiring movement of fissile materials to be out of
APPROVED FUEL STORAGE shall be completed with at least
two staff members trained in handling of fi ssile material. In
addition , the Shift Supervisor or his designated alternate shall be
present to direct fuel handling when more than two FUEL
ELEMENTS are outside approved storage in the canal including
canal transfer tube.
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5.7 PROGRAMS (continued)


Activities requiring movement of miscellaneous fissile material
specimens containing in aggregate the equivalent of <_ 15 g of
U-235 (e.g., EXPERIMENTS, flux monitors and sources) shall be
completed with at least one staff member trained in handling of
fissile material.


Inspect the structural integrity of the EXPERIMENT storage racks
and hooks at least every 2 years' or remove the racks and/or hooks
from service.


Inspect the structural integrity of all normally stationary canal fuel
storage racks at least once ever, eight years' or remove the racks
from service.


The CORE is not subject to the requirements of
TSR-186, Section 5.7.7. 2.


AC 5.7. 8 Quality Assurance


A program shall be established, implemented, and maintained for the control of quality
assurance. The program shall have the following elements:


a. Establish a policy and the responsibilities for the control of quality assurance.


b. Establish the requirements and responsibilities for design, procurement, fabrication,
installation, testing, and operation of structures, systems, and components.


c. Establish the requirements and responsibilities for review and approval , control, and
storage of quality documents.


d. Establish the requirements and responsibilities for control of work processes.


AC 5.7. 9 Radiation Protection


A program shall be established, implemented, and maintained for the control of radiation
protection. The program shall be based on 10 CFR 835 and shall have the following
elements:


a. A policy and the responsibilities for the control of radiation protection.


b. Incorporate as-low-as-reasonably-achievable (ALARA) philosophy to personnel
exposure to ionizing radiation.


' A 25% extension may be applied to this inspection interval consistent with SR 4.0.2.
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5.7 PROGRAMS (continued)


c. Radiation exposure limits and controls including the use of personal protective
clothing and equipment.


d. Radiological monitoring and contamination control.


e. Requirements for record keeping and training.


AC 5.7.10 Unreviewed Safety Question


A program shall be established , implemented , and maintained for the control of
unreviewed safety questions, based on the requirements in 10 CFR 830 Subpart B.
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5.8 REVIEWS AND AUDITS


AC 5.8.1 A review and audit system shall be established to ensure that the reactor is operated
in accordance with approved procedures, that day-to-day activities are conducted in a
safe manner, and that activities and programs affecting nuclear safety are conducted
in a manner consistent with the safety basis and the TSR.


AC 5.8.2 CONTRACTOR management shall specify the functions, organization,
responsibilities, qualifications, and reporting requirements for each functional element
that contributes to the required reviews and audits.


AC 5.8 .3 A CONTRACTOR designated , independent review committee shall review all
matters with nuclear safety implications . The membership . responsibilities, and
procedures of the review commi tt ee shall be formally documented and approved by
CONTRACTOR management.


AC 5.8.4 Facility staff reviews shall ensure that the day-to-day activities are conducted in a
safe manner. The facility staff reviews shall include:


a. Unreviewed safety question determinations


b. Proposed tests and experiments


c. Procedures


d. Facility changes and modifications


C. TSR changes


f Facility operations


Facility maintenance and testing including evaluation of system performance
for indication of degradation.


h. DOE and industry issues of safety significance


i. Assessment of the effectiveness of the reviews conducted by facility sta


j. Any other safety significant issues or items.


AC 5.8.5 Reviews of facility activities and programs affecting nuclear safety shall be
conducted by personnel independent of facility staff. These reviews shall include:


a. Unreviewed safety question determinations


b. Proposed changes to the TSR


C. Violations of codes, Orders, and procedures that have safety and health
significance
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5.8 REVIEWS AND AUDITS (continued)


d. Occurrence Reports


e. Staff performance


f. Unanticipated deficiencies of structures, systems, or components that could


g.


affect nuclear safety


Signi ficant, unplanned radiological or toxic material releases


Signi ficant operational abnormalities


Assessment of the effectiveness of the reviews conducted by facility staff.


AC 5.8.6 INTENTIONALLY LEFT BLANK


AC 5.8.? Audits shall be conducted by a safety organization independent of fac
includes the following:


a. Conformance with the TSR


b. Training and qualification of facility staff


c. Program implementation


d. Deficiency corrective action


e. Quality program adherence


f. Other activities of safety significance.


5.9 STAFF QUALIFICATION and TRAINING


} aff that


AC 5.9.1 A program shall be established, implemented, and maintained for qualification and
training of Reactor Operators (ROs), Radiological Control Technicians (RCTs), Senior
Reactor Operators (SROs), Experiment Operators (EOs), Senior Reactor Auxiliary
Operators (SRAOs), and Shift Supervisors (SSs).



HOILAE

Text Box

FOIA Exemption 3 UCNI, Exemption 7f (TSR-186 Appendix A )
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ACRONYMSIABBREVIATIONS


ALARA as low as reasonably achievable
ANS American Nuclear Society
ANSI American National Standards Institute
ATR Advanced Test Reactor


CAMs continuous air monitors
CFR Code of Federal Regulations


DOE U.S. Department of Energy
DBR ATR PPS and Technical Specifications Design Basis Report


EDE effective dose equivalent
EFTS emergency firewater injection system
ES executive summary
ESF engineered safety feature


HFE human factors engineering


INEEL Idaho National Engineering and Environmental Laboratory
INTEC Idaho Nuclear Technology and Engineering Center


LMITCO Lockheed Martin Idaho Technologies Company, Inc.
LOCA loss of coolant accident


NRC U.S. Nuclear Regulatory Commissio


PCS primary coolant system
PGA peak ground acceleration
PPS plant protection system
PRA probabilistic risk assessment


RMSS radiation monitoring and seal system
RSS Reactor Shutdown System


SAR Safety Analysis Report
SSC structures, systems, and components
SSE safe shutdown earthquake


TEDE total effective dose equivalent
TRA Test Reactor Area
TSR Technical Safety Requirements


UFSAR Upgraded Final Safety Analysis Report
USQ unreviewed safety question


VVS Vessel Vent System
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ES-1. Safety Analysis Report Summary


The Advanced Test Reactor (ATR) is a Department of Energy (DOE)-owned test reactor whose
principal function is to provide a high neutron flux for testing reactor fuels and other materials. The
reactor has also provided other irradiation services such as radioisotope production. The reactor has a
design thermal power of 250 MW with a nominal operating pressure of 360 psig at the top of the core and
a nominal maximum reactor outlet temperature of 170°F. The ATR and its support facilities are located at
the Test Reactor Area (TRA) of the Idaho National Engineering and Environmental Laboratory (INEEL).


This Upgraded Final Safety Analysis Report (UFSAR) for the ATR was prepared following the
requirements of DOE Order 5480.23, Nuclear Safety Analysis (DOE 1994), and using U.S. Nuclear
Regulatory Commission (NRC) Regulatory Guide 1.70, Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants (NRC 1978). The current requirements for safety analyses for DOE
reactors are contained in 10 CFR 830 Subpart B, Safety Basis Requirements (CFR 2002a). 10 CFR 830
specifies following the NRC Regulatory Guide 1.70 as the safe harbor standard, thus this UFSAR follows
the standard for Documented Safety Analysis specified in the current regulations and contains some
additional material called for by DOE Order 5480.23.


ES-1.1 Safety Analysis Report (SAR) Commitments


DOE Order 5480 . 23 (DOE 1994 ) requires contractors be held responsible for adhering to
assumptions and commitments set forth in the safety analysis. The interim guidance attached to
DOE Order 5480.23 states that contractors are required to adhere to commitments made in the SAR and
to conduct operations in such a way that the assumptions made in the SAR are valid. The implementation
Guide For Use in Developing Documented Safety Analyses to Meet Subpart B 10 CFR 830 (DOE 2001)
states that development of a documented safety analysis is the process whereby facility hazards are
identified , controls to prevent or mitigate potential accidents involving those hazards are proposed, and
commitments are made for design, construction , operation , and disposition so as to ensure adequate safety
at DOE Nuclear Facilities . This section describes the Contractor ' s position on SAR commitments in the
ATR UFSAR.


The Contractor (Baranick 1995) has defined a commitment as any concept in a SAR and its
references that (a) establishes guidelines for operations, reliability, availability, and maintainability of any
system or subsystem that is required for operation of a facility within the risk accepted by DOE; (b) limits
the risk accepted by DOE; or (c) establishes a parametric value that if changed in any arbitrary manner
could increase the risk relative to the safety or protection of worker, the public, or the environment.


There are three types of commitments in the UFSAR; design commitments, operational
itments, and commitments for institutional safety programs.
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I
ES-i.1.i Design Commitments


The design commitments include the assumed physical configuration of the important-to-safety and
safety-related structures, systems, and components (SSC); and the facility-specific general design criteria;
and the stated requirements for modifications for important-to-safety and safety-related SSC. There are
design commitments in Chapters 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 15, 18, and 20. While design
commitments are not specifically identified in the UFSAR, design commitments are preserved through
the facility configuration control and the facility modification processes. Design commitments are
identified as requirements in the facility modification process or the modification supports a change in the
design commitment.


Inspection discrepancies related to design commitments can be evaluated and resolved via the
backward looking Unreviewed Safety Question (USQ) process. The application of the USQ process to
screen issues related to the plant configuration is supported by the DOE Young memorandum
(Young 1992). The Young memo defines a condition where the facility physical configuration and the
configuration assumed in the safety analysis do not agree as a discrepant as-found state. There are several
discussions of discrepant as-found states in the Young memo. If the discrepancy is between the facility
and the Technical Safety Requirements (TSRs), DOE Order 5480.21 (DOE 1991b) and 10 CFR 830
(2002a) has clear requirements for reporting and performing a USQ determination. If the discrepancy is
between the facility and the safety analysis the memo provides guidance. The first action is to determine
what (the physical configuration or the safety analysis) is correct. If the facility configuration is correct
and the Contractor determines there is no safety significance, the USQ process is used to determine if the
Contractor has the authority to approve the configuration. This is the backward looking USQ
determination. The backward looking USQ resolves the discrepancy and establishes justification for the
configuration.


The Young memo further elaborates that the backward looking USQ process was needed by
nuclear plant operating licensees and the U.S. Nuclear Regulatory Commission (NRC) when the
commercial nuclear industry embarked on the design basis reconstruction programs. Those programs
revealed information that questioned many aspects of the current configuration, resulting in the
documentation of thousands of apparent discrepancies. The discovery of such discrepancies could have
resulted in extensive justifications for continued operation or forced plant shutdowns and expensive
restart efforts and performance improvement plans. Both the licensees and the NRC needed to screen
these discrepancies for safety significance to avoid such burdens. The backward looking USQ process
proved to be a successful tool in that effort.


ES-1.1. 2 Operational Commitments


Operational commitments are requirements on important-to-safety and safety-related SSCs
operability; system and parameter surveillance activities; and specified parametric values that are under
the control of the operating staff. Examples of operational commitments are primary coolant system
(PCS) chemistry limits, fuel element qualifications, reflector stress conditions, and non-TSR
instrumentation requirements. There are operational commitments in Chapters 3, 4, 7, 8, 9, 10, 13, 15, 16,
and 20. Operational commitments are identified as SAR commitments in the procedures that implement
the requirement.







Idaho National Engineering and Environmental Laboralcry 412.09


EXECUTIVE SUMMARY - UPGRADED FINAL
SAFETY ANALYSIS REPORT FOR THE


dentifier:
Revision:


S
10


ADVANCED TEST REACTOR Page: ES-8 of ES-28
Effective Date: 08/10/04


inspection issues related to operational commitments will be evaluated. The above definition will
be used to establish if the issue identifies an operational commitment. Once identified, commitments wi
be verified to be implemented and identified in procedures. The inspection issue would not constitute
violation of the SAR commitment unless the issue identifies a commitment that is not implemented.


ES-1.1.3 Commitments For Institutional Safety Programs


The UFSAR includes comprehensive descriptions of institutional safety programs. Examples of
institutional safety programs are fire protection, hazardous material protection, radiation protection,
quality assurance, and conduct of operations. There are institutional safety program commitments in
Chapters 1, 9, 10, 11, 12, 13, 14, 15, 17, 18, 19, 20, and 21. Programmatic commitments encompass a
large number of details that are more appropriately covered in specific program documents external to the
UFSAR. The Contractor develops these programs in Contractor requirements documents and procedures
that are equal to the UFSAR in the Contractor document hierarchy. Many of the requirements for
institutional safety programs are contractual requirements. Additionally, many of the programs are
administered by Contractor organizations that are outside of the organizational structure in the UFSAR
that is directly responsible for operation of the ATR. As a result, the SAR material related to the
institutional safety programs is descriptive only. The SAR commitment is to maintain an effective
implementation of the programs described, not the details of the program or its governing documents.
Inspection discrepancies in a program would not constitute violation of the SAR commitment unless the
discrepancies were so gross as to render premises of the summary invalid.


ES-1.2 Hazards Analysis and Classification


The hazards classification for the ATR facility, as discussed in this section , consists of identifying
the potential hazards and evaluating the consequences associated with the hazards . This process of
hazards classification follows the guidelines established by the U. S. Department of Energy (DOE 1997).


ES-1.2.1 Hazard Analysis


The hazards analysis performed for the ATR included identifying the maximum potential
hazardous material inventory available at the facility. This included identifying the three classes of
hazardous material present: radioactive material, explosive material, and hazardous chemicals,


Four potential sources of radionuclides were identified for the ATR. The sources include the
reactor core, the radioactive materials (irradiated fuel and other hardware) stored in the canal, isotope
production targets, and experiments containing fueled and non-fueled components. The ATR is a
Category A reactor with an operating power level of up to 250 MW, and, as such, has a radioactive
material inventory with the potential for significant offsite consequences.


No explosives have been separately stored at the ATR. The only explosive or pyrophoric hazards
identified for the ATR facility are associated with the severe accident scenarios in which hydrogen gas is
released. The evaluation of these hazards is covered by the evaluation of the radiological hazards.
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The inventories of potentially hazardous chemicals have been identified, and potential accident
scenarios have been evaluated, The results of the evaluation indicate that significant quantities of sulfuric
acid are stored in ATR buildings. Small amounts of other hazardous chemicals are stored throughout the
ATR. Personnel exposure, handling, and storage of these materials conform to the Contractor's Safety and
Health manual. None of the postulated chemicals released in an accident would require additional
guidance beyond those already addressed by existing institutional safety programs.


ES-1.2 .2 Hazard Classification


The classification of operational hazards at the ATR is shown in the Table ES-I, which identifies
the hazards considered and the resulting hazard type or classification. Many of the hazards evaluated were
classified as standard industrial hazards, The radiological hazard is such that there could be significant
offsite consequences in the event of an unmitigated release of radioactive material from the facility.


The ATR is a Category A reactor with an operating power level of up to 250 MW, with potential
for significant offsite radiological consequences. The ATR is classified as a Hazard Category I nuclear
facility in accordance with Department of Energy standards for hazard classifications of nuclear facilities
(DOE 1997),


ES-1.3 Design Basis Accidents


The design basis accidents that provide the greatest challenge to the engineered safety features
(ESFs) are listed in Table ES-2. For the design basis accidents, the ESFs prevent or mitigate damage to
the reactor core and PCS.


ES-1.4 Major Accident Sequences


The design basis events considered in safety analyses of the ATR are similar to those considered
for the commercial reactor industry. To the extent possible, the accident sequences are organized in a
format consistent with a commercial safety analysis report. However, some differences exist to
accommodate the unique features of the ATR. For the ATR UFSAR, the event categories and major
accident sequences are listed in Table ES-3. The event categories correspond to the Sections of
Chapter IS (Accident Analyses).


The first seven event categories correspond to those identified in U.S. Nuclear Regulatory
Commission (NRC) Regulatory Guide 1.70. The limiting events in each of these seven categories have
been identified and are included in the major accident sequences listed in Table ES-3. The frequency of
occurrence of each of the event sequences has been classified into categories as speci fi ed in the standard
RDT C16-IT (AEC 1969).'Ibe categories include Condition 2 (anticipated), Condition 3 (unlikely), and
Condition 4 (extremely unlikely). These correspond to the 1973 ANSI/ANS Standard 18,2, "Nuclear
Safety Criteria for the Design of Stationary Pressurized Water Reactor Plants" (ANS 1973), which
includes Condition 2 - Incidents of Moderate Frequency, Condition 3 - Infrequent Incidents, and
Condition 4 - Limiting Faults.
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The development of the accident analyses in the UFSAR built on the analyses in the ATR Plant
Protection System and Technical Specifications Design Basis Report (DBR) (EG&G Idaho 1994). Where
appropriate, the limiting events in the DBR from each of the event classification categories (e.g., decrease
in reactor coolant flow, reactivity and power distribution anomalies, decrease in reactor coolant inventory,
etc) were reanalyzed. In addition, events were included if the analysis assumptions needed to be
addressed for applicability. Event classification categories 8 through 15 include events that are contained
in the DBR that arise due to the unique mission and design of the ATR. For the most part, these events do
not readily fit into the categories established for commercial power reactors. The limiting events in
categories 8 through 1 I have been identified and are included in the major accident sequences listed in
Table ES-3. Event Category 8 contains the evaluations made of fuel storage and cask handling events.
Category 9 contains the events identified for depressurized operation. The ATR is operated in this mode
to run physics tests after core internal changeouts and core configuration changes. This mode of operation
occurs infrequently and is limited to low power. Category 10 contains evaluations of fuel failures that can
be postulated to occur without the occurrence of a reactor or PCS accident. Category I1 contains events
initiated by failures of supporting systems. Category 12 contains a discussion of severe accidents
analyzed for the ATR PRA. These are beyond design basis events and include the anticipated transient
without scram (ATWS) and the hypothetical large break LOCA. The hypothetical large break LOCA is
analyzed to determine the radiological releases from the ATR confinement. Categories 13 and 14 contain
the PCS high pressure and flow events. The limiting events are included in the major accident sequences
listed in Table ES-3. Category 15 discusses the cracking expected in a reflector that is nearing the end of
its useful life. Evaluations performed for Category 15 establish core power limits and fuel loading limits
for operation with an aged reflector. Category 16 discusses external events. Analyses of these events are
based primarily on the evaluations in the PRA.


ES-1.5 Safety Features and Mitigative Measures


The following safety features and mitigative measures are available at the ATR to mitigate
postulated accident scena ri os:


LOCA Primary Coolant Pump (PCP) ShutoffSystem-The LOCA Primary Coolant Pump Shutoff
System is an ESF function provided by the inputs from the Reactor Shutdown System (RSS) Reactor Inlet
Pressure and Outlet Pressure Subsystems. The purpose of the LOCA Primary Coolant Pump Shutoff
System is to shutoff all operating primary coolant pumps in the event of a loss-of-coolant-accident
(LOCA). Shutoff of the primary coolant pumps needs to occur prior to air being drawn from the surge
tank into the Primary Cooling System (PCS). Air in the PCS could cause a degradation of emergency
pump flow.


Radiation Monitoring and Seal System-The RMSS prevents the uncontrolled release of airborne
radioactive contamination from the ATR confinement. The subsystem is composed of stack exhaust
radiation monitors, 2 of 3 trip logic, two actuation channels, and quick-closing dampers with their
associated solenoids and actuators. The system actuates the building isolation system when detectors in
the stack breech sense high radiation.


Emergency firewater injection System--The Emergency Firewater Injection System (EFTS)
provides emergency reactor core cooling and flooding of the reactor vessel in the event of a major break
in the Primary Coolant System piping or other events resulting in loss of primary coolant. This ESF is
designed to activate at a predetermined low pressure, or when the water level lowers to a predetermined
height above the top of the corerThe EFTS-comprises three systems -the-Upper-Vessel EFTSPiping--
System, the Bottom Head EFTS Piping System, and the Actuation System.
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Vessel Vent System-The Vessel Vent System (VVS) provides the capability to depressurize the
ATR vessel. It is needed to mitigate high-pressure events such as the long-term complete loss-of-flow,
accident (CLOFA). In the CLOFA, core decay heat produces steam and causes a pressure increase in the
vessel exceeding the supply pressure of the EFHS. Venting the vessel under such conditions is required to
allow the EFTS coolant to flow into the ATR vessel and keep the core covered. The VVS is manually
actuated by operator action and cannot be automatically actuated.


Primary Pump ShutoffSystem-The Primary Pump Shutoff System for ATR is part of the Plant
Protection System (PPS), using the same transducers and comparators as RSS Differential Pressure, The
purpose of the Primary Pump Shutoff System is to shut down one or more primary coolant pumps before
a high differential pressure across the reactor core can approach damage thresholds for the core
components.


Pressurizing and Gland Seal Pump ShutoffSystem-Ile Pressurizing and Gland Seal Pump
Shutoff System for ATR is part of the PPS, using the same transducers and comparators as RSS Inlet
Pressure. The purpose of the Pressurizing and Gland Seal Pump Shutoff System is to protect the PCS
from exceeding the system design pressure. Upon receiving an overpressure trip signal, the Pressurizing
and Gland Seal Pump Shutoff System stops the primary pressurizing pumps and the gland seal pumps; a
reactor scram also occurs on high pressure.


Primary Coolant System Overpressure ReliefSystem-The Overpressure Relief System consists of
two spring-loaded safety relief valves mounted on the reactor vessel 8-in. lower drain line.


Vessel Level Alarm System-The Vessel Level Alarm System actuation is an ESF function
provided by the inputs from the Reactor Shutdown System Reactor Vessel Water Level Subsystem or by
the reactor vessel water level channels of the EFTS. The Purpose of the Vessel Level Alarm System
actuation is to alert the operators of low vessel liquid level for potential actuation of the EFTS. The vessel
level alarm is used to alert against low-probability events that result in a loss of PCS inventory during
depressurized and outage operations when irradiated fuel elements are in the reactor vessel.


Emergency Coolant Pumps-There are two emergency coolant pumps, either of which provides
the necessary forced flow decay heat removal capability to ensure adequate fuel cooling when the primary
coolant pumps are not functioning. Each emergency coolant pump (lvi-10 and-I 1 in Figures 5.1-1, -10),
has a capacity of 4,700 gpm at 22 ft Total Dynamic Head (TDH). Emergency coolant pump M-10 is ac
motor-driven from the 480 V diesel-commercial bus. The second pump, M-11, is dc motor-driven from
the utility dc power control center.


Canal Firewater Emergency Makeup System-The canal firewater emergency makeup system
prevents irradiated fuel elements from being uncovered following a canal draining event. The system
provides automatically actuated raw water makeup to the irradiated fuel storage section of the canal.
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ES-2. Safety Analysis Report Applicability


The applicability of this safety analysis report is to evaluate the safety of the ATR facility for
normal , abnormal , and accident conditions . The pri ncipal function of the ATR facility is to provide a high
neutron flux for testing reactor fuels and other mate ri als . The reactor has a design thermal power of
250 MW with a nominal operating pressure of 360 psig at the top of the core and a nominal maximum
reactor outlet temperature of 170"F. The reactor and PCS, along with the control room and much of the
auxiliary and experimental support equipment , are located in TRA Building 670. Buildings and structures
in other parts of TRA provide additional suppo rt including commercial electric power , raw and
demineralized water , and fire protection . A summary of the specific facilities and their locations is
provided . The following buildings' and structures that are necessa ry for safe operation of ATR and defi ne
the boundaries of the ATR Facility were considered in this UFSAR:


Buildings


- TRA-670, ATR Reactor Building ( excluding ATR Critical Facility (ATRq)


- TRA-671, ATR Cooling Tower Pumphouse


- TRA-609, Compressor Building, Switchgear and Compressor Room


- TRA-674, Diesel Building


TRA-608, Demineralizer Building


- TRA-619, Raw Water Pumphouse


- TRA-633, Firewater Pumphouse


TRA-634, ATR Sto rage Facility ( du ri ng experiment storage in casks)


TRA-688, Firewater Pumphouse.


• Structures


- TRA-770, ATR Vent Stack


- TRA-771, ATR Cooling Towers


- TRA-774, Transformer Yard


- TRA-776, ATR 1,500-gal Diesel Fuel Tank


- TRA-763, Compressed Air Storage Tanks


- TRA-718, Overhead Raw Water Storage Tank


• Even though building TRA-689 is tied to TRA-670 by pipe, building TRA-689 is not included in this list, since the building is
not in use at this nine. The piping_between TRA-689 and 'W-670 is isolated by both MOV-32-1 and MOV- 1-909. Si... the
piping connections to TRA-689 are dovvnsbeam of ettlwr a <3-in onfice ds valve,mybreak is homided by the attalysisin
Chapter 15.6.
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TRA-719, Ground-Level Storage Tanks


TRA-708A, Demineralized Water Storage Tank


TRA-754, Demineralized Water Storage Tank


TRA-781 , Firewater Storage Tank.
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The analysis results are documented in Chapter 15 (Accident Analyses ) of this report, which
includes references to the ATR PRA (Fide , Kbericha, and Thatcher 1991; Thatcher et a]. 1994) and to
specific enginee ri ng design files.
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ES-3. Risk Assessment


ES-3i Normal Operations


The risks associated with normal plant operations have been assessed from three specific areas:
radiation protection, human factors engineering, and hazardous material protection. A summary of the
results of this assessment is presented in the following subsections.


ES-3.1. 1 Radiation Protection


The personnel radiological risk due to normal operation is minimized by the features and programs
associated with the facility such as shielding , ventilation , and the radiological controls program . Each of
these facility features or programs associated with radiation protection is discussed below.


ES-3.1.1 . 1 Shielding-For normal operation , the shielding has been designed to limit the
radiation dose rate for operating personnel to 0.25 mrem/hr in a reas that require full -time occupancy. For
areas with higher , or potentially higher dose rates, access time is restricted to limit doses to levels that are
commensurate with the work to be accomplished that are within "as low as reasonably achievable"
(ALARA) limits that have been established . Administrative controls and an aggressive ALARA program
have succeeded in maintaining personnet doses in an acceptable downward trend . Whenever work is to be
performed on equipment that exceeds the guideline dose rates, special localized shielding and appropriate
administrative controls are provided to minimize worker exposure . Thus, the operating personnel risk
from radiation exposure is limited consistent with design limits considered in the facility design.


ES-3.1. 9.2 Ventilation-The ATR ventilation systems are designed to provide airflow from
areas of low contamination to areas of potentially high contamination. The air supply and exhaust fan
controls are designed to operate in a manner that would prevent the air flow from reversing due to
interrupted operation of ventilation equipment. Flow reversal could cause a spread of radioactive
contamination to areas normally occupied by workers. In addition, the dampers for the ventilation system
are used to minimize leakage from the reactor confinement during reactor accident scenarios. Thus, the
ventilation system minimizes the spread of contamination and reduces the potential personnel radiological
risk and consequences during normal and off normal operation of the ATR.


ES-3.1.1.3 Radiological Control Program-The personnel radiation exposure controls
program embodies the ALARA philosophy, and meets the requirements of 10 CFR 835 (CFR 1998). This
program, implemented through Contractor procedures, is aggressively executed to keep radiation
exposures to the minimum practical, consistent with job and program needs and associated costs.


External dosimetry provides for monitoring personnel radiation exposures during normal operation
and accidents. This includes the use of personal dosimeters and external radiation monitors. The internal
dosimetry requires personnel with jobs that have the potential for internal exposure to participate in the
bioassay program to determine the accumulation doses of internal exposure.


Other instrumentation is provided to monitor the area airborne activity ; Continuous Air Monitors
(CAMS) determine if the airborne radioactive concentration is within prescribed limits, and monitoring
the stack effluent determines the amount of radioactivity released to the environment.


above-described-facility- features - and-programs-minimize radiation exposure.risk and,.__.
consequences to operating personnel.
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ES-3.1 .2 Human Factors Engineering


Human Factors Engineering (HFE) has been an explicit design and operational consideration at
ATR dating back to the beginning of the 1980s. As described in Chapter 18 (Human Factors
Engineering), current instrumentation , workstation layouts, communications, and other performance aids
used by ATR personnel during normal operations and maintenance, consider person-machine
requirements established in DOE-referenced HFE standards and guidance documents , HFE criteria
established in these standards and guidelines are also considered for the design of the general working
environment involving such factors as heat, light, noise, and protective clothing as they may impact
performance, especially under abnormal operating conditions. Finally, it is recognized in Chapter 18 that
person-machine interactions can impact the likelihood of an operator committing an error and, in turn,
impacting his own safety and that of the public. Therefore, Chapter 18 uses the risk assessment reported
in Chapter 15 (Accident Analyses), along with operating experience, as the technical bases for assessing
the degree to which HFE may be a safety issue at ATR. The initiator portion of the ATR risk assessment,
reported in Chapter 15, focuses on human tasks during normal operations involving reactor, process, and
experimental loop control, with potentially the most significant consequences. In each case, HFE
standards referenced by DOE are used to determine the quality of the person-machine interface. The
results of these determinations are incorporated into the risk assessment to estimate human error
likelihood. The ATR risk assessment results, reported in Chapter 15, indicate that the impact of HFE on
human actions is not a significant contributor to core damage under the current ATR operating
configuration. Further, the ATR risk assessment results show that while HFE may be a factor in the
operation of the ATR, HFE has been adequately addressed for the mitigation of design-basis accidents
requiring human intervention. Nevertheless, in cases where human error, due to HFE, is believed to be a
possible contributor to initiation of an abnormal or accident condition, HFE deviations from the
DOE-referenced standards are being used as a technical basis for person-machine upgrades.


ES-3.1. 3 Hazardous Material Protection


The Contractor maintains a hazardous material protection program that complies with Occupational
Safety and Health Administration (OSHA) requirements, DOE orders, and Contractor's procedures and
standard practices. Hazardous materials historically have been evaluated assuming a de minimus level
below which little harm is associated with exposure. The concept of As Low As Reasonably Achievable
for these materials is applied qualitatively by maintaining individual exposures below industrial
workplace permissible exposure limits-


A monitoring program is maintained to determine employee health hazards through bioassay and
medical monitoring. The environment in which the employee must work is monitored by surveys and by
permanent and portable monitoring instrumentation.
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ES-3.2 Accident Analysis


ES-3.2. 1 Design Basis Accidents


Not all the events analyzed in the DBR (EG&G Idaho 1994) were reanalyzed for The UFSAR. The
D13R was used to identify the limiting event(s) in each accident category (e.g., loss of heat sink, loss of
flow, reactivity/power anomalies, etc.) and, with results from the Reactivity Insertion Accident (RIA) and
PRA programs, to ascertain the proper classification for event probability. Reanalyses and DBR analyses
provide a bounding safety basis for plain operation, These analyses provide the bases for ATR safety
systems and Technical Safety Requirements such that the required margins to protection criteria can be
maintained, thus preventing severe fuel damage and the release of significant fission products from ATR.
Fission products are contained by the three traditional defense-in-depth barriers: fuel cladding, the
primary coolant boundary, and the confinement.


A more conservative reactor protection limit for unlikely events was used in the UFSAR compared
to what had been used in the DBR. The reactor protection limit in the DBR was 2c5 to cladding liquids,
which may not preclude loss of coolable core geometry. During their visit to the ATR facility, the
National Research Council (report published by the National Academy Press, Washington, DC. 1988:
"Safety Issues at DOE Test and Research Reactors") suggested that ATR damage criteria be reviewed to
ensure that a coolable core geometry be maintained. This suggestion was incorporated as the revised
damage limit for unlikely events; i.e., to maintain the fuel plate in a coolable geometry. To ensure cooling
of the entire plate, the limit for unlikely events involving fuel elements in the reactor core was modified to
preclude fuel plate buckling which could result in coolant channel closure.


The results from the PRA were used to review the probability of occurrence of events analyzed in
the DBR and the spectrum of accidents for the UFSAR. Following the review and development of
additional bases, the classification of several events was changed in the UFSAR. The rapid closure of the
butterfly flow control valve and the complete loss-of-flow events were changed from unlikely events to
extremely unlikely events. Only a few previously unanalyzed design basis events involving the reactor
core were identified, and they were determined to be enveloped by existing analyses. One event, the
complete loss-of-heat sink (CLOHS) was determined, based on the PRA analysis, to need reanalysis for
long-term, post-scram consequences.


Numerous events involving handling casks and other heavy loads have been identified, The
analyses of these events are discussed in Chapter 15 (Accident Analyses).


Evaluation of Condition 2, Condition 3, and Condition 4 events in Chapter 15 showed no events
where direct fuel damage occurred concurrent with a breach of the PCS. The offsite and onsite
radiological consequences were reanalyzed only for the hypothetical beyond design basis loss-of-coolant
accident resulting in 100% core damage. Radiological consequences from this event bound all design
basis events.


ES-3.2 .2 Probabilistic Risk Assessment (PRA)


A comprehensive full scope PRA was performed for the ATR for severe fuel damage event
sequences (Level I PRA) and the risk to public and IN EEL populations (Level 3 PRA) (Fide, Khericha,
and Thatcher 1991; Thatcher et al. 1994). The ATR PRA is a detailed assessment of accident sequences
which could result-insignificant-ATR fuel-damage-and_release.offssion_productsio_thesonfinemeniarid
to the environment.
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The PRA was developed in an analysis effort separate from the UFSAR . The PRA for a reactor
takes the safety analysis one step further than the traditional UFSAR analysis . The UFSAR analysis
evaluates maximum design conditions to define the safe operating envelope of the reactor and to specify
PPS requirements , The PRA analysis sta rts with the pl an t in a nominal analyzed operating condition and
then looks at the consequences of inte rn al and external initiating events, considering single and multiple
equipment failures and operator errors. The PRA evaluates the consequences of major fuel damage events
that are not considered in the UFSAR analysis either because the probability of the initiating event is too
low or because multiple system failures or operator errors are involved.


While the PRA and the UFSAR analyses each considered severe accidents that resulted in
complete core meltdown, the consequences are calculated and reported differently . The PRA consequence
analyses were calculated using distributions of site-specific weather patt e rn s applicable to the INEEL.
The weather distribution accounted for variation in wind direction , wind velocities , and dispersion
conditions up to at least the 95th percentile . The consequences were reported in terms of either early or
latent fatalities . Latent fatalities were cancer related . In the UFSAR, consequences were determined using
meteorological conditions described in Section 15 . 12.10, and were reported in terms of radiation
exposure.


The ATR PRA includes event sequences du ring power operation , shutdown operation , heavy load
drop events , and storage canal draining events for system failures , flooding and fires, and exte rn al
hazards. The ATR PRA considered the contribution of human error and performed detailed human
reliability analyses for risk -significant human errors. Significant improvements to emergency operating
procedures and abnormal operating procedures , as well as a definition of restrictions on ce rtain shutdown
and heavy load handling operations , resulted from PRA evaluations . The ATR PRA does not include risk
assessments for radionuclide sources other than th e ATR fuel . It also does not include risk assessment for
minor fuel damage events such as fuel channel blockage or damage during fuel handling.


The results of the ATR PRA are summarized in Table ES-4. The results assume the completion of
risk-reduction or safety upgrades, including operating procedures and practices , which were identified and
commi tted to during the performance of the PRA. These upgrades have been completed . A detailed
summary of the ATR PRA and its results , conclusions , and insights is in the Updated ATR PRA summary
repo rt (Atkinson et al. 1994).


The probability for a severe fuel damage event and fission product release is dominated by the
probability for seismic events ( earthquakes ) of an intensity greater than th e Safe Shutdown Eart hquake
(SSE). The ATR SSE is defined as an earthquake with a peak ground acceleration ( PGA) of 0.248, which
would have a mean frequency of about I x l0' /yr (8 x l (Y5tyr for the INEEL seismic hazard cu rv es used
for the ATR PRA ). The top seismic fuel damage sequence group , with a mean frequency of ).3 x 16'lyr,
would correspond to ea rt hquakes with a PGA > 0.5g. The individual ATR inte rnal system failure fuel
damage event sequences have a mean frequency < I x I O�/yr and th e sum of th e fuel damage fr equencies
for all internal sequences is 7.7 x 10'41lyr.
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The ATR PRA risk results (risk = event sequence consequences multiplied by the event sequence
frequency) are based on seeping accident analyses and on severe accident progression and confinement
failure event tree analyses using conservative severe accident phenomenological event probabilities for
ATR fuel damage accident sequence groups. The results of these analyses defined fission product release
or source term groups, which were then analyzed for doses and health consequences for the general TRA
population, the population at the nearest co-located INEEL facility, the Idaho Nuclear Technology and
Engineering Center (INTEC), and for the offsite public out to 60 miles from the ATR. The consequence
analyses for the public included ingestion doses from consumption of agricultural products and water but
assumed no actions to evacuate any of the public. However, land and milk interdiction was considered.
The TRA and INTEC analyses included evacuation but assumed no sheltering. The population out to
60 miles from ATR includes the major population centers near the INEEL, Idaho Falls and Pocatello,
Risk analyses were also performed out to 30 miles from the ATR to estimate the risk to the public within
10 miles of the INEEL for comparison to the DOE risk-based safety goals (DOE 199Ia).


The ATR PRA estimated a near-zero, insignificant risk for a prompt at early fatality for each
population group. This analysis does not include the risk to operators within the ATR, but only to the
co-located population group at TRA outside of the ATR. The DOE risk-based safety goal (DOE 199la)
for a latent cancer fatality due to radiation exposure of individuals within 10 miles of the DOE site
boundary is defined as 0.1%ofthe normal population risk for a cancer fatality. This goal has been defined
as about 2 x I0'efyr per individual based on United States cancer death statistics (Kim and Bradley 1993).
The ATR risk results for the public within 10 miles of the INEEL are a factor of 100 below the DOE goal,
which is a factor of 1,000 below the normal total cancer risk. Even at TRA, the risk is a factor of
25 below the DOE goal. Other uncertainties are implicitly included by conservative accident analysis
modeling and assumptions.


ES-3.2.3 Accident Analysis Conclusions


All the design basis events analyzed met the damage criteria established for their event
classification. No Condition 2 events resulted in predicted rupture of the fuel element cladding as a
consequence of the initiating fault. The bounding event used for radiological consequences was the
hypothetical large-break LOCA, which is classified as a severe accident. This accident results in offsite
doses within 10 CFR 100 limits at the low population zone of 185 rem thyroid and 13.2 rem total
effective dose equivalent (TEDE). For workers evacuating from TRA, the potential doses are 75.7 rem
thyroid and 5.3 rem TEDE.


I


The ATR PRA identified the total probabilistic risk to both onsite and offsite public population
groups to be significantly below the DOE risk-based safety guidelines by a factor of 100 for the public
risk and a factor of 25 for the TRA population for all severe fuel damage accident sequences.


A summary of Chapter 15 events that resulted in substantial fission product release from the fuel is
shown in Table ES-5. The table presents the predicted consequences of the event.


The terms EDE, TEDE, or whole body dose are used interchangeably in the UFSAR.
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Table ES H d sification he Adv d Test actor
TRA Buildin 670 671 609 674 608 619 633 634 689 689 770 771 774 776 763 718 719 708A 754 781


erational Hazard
Nuclear Hazard X
Radiolo 'cal x X X X X X
Corksive x X X X X X X
E Ilosive or o boric x X X X X X
Thermal and Thermal
Radiation


x X X X X X X


Flalmnable asimaterials X X X X X X X X X
Toxic/ athogemc x X x X
EleFtrical x X X X x X X X X X X x x x x
In ing and nonionizing
el troms etic radiation


x X


Asphyxiation or droumin x X X X X X X X X X X X X X X X X X


Mass/ vi '!het t X X X X X
Pre'ssure - volume y X X X X X X X� X


X X X X' X


X I X X X
big heavy obiec


S1ib. Trips, and Falls


X X
X X I


l X X j X X X


X X
X X


X X I
x I X I X I x I X-]-X LX-LX I X X X X X X X X X J


I I I I I I IXIXIXI
can be d from EDF IRA 554 (Dime 2001) and in Ch Hazard Analysis and Classification.
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Table ES-2. Engineered safety feature design basis accidents.
Accident Sequence


3-in r diameter opening in the PCS due to opening a drain valve,
relief valve , or vent valve


Experiment loop piping failure with expe riment fuel melt


Long-term complete loss of flow or complete loss of heat sink


Opening of flow con trol Bu tterfly valve to full open


Loss of PCS pressure control (Loss of instrument air)


Loss of pressure control of PCS and failure of the Pressurizing
Pumps and Gland Seal Pumps Shutoff System


Loss of PCS inventory during depressurized and outage operations
when irradiated fuel elements are in the reactor vessel
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ineered Safety S


EFTS and LOCA Primary Coolant Pump
Shutoff System


RMSS


VVS and EP)S


Primary Pump Shutoff System


Pressurizing and Gland Sea) Pump Shutoff
System


Primary Coolant Overpressure Relief
System
Vessel Level Alarm System
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Table ES-3. Accident sequences.


Event Catego ri es Major Accident Sequences Fre uen
Increase in Heat Removal by The major accident sequences in this event catego ry ar e bounded by the limiting reacti vity
th e Secondary (Cold Water addition events described in Section 15.4 of Chapter 15. The major accident sequences are:
Addi ti on) a. Secondary Coolant System Flow Control Valve Fail to the Open Position Condition 2


b. Excessive Heat Removal from the Secondary Coolant System Condition 2
c. Star ting a Standby Primary Coolant Pump Conditi on 3


Decrease in Heat Removal by Complete Loss of Heat Sink Condition 4
the Secondary
Decrease in Reactor Primary Loss of Commercial Power to th e Site Conditi on 2
Coolant Flow Rate Slow Closing Primary Pump Discharge Check Valve Conditi on 3


Long Term Complete Loss of Flow Condition 4
Complete Closure of the Flow Control Bu tt erfl y Valve Condition 4


Reacti vity and Power Wi th drawal of all Outer Shim and Neck Shim from 10,5 NF Condition 2
Distribution Anomalies 0.50$ Step Insertion Condition 2 , 3, and 4


Inpile Tube Decompression wi th Subsequent Voiding due to failure of the 1/2 in. piping Condi ti on 2


Inpile Tube Decompression with Subsequent Voiding due to a fa il ure of piping> 112 in. in Condi ti on 4
diameter


3.1 Increase in Reactor Cool an t A Loss of Instrument Air closes back p ressure con trol value PCV-I-1 an d opens pressurizing Condi ti on 2
Invento ry` fl ow control value FCV-1-8


Loss of Instrument Air closes PCV- 1-I and opens FCV- 1-8 with concurrent failure of the Inlet Condition 4
Pressure Subsystem


Decrease in Reactor Coolant Heat Exchangers Tube Ruptu re Condition I
Inventory A 3-in . diameter opening in th e PCS due to opening a drain valve , relief valve , or vent valve Condi ti on 2


Ruptu re of PCS Outside Radiographic Limits Condi ti on 3
Opening Valve outside Radiog ra phic limits or a Radiographic Bounda ry (shutdown ) Condition 3
A seismic induced LOCA Condition 4


Pressure Tube Pene tration or Bottom Head Closu re Plug Failu re ( shutdown) Condition 4
Radioactive Release from a I12-in Expe ri ment Loop LOCA Condition 2
Subsystem or Component Greater than 1/2 in. Expe ri ment Loop LOCA Condi ti on 4
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Table ES-3.(continued).


I


9 , f


Event Categori es
Fuel Storage and Cask
Handling Events


Depressu ri zed Opera tion -
Low Flow Events
Depressurized Operation -
Loss of Coolant Accidents
Depressurized Operation -
Reactivity Accidents


Dropping a heavy cask from an elevation less than I ft above the canal floor, limited PCS Condition 3
leakage with the drop chute cover removed or oth er sma ll or limited failure of th e storage canal.
Inadvertent Opening or failure of a Canal Drain Valve or drain piping with the Drain Cover Condition 4
also having been Removed
A large failure of the storage canal, canal bellows or a rapid draining of the PCS with the drop Condition 4
chute cover removed.
Dropping an Irradiated Fuel Element during Fuel Handling either in th e Reactor Vessel or in Condition 2
th e working canal wi th no signifi cant damage to th e Fuel Element
Minor damage to one fuel element in th e canal wi th a minor fi ssion product re lease Condition 3
Significan t melting of one fuel element (or parti al mel ti ng in more than one element ) due to Condi ti on 4
crushing or oth er accidents
Cask and Heavy Load Drops within handling limited Condition 3
Cask and Heavy Load Drops outside handling limitsd Condition 4


Momentary Loss of Flow due to an emergency pump failure or inadvertently turned off Condition 3
Extended Loss of Flow Due to Extended Failure of Both Emergency Coolant Pumps Condition 4


Opening Valve Outside Radiographic Limits or at Radiographic Boundary Condition 3
Withdrawal of All Outer Shims from 10-5 NF Condition 2
Rapid Regulating Rod Withdrawal Condition 3
Loop Heaters Accidentally On Condition 3
Slow Power Increase or Lobe Power Balance Shift Condition 3
Perched Fuel Drop from Within Measurement Accuracy Condition 3
Cold Water Addition due to inadvertent startup of a PCP or inadvertent actuation of EFIS Condition 3
Cold Experiment Loop Draining Due to an Open Normally Inaccessible Valve Condition 4
Step Reactivity Inser ti ons Condition 4
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Table ES-3. (continued).
Event Categor es Major Accident Sequences Fre


10.1 Fuel Failures Partial Fuel Channel Blockage from Small Debris in the PCS Condition 2
Unexpected High Peaking in the Fuel due to an Analysis or loading error Condition 2
Small Fuel Element Defects or Minor Fuel Handling Damage to fuel Condition 2
Fuel Channel Blockage from a Sight Glass or Other Inventoried Items Left in the Reactor Condition 3
System after a Shutdown or Due to Failure of Small Structural Elements in the ATR Vessel
above the Core or Due to Failure of the Inlet Screen.
Structural Fuel Element Defects Affecting a few Fuel Elements in the Core Due to Design or Condition 3
Fabrication Errors or Handling Damage
Fuel Plate Buckling Due to Excessive Buildup of Oxide on Fuel Plate Surface Condition 3


Gas Leakage into the Fuel Element Coolant Channels due to an Insulating Jacket Failure dining Condition 3
Normal Pressurized Operation
Fuel Channel Blockage or Fuel Damage Due to the Failure of Large Structural Elements above Condition 4
or within the core
Structural Fuel element Defects Affecting many Fueled Elements in the Core Due to Design or Condition 4
Fabrication Errors or Severe Handling Damage


II I Failure of Suppo rting Systems Various Various
12J Severe Accidents Direct Damage LOCA Beyond Design Basis
13 PCS High Pressure Anomalies A Primary Pump Discharge Valve or Check Valve closes abruptly Condition 3


Flow Control Valve (Butterfly) Failure Condition 4
PCS High Flow Anomalies Opening of Flow Control Butterfly Valve to Full Open or the starting of a third PCP with two Condition 2


already in operation
Reflector Aging Reflector Cracking Condition 2
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ajor Accident Sequences Fr
Internal Fire, Internal Flooding Accidental Release of Chemicals from Onsite storage,
Industrial Facility Accident, Seismic, External Flooding, Volcanic, Transportation, Aircraft,
Extreme Wind, and Tornado,


a. Frequency listed by event category.
(Condition I - Normal Operations
Condition 2 - Anticipated Faults
(Condition 3 - Unlikely Faults
Condition 4 - Extremely Unlikely Faults


b. While the 0,50$ step does not have a definitive initiator, its; consequences are used to envelope numerous Condition 3 events. The consequences of a 0.50$ step will also
Imeet Condition 2 damage criteria and is used to bound Condition 2 events. The consequences of a 0.50$ step and hound consequences of some Condition 4 faults.


c. There are two identified Condition 3 Events for this category, but they are not carried on this table because each is bounded by the Condition 2 event listed,
d. Event discussed for several areas in ATR-670.
e. I Total Fuel damage frequency for all events is 3 3 E" fyr Individual events leading to fuel damage are beyond design basis.
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Table ES-4. ATR PRA results summary.


Signi ficant ATR fuel damage accidents (Level 1 PRA} Frequency


Total mean fuel damage frequency 3.3 x 10-5/yr
95% uncertainty bound 9.6 x I0 .5/yr
Internal events (system


During power operatic 2.4 x 10b/yr
Shutdown operations, heavy load drops, canal draining 5.3 x 10t/yr


External events (earthquakes, severe winds, etc.) 2.5 x 105/yr
Top accident sequence group


Seismic events resulting in long-term loss of ac power and firewater injection 1.3 x I0'5/vr
failure


Top internal events (system failures) accident sequences
Power operation 9.8 x I(r7/yr
Small LOCA with firewater injection failure


Shutdown, heavy load handling, canal draining 4.1 x 10'/yr
Cask drop over reactor above lift height limit


Public and onsite risk (Level 3 P


Risk of an early/prompt fatality (per exposed individual) < I x 10'10/yr
Total mean risk of a latent cancer fatality per exposed individual


Out to 30 miles from ATR (approximately 10 miles from INEEL) 1.5 x 10'/yr
TRA (with evacuation) 8.0 x 10's/yr
TNTEC (with evacuation) 2.1 x 10'9/yr


a. Frequency listed is the total frequency for all accidents in an event category,


b. Freq uency listed is the total from al l events.
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Event
Hypothetical
Lae Break LOCA
(Section 15.12)
FI w Blockage
(S ction 15 .10.3)


C al Fuel Damage
Ev nt ( Section
15 8.7)
Lope Piping Failure


4
- <I 1/2 in,
(S ction 15,7)
Het Exchanger
Tit e Failure
(Section 15.6.3)


I


able of worse ci
Worker Dose


TEDEt'li hvroi
(rem) -
NC/NC


NC/NC


NC/NC


1.95/NC


<0,5/NC


Exclusion area
Evacuation
low population zone
Not calculated
Total Effective Dose Equiva


SAR ar


e events resulting in a radioactive consequ
EVAC Dose


TEDE/Thvroid
(rem)


5.28/75,7


Dose at EA
TEDE/T"hyroid


(rem)
7.53/82,7


2 hour exposu re)


0,2613.78 0.38/4.13
(2 hour exposure)


2.3/25.6
(2 hour exposure)


0.192/4,64
(Full plume
passage)


<0.0025/NC
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ce.
Dose at LPZ


TEDE/Thvroid
(rem)


Event
Classifica ti on


Acceptance Criteria
TEDE/Fhyroid


(rem)


13.2/185 Beyond design
basis


25/300 @ LPZ


0.66/9.25 Condition 4 25/300 @
Evacuating workers,
EA. and LPZ


4,1/57,4 I Condition 4 25/300 @
Evacuating workers,
EA, and LPZ


NC/NC I Condition 2 5/NC to worke rs ,
0.5/year for off-site
personnel


NC/NC Condition 51NC to workers.
< 0,010/NC @
nearest site
boundary
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ACRONYMS/ABBREVIATIONS


ATR Advanced Test Reactor


CLOFA complete loss of flow accident


DOE U. S. Depa rtment of Energy


EDF engineering design file
EFTS emergency firewater injection system


INEEL Idaho National Engineering and Environmental Laboratory


NRC U.S. Nuclear Regulatory Commission


PCS primary coolant system
PPS plant protective system


RP Reactor Programs
RMS radiation monitoring system


TRA Test Reactor Area
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Facility Overview


1.1 Introduction


I


This section briefly describes the Advanced Test Reactor (ATR), the facilities and buildings which
are considered in the Upgraded Final Safety Analysis Report (UFSAR), and the specific safety or
mitigative features designed to minimize the consequences associated with the postulated accident
scenarios.


1.1.1 General Description of Facility


Construction began in November 1961 on the ATR, the world's largest test reactor, with an
operating thermal power level of up to 250 MW. The first nuclear startup of ATR, at zero power, was
achieved July 2, 1967, and full power was achieved August 16, 1969. The first operation with inpile
experiments began December 25, 1969.


The ATR is designed for use in testing advanced nuclear fuel systems and materials. It provides a
high neutron flux (up to 1 x 10" n/cm2lsec thermal) environment for flux traps that may contain inpile
tubes for high-pressure loops or other flux trap irradiation facilities. The cylindrical symmetry of
experimental loops, their diameter (averaging about 3 in.), and the large number of samples to be
irradiated at one time strongly influenced the design of the reactor.


The ATR is a light-water moderated and cooled reactor. It provides high neutron flux levels in the
test spaces without excessive power densities in the fuel elements. The ATR is unique in that the fuel is
not in a compact core, but provides a close coupling of the flux traps and the fuel by means of a
serpentine arrangement. When viewed from above, the fuel configuration looks like a four leaf clover
with the fuel elements winding in and around a three-by-three array of flux traps. The flux traps within
the lobes that correspond to the leaves of the clover are almost entirely surrounded by fuel as is the
irradiation position in the center of the core. The flux traps between the lobes have fuel on half the
circumference. The flux traps provide an intense source of neutrons. The ATR contains a control
configuration that allows the lobe powers to be controlled independently (within design limitations). This
flexibility not only allows the tailoring of the fluxes to meet the need of each experiment, but it also
provides for the most efficient use of the reactor power.


In addition to the nine flux traps, space is provided in the neck shim housing and reflector for
experiments of various sizes. Several design features incorporated in the ATR to improve experiment
performance are unique in test reactor technology. These features are: (a) the use of flux trapping to
provide high thermal neutron populations in the nine irradiation locations, (b) incorporation of special
shim designs to minimize perturbations to the axial flux symmetry throughout a fuel cycle, and
(c) regional power measurement and control to shift power (within limits) in the core lobes, thereby
optimizing neutron flux for particular experiments.
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1.1.2 Physical Boundaries of Facilities Considered in the UFSAR


The reactor and Primary Coolant System, along with the control room and much of the auxiliary
and experimental support equipment, are located in Test Reactor Area (TRA) Building 670. Buildings and
structures in other parts of TRA provide additional support including commercial electric power, raw and
demineralized water, and fire protection. The following buildings' and structures that are necessary for
safe operation of the ATR and define the boundaries of the ATR Facility were considered in the UFSAR:


• Buildings


- TRA-670, ATR Reactor Building ( excluding ATR Critical Facility)


- TRA-671, ATR Cooling Tower Pumphouse


- TRA-609, Compressor Building, Switchgear and Compressor Room


- TRA-674, Diesel Building


- TRA-608, Demineralizer Building


- TRA-619, Raw Water Pumphouse


- TRA-633, Firewater Pumphouse


- TRA-634, ATR Storage Facility ( during experiment storage in casks)


- TRA-688, Firewater Pumphouse


• Structures


- TRA-708A, Demineralized Water Storage Tank


- TRA-770, ATR Vent Stack


- TRA-771, ATR Cooling Towers


- TRA-774, Transformer Yard


- TRA-776, ATR 1,500-gal Diesel Fuel Tank


- TRA-763, Compressed Air Storage Tanks


- TRA-718, Overhead Raw Water Storage Tank


- TRA-719, Ground-Level Storage Tanks


- TRA-754, Demineralized Water Storage Tank


- TRA-781, Firewater Storage Tank


Even though building IRA-689 is tied to TRA-670 by pipe, building IRA-689 is not included in this list, since the building is
not in use at this time. The piping between TRA-689 and TRA-670 is isolated by both MOV-32-1 and MOV-1-909. Since the
piping connections to IRA-689 are downstream of either a <3-in, orifice or valve, any break is bounded by the analysis in
Chapter 15.6.
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Other facilities in the Test Reactor Area may provide support to the ATR on an as-needed or
indirect basis. These facilities are not included in the UFSAR, Such facilities include TRA-607, Carpenter
Shop; TRA-653, Maintenance Building (Machine Shop, Welding Shop); TRA-625, Maintenance Support
building (Mechanical Shop, Instrument Shop); TRA-662, Storage and Receiving Building; TRA-679,
Training and ATR Simulator building; and various office and training facilities. The UFSAR also does
not include TRA facilities under the TRA Landlord's jurisdiction where operation of these facilities does
not directly support operation of the ATR. These facilities include TRA-605, TRA waste water treatment;
TRA-624, Sewage Treatment Plant; TRA-715, the evaporation pond; and TRA-702, Cold Waste Pond. A
plot plan of the Test Reactor Area is shown in Figure 1.1-1.


The ATR Critical Facility contains a nuclear duplicate of the ATR core. This facility provides data
as needed for ATR fuel and experiment loadings to ensure safe and efficient operation of the ATR. This
facility has a safety analysis report and is therefore excluded from this analysis. A number of nonreactor
facilities-including TRA-632, Hot Cells; and TRA-621, Nuclear Materials Inspection and Storage
Building-also have their own safety analysis reports; these facilities are excluded from this analysis.


The analysis of steady state normal operation of the reactor is given in Chapter 4 (Reactor). The
analysis of off-normal events is documented in Chapter 15 (Accident Analyses) of this report, which
includes references to the ATR Probabilistic Risk Assessment (Eide, Khericha, and Thatcher 1991;
Thatcher et al. 1994) and to specific engineering design files. The off-normal events presented in
Chapter 15 range from operational transients to severe accidents.


1.1.3 Safety Features of the ATR


The safety features of systems available at the ATR to mitigate postulated accident scenarios
include the following:


• Plant Protective System-The plant protective system (PPS) constitutes those active devices, with
the associated equipment that initiates their action, whose function in conjunction with passive
structures of the plant is necessary to prevent unacceptable release or spread of radioactive
materials by preventing plant variables or conditions from reaching their respective safety limits, or
mitigating the consequences of exceeding safety limits, The PPS also prevents unacceptable plant
damage in accordance with the limits specified by the contractor. The PPS includes reactor
shutdown systems and the engineered safety features (ESFs).


• Engineered Safety Feature-An ESF is an essential protective system or subsystem that functions
to mitigate the consequences of an incident by providing protection other than scram.


• LOCA Primary Coolant Pump ( PCP) Shutoff System-The LOCA Primary Coolant Pump Shutoff
System is an ESF function provided by the inputs from the Reactor Shutdown System Reactor Inlet
Pressure and Outlet Pressure Subsystems . The purpose of the LOCA Primary Coolant Pump
Shutoff System is to shutoff all operating primary coolant pumps in the event of a loss-of-
coolant-accident (LOCA). Shutoff of the prima ry coolant pumps needs to occur p ri or to air being
drawn from the surge tank into the primary cooling system (PCS), Air in the PCS could cause a
degradation of emergency pump flow,
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Radiation Monitoring and Seal System-The Radiation Monitoring and Seal System prevents the
uncontrolled release of airborne radioactive contamination from the ATR confinement. The system
is composed of a stack exhaust monitoring subsystem, two actuation channels, two Radiation
Monitoring System (RMS-1) relays, and quick-closing dampers with their associated solenoids and
actuators. The system actuates the building isolation system when high radiation is detected in the
stack exhaust.


• Emergency Firewater Injection System-The Emergency Firewater Injection System (EFIS)
provides emergency reactor core cooling and flooding of the reactor vessel in the event of a major
break in the PCS piping or other events resulting in loss of primary coolant. This engineered safety
feature is designed to activate at a predetermined low pressure or when the water level lowers to a
predetermined height above the top of the core. The ATR EFIS comprises three systems: (a) the
Upper Vessel EFIS System, (b) the Bottom Head EF1S System, and (c) the EF1S Actuation System.
The configurations of the piping systems are similar, but the Upper Vessel EF1S is routed to
distribute emergency firewater coolant through the reactor vessel lower drain piping, while the
Bottom Head EFIS is routed to distribute emergency firewater coolant through the reactor vessel
bottom head.


The Upper Vessel EFIS connection to the PCS piping is in the nozzle trench. The bottom head
EFIS routes firewater directly into the reactor bottom head, Both systems are equipped with failsafe
valving (i.e., valves fail open), independent level and pressure channels, and two-out-of-three
actuation logic. Three level channels and three pressure channels transmit water level and vessel
pressure signals to both the upper vessel and bottom head actuation logic. The EFIS
instrumentation is designed to actuate the EF1S in time to prevent the core from uncovering, and to
not actuate the EFTS when firewater injection into the PCS is not needed.


• The Vessel Vent System-The Vessel Vent System functions to depressurize the ATR vessel. It is
used to mitigate high pressure events such as the long-term complete loss-of-flow accident
(CLOFA). In the CLOFA, core decay heat maintains pressure in the vessel in excess of the supply
pressure of the EFIS. Venting the vessel under such conditions is required to allow the EF1S
coolant to flow into the ATR vessel and keep the core covered. The Vessel Vent System is
designed to be manually actuated. The system is actuated by opening two parallel power-actuated
vent valves located in the reactor vessel upper drain line.


An alternate procedure for preventing a pressure buildup in the ATR vessel is to establish a purge
through the reactor vessel and out the reactor vessel upper drain piping. However, if the reactor
vessel upper drain valve is inaccessible or cannot be opened due to mechanical problems, then the
Vessel Vent System allows purging to prevent pressure buildup.
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Primary Pump Shutoff System--The Primary Pump Shutoff System for ATR is part of the PPS and
uses the same transducers and comparators as the Reactor Shutdown System . The purpose of the
Primary Pumps Shutoff System is to stop one or more prima ry coolant pumps before a differential
pressure across the reactor core causes damage to the fuel elements or core structures.


The differential pressure across the reactor core stresses the core structures and fuel elements. If
these structures fail or strain excessively , core geometry may not be maintained , and the fuel
elements may be damaged . The Primary Pumps Shutoff System will stop at least one primary
pump during three -pump operation to prevent overstressing the ATR core components or fuel
elements from high flow. A reactor scram is also generated by the Reactor Shutdown System.


• Pressurizing and Gland Seal Pump Shutoff System-The Pressurizing Pumps and Gland Seal
Pumps Shutoff System for ATR is part of the PPS, using the same transducers and comparators as
the Reactor Shutdown System . The purpose of the Pressurizing Pump and Gland Seal Pump
Shutoff System is to protect the PCS from exceeding the system design pressure . Upon receiving
an overpressure trip signal , the Pressurizing Pumps and Gland Seal Pumps Shutoff System stops
the primary pressurizing pumps and gland seal pumps ; a reactor scram is also initiated by the
Reactor Shutdown System.


Primary Coolant System Overpressure Relief System-The Overpressure Relief System consists of
two spring-loaded safety relief valves mounted on the reactor vessel 8-in. lower drain line. This
safety feature provides overpressure protection for the primary coolant boundary. The safety relief
valves ensure that PCS piping does not exceed 120% of design pressures in the event the
Pressurizing Pump and Gland Seal Shutoff System fails to trip the pressurizing pumps.
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1.2 Facility Management


1.2.1 Prime Contractors


This section discusses the prime contractors associated with the construction and operation of the
ATR facility.


1.2.1.1 Design, Construction, and Architect Engineer Contractors. The ATR design
contractor was Ebasco Services, Incorporated, with the Babcock and Wilcox Company as the nuclear
subcontractor. These firms also provided inspection services for the fabrication of components and for
construction, The prime contractor for construction was the Fluor Corporation.


1.2.1.2 Current Contractors . The initial operating contractor was Phillips Petroleum
Company. Subsequent operating contractors included Idaho Nuclear Company, Aerojet Nuclear
Company, EG&G Idaho, Inc., Lockheed Martin Idaho Technologies Company, and Bechtel B&W Idaho.


As discussed in Chapter 13 (Management, Organization , and Institutional Safety Provisions), there
are established policies and procedures to ensure the safe operation of the ATR. Reactor Programs (RP)
was established by the Contractor with the specific responsibility to safely operate the ATR. The RP
organizational structure provides clear lines of authority to coordinate and communicate the discovery,
management, and resolution of safety issues. Independent internal organizations have also been
established that are responsible for providing surveillance over nuclear safety activities. The RP
organization provides the ATR with the following functional responsibilities: reactor operations staffing
and management, facility training, engineering (plant, nuclear, and experiments), and maintenance.


1.3 Document Structure


The initial plan for this UFSAR was prepared and submitted in August 1989. The 1989 plan was
based on Department of Energy (DOE) orders and applicable Nuclear Regulatory Commission (NRC)
guidance existing at that time, particularly the requirements for the safety analysis reports for DOE
nuclear reactors in DOE Orders 5480.6 (DOE 1986) and 5481.IB (DOE 1987). DOE Order 5480.6
required new safety analysis reports to follow NRC guidelines for standard format and content. Based on
this requirement, the ATR UFSAR plan is based on the NRC guidelines for format and content
(NRC 1978, 1987).


Evolving DOE guidance at that time required both probabilistic risk assessment-based and
traditional deterministic safety analyses in its safety programs. This guidance was contained in DOE
Secretary of Energy Notice SEN-35-91 and DOE Order 5480,23 (DOE 1991, 1994), As part of the
program to upgrade the safety envelope for ATR, the UFSAR upgrade was coordinated with other safety
upgrade activities, which involved considerable interaction. Specifically, the probabilistic risk assessment
and the Strategic Evaluation Program (Buescher 1993) results were used to minimize the number of new
quantitative analyses and to focus on improving the technical safety requirements (either to relax them
when a restriction did not significantly increase safety, or to tighten them as necessary to provide
additional safety). At the same time, the program recognized the expanded scope of DOE-required safety
analyses to include severe accidents, risk assessments, human factors engineering, and risk management
programs.
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The DOE Order for safety analysis reports, DOE 5480.23 (DOE 1994), included increased concern


for worker safety, safety concerns about factors other than hardware (human factors, training,
management and organization, institutional, communication, procedures, etc.), and concerns about
hazardous and toxic chemical hazards. DOE Order 5480.23 canceled the paragraphs of DOE 5480.6
and 5481.1E that had defined the requirements for the safety analysis reports for DOE nuclear reactors, in
particular Paragraph 8c of 5480.6. Paragraph 8c required that SARs follow the NRC guidelines on
standard format and content. The 5480.23 Order established different requirements for minimum SAR
content. The guidance in the Order also acknowledged existing upgrade programs and was concerned that
SARs include the required information and not that they conform to an arbitrary pattern. This safety
analysis report takes advantage of much of the work that was already completed prior to the publication
of DOE 5480.23. It followed much of the original outline developed using NRC guidelines and included
the additional content required by the DOE 5480.23.


Paragraph 8.b.(3) of DOE Order 5480.23, "Nuclear Safety Analysis Reports" (SAR), specified
required topics to be included in the SAR (executive summary; applicable statutes, rules, regulations and
Departmental Orders; site characteristics; etc.). Attachment I to the Order, "Interim Guidance for DOE
Order 5480.23, Safety Analysis Report (SAR)," Paragraph 4.f(3)(d), provided guidance on the intended
content for each of the required topics of 8.b.(3) of the Order. A detailed comparison was made between
the requirements of DOE Order 5480.23 and the guidance of Regulatory Guide 1.70 (NRC 1978). This
resulted in identification of the need to develop new chapters or sections within existing chapters for the
UFSAR, because some of the requirements found in DOE Order 5480.23 had not been covered by
Regulatory Guide 1.70, Table 1.3-1 correlates the guidance paragraphs (related to the requirements of
paragraph 8.b.(3)) of Attachment 1 of the Order to each UFSAR section or chapter which addresses or
encompasses the identified guidance paragraph for each requirement.


The current requirements for safety analyses for DOE reactors are contained in 10 CFR 830
Subpart B, Safety Basis Requirements (CFR 2002). 10 CFR 830 specifies following the NRC Regulatory
Guide 1.70 as the safe harbor standard, thus this UFSAR follows the standard for Documented Safety
Analyses specified in the current regulations.


Because ATR is an operating facility, operating experience and existing information have been
used as appropriate in the SAR upgrade program rather than performing system calculations. Much of the
content developed in the UFSAR has been descriptive rather than analytical, consistent with DOE
guidance.


All chapters in the UFSAR contain reference lists. The guidelines followed for references are that
all references should be either published material or documents available from an Idaho National
Engineering and Environmental Laboratory (INEEL) document center. New engineering evaluations and
analyses are documented in controlled documents, usually Engineering Design Files (EDFs). Some older
documents, which were used as references, were not controlled or available from an INEEL document
center. Many of these older documents have been archived in the TRA Nuclear Engineering library. Other
of the older documents have been incorporated into EDFs to make them controlled documents. In the case
of the latter, the author and date of the original documents, however, are superseded by the author
currently preparing the EDF and by date that the EDF is approved and filed at a controlled document
center.







Idaho National Engineering and Environmental Laboratory


CHAPTER 1- FACILITY OVERVIEW -
UPGRADED FINAL SAFETY ANALYSIS


REPORT FOR THE ADVANCED TEST REACTOR


412.09 (69762/2002 -Rev. 7)
Identi fi er: SAR-I53
Revision: 10
Page: 1-13 of 1-16
Effective Date: 08/10/04


Table 1.3-I. Matrix of DOE Order 5480.23 requirements correlated with sections in the Upgraded Final
Safety Analysis Dort.


DOE 5480.23 Requirement
1. Executive Summary


2,
3.


5.
6.


7.


8.
9.


4b
4b
4c


4a
4ai
4aii
4 a iii
4aiv
4av


of Principal Structures , Components , Systems,
Engineered Safety Features , and Processes


Ia
lb
IC
Id


Applicable Statutes, Rules, and Departmental Orders
Site Characteristics
3a
3bi,ii,III, v
3 b iv
3c
3d
3e


Facility Description and Operation , Including Design


it 1, IV,


Hazard Analysis and Classification of the Facility
Principal Health and Safety Criteria
6a,d,e
6b,c


Radioactive and Hazardous Material Waste
Management
7a
7b
7b1
7bii
7 b iii


Inadvertent Criticality Protection
Radiation Protection


9 a through in


UFSAR Section
Executive Summary and Chapter 1
Executive Summary
Section 1.1 and 1.2
Section 1.3
Section 1.3
Chapter 19
Chapter 2
Section 2.1
Section 2.1
Sections 2.1 and 2.2
Chapter 2
Sections 2.1, 2.3, 2.4, and 2.5
Section 2.2


Chapters 3 to 10'
Chapters 3 and 6
Chapters 3 to I I'
Chapters 3 to 10'
Sections 9.2 and 9.3
Chapters 7 and 9
Chapters 3 to 10'
Chapter 6
Chapters 6 and 14
Chapter 20
Chapters 3 and 19
Section 3.1
Section 3.2 and 3.11
Chapter 11


Sections 11.1, 11.3, 11.4, and 11.5
Sections 11.1 and 11.2
Section 11.1
Sections 11.2
Sections 11.3, 11.4, 11.5, and 11.6
Sections 4.3, 9.1 and 13.5
Chapter 12
Section 12.7


a. DOE 5480.23 Requirement 4, Facility description and Operation, is organized based on information requirements in Pans
4a and 4b. The UFSAR is organized based on the major functional systems of the facility in Chapters 3-10. 'nus, the
information required by the Order in each of these various parts are included as appropriate in each of these Chapters.
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DOE 5480.23 Requirement


10. Hazardous Material Protection
10a
10b
10 c, d
IOe
]Of
lOg
lob
10i


11. Analysis of Normal, Abnormal, and Accident
Conditions, Including Design Basis Accidents


11 a, b
11 c, d, e, f, g, h, i, j, k, 1, m, o, p
I I n


12. Management, Organization, and the Institutional
Safety Provisions


12 a
12 b
12 c
12 d
12 e
12 f


13. Procedures and Training
13 a through d


14. Human Factors
15. Initial Testing, Inservice Surveillance, and


Maintenance
15a
15 b, c


16. Derivation of Technical Safety Requirements
17. Operational Safety


17ai
17 a ii, in, iv, vi, vii, viii, ix, x, xi
17av
17 b


18. Quality Assurance
19. Emergency Preparedness
20. Decontamination and Decommissioning
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UFSAR Section
Chapter 21
Section 2].1
Section 21.3
Section 21.4
Section 21.6
Sections 21.4 and 21 .5
Section 21.5
Section 21.7
Section 21.8


Chapter 4 and 15
Chapter 15
Section 3.11
Chapter 13


Sections 13.1 and 13.5
Section 13.5
Section 13.1
Sections 13.1 and 17.1
Sections 13.1
Section 13.1.5
Chapter 13
Section 13.2
Chapter 18
Chapter 14


Sections 14.1, 14.2, 14.3, and 14.4
Section 14.4
Chapter 16


Section 13.1
Section 13.5
Section 13.2
Section 9.1 and Chapters 12, 13,
and 21
Chapter 17
Section 13.3
Chapter 22
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ACRONYMS/ABBREVIATIONS


ANL-W Argonne National Laboratory-West
ARA Auxiliary Reactor Area
ATR Advanced Test Reactor
ATRC Advanced Test Reactor Critical Facility


CFA Central Facilities Area
cfs Cubic Feet per Second
CH Contact-Handled
CTB Centennial Tectonic Belt


DBE design basis earthquake
DOE U_S. Department of Energy
DOE-ID U.S. Department of Energy, Idaho Operations Office


EBR-I Experimental Breeder Reactor I
EG&G Idaho EG&G Idaho, Inc.
ESRP Eastern Snake River Plain


FAST Fluorine] Dissolution Process and Fuel Storage Fac
FSA Fuel Storage Area
FSAR Final Safety Analysis Report


HEPA High Efficiency Particulate Air Filter
HLLW High-Level Liquid Waste
HLW High-Level Waste


y


ICPP Idaho Chemical Processing Plant
IDLH Immediately Dangerous to Life and Health
ILTSF Intermediate Level Transuranic Storage Facility
INEL Idaho National Engineering Laboratory
INEEL Idaho National Engineering and Environmental Laboratory
INTEC Idaho Nuclear Technology and Engineering Center (formerly Idaho Chemical Processing


Plant ICPP)
IPC Idaho Power Company
ISB Intermountain Seismic Belt


Ka thousand years ago


LLW Low-Level Waste
LOFT Loss-of-Fluid Test
LPZ low population zone


Ma million years ago
ML Low Magnitude
M , Surface-Wave Magnitude
ms] mean sea level
MST Mountain Standard Time
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National Climatic Data Center
Nuclear Materials Inspection and Storage
National Oceanic and Atmospheric Administration
U.S. Nuclear Regulatory Commission
Naval Reactors Facility


PBF Power Burst Facility
PMF probable maximum flood
PMP probable maximum precipitation


RH Remote-Handled
RP Reactor Programs
RTU Remote Terminal Unit
RWMC Radioactive Waste Management Complex


SDA Subsurface Disposal Area
SNM special nuclear material
SPERT Special Power Excursion Reactor Test
SPOIl Security Police Officer Level 11
SSE safe shutdown earthquake


TAN Test Area North
TLV-STEL Threshold Limit Value - Short Term Exposure Limit
TRA Test Reactor Area
TRAHC Test Reactor Area Hot Cell
TREAT Transient, Reactor Test Facility
TRU Transuranic
TSA Transuranic Storage Area


UP&L Utah Power and Light
USGS U. S. Geological Su rvey
UTM Universal Transverse Mercator


VMF Vehicle Monitoring Facility
VRZ volcanic rift zone
V3 Shear-Wave Velocity


WCC Woodward-Clyde Consultants
WINCO Westinghouse Idaho Nuclear Company
WIPP Waste Isolation Pilot Plant
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2. SITE CHARACTERISTICS


This chapter, using available data and analyses, quantifies characteristics of the surrounding
environment that influence the design, procedures, and safety of the Advanced Test Reactor (ATR)
Facility operations as required by U.S. Department of Energy (DOE) Order 5480.23, "Nuclear Safety
Analysis Reports" (DOE 1994). Only data relevant to safety analysis activities are included.


This chapter


Provides site characteristics investigation and results summaries that meet the applicable
recommendations of U.S. Nuclear Regulatory Commission (NRC) Regulatory Guide 1 30
(NRC 1978).


• Provides characterization information necessary to support the requirements for (a) identifying and
quantifying environmental threats that may contribute significantly to the risks posed by the
facility, (b) facility hazard classification, (c) accident analyses, and (d ) selecting principal safety
criteria. Site characterization information includes site and vicinity information in the fields of
geology, seismology, hydrology, meteorology, population distribution (present and projected), land
use, site activities, and site controls.


• Describes natural phenomena affecting and affected by the facility. The level of detail provided is
commensurate with the magnitude of the hazards associated with the facility or operation. An
overall site plan is referenced when appropriate and applicable.


• Defines facility exclusion area(s) and the site boundary with respect to public exclusion areas,
access control areas, property lines, and distances from the site boundary to potential effluent
release points.


2.1 Geography and Demography


This section (a) provides a precise description of the location of the Test Reactor Area (TRA) site
and general descriptions of local natural features and other Idaho National Engineering and
Environmental Laboratory (INEEL) facilities and capabilities; (b) establishes the exclusion area authority
and control; and (c) provides population distribution and land use information for the INEEL and vicinity.


2.1.1 Site Location and Description


2.1.1.9 Specification of Location. The ATR site is located in the south-central portion of
the INEEL, a U.S. Government-owned facility managed by DOE and established for building, testing,
and operating developmental nuclear reactors, research, and related facilities. Maps of the INEEL and
vicinity showing locations of surface features are provided in Section 2.1.1.2.


The INEEL occupies approximately 890 mil (2,305 km2) of the northwestern portion of the Eastern
Snake River Plain (ESRP) in southeastern Idaho. The INEEL is nearly 39 mi (63 km) long from north to
south (extreme latitudes are 43° 26' and 44° 01' N) and approximately 36 mi (58 km) wide in its broadest
southern portion (extreme longitudes are 112° 28' and 113° 9' W). The INEEL includes portions of five
Idaho counties (Bingham, Bonneville, Butte, Clark, and Jefferson) and lies within Townships 2 to 8 N
and Ranges 28 to 34 E, Boise baseline and meridian.
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The surface of the INEEL is relatively flat-lying, semiarid, sagebrush desert, with predominant
relief manifested either as volcanic buttes rising above the desert floor or as unevenly surfaced basalt
flows, flow vents, and fissures. The Lemhi, Lost River, and Bitterroot mountain ranges border the Site on
the north and west. The average elevation of the INEEL is 5,000 R (1,526 m) above sea level, East,
Middle, and Big Southern Buttes are in the southern portion of the INEEL and have elevations of 6,410 ft
(1,952 m), 6,572 ft (2,003 m), and 7,575 ft (2,309 m) above sea level, respectively. Typical elevations on
the INEEL (aside from the buttes) range from 5,200 ft (1,585 m) in the northeast to 4,750 ft (1,450 m) in
the southwest. A broad topographic ridge extends northward through the INEEL. This ridge effectively
separates the drainage of mountain ranges northwest of the INEEL from the Snake River.


The Big Lost River, Little Lost River, and Birch Creek flow from the valleys between the
northwestern mountain ranges to the Lost River Sinks in the northwest portion of the INEEL, which acts
as a closed drainage basin. Any water trapped in these sinks (also called playas, i.e., intermittent lakes)
serves to recharge the Snake River Plain aquifer. The Big Lost River enters the southwestern corner of the
INEEL, flows north, and percolates into the Snake River Plain aquifer at the Big Lost River Sinks near
Howe, Idaho. During peak flows of the Big Lost River, water is diverted to spreading areas approximately
5 mi (8 km) east of the location where the river enters the INEEL Site. The intermittently flowing waters
of the Big Lost River have created a floodplain along the lower areas on the west side of the INEEL,
extending north as far as the sinks. In the past, the Little Lost River and Birch Creek entered the INEEL
along the west and northern borders, respectively. However, all surface waters are now diverted for
agricultural irrigation before reaching the Site and only occasionally flow onto the INEEL.


The ATR is located in Building TRA-670 at TRA. This location is E 341520; N 4827507 in
universal transverse mercator (UTM) coordinates. The main floor of the reactor building is at an elevation
of 4,926.26 ft (1,501.5 m) mean sea level (ms]). ATR is in Butt e County, Idaho.


2.1.1.2 Site Area Maps. Figure 2.1-1 shows the configuration of the INEEL and major
on-Site facilities. Figure 2.1-2 shows the location of the INEEL and the Lost River, Lemhi, and Bitterroot
Ranges, and Figure 2.1-3 shows the surface water features at and near the INEEL. Figure 2.1-4 is a
detailed map of the TRA, showing the location of ATR and other principal plant structures.


The INEEL has many facilities and technical capabilities. These include existing reactor facilities,
high-level waste (HLW) and low-level waste (LLW) processing and storage, hot cells, analytical
laboratories, machine shops, and administrative facilities. The following sections briefly describe INEEL
general facilities (Section 2.1.1.2.1), reactor facilities (Section 2.1.1.2.2), transportation infrastructure
(Section 2.1. 1. 2.3), and electric power (Section 2.1.1.2.4).


2.1.1.2 . 1 General Site Facilities-The major INEEL facility areas are shown on
Figure 2 . 1-1 and are listed as follows:


Test Area North (TAN), which has large shops and hot cells, conducts special materials
experiments. It is the location of the former Loss-of-Fluid Test (LOFT) facilities.


Naval Reactors Facility (NRF), which includes ship propulsion reactors and training facilities.


Test Reactor Area (TRA), which conducts irradiations, materials testing, and isotope production.


• Idaho Nuclear Technology and Engineering Center (INTEC), which stores defense and test reactor
fuels and waste.
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Central Facilities Area (CFA), which provides services including transportation , large industrial
shops, health serv ices , and radiation monitoring.


• Argonne National Laboratory -West (ANL-W), which conducts liquid metal breeder reactor
development and reactor research.


Radioactive Waste Management Complex (RWMC), which provides LLW disposal and stores
retrievable transuranic (TRU) waste.


Power Burst Facility (PBF)/Special Power Excursion Reactor Tests (SPERTs), which conducted
light water reactor fuel transient behavior studies. There are no reactors currently operating in this
area. The SPERT facilities, currently store and process waste (see RWMC facilities).


In addition to the major facilities at the INEEL, other office buildings, a computer center, and two
major laboratories are located in Idaho Falls, Idaho. A significant portion of INEEL-related technical,
analytical, and administrative support capability is concentrated in Idaho Falls. Detailed descriptions of
the INEEL facilities are provided in Idaho National Engineering Laboratory Site Development Plan
(DOE-ID 1994).


The following sections briefly describe the INEEL facilities and capabilities that could impact or
be impacted by ATR operations if accidents or other off-normal conditions occur. These include fuel
storage, HLW and LLW processing and storage, reactor test facilities, transportation facilities, and
INEEL electrical power systems.


2.1.1.2.1.1 Idaho Nuclear Technology and Engineering Center-The
INTEC stores various types of radioactive waste and spent reactor fuel. It also processes certain types of
radioactive waste. The capabilities of the INTEC include:


• Storing highly enriched (93% U-235) and other types of reactor fuel


• Storing high- level liquid waste (HLLW) in an acid form in stainless steel tanks housed in
underground concrete vaults


• Convening HLLW to a solid by a production scale waste calcining facility.


2.1.1.2. 1.2 Radioactive Waste Management Complex-The RWMC
disposes of INEEL-generated solid, low-level, and betalgamma contaminated wastes and also stores
retrievable Contact-Handled (CH) and Remote-Handled (RH) TRU waste. The RWMC consists of two
main areas : the 88-acre (33.6 ha) Subsurface Disposal Area (SDA) and the 55-acre (22.3 ha) Transuranic
Storage Area (TSA).


RWMC operations presently consist of the following : ( a) subsurface disposal of LLW at SDA,
(b) CH TRU waste storage at TSA, and (c) RH TRU waste storage in watertight vaults at the Intermediate
Level Transuranic Storage Facility (ILTSF).


The solid waste inventories and forecasts from waste generators indicate that the RWMC will be
able to continue accepting waste until 2093 (EG&G Idaho 1984).
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2.1.1.2.2 Reactor Facilities-The major currently operable test reactors at the
INEEL are the Advanced Test Reactor (ATR) and Transient Reactor Test Facility (TREAT). These
reactors provide test space at prescribed radiation conditions to simulate steady-state and accident
environments.


TREAT operates as a low -power, steady-state, or transient reactor . This is a graphite-moderated,
air-cooled reactor designed to produce sho rt, intense power bursts for studying fuel behavior under
transient power conditions . TREAT provides significant support to fast reactor technology and materials
behavior programs.


2.1.1.2.3 Transportation-The INEEL and its associated facilities are served by a
transportation network that includes public highways, local air service, onsite roads, and a railroad. This
transportation system adequately supports operations of ATR.


Within the INEEL boundaries , there are approximately 87 mi (140 km ) of paved roads restricted to
use by employees and visitors on official business . Numerous miles of paved serv ice roads provide access
to areas including CFA, TAN, and others.


An additional 90 mi (144.4 km) of paved highways passing through the Site are used by the public.
U.S. Highways 20 and 26 cross the southern portion of the Site, and Idaho State Highways 22, 28, and 33
cross the northeastern part of the Site.


Figure 2.1 - 1 shows the network of highways, roads, and railways on the INEEL and its vicinity.


Over 100 mi (160.9 km) of unpaved INEEL roads and trails provide access for emergency,
security, and service vehicles throughout the Site.


In addition to U.S. and state highways, two major interstate highways traverse the southeast Idaho
region. Interstate 15 provides north-south connections, while Interstate 86/84 provides an east-west
connection from Boise and points west of Pocatello, Idaho.


Idaho Falls receives railroad freight service from Butte, Montana, to the north, and Pocatello,
Idaho, and Salt Lake City, Utah, to the south. From these points, interconnections are made throughout
the U.S. From Blackfoot, Idaho, the north-south railroad track carries rail freight service to the INEEL
over the Mackay Branch line that connects to a Site spur south of CFA. Railroad cars are picked up at the
Scoville Siding along the spur. Fourteen miles (22,5 km) of the Mackay Branch line traverses the
southern part of the Site.


A Government-owned railroad track passes north from the Mackay Branch through CFA and past
the east side of INTEC to NRF. A spur line runs westerly to connect this tract into and through the south
end of the INTEC storage facility (INTEC Building CCP-603). INEEL-owned, -operated, and
-maintained equipment is used to move freight along the Scoville Spur.


Idaho Falls air service includes a major airline, commuter airlines, and charter service.
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2.1.1.2 .4 INEEL Electrical Power Systems-Commercial electrical power is
delivered to the operating areas at the ]NEEL by an extensive power transmission system (Figure 2.1-5).
The system is a loop configuration with 56.5 on (90.9 km) of a 138-kV transmission line, several miles of
secondary voltage feeder lines, and seven major substations with a cumulative transformer capacity of
122.6 MVA (DOE-ID 1994). Power management personnel operate the transmission loop as a service
utility providing 24-hour staffed dispatch control, a high-voltage line crew, technical and engineering
assistance, and general electrical maintenance.


Electric power is supplied to the INEEL from the Idaho Power Company (IPC), a privately owned
utility. Commercial electric power is transmitted to the ]NEEL through the Antelope Substation (see
Figure 2.1-5), owned by Utah Power and Light (UP&L) Company, via two major substations on the
Pacific Northwest Power Grid: the IPC Brady Substation and the UP&L Goshen Substation. If necessary,
power may also be delivered to the Antelope Substation from Montana Power Company's Anaconda
Substation.


At the Antelope Substation, the 230-kV bus connecting the power lines from the Brady and
Anaconda Substations feeds a single transformer where 230 kV is reduced to 161 kV. The 161-kV bus is
interconnected with the UP&L 161-kV Goshen-Antelope transmission line and feeds two DOE-owned
55-MVA transformers where the 161 kV is further stepped down to 138 W. The secondary of each of
these transformers is connected to a separate 138-kV transmission line, thereby providing two completely
redundant (duplicate) power paths to the INEEL Substation (Scoville Substation), located at CFA.


Power is then fed over a 138-kV loop from the Scoville Substation to six other substations,
including one at TRA. The loop feeds power in both directions to ensure continuous power supply. At
ATR, there are three 4,160 Vac buses, two supplied from commercial power and one supplied from
normally operated diesel generation independent of the commercial power. See Chapter 8 (Electric
Power) for details of the ATR power supply and distribution system.


2.1.1.3 Boundaries for Establishing Effluent Release Limits . The TRA is enclosed by
a double fence, which defines the restricted area. The DOE has the authority to control all activities
within the boundaries of the INEEL; therefore, the exclusion area is defined as the INEEL boundary. The
nearest INEEL boundary is 6.7 mi (10.8 km) to the northwest of ATR. In addition to access control onto
the INEEL, access to the TRA is controlled as specified in a Reactor Programs (RP) controlled document.
These access control practices are the basis for the Guard Post Orders, which define the procedures
followed by the TRA security police officers (SPOIL). In addition, only ATR authorized personnel have
unlimited access to the ATR Building (TRA-670). All others must enter as visitors under escort.


2.1.1.4 Special Features. Archeological surveys in the 100-m zone around the perimeter of
the TRA have indicated no significant cultural resources.


No known material resources of commercial value, such as minerals or lumber, exist at ATR or in
the vicinity of the INEEL.


A critical habitat for threatened or endangered species has not been identified at the INEEL. The
bald eagle and the peregrine falcon are the only threatened or endangered species observed at the INEEL.


2.1.1.5 Conclusion. The INEEL site and ATR location and features are described above in
sufficient detail to provide the necessary framework for subsequent discussion and analyses.
Transportation routes are sufficiently distant that use is not likely to interfere with ATR operation.
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Except for the areas where State and Federal highways cross the INEEL, described in
Section 2.1.1.3, access to the remainder of the INEEL is restricted to employees and visitors on offi cial
business.


2.1.2.1 Authority. All land within the INEEL is either withdrawn from the public domain or
is DOE-acquired lands under the authority of DOE. Issues do not exist concerning land ownership.


DOE Order 473.1, "Physical Protection Program," describes the DOE policy for the physical
protection of special nuclear material (SNM) and vital equipment including nuclear reactors (DOE
2002c). The provisions of this order apply to all Departmental Elements and contractors performing work
for DOE as provided by law and/or contract, and as implemented by the appropriate contracting officer.


2,1.2.2 Control of Activities Unrelated to Plant Activities. The contractor 's Safeguards
and Securirv Manual describes the requirements and procedures to be followed for any cleared visitors,
uncleared visitors, or foreign visitors to the TRA and ATR.


2.1.2.3 Arrangements for Traffic Control. The TRA restricted area is not traversed by a
highway, railway, or waterway.


Vehicle access procedures into TRA are described in a RP controlled document . Only TRA
business-related and construction vehicles are allowed into TRA. All vehicles that enter TRA pass
through the Vehicle Monitoring Facility (VMF) before entry.


Emergency access and exit from TRA and the ATR are discussed in the 1NEEL Emergency
Plan/RCRA Contingency Plan and TRA Facility Specific Addendum.


2.1.2.4 Abandonment or Relocation of Roads. No public roads traversing the exclusion
area had to be abandoned or relocated.


2.1.2.5 Conclusions . The Contractor has complete personnel access control within TRA,
and DOE-ID has control at the INEEL in general, including areas that are not pa rt of a specific facility.


2.1.3 Population Distribution


The following sections contain information about population distribution within a 50-mi (80-kin)
radius of ATR. The 1990 census data were used to compile information on residential population
distributions. Figure 2.1-6 shows the counties covered by the 50-mi (80-km) radius.


2.1.3.1 Population Within 10 Miles. In Figure 2.1-7, concentric circles have been drawn at
1, 2, 3, 4, 5, and 10 mi (1.6, 3.2, 4.8, 6.4, 8.0, and 16 km) from ATR. A residential population does not
exist on the INEEL, and only a small portion of the 10-mi (16-km) radius surrounding the ATR falls
outside the boundary of the INEEL. The northwest sector at 0 to 10 mi (0 to 16 km) (Figure 2.1-8)
indicates a population of 1, although the population resides outside the INEEL boundary.
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2.1.3.2 Population Between 10 and 50 Miles (16 and 80 Kilometers). The population


for each sector (formed by radial lines dividing the 10-mi [ 16-km] interval concentric rings into
22.5° segments centered on the 16 compass points) is shown in Figure 2.1-8 and tabulated in Table 2.1-1.
Population projections for the years 2000 and 2010 are shown in Figures 2.1-9 and 2.1-10, and are
tabulated in Tables 2.1-2 through 2.1-3. The total 1990 population within the 50-mi (80-km) radius is
104,646.


2.1.3.3 Cyclic and Transient Population. Employees at the IN EEL are a cyclic
population. They are concentrated during assigned work shifts at several separate facilities, as shown in
Figure 2.1-1. Two recreational areas, Craters of the Moon National Monument and Experimental Breeder
Reactor No. I (EBR-1), a National Historic Landmark, are locations for transient populations. Craters of
the Moon is located west and west-southwest of ATR, in the sectors 20 to 30 mi (32 to 48 km) and
30 to 40 mi (48 to 64 km) from ATR (Figure 2.1-8), Visitation is concentrated in these sectors.


During FY 1991, a total of 207,000 people visited Craters of the Moon, which has a peak season in
June, July, and August.


EBR-1 is generally open to the public from late May to ea rl y September . It is located southwest of
the ATR approximately 6 mi (10 km). An average of approximately 10,000 people, as of 1994, visit
EBR-1 each year.


2.1.3.4 Low Population Zone. The low population zone (LPZ) has been defined as the area
between the INEEL boundary and three-fourths the distance to the nearest population center with a
population greater than 25,000, which is Idaho Falls. The distance from the TRA to the boundary of the
LPZ is 34.5 mi (55.5 km). Public highways cross through the LPZ along the southern and northern
portions of the INEEL (see Figure 2.1-1). The State of Idaho Transportation Department reported in 1988
that a daily average of 1,840 vehicles traveled U.S. 20 along the southern portion of the INEEL
(Hardinger 1990). This number includes bus and vehicle commuters to the INEEL. State Highway 33
carried a daily average of 530 vehicles (which includes commuters) from the eastern boundary of the
INEEL to Test Area North, and carried a daily average of 260 vehicles from TAN to the western
boundary of the INEEL. State Highway 28 carried a daily average of 430 vehicles through the northern
portion of the INEEL, and State Highway 22 carried a daily average of 150 vehicles.


2.1.3.5 Population Center. The nearest population center of more than 25,000 is Idaho
Falls, which had a population of 43,929 in the 1990 census. It is located 46 mi (74 km) east of ATR
(Figure 2.1-6).


2.1.3.6 Population Density. The cumulative population in 1990 within a 30-mi (48-km)
radius of the ATR was 3,430. Therefore, population density within this area would be 1.2 people per mi2
(0.47 people per km2); excluding the area of the INEEL, the density would be 1.75 people per mil
(0.68 people per km2). The cumulative population in 1990 within a 50-mi (80-km) radius is 104,646,
which results in a population density of 13.3 people per mil (5.2 people per km); excluding the INEEL,
the density would be 15 people per mi (5.9 people per km2). For purposes of projecting future potential
impacts as a result of population growth in the INEEL area, population projections have been made.
Population density within the 50-mi (80-km) radius for the year 2000 would be 15.6 people per mi2
(6.1 people per km2) and 17.6 people per mil (6.9 people per km2) if the area of the INEEL is excluded.
For 2010, the population density within the 50-mi (80-km) radius would be 17.3 people per mi2
(6.7 people per km2), and 19.5 people per mi2 (7.6 people per km2) if the area of the 1NEEL is excluded.
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2.1.3.7 Conclusions. All of the population vs distance values required for safety analysis are
presented above. A low population zone (LPZ) boundary is established such that the nearest population
center is one and one-third times the distance to the LPZ.


2.1.4 Land Use


Approximately 300,000 acres (121,407 hectares) of the INEEL Site are open to controlled grazing
by cattle or sheep. Grazing on the INTEL is limited to the shaded areas shown in Figure 2.1-11. The
nearest grazing lands are 3.3 mi (5.3 km) from the ATR. Grazing is prohibited within 2 mi (3.2 km) of
any nuclear facility, and livestock populations are controlled. Dairy cows are not allowed. Other uses of
the land are extremely limited because of the climate, lava flows, and general desert soil characteristics.
The only land at the INEEL suitable for farming is near the terminations of the Big and Little Lost Rivers,
near the town of Howe. Arable land with a moderate irrigation limitation is present on both sides of the
Big Lost River and in the remains of an ancient lake bed between Mud Lake and Howe. The remainder of
the INEEL, approximately 65% of the surface area, has a low subsurface water-holding capacity, is rocky
or covered with basalt, or is classified as having moderate-to-severe limitations for agricultural irrigation.


Land use in the region surrounding INEEL consists of about 45% agriculture, 45% open land, and
10% urban area. Agricultural use includes cropland, mostly wheat and potatoes, and grazing land for
cattle and sheep.


Because public access to the INEEL is controlled, activities other then grazing within 5 mi
of the ATR are limited to DOE and DOE-suppo rt contractor activities conducted in the facilities
described in Section 2.1.1.2.1.
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Table 2.1-1. 1990 population distribution within a 50-mi (80-km) radius of the Advanced Test Reactor.


Miles
Sector 0-10 10-20 20-30 30-40 40-50


N 0 137 46 17 5


NNE 0 9 3 73 21


NE 0 0 110 778 184


ENE 0 0 64 621 1,205
E 0 0 1 376 54,853


ESE 0 0 2 264 12,658


SE 0 25 258 8,259 13,480


SSE 0 9 44 1 , 414 3,292


S 0 3 13 164 2,375


SSW 0 0 0 0 20


SW 0 1 3 0 0
WSW 0 3 7 8 142
W 0 330 46 10 17
WNW 0 1,194 767 26 2
NW 1 1 245 810 127
NNW 0 24 24 6 9
Total 1 1 , 736 1,693 12,826 88,390


Total Population 039 mi : 104,646.
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Table 2. 1-2. Projected population distribution within a 50 - mi (80-km) rad
Reactor for the Year 2000.°


us o he Advanced Test


Miles
Sector 0-10 10-20 20-30 30-40 40-50


N 0 171 56 21 7
NNE 0 11 3 91 28
NE 0 0 215 969 225
ENE 0 0 79 770 1.484
E 0 0 2 444 63,982
ESE 0 0 3 318 14,931
SE 0 27 313 9,835 15,959
SSE 0 11 53 1,684 3.420
S 0 4 17 192 2,766
SSW 0 1 0 0 4
SW 0 1 4 1 0
WSW 0 4 9 13 215
W 0 401 57 15 27
WNW 1 1,434 927 34 3
NW 2 2 298 969 154
NNW 0 30 31 7
Total 3 2,097 2.067 15,363 103,216


Total Population 0-50 mi: 122,747.
a. Source for growth projections : Idaho Power Company ( JP(2), 1991, County Economic Forecasts-Demand Planning
Project Report, J anuary .
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Table 2.1-3. Projected population distribution within a 50-mi (80-km) radius of the Advanced Test
Reactor for the year 2010.°


Miles
Sector 0-10 10-20 20-30 30-40 40-50


N 0 186 62 23 7


NNE 0 11 4 103 32
NE 0 0 240 1,087 252
ENE 0 0 88 861 1,661


E 0 0 2 492 70,328
ESE 0 0 3 350 16,459
SE 0 30 348 10,831 17,591
SSE 0 12 59 1,859 4,336


S 0 5 19 216 3,091
SSW 0 1 0 0 30
SW 0 1 4 1 0
WSW 0 4 9 17 290
W 0 442 63 20 36
WNW 1 1,568 1,019 37 3
NW 2 3 329 1,075 172
NNW 1 32 33 8 13
Total 4 2,295 2,282 16,980 114,301


Total Population 0-50 mi: 135,862


a. Source for growth projections: Idaho Power Company (IPC), 1991, County Economic Forecasts-Demand Planning
Project Report, January. _ _ _
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Figure 2.1-1. Major Facilities on the 1NEEL. ( For Information Only)
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Figure 2.1-2. Geological Setting of the INEEL. (modified from EG&G Idaho 1984). ( For Information Only)
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Figure 2.1-3. Surface Water Features at or near the INEEL. (For Information Only)
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Figure 2.1-5, Power Lines within the INEEL. (For Information Only)
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Figure 2.1-7. Sectors within a 10-mi (I6-km) Radius of the Advanced Test Reactor.
(For Information Only)
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Figure 2.1-8. 1990 Population in Each Sector within a 50-mi (80-km) Radius of the Advanced Test
Reactor. ( For Information Only)
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Figure 2.1-9. 2000 Population in Each Sector within a 50-mi (80-km) Radius of the Advanced Test
Reactor . (For Information Only)
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Figure 2.1-10. 2010 Population in Each Sector within a 50-mi (80-km) Radius of the Advanced Test
Reactor. (For Information Only)
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Figure 2.1-11. Geographical Features and Land Use at the INEEL and Vicinity. ( For Information Only)
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2.2 Nearby Industrial , Transportation , and Milita ry Facilities


This section provides a description of nearby industrial, transportation, and military facilities that
could potentially be at risk as a result of activities at TRA or that could impact TRA activities as a result
of normal operations or accidents. The accidents at nearby facilities that could impact TRA operations are
also described.


2.2.1 Location and Routes


The INEEL is a site where nuclear reactors and support facilities have been built and tested to
demonstrate the applications of reactor technology, to conduct safety research, and to support defense
programs. The existing facilities include a number of research and experimental reactors, waste
management facilities, and a chemical processing plant (INTEL) that is a primary facility for processing
radioactive waste and for storing radioactive waste and reactor fuel.


There are no commercial industries or activities , commercial or public transportation , or milita ry
installations or activities (except NRF) in the vicinity that could be impacted by, or cause impact to the
ATR at the INEEL.


2.2.2 Descriptions


2.2.2.1 Description of Facilities . The INEEL facilities within 5 mi (8 km) of the ATR are
described in Section 2.1.1.2.1. Detailed descriptions of these facilities are contained in the Idaho National
Engineering Laboratory Site Development Plan (DOE-1D 1994) and are not repeated in this section.


2.2.2.2 INEEL Facility Evacuation Times. Estimated evacuation times for INEEL
facilities within a 5 mi radius of the ATR are as follows: INTEC (at 1.8 mi) can be evacuated in
35 minutes following notification from the INEEL Warning Communications Center, NRF (at 4.9 mi) in
45 minutes, CFA (at 4. 1 mi) in 10 minutes , and PBF (at 4,9 mi) in 6 minutes (Knudson and Matthews
1989).


An additional delay time would precede these evacuation times due to reporting and decision
making processes. This delay time is estimated to be 20 minutes (Knudson and Matthews 1989). The
TRA can be evacuated within 18 minutes following an evacuation notification (Knudson and Matthews
1989). Several facilities within TRA, such as the Advanced Test Reactor Critical Facility (ATRC), the
TRA Hot Ce ll (TRAHC) and Nuclear Materials Inspection and Storage (NMIS) facilities, could
experience accidents which might affect personnel at the ATR. Personnel within the TRA, however, are
protected by a common evacuation plan. A serious TRA facility accident, if expected to affect the safety
of personnel in other TRA facilities, would result in a common evacuation of the TRA.


2.2.2.3 Pipelines . There are no pipelines other than those within the boundaries of the
specified nearby facilities or within 5 mi (8 km) of the ATR, and none traverse the INEEL.


2.2.2.4 Waterways . The Big Lost River has recently been classified as a navigable
waterway; however, no effluents are discharged to that waterway by any INEEL operations (see
Section 2.4.1.2).
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2.2.2.5 Airports, Airports do not exist within 10 mi (16 km) of ATR. The nearest commercial
airport is in Idaho Falls, which is 47 an (75.6 km) east. There are infrequent security helicopter flights
near TRA, and a helicopter landing pad is designated immediately south of the southern TRA perimeter
fence.


2.2.2.6 Projections of Industrial Growth . The following projections are from the Idaho
Power Company (IPC 1992):


The 1990 to 2010 projected annual rate of Idaho population growth of 1.53% per year will produce
a projected population gain of nearly 356,000 people over the two decades.


• Total employment in Idaho is expected to increase at an annual rate of 1.93% per year over the
1990 to 2010 period.


2.2,2.7 Conclusions. The locations and activities of all industrial, military, and
transportation facilities that potentially could affect, or be affected by, ATR safety were considered. The
data are adequate for identification of potential accidents to be evaluated in the next section.


2.2.3 Evaluation of Potential Accidents


The fo ll owing subsections evaluate potential chemical and radiological accidents at adjacent
INEEL facilities that may impact operations at ATR. The facilities considered are those located within
approximately a 5-mi (8-km) radius of ATR as recommended for commercial reactors (NRC 1978). Of
the facilities considered , only INTEC, presumably NRF, ATRC, NMIS, and TRAHC Facility present a
potentially significant hazard at the ATR. Accident consequences and safety analysis for NRF are not
included in the ATR UFSAR because they are classified information.


2.2.3.1 Potential Chemical Accident Impacts to ATR from Adjacent Facilities. Of
the facility areas within a 5-mi (8-km ) radius of the TRA, only INTEC has the potential for sufficient
chemical material release to significantly impact ATR operations.


This section provides an assessment of potential impacts at ATR resulting from accidental
chemical spill at INTEC based on Rood (1991). Spills postulated to occur at the Lincoln Boulevard
turnoff to INTEC were also evaluated . Peak and time-weighted-average concentrations were calculated
for receptors at the ATR facility and the TRA guard station at a height I in above ground level.
Calculated concentrations were then compared to the 15-minute averaged threshold limit value-short
term exposure limit (TLV-STEL) and the 30 -minute averaged immediately dangerous to life and health
( IDLH) limit . Several different methodologies were used to estimate source strength and dispersion.
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Hydrofluoric acid, anhydrous ammonia, and chlorine were identified as chemicals that may have a
potential impact at the ATR facility. These chemicals required evaluations using 50% meteorological
conditions. Subsequent to the analysis by Rood, reprocessing of spent fuel at INTEC has been eliminated,
thus eliminating the use of bulk quantities of hydrofluoric acid. Removal of bulk quantities of
hydrofluoric acid from INTEC was completed in 1994. Therefore, hydrofluoric acid spills have been
deleted from consideration. Using 50% meteorological conditions, chlorine did not exceed any of the
standards. Nitric acid and ammonium hydroxide required reevaluation using an evaporative model, and
the results showed minimal impact at the ATR facility and TRA guard station. The remaining chemicals
were eliminated from consideration based on conservative screening calculations and, thus, were not
considered to pose a potential threat to operation of the ATR facility. Table 2.2-1 shows the results of the
final analysis for each chemical. The 15-minute average concentration was normalized to the TLV-STEL
value, and the 30-minute average concentration was normalized to the IDLH value. These concentrations
represent the air concentration at I-m height. They do not represent the air concentration inside the ATR
control room facility. The air concentration inside the control room will depend on the air exchange rate,
where the air intake is located, and on any filtration equipment for the incoming air stream.


Fifteen-minute time-weighted-averaged concentrations of anhydrous ammonia exceeded
TLV-STEL values for the cases considered. The IDLH value for hydrofluoric acid was also exceeded,
indicating that even a limited spill presents significant health hazards to personnel in the immediate
vicinity and perhaps at the ATR facility. Calculated concentrations of ammonium hydroxide, hexone,
nitric acid, propane, gasoline, chlorine, and liquid nitrogen were all below the TLV-STEL value.


Subsequent to the analysis summarized above (Rood 1991), INTEC activities have changed. The
anhydrous ammonia inventory and use is greatly decreased. A spill may still be possible, but the
likelihood is considered low. In the event of a spill outside the INTEC fenced boundary, the CFA
Emergency Action Center would be in control. The risk to TRA personnel is acceptably low.


2.2.3.2 Potential Radiological Accident Impacts to ATR from Adjacent Facilities.
Of the facility areas within a 5-mi (8-km) radius of the TRA location , only five have the potential for
significant radioactive mate ri al releases : ATRC, NMIS, TRAHC, INTEL, and NRF.


The Safety Analysis Reportfor the ATRC (IRA-670) (SAR-)92) (INEEL 2003b) considers several
radiological events for ATRC, which include inadvert ent canal draining and out-of-core criticality
accident.


The inadvert ent draining accident resulted in calculated radiation fields on the ATRC main floor on
the order of 7 R/hr immediately after the accident . Recovery action could be implemented soon
after a worst -case canal draining accident . Also the radiation levels are low enough that ATRC
operators could evacuate without accumulating a signi fi cant dose.


2. The calculated dose for the hypothetical severe fuel damage accident is 100 rem in the ATRC bay.
The receptor was assumed to evacuate the ATRC room within 7.5 minutes. This accident is beyond
the design basis for ATRC.


The receptor location analyzed was within the ATRC, which is located within the ATR building.
Doses and dose rates to ATR Facility personnel would be less than the values reported above due to
additional shielding and distance . Complete details of the ATRC radiological accidents are available in
the Safety Analysis Report for the ATRC (TRA-670) (SAR-l 92) (INEEL 2003b).
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The TRA Safety Analysis Report (SAR) Chapters for Nuclear Materials Inspection and Storage
(NMIS) TRA-621 (SAR-154) (INEEL 2003a) postulates two accidents in the facility hazard analysis that
could result in radiological exposure to the co-located worker and one accident that could result in
hazardous material exposure to the co-located worker. The postulated radiological accidents are a nuclear
criticality and a facility fire; the postulated hazardous material release accident is a facility fire.


A nuclear criticality accident is postulated to involve nine ATR fuel elements with a prior
irradiation that results in a dose rate of 200 mrem/hr on contact. The calculated dose for a
co-located worker at 200 in is 1.1 rem total effective dose equivalent (TEDE) assuming an
unfiltered release through the building ventilation system.


2. A fire in the facility is postulated to damage 132 ATR fuel elements with a prior irradiation that
results in a dose rate of 200 mrem/hr on contact . The calculated dose for a co-located worker at
200 in is 16 rem (TEDE) assuming an unfiltered release through the building ventilation system.


A fire in the facility is also postulated to release Cd for a fire in the storage vault or Pb for a fire in
the non-vault areas. The exposure to the co-located worker at 100 in is calculated to be 2.45 mglm3
for Cd, which exceeds the Emergency Response Planning Guidelines (American Industrial
Hygiene Association) level I (ERPG-I ), and 11.9 mglm3 for Pb, which exceeds ER-PG-2. The
calculations do not consider the effect of the building structure on the rate or amount of material
released.


The receptor location for the criticality and the radiological consequences of a fire is 200 in, the
receptor location for the hazardous material release due to a facility fire is 100 in, A facility worker
immediately outside the ATR facility is over 300 in away from the NMIS. The exposure at 100
and 200 in envelope the exposure to ATR facility workers. Details of the radiological and hazardous
material release accident analysis are available in the NM IS SAR (INEEL 2003a).


The Documented Safety Analysis for the TRA Hot Cell Facility (TRA-632) (SAR-204) postulated
two for further quantitative analysis (INEEL 2002). Descriptions of the cases follow:


Case 1: Unfiltered release of radioactive material from a representative ATR test train because of a
fire. The release is due to the failure of the building, walls, windows , and doors from the heat
of the fire.


Case 2: Direct dose from a cobalt source because of a shielding failure. The source becomes
unshielded because of a shielding window leak or some other unspecified failure.


The receptor location cases included:


• 100 in from the building (facility boundary)


• General public (about 10.6 km)


The ATR is located between these two receptor locations, and the dose at ATR will be bounded by
the dose at 100 m.
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The results of the TRAHC analyses indicate for Case 1, an unmitigated TEDE of 18.1 rem at


100 in, using 4.5 mIs (10.07 mph) wind speed. Analysis for Case 2 indicates a dose of 77 rem in a 24 hr
period.


The radiological impact for ATR facility personnel from credible radiological accidents would be
much less than the unmitigated 18.1 rem (for 4 . 5 m/s wind speed) because controls have been
implemented to reduce the heat and duration of a postulated fi re and to ensure that various radiation
shields remain functional (e.g. windows).


INTEC has numerous facilities, which contain radioactive material. Accidents involving several of
these facilities could have releases that could result in a radiological impact at TRA. The accident with the
worse case radiological consequences at TRA would be the Fuel Storage Area (FSA). Numerous events
were analyzed for the FSA and documented in SAR-113 (2003). The postulated accidents selected for
quantitative analysis are:


1. HEPA filter failure


2. Total fuel cladding failure


3. Spent resin release


4. Inadvertent nuclear criticality


5. FSA aboveground structure failure


6. FSA pool drain.


The pool drain event produced the most significant consequences. The event was analyzed with a
concurrent loss of all cladding with a concurrent criticality. The distance between INTEC and TRA is
2.4 km. The event was analyzed using Class F meteorology with a wind speed of 2 rn/sec. The
radiological impact at TRA was 27 rem, Due to the high value of the unmitigated dose the structure at
INTEC was classified as safety class.


Accident consequences and safety analysis for NRF are not included in the ATR UFSAR because
they are classi fi ed information.
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2.2.3.3 Conclusions . The conservatively calculated dose at ATR from the worst-case
adjacent facility accident is significantly less than the calculated doses from ATR accidents as described
in Chapter 15. The risk of adjacent facility accidents is acceptable.


Table 2.2-1. Summary of the air dispersion calculations for the I m level at the ATR facility for an
INTEC chemical spill.


Air Concentration at ATR


Chemical
Peak


(mg/m3)
15 min
normala


30 min
normalb


Ammonium hydroxide 2.15E+01 7.96E-01 6.14E-02
Hexone 1,88E+03 9.70E-01 1.18E-02
Liquid nitrogen 1.30E+04 - 6.90E-02
Nitric acid 3.30E+00 3.30E-01 1.27E-02
Propane 3.10E+03 2.66E-0I 6.66E-03
Gasoline 3.42E+03 5.88E-01 1.76E-01
Anhydrous ammonia (1,640 kg) 8.37E+02 4.79E+01 1.65E-0]
Anhydrous ammonia (65,500 kg, 50% meteorological 3.16E+02 5.16E+00 1.77E-01
conditions)
Chlorine (50% meteorological conditions) 1.32E+00 1.74E-02 290E-04


a. The 15-min average concentration normalized to the TLV-STEL value (TLV-STEL: threshold limit value - short-term
exposure lint).


b. The 30-min average concentration normalized to the IDLH value ( IDt.H: i mmediately dangerous to life and health).
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2.3 Meteorology


2.3.1 Regional Climatology


The climate of the INEEL, located in the Eastern Snake River Plain (ESRP), is affected by its
altitude above sea level, its latitude , and us intermountain se tt ing . The regional aspects of this climate are
described in the following subsections.


2.3.1.1 General Climate. Air masses crossing the ESRP have first traversed a mountain
barrier and precipitated a large percentage of inherent moisture. Therefore, annual rainfall at the INEEL is
light, and the region is classified as arid to semiarid. The relatively dry air and infrequent low clouds
permit intense solar heating of the surface during the day and rapid radiational cooling at night. These
factors combine to give a large diurnal range of temperature near the ground.


The moderating influence of the Pacific Ocean produces a climate that is usually warmer in the
winter and cooler in summer than is found at locations with similar latitudes in the more continental
regions of the U.S. to the east of the Continental Divide, The Centennial and Beaverhead Mountain
Ranges are an effective barrier to movement of most of the intensely cold winter air masses passing to the
south out of Canada toward the ESRP. Occasionally, however, cold air spills over the mountains and is
trapped in the ESRP. The INEEL then experiences below-normal temperatures for periods lasting
7 to 10 days.


The mountains bordering the ESRP also channel the prevailing west winds into a southwesterly
flow because of the northeast-southwest orientation of the ESRP between the bordering mountain ranges.
The second most frequent wind direction is from the northeast.


A summary of recent climatological data from 14 National Climatic Data Center (NCDC) stations
on and surrounding the INEEL (Clawson, Start, and Ricks 1989) is given in Table 2.3-1. The recent data
supplement, but do not replace, an extensive early climatological report (Yanskey, Markee, and
Richter 1966). The data have been compiled. for a common time period (January 1981 through July 1985)
to allow a climatological comparison of these sites. The data include average annual statistics for air
temperature and precipitation. Normal annual air temperatures and precipitation levels, which are an
average of the 30-year period of 1951-1980, are also provided when they are available. Data listed under
the heading Upper Snake River Plains Division are an average of all NCDC stations in the ESRP and
represent the average regional climate.


2.3.1.2 Regional Meteorological Conditions for Design and Operating Bases. The
minimum meteorological conditions for design and operating bases of the ATR are provided in the
INEEL Architectural Engineering Standards (DOE-ID 2002). These criteria are based on regional and
local conditions specifically applicable to the INEEL.


2.3.1.3 Conclusions . The cited references provide all of the general climate data needed for
safety analyses.


2.3.2 Local Meteorology


INTEL meteorology is described in detail in Clawson , Start, and Ricks ( 1989) and is summarized
in the foll owing subsections , including normal and extreme values of selected meteorological parameters
and an analysis of the potential influence of the ATR on local meteorology.
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2.3.2.1 Normal and Extreme Values of Meteorological Parameters. Clawson, Start,
and Ricks (1989) provides normal and extreme values for several climatic topics. Brief summaries follow.


Large ranges in daily surface air temperatures can be expected at any location on the INEEL. The
average daily air temperature over a 39-year period of record at CFA ranges from a low of 10°F (-12.2°C)
on January 2 to a high of 70°F (21.1 °C) on several days in late July.


Detailed studies of the air temperature structure from the surface to 250 ft (76.2 m) have been
conducted for several years using air temperatures measured on tall towers at various locations on the
INEEL. The GRD3 station, approximately I mi (1.6 km) northeast of TRA, is representative of TRA. For
GRD3, from September 1980 through May 1983, the data indicate an average annual inversion rate of
45.9% (percent of time), and a lapse rate of 54.1 %.


Precipitation has been recorded since 1950 at CFA. Although the total annual precipitation is light,
precipitation can be expected in any month of the year, and there are several months when no
precipitation was recorded. A pronounced precipitation peak occurs in May and June. The average
precipitation for each of these months at CFA is 1.2 in. (3.0 cm). Precipitation observed in every other
month is approximately one-half or less of this amount. The average annual total precipitation is 8.71 in.
(22.1 cm) at CFA.


Atmospheric pressure was recorded nearly continuously at CFA from February 1950 to
August 1964. A mercurial barometer located at a height of 4,937.57 R (1,504.97 m) msl was used to
measure pressure during this time. The data indicate an average station pressure of 25.06 in. (63.65 cm) of
mercury (Hg). Monthly averages range from 24.98 in. (63.45 cm) Hg in April to 25.13 in. (63.83 cm) Hg
in December. The extreme lowest and highest atmospheric pressures recorded were 24.26 in. (61.62 cm)
Hg and 25.69 in. (65.25 cm) Hg.


Moisture content of the air has been continuously monitored primarily at CFA since 1950.
Originally, atmospheric moisture was recorded as hourly wet bulb temperatures. After discontinuing the
hourly observations, atmospheric moisture was recorded as relative humidity using a hydrothermograph.
Atmospheric humidity has more recently been recorded as dew point temperature with a chilled mirror.
Measurements using each of these variables are detailed in Clawson, Start, and Ricks (1989).


The wind pattern over the INEEL can be complex. The orientation of the bordering mountain
ranges, as well as the general orientation of the ESRP, play an important part in determining the wind
regime. The INEEL is in the belt of prevailing westerly winds that are normally channeled within the
ESRP, producing west-southwest or southwest winds. See Clawson, Start, and Ricks (1989) for wind
roses for GRD3 at the 32.8-ft (20-m) and the 200-ft (61-m) levels.


The state of the ground was observed daily at CFA from 1950 through 1963. The percent of
observations in each category indicates that the ground is usually snow-covered in December, January,
and February. The ground is usually dry from mid-April through mid-November. March and the first half
of November are transition months when the surface is either frozen or covered less than 50% with snow.
For a significant portion of January and February, the ground is covered with blowing or drifting snow.
The annual summary indicates that the ground is dry more than 50% of the time, and that it is either
moist, frozen, or completely covered with ice, snow, or melting snow about 25% of the time.
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The sun rises as early as 4:51 and sets as late as 20:17 hours Mountain Standard Time (MST). It
also rises as late as 8:06 and sets as early as 16:56 hours MST. The longest day of the year is 15 hours,
26 minutes, and the shortest day of the year is 8 hours, 56 minutes. Regional solar radiation data were
obtained during 1953-1975 from more than 200 observation stations. The average daily total global
radiation on a horizontal surface in July is expected to be 681 ly/day', and drops to 131 ly/day" in
December. The average total daily global radiation value for the entire year is 406ly/day.° The average
daily opaque sky cover for the INEEL, based on regional observations, is five-tenths of sky.


Several other types of meteorological phenomena occur at the INEEL. Dew formation and
dissipation coincide with the formation and dissipation of the nocturnal temperature inversion.
Thunderstorms have been observed during every month of the year, although seldom in November
through February. Thunderstorms over the INEEL are usually much less severe than those in the nearby
mountains because of high cloud-base attitudes. Hence, the precipitation from many thunderstorms
evaporates before reaching the ground. Thunderstorms at the INEEL may be accompanied by micro
bursts (i e., strong, localized, gusty winds). Lightning strikes at the INEEL are monitored by the
U.S. Bureau of Land Management; however, historical data for the INEEL have not been compiled.
Although the number of lightning strikes on the INEEL does not appear to be high, the lack of natural
targets and the poor conductivity of the dry desert soil and underlying lava rock cause manufactured
structures to be susceptible to lightning strikes. Small hail, usually smaller than 1/4-in. (0.6-cm) in
diameter, occasionally accompanies thunderstorms. A study of airborne dust showed dust concentrations
ranged from a low of 14.1 µg/m' over total snow cover to a high of 772 pp/m' during the summer.


The National Oceanic and Atmospheric Administration (NOAA) records indicate that five funnel
clouds and no tornadoes have been sighted within the ]NEEL boundaries since 1950. The calculated
return period for a tornado at the INEEL with wind speeds exceeding 120 mph is I x 10° years (Coats and
Murray 1985).


The monthly average wind speed, highest hourly average wind speed, and corresponding wind
directions at CFA are provided in Clawson. Start, and Ricks (1989). The highest hourly average wind
speed for CFA is 67 mph. The highest average wind speeds occur in April, and they are from the west-
southwest and southwest. The maximum instantaneous gust recorded at CFA was 78 mph.


The topography of the INEEL influences atmospheric transport. Tower measurements at GRD3
have shown a 180-degree direction shear between levels 20 ft (6.1 m) and 50 ft (15.2 m) above the
ground. This strong shear has been observed many times during the early morning hours; it is attributed to
the slope of the terrain in this area being opposite the general slope of the terrain over the ESRP. Solar
energy incident upon local topographic features and thermal energy radiated from the earth provide an
energy source of secondary importance to the ]NEEL wind field. The combined influences of global
synoptic-scale forcing, topographic channeling, and radiative heat energy exchanges near the ]NEEL
result in several characteristic trajectory patterns over the INEEL.


' The unit of measurement is the langley (I g
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Several fundamental atmospheric diffusion experiments have been conducted at the INEEL
(Clawson, Start, and Ricks 1989; Yanskey, Markee, and Richter 1966). These include experiments that
studied the characteristics of (a) effluent material released from a 148-ft (45-m) elevated source,
(b) effluent material released at ground level, (c) effluent material released into an ultrastable, low wind
speed atmosphere, (d) effluent material at extended regional and continental scales, and (e) effluent
material in recirculating and stagnating unsteady atmospheric conditions.


Annual average concentration isopleths for normalized INTEC emissions using meteorological
data from 1974 through 1983 generally exhibit a northeast-southwest distribution of the concentration
isopleths. Areas of higher concentration are generally confined within the INEEL boundaries. A
secondary concentration lobe is exhibited in the area between Blackfoot and Aberdeen. Similarities are
also known to exist in the concentration patterns for effluent releases from sites located in the vicinity of
the INTEC, including the ATR.


2.3.2.1.1 Natural Phenomena Hazard Studies-In 1985, the ATR building
reactor room and control room (including adjacent office structure) were evaluated for extreme
wind/tornado hazards. Findings indicated that the masonry block walls, liner plates, and secondary
bracing have low stress levels for all wind speeds considered. Minimal to moderate damage of the ATR
facility will be experienced for probabilities of p = I x IV per year wind speeds (115 mph). Moderate to
severe damage will be sustained at p = I x 10" per year wind speeds (126 mph straight wind, 167 mph
tornado). The main wind force resisting frame members were (a) capable of resisting straight wind speeds
of up to 154 mph (p < I x 10"' per year) and (b) capable of resisting 176 mph tornado wind speed
(p < 1 x 10-' per year).


The study concluded that the ATR reactor building reactor room and control room, including
adjacent office structure, have capabilities of resisting wind speeds greater than established hazard values
(Arendts 1989).


2.3.2.2 Potential In fluence of the Plant and its Facilities on Local Meteorology.
Any significant influence on local meteorology from ATR structures or operations would be expected to
be associated with the cooling towers. Although technical studies were not available for analyses, it is
expected that potential impacts would include plume visibility, fogging, icing, and drift deposition. ATR
is located a sufficient distance from public lands and highways to preclude any significant impacts from
fogging, icing, or drift deposition. Interactions between cooling tower plumes and other industrial phases
should be negligible because of the distances between facilities and because the direction of ATR to
plume generators such as INTEC is perpendicular to prevailing wind paths.


2.3.2.3 Conclusions. The ATR has negligible influence on local meteorology. The cited
references provide all of the local meteorology data needed for safety analyses.


2.3.3 Onsite Meteorological Measurements Program


The onsite meteorological measurements program at TRA is conducted by NOAH. The
measurement station is a "Type 3 Station," using a 49-ft ( I 5-m) tower , and the basic complement of
instruments is as follows-


High-volume air sampler control/status


Wind speed at 49 ft (15 m)
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Wind direction at 49 ft (15 m)


• Nuclear radiation


• Temperature at 6.5 ft (2 m)


• Temperature at 49 ft (15 m).


The remote terminal unit (RTU) gathers data from individual transducers, converts the outputs to
engineering units, and provides the capability to transmit the output data, on request, to a data acquisition
system. The RTU is capable of storing output records for later transmission. During communications or
data acquisition system failures, the RTU is capable of storing five days of data. The TRA RTIJ outputs a
record every six minutes.


2.3.3.1 Conclusions . The meteorological measurements equipment at TRA records data in a
manner suitable for updating existing long-term information.


2.3.4 Diffusion Estimates


The first series of reports using meteorological data acquired on-site was published during the time
period from 1958 to 1960 (IDO-12003, IDO-12004, and ]DO-12015). A major addition to that original
body of climatological literature was the first edition of the "Climatography of the National Reactor
Testing Station," IDO-12048 (Yanskey, Markee, and Richter 1966). One section of IDO-12048 describes
the practical techniques of atmospheric diffusion and deposition calculations. The coefficients for
computation were derived from field trials with various types of meteorological tracers. Other sections
deal with extreme values and atmospheric transport.


The second edition of the ]NEEL climatography, DOEIID-12118 (Clawson, Start, and Ricks 1999)
adds extensively to the first edition but is not a replacement. The second edition includes updates on
dispersion, transport, and extreme values.


2.3.4.1 Conclusions. Both the short-term and long-term meteorological data and
calculation] techniques at the INEEL meet the recommendations of the NRC Regulatory Guide 1.70
(NRC 1978).
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P ation records for observation stations on and surrounding the


Annual Absolute


National Climate Elevation


Absolute
maximum
temperature


Absolute
minimum


temperature


average Annual
(normal) (nor


temperature cooling


average
mal)
degree


Annual average
(normal)


beating degree


maximum An
daily ave


precipitation sno


nual
rage
wfall


Annual average
(normal)


precipitation
Data Center ID (ft msl) (°F) (°F) (°F) days (DGD/v) days (DGD/y ) (in.) (i n.) (in.)


Aberdeen Exp. 4405 98 -38b 42.9b(44,5) 247b(269) 79752(7633) 0.76' N/A 10.236(8.81)
Station
Arco 3 SW 5328 97 -45 0 40.9° 217`(20 4) 7286b(8613) 1,64' N/A 14.35°
Blackfoot 2 SSW 4487 97 -24` 43.6` 409` 6144b 1.36° N/A 10,20'(10.70)
Craters of the Moon 5897 95 -37 42.4d 355' 7751 2.00d 121 9b 17 7lb
Dubois Esp. Station 5450 98 -25 42.4(42 7) 335(301 ) 8250(8424) 1.25 50.9 16.05(11.74)


Hamer 4 NW 4791 98 -46' 38,7`(42.5) 116'(26 2) 8352'(8441) 0,81' 31,8 11.49b(8.46)


Howe 4820 97' -38b 43.0d 244' 7890 2.02' 19.8 10.16d(8.85)


Idaho Falls 2 ESE 4765 986 -340 45.0' 393` 7480b 1.13' 39,1 ' 16.390


Idaho Falls FAA Al' 4730 100 -38 42.8(43,8) 309(288 ) 8094(7995) 0.97 43,5 12.89(9.77)


Idaho Falls 46 W 4938 99 -47 40.7(42,0) 272(253 ) 8840(8626) 1.51 28.3 10.31(8.62)


Minidoka 10 WNW 4290 105' _30d 403` 343d 7551' )95` N/A 10.73'


Rexburg Ricks 4920 97b -31` 43.7` 310` 7948(7443) 1.40d 75.1 17.39`
College
Richfield 4306 100 -28 44 4(45.4) 369(332 ) 7546(8398) 1.36 39.5 14.51(11.09)
St. Anthony 4950 95 -39 41 6`(42.2) 1040(146 ) 82976 1.14` N/A 14,506
1 WNW
Upper Snake River N/A N/A N/A 43.1(43.9) N/A(NIA ) N/A(N/A) N/A N/A 14.62(11.21)
Plain


a. Taken from Clawson, Start, and Ricks 1989. N/A indicates that the data are not available for a given station. Normals are average data from the 30-year period of 1951 to 1980 ,
h. Data are missing for all or part of I year.
c. Data are missing for all or part of 2 years.
d. Data are missing for all of part of 3 years.
e. Data are missing for all or part of 4 years.
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This section provides descriptions of the surface and groundwater hydrology of the INEEL and
surrounding region. Surface water discussions include general flood history and flood design
considerations, the probable maximum flood (PMF) and potential dam failures, and other local surface
water considerations that could affect designs. Groundwater discussions include general descriptions of
the local and regional groundwater environment, including water use and other groundwater
considerations that could affect designs.


2.4.1 Hydrologic Description


2.4.1.1 Site and Facilities. The area around TRA is relatively flat with elevations ranging
from approximately 4,930 ft (1,503 m) mean sea level (msl) in the southwest corner to approximately
4,918 ft (1,499 m) msl in the northeast corner, The Big Lost River channel is 4,480 ft (1,365 m) from the
southeast corner of the TRA security fence and 4,120 ft (1,256 m) from the southeast corner of the warm
waste pond. Elevation of the river bed in the TRA area is 4,919 If (1,499.3 m) msi.


ATR is located at the TRA Facility area. The main floor of the reactor building is at an elevation of
4,926.26 ft (1,501.5 m) msi. Elevations of support facilities such as the diesel oil pump house 4,921.0 ft.
(1,499.9 m) msl and the raw water/fire water pump house 4,920.5 ft (1,499.8 m) are lower.


2.4.1.2 Hydrosphere . Most of the INEEL is located in the Pioneer Basin into which three
tributaries drain : the Big Lost River , Little Lost River, and Birch Creek ( Figure 2.1-3 ). These tributaries
receive water from mountain watersheds located to the no rth and northwest of the INEEL. Stream flows
are o ft en depleted before reaching the INEEL by irrigation diversions and infiltration losses along the
river. When water does flow onto the INEEL, it either evaporates or in fi ltrates into the ground because
the Pioneer Basin is a closed topographic depression.


In addition to the infrequent flow of the three tributaries, INEEL surface water hydrology includes
local runoff from precipitation and snowmelt. The INEEL has very little surface water except in years of
heavy runoff from snowmelt or rainfall. Surface water is not used at the INEEL. The Big Lost River is the
major surface water feature on the ]NEEL and is the only tributary of concern at TRA. At its nearest
point, the Big Lost River channel is 4,480 ft (1,365.5 m) from the southeast comer of the TRA security
fence with an elevation of 4,919 ft (1,499.3 m) msl. Big Lost River waters are impounded and regulated
by the Mackay Dam located approximately 4 mi northwest of Mackay, Idaho. Mackay Dam is an earthen
structure, 80 ft (24.4 m) high and approximately 1,430 ft (435 m) long at dam crest, which was completed
in 1917 with a storage capacity of 44,500 acre-ft (54,890,000 m3) and a surface area of 1,241 acres
(502 ha) (Van Haafien, Koslow, and Naretto 1984). It is classified as a high hazard dam by the State of
Idaho, based on the Army Corps of Engineers guidelines for safety inspection. An ungated overflow
spillway with a weir length of 75 ft (23 m) at elevation 6,066.5 ft (1,849.1 m) msl is located near the west
abutment of the dam. The spillway is rated for a discharge of 3,250 cfs (92.0 mils) with 4 ft (1.2 m) of
freeboard on the dam. The total discharge capacity of Mackay Dam is less than 10,000 cfs (283.2 m3/s).


Mackay Dam was built before current seismic or hydrologic design criteria were in effect.
Although the structure's ability to withstand further seismic activity is unknown, the performance of the
structure following the Borah Peak earthquake demonstrated the stability of the embankment during
moderate earthquake ground motion (estimated to be 0.22 to 0.3 g peak ground acceleration at the dam
site). Some minor turbidity was observed for approximately I hour after the earthquake. A walkdown of
the dam after the earthquake showed no damage to the internal structure.
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A number of irrigation diversions exist between the Mackay Dam and the Snake River Plain. Upon
leaving the dam, waters of the Big Lost River flow southeastward through the Big Lost River Basin past
Arco and onto the ESRP. When flow in the Big Lost River reaches the ]NEEL, it is either diverted at the
INEEL diversion dam (Figure 2.1-3) or flows northward across the 1NEEL in a shallow, gravel-filled
channel to its terminus at the Lost River Sinks, where its flow is lost to evaporation and infiltration.


The INEEL diversion dam, constructed in 1958 to divert high runoff flows from the INEEL
facilities, consists of a diversion dam, diversion channel, two 6-fl (1.8-m) diameter gated culverts, three
dikes, four spreading areas, and two interconnecting channels. The diversion channel is capable of
carrying 7,200 cfs (203.9 m3/s) from the Big Lost River into the spreading areas. Two low swales located
southwest of the main channel will carry an additional 2,100 cfs (59.5 m'/s) for a combined maximum
diversion channel of 9,300 cfs (263 m'/s) (Bennett 1986). The total capacity of the spreading areas is
18,200 ac-ft (22,450,000 rn3) at elevation 5,040 ft (1,536 m) msl and 58,000 ac-ft (71,542,000 m3) at
elevation 5,050 ft (1,539 m) ms] (McKinney 1985; Koslow and Van Haaften 1986). Table 2.4-1 lists
Mackay Dam (Reservoir) and INEEL diversion area characteristics (Koslow and Van Haaften 1986).


The distance of the TRA facility to the Big Lost River channel and the high infiltration rates of the
surface alluvium and basalt suggest it is unlikely that flood waters from the Big Lost River will reach the
TRA facility (Doombos et al. 1991).


The Little Lost River drains slopes of the Lemhi and Lost River ranges. Flow in the Little Lost
River is diverted for irrigation north of Howe, Idaho, and does not reach the IN EEL.


Springs below Gilmore Summit in the Beaverhead Mountains and drainage from the surrounding
basin are the source for Birch Creek. Flowing in a southwesterly direction between the Lemhi and
Bi tt erroot ranges, the water in the creek is diverted north of the INEEL for irrigation and hydropower
during the summer months. In the winter months when not used for irrigation , the water is retu rned to a
manufactured channel on the INEEL 4 mi (6.4 km ) nort h of TAN where it infiltrates into channel gravels
and recharges the aquifer.


Three waste disposal ponds are at the TRA facility (Figure 2.1-4). These include the sewage
treatment lagoon, evaporation pond, and cold waste pond. The sewage treatment lagoons consist of two
cells: the northern cell is approximately 185 ft long x 30 ft (56.4 m )< 9.1 m) wide, and the southern cell is
approximately 185 ft long x 45 ft (56.4 in x 13.7 m) wide. Elevation at the bottom of the cells is
approximately 4,910 ft (1,497 m) msl. The TRA evaporation pond consists of two cells approximately
10 ft deep, surrounded by wire mesh fence which encloses an area of approximately 5 acres. The cold
waste pond consists of two cells, each with dimensions of 150 x 400 ft (45.7 in x 121.9 m), and it is
surrounded by a mesh wire fence. The cells in the cold waste pond are 6 ft (1.8 m) deep. Elevation at the
bottom of the north cell is approximately 4,918 ft (1,499 m) msl, and the elevation of the south cell is
approximately 4,917 ft (1,498.7 m) msl (Doombos et al. 1991).


The Snake River Aquifer is located approximately 460 ft (140 m) below land surface at TRA.
Groundwater from the aquifer supplies water for drinking, cooling, and other needs at TRA and the ATR.
Two perched water bodies are located in the subsurface at approximately 50 ft (15.2 m) and 150 to 200 ft
(45.7 to 61 m) below land surface. Both perched water bodies are attributed to infiltration from the
disposal ponds located at the surface.
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2.4.1.3 Conclusions. The ATR structures and land area elevations are provided above. The
regional surface water features and flood control structures are described in detail. The data are adequate
for the flooding evaluation in the following section.


2.4.2 Floods


2.4.2.1 Flood History. Flooding at the INEEL has occurred with the simultaneous
occurrence of melting snow and spring rains. Snowmelt runoff on the INEEL occurs in January, February,
and March, while runoff from the surrounding mountains generally occurs in May or June. The onset of a
prolonged freeze usually takes place in late November, lasting three months or more and ending in late
February or early March. If the ground is frozen when snowmelt occurs, flooding can be extensive
because the infiltration capacity of the soil is greatly reduced. Localized flooding has not and is not
expected to result in flooding of the ATR reactor building basements (see Chapter 3, Design of Structures,
Components, Equipment, and Systems).


In July 1983, abnormally cold temperatures for December combined with large flows in the Big
Lost River resulted in ice jams that impeded flow and threatened flooding upstream of TRA. An
emergency dike-building effort prevented overtopping and failure of the dike. During the following
summer, the height of the dikes was increased to prevent this threat in the f ture (McKinney 1985). TRA
and, consequently, the ATR were well out of the affected area.


2.4.2.2 Flood Design Considerations . The Big Lost River is the only major natural
surface water feature near TRA. The river channel is located 4,480 If (1,365 m) from the southeast corner
of the TRA security fence.


To protect downstream facilities on the INEEL from flooding of the Big Lost River, the INEEL
flood diversion system was constructed in 1958. This system uses a small dam to divert river flows into
spreading areas and is located in the southwestern portion of the INEEL. Since that time, the system has
been upgraded, and the capacity of the diversion channels leading to the INEEL spreading areas has been
significantly increased. Water not diverted at the INEEL diversion dam flows northward across the
INEEL in the shallow, gravel-filled channel of the Big Lost River to its terminus in the Big Lost River
Sinks.


Localized flooding that results from sudden thaw afrer a heavy snowfall or thunderstorm is not
expected to result in flooding of the ATR reactor building basements because the reactor building main
floor is located at a higher elevation than its surroundings. Similarly, other safety components in
supporting facilities are also located at the ground level on pedestals at least 3 in. (7.6 cm) above the
ground and are not expected to be flooded.


Table 2.4-2 presents the simulated probable maximum flood (PMF), ATR elevation, peak flood
elevation, and wave arrival time upon approach to TRA. Given an overtopping failure of the dam
concurrent with the PMF, the flood water is not expected to reach the TRA site (Koslow and
Van Haaften 1986).
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2.4.2.3 Effects of Local Intense Precipitation . The effects of precipitation in the form of


rain or snowfall, and the subsequent melting of the snow, have been evaluated for flooding potential.
Snowfall is a major contributor to the total yearly precipitation for the INEEL. The annual average
INEEL snowfall is 27.6 in. (70.1 cm), with a maximum recorded yearly snowfall of 59.7 in. (152 cm)
(Clawson, Start, and Ricks 1989). December receives the most snow with an average of 6.4 in. (16.3 cm)
and a maximum monthly snowfall of 18.1 in. (46.0 cm) (Clawson, Stan, and Ricks 1989). The water
content of the melted snow contributes approximately one-quarter to one-third of the annual average
8.71 in. (22.1 cm) of precipitation received at the INEEL. Even though annual snowfall is significant and
contributes greatly to the total precipitation at the INEEL, the dryness of the air and cold winter
temperatures reduce the moisture content of the snow.


In a 1986 study, Koslow and Van Haaften found that the 25-year combined rain and snowmelt was
2.74 in. (6.96 cm)/day. The cumulative design rainfall is 0.78 in. (1.98 cm)/day, resulting in
0.52 in. (1.32 cm)/day of direct runoff. The maximum snowmelt rate for the INEEL was estimated to
be 2.22 in. (5.64 cm)/day. The extent of the snow cover varied considerably with the topographic features
of the basin. Snow depth was assumed to be at least 5 in. (12.7 cm) and to cover 50% of the total drainage
basin considered for each facility. The peak flow resulting from this combined rain and snowmelt was
63 cfs (1.78 m3/s) for TRA. This does not pose a significant threat to the TRA facility.


In the past, ice jams in the Big Lost River have not resulted in flooding of the TRA facilities.
Nearly all flow of the Big Lost River (if any) is diverted during winter months to avoid ice jams in the
main river channel (EG&G Idaho 1984). TRA and the ATR are not located in areas where ice jams can
cause flooding.


2.4.2.4 Conclusions. No postulated local flooding results in ATR damage. A bounding case
flood scenario is evaluated in the following section,


2.4.3 Probable Maximum Flood on Streams and Rivers


The following four possible Mackay Dam failure scenarios could result in flood waters being
routed downstream onto the INEEL (see Tables 2.4-2 and 2.4-3):


Hydraulic (piping ) failure of the dam, with the 100-year recurrence inte rval fl ood ( failure mode
triangle and peak rese rvoir level of 6,066.5 ft 11,849 m])


2. Hydraulic (piping) failure of the dam, with the 500-year recurrence interval flood (failure mode
trapezoid and peak reservoir level of 6,066.5 ft 11,849 in))


3. Overtopping failure caused by the PMF (peak reservoir level of 6,077 ft 1 1,852 m])


4. Seismic failure of the dam, coincident with the 25-year recurrence interval flood (failure mode
trapezoid and peak reservoir level of 6,066.5 it [1,849 m]).


In all four cases analyzed by Koslow and Van Haaften (1986), the peak water surface elevation of
the reservoir was assumed to be above or up to the spillway crest elevation. They also assumed that the
INEEL diversion dam would be overtopped by flooding waters released from the Mackay Dam. This
overtopping is expected to cause failure of the diversion dam and, thus, contributes to downstream
flooding on the INEEL. None of the four scenarios considered indicated that flood waters were predicted
to reach the ATR facility.
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2.4.3.1 Probable Maximum Precipitation . Probable maximum precipitation (PMP) has
been modeled for basins above Mackay Dam. The three PMF scenarios include a general storm PMF, a
thunderstorm PMF, and PMF from rainfall on snowpack. The general storm PMF resulted from the
48-hour general storm PMP in June over the entire basin, preceded 3 days in time by an antecedent storm
with a magnitude of 40% of the 48-hour PMP. The peak flow entering Mackay Reservoir for this scenario
was 82,000 cfs (2,322 mils) occurring 154 hours after the beginning of the storm. The thunderstorm PMF
resulted from a 1-hour thunderstorm in August over the 50-mil (50-km2) drainage area adjacent to
Mackay Reservoir. The peak flow entering Mackay Reservoir during the thunderstorm PMF was
7,010 cfs (198.4 m3/s) occurring 5.5 hours after the beginning of the storm.


The PMF resulting from rainfall on snowpack occurs in June from a 48-hour general storm PMP on
a 100-year snowpack. The peak flow entering Mackay Reservoir from this scenario was 139,000 cfs
(3,936 m3/s) occurring 35 hours after the beginning of the storm. This scenario yields the highest peak
inflow to Mackay Reservoir. It also peaks in less time than the general storm PMF. However, this
scenario is overly conservative because of the uncertainty involved in modeling snowpack in large basins
in semiarid regions such as the Big Lost River above Mackay Reservoir. For design purposes, the general
storm PMF represents a more reasonable estimate of upper-limit flooding in this drainage.


The flow from the general storm PMF scenario is of such great magnitude compared to the Mackay
Dam spillway and outlet works capacities (3,240 cfs 191.7 m3/sJ and 2,900 cfs 182.1 m3/s], respectively),
that it will overtop and cause Mackay Dam to fail. A Mackay Dam failure will result in routing flood
waters downstream onto the INEEL, which will result in localized flooding along the Big Lost River.
However, none of the flood waters are predicted to reach ATR.


2.4.3.2 Precipitation Losses. The Big Lost River is perennial upstream from a point a few
miles southeast of Arco. Downstream, flow in the river is lost by infiltration through the channel bottom.
Infiltration losses through the permeable channel bottom are largest when the channel is initially wetted
and when the hydraulic head is at a maximum- Heavy precipitation runoff collects in the river channel and
infiltrates into the ground.


A maximum loss of 28 ft'/s (0.79 m3/s) per mile was measured in the area of the Big Lost River
Sinks (Bennett 1990). Stream flow losses to evapotranspiration were minor compared to infiltration losses
(Bennett 1990).


2.4.3.3 Runoff and Stream Course Models. Four different Mackay Dam failure
scenarios were simulated with the NWS DAMBRK model (Koslow and Van Haaften 1986). The results
of peak flow, peak water surface elevation flood, wave arrival time, and maximum water velocity were
presented for eight cross sections along the Big Lost River. The results indicate that in the event of a
Mackay Dam failure, flooding would occur throughout the entire study reach; no flooding was expected
to reach the TRA facilities.


2.4.3.4 Probable Maximum Flood Flow. Three PMF scenarios were evaluated: a general
storm PMF , a thunderstorm PMF, and a PMF from rainfall on snowpack . The general storm PMF resulted
from the 48-hour general storm PMP in June over the entire basin , preceded three days in time by an
antecedent storm with a magnitude of 40% of the 48 -hour PMP . The peak flow entering Mackay
Reservoir for this scenario was 82,000 cfs (2,322 m3/s), occurring 154 hours after the beginning of the
storm.
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The thunderstorm PMF resulted from a 1-hour thunderstorm in August over the 50-mil (129-km2)
drainage area adjacent to Mackay Reservoir. The peak flow entering Mackay Reservoir during the
thunderstorm PMF was 7,010 cfs (199 m'/s), occurring 5.5 hours after the beginning of the storm.


The PMF resulting from rainfall on snowpack occurs in June from a 48-hour general storm PMF on
a 100-year snowpack. The peak flow entering Mackay Reservoir from this scenario was 139,200 cfs
(3,942 m3/s) occurring 35 hours after the beginning of the storm. This scenario yields the highest peak
inflow to Mackay Reservoir. It also peaks sooner than the general storm PMF. This scenario resulted in
failure of the Mackay Dam and subsequent flooding of localized areas along the Big Lost River on the
INEEL.


2.4.3.5 Water Level Determinations. Not applicable.


2.4.3.6 Conclusions. The worst-case flood is an overtopping failure of Mackay dam caused
by the probable maximum flood (PMF) in the drainage above the dam. The predicted consequences are
no damage to the ATR.


2.4.4 Potential Dam Failures , Seismically Induced


Seismic failure of the Mackay dam is discussed in Chapter 3, Section 7, Seismic Design. In the
case of seismic failure of the dam coincident with the 25-, 100-, or 500-year recurrence interval flood, the
flood water is not expected to have any significant impact on the TRA site except the loss of commercial
power (Doornbos eta], 1991).


2.4.4.1 Dam Failure Permutations. Not applicable.


2.4.4.2 Unsteady Flow Analysis of Potential Dam Failures. Not applicable.


2.4.4.3 Water Level at Plant Site . Not applicable.


2,4.4.4
failure.


Conclusions . Seismic dam failure is bounded by the previously discussed PMF dam


2.4.5 Probable Maximum Surge and Seiche Flooding


Seiche flooding is not possible; therefore, no further discussion is included.


2.4.6 Probable Maximum Tsunami Flooding


Tsunami flooding is not possible; therefore, no further discussion is included.
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In July 1983, abnormally cold temperatures, combined with large flows in the Big Lost River,
resulted in ice jams that impeded flow and threatened flooding on the INEEL. An emergency
dike-building effort prevented overtopping and failure of the dike. During the following summer, dike
heights were increased to prevent a flooding threat in the future (McKinney 1985). In winter months
when water flows in the Big Lost River, nearly all of the water is diverted to the spreading areas so that
INEEL structures are not threatened. Also, the diversion gate is managed to minimize ice jam flooding. In
conclusion, TRA and the ATR facility are therefore well out of the ice jam affected area.


2.4.8 Cooling Water Canals and Reservoirs


Not applicable.


2.4.9 Channel Diversions


Not applicable.


2.4.10 Flooding Protection Requirements


A system of dikes protects several INEEL facilities from flooding, but TRA is not in danger of
being flooded. Even in the worst-case scenario, it is unlikely that significant flooding would occur at TRA
(Doornbos et a1. 1991).


2.4.11 Low Water Considerations


All water used at the INEEL is obtained from the aquifer: therefore , no discussions of low water
considerations are included . See Section 2.4.13.1.3 for a discussion of water levels in the aquifer.


2.4.12 Dispersion , Dilution , and Travel Times of Accidental Releases of Liquid Effluent
in Surface Waters


Natural surface waters would not receive liquid effluent discharges from either normal operations
or accidents.


2.4.13 Groundwater


Groundwater at the INEEL occurs in the vadose zone and the aquifer. Descriptions of groundwater
re provided in the following sections.


2.4.13. 1 Description and Onsite Use


2.4.13.1.1 Vadose Zone-The vadose zone is that portion of the subsurface that
extends from the land surface to the water table. An extensive vadose zone exists at the INEEL ranging in
thickness from 200 ft (61 in) in the north to greater than 900 ft (274 m) in the south. At the TRA site, the
vadose zone is approximately 460 ft (140 m) thick. It consists of surface sediments, relatively thin
horizontal basalt flows, and occasional interflow sediments. Surface alluvial sediments include clays,
silts, sands, and gravels deposited by the Big Lost River. Surficial deposits at TRA range from 38 to 50 ft
(11.6 to 15.2 m) thick.
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Thick sequences of interfingering basalt flows comprise most of the vadose zone beneath TRA.
These flows are characterized by large void spaces resulting from cinders, lava tubes, fractured flow tops,
and the hummocky basalt-flow surfaces. Basalt flows are commonly fractured. Some fractures are filled
with sedimentary material transported from the surface by water and gravity while others are open.


Some basalt flows were exposed at the surface long enough to collect deposits of interflow
sediments. Subsequently, they were buried by other basalt flows and are now known as sedimentary
interbeds. The most common interflow materials are wind-blown sand and loess.


2.4.13.1.2 Perched Water-Perched water occurs when water migrates vertically and,
to a lesser extent, laterally from the source until an impeding laver is encountered (at the INEEL, a laver
of dense basalt or fine sedimentary materials where the hydraulic conductivity is sufficiently low that
vertical movement of water is restricted). After a perched water mound develops, lateral movement of the
water can accelerate. Figure 2.4-1 is a generalized diagram of perched water at TRA. Perched water
bodies exist at two depths beneath TRA: one at approximately 50 ft (15.2 m) and another between
150 and 20011 (45.7 and 61 m). Both perched water bodies have been monitored since the 1960s. The
shallow perched water body is believed to be leakage from the retention basin and/or associated pipelines.
Water levels in boreholes completed in the shallow perched water body suggest that its extent has not
changed significantly over the past 25 years. Surface ponds are also thought to be the source for the deep
perched water at TRA. The general shape of the deep perched water body also has not changed
appreciably over time although water levels have fluctuated in response to volume of water discharged to
the surface ponds (Doombos et al. 1991). Transmissivity for the deep perched water body has been
measured in several studies including those described by Ackerman (1991) and Bishop, Wylie, and
Mattick (1992). Transmissivity estimates have ranged from 3.5 to 4.3 x ]0` fl'-/day (2.8 to
4 x 10° m'/day).


2.4.13. 1.3 Snake River Plain Aquifer


2.4.13 . 1.3.1 Regional Hydrogeology-The INEEL is located on the weste rn
edge of the ESRP, which overlies the Snake River Plain aquifer , a continuous body of groundwater
underlying nearly all of the ESRP . Aquifer bounda ri es correspond to surface physical features
(i.e., mountains on the west and north and the Snake River on the cast ). Occurrence and movement of
groundwater in the aquifer is dependent on the geologic framework, which determines aquifer
transmissivity and storage , and the recharge and discharge within that framework . The aquifer is
composed of numerous relatively thin basalt flows extending to depths in excess of 3,500 ft ( 1,067 m)
below land surface . Over time , some of these fl ows have been exposed at the surface long enough to
collect sediment and develop soil horizons . These sedimentary horizons, known as sedimenta ry interbeds,
are sandwiched between basalt flows at va rious depths. Many of these sedimenta ry interbeds act as
aquicludes . Regionally, most water moves horizontally through basalt interflow zones, which are the
broken and rubble zones between lava flows. Locally, water moves vert ically along joints and the
interfinge ri ng edges of interfiow zones and sedimentary interbeds act to restrict the vert ical movement of
groundwater ( Garabedian 1986).


The Snake River Plain aquifer groundwater flow is primarily in a southwest direction; however,
locally, the flow direction can be affected by recharge from rivers, surface water spreading areas, and
heterogeneities in the aquifer.
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Transmissivity of Quaternary basalt, as determined from aquifer tests, ranges from 1,000 to
100,000 ft2/day (100 to 10,000 m2/day) and, in places, exceeds 1 million ft2/day (100,000 m2/day)
(Whitehead 1992). Yields of wells drilled in the Snake River basalts are among the largest in the nation.
Irrigation wells open to less than 100 ft (30.5 m) of the aquifer yield as much as 7,000 gal/min
(26,500 L/min) with slight drawdown; yields of 2,000 to 3,000 gal/min (7,500 to 11,400 L/min) are
common.


Storage coefficients determined from aquifer tests vary widely. Values range from 10'5 to 1 0-',
indicating that aquifer conditions range from confined to unconfined (Whitehead 1992).


Water storage in the Snake River Plain aquifer has been estimated at 2 x 109 acre-ft (2.5 x 10'22 m3),
which is about the same volume of water stored in Lake Erie, or enough water to cover the entire state of
Idaho to a depth of 4 It (1.2 m). Approximately 5 x 10' acre-ft (6.2 x 10" m) of the water stored in the
aquifer could potentially be pumped from it (Robertson, Schoen, and Barraclaugh 1974).


Recharge to the ESRP aquifer is from seepage of irrigation water, stream flow and canal leakage,
tributary valley underflow, and direct precipitation. Aquifer discharge is largely spring flow to the Snake
River and water pumped for irrigation. Major springs are near the American Falls Reservoir and along the
Snake River from Milner Dam to King Hill. About two-thirds of the groundwater discharged from the
aquifer is through the series of springs between Milner and King Hill. Included in that reach are I I of the
65 springs in the United States that discharge an average of more than 100 ft3 (2.8 m')/s (Meinzer 1927).


Regional comparisons of water levels indicate that water levels have been relatively stable in the
central pan of the ESRP for the last 50 years (Garabedian 1986). However, on large tracts of land in the
eastern plain, water levels rose an average of 60 to 70 ft (18 to 21 m) (Mundorff Crosthwaite, and
Kilburn 1964), and groundwater discharge increased soon after the initiation of surface-water irrigation
(about 1910). By 1928, most surface water for irrigation was appropriated; since that time, the total
amount of water diverted for irrigation has been relatively stable.


2.4.13 . 1.3.2 /NEEL Hydrogeology Aquifer Geometry and Physical
Characteristics-Depths to the water table from the INEEL land surface range from about 200 ft
(61 m) in the northern part of the site to more than 900 ft (274 m) in the southern part (Pittman, Jensen,
and Fischer 1988). At TRA, depth to water is 460 ft (140 m). Ackerman (1991) analyzed aquifer-test data
of 183 single-well tests at 94 wells in the Snake River Plain aquifer to estimate values of transmissivity.
Estimates of transmissivity for individual wells ranged from 1.1 to 7.6 x 105 ft2/day
(0.1 to 7.1 x ]04 m2/day). Lowest values are generally at the northern end of the site and the highest are
near TRA.


Multiple-well aquifer tests are necessary to estimate aquifer storage, but few multiple-well aquifer
tests have been conducted at the INEEL. The long-term average coefficient of storage, based on limited
data, is estimated to be in the order of 5% (0.05) (Walton 1958), which is indicative of unconfined
conditions. A long-term pumping test that would stress the aquifer sufficiently to measure appreciable
gravity drainage has not been conducted at the INEEL.


2.4.13.1 . 3.3 Groundwater Flow-The elevation of the water table for the Snake
River Plain aquifer and the general direction of groundwater movement in the vicinity of the INEEL are
depicted in Figure 2.4-2. Groundwater flow is to the south-southwest, although, locally, the direction of
groundwater flow is affected by recharge from rivers, surface water spreading areas, and heterogeneities
of the aquifer.
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Vertical-head gradients are usually less than 0.01 over the first 200 ft (61 m) and less than 0.02
over the first 550 ft (168 m) of saturated thickness. Across the INEEL, the horizontal gradient of the water
table ranges from I to 15 ft/mi (0.2 to 2.8 mlkm) [average is about 4 ft/mi (.76 m/km)] (Ackerman 1991).
Horizontal groundwater flow velocity ranges from 5 to 25 ftlday (1.5 to 7.6 miday); however, most of the
flow ranges from 5 to 10 ft/day (1.5 to 3 mlday) (Robertson, Schoen, and Barraclaugh 1974). Data from
Mundorff, Crosthwaite, and Kilburn (1964) indicate that about 2,000 ft3lsec (56.6 m3/s) flows beneath the
INEEL at its widest point.


2.4.13 . 1.3.4 Recharge and Discharge-Recharge to the Snake River Plain
aquifer near the INEEL originates from precipitation in the mountains to the north and west. Most of the
inflow occurs as underflow from alluvial-filled valleys along the edges of the ESRP. The Big Lost River,
Little Lost River, and Birch Creek terminate at sinks on or near the INEEL and recharge the aquifer.
Recharge occurs through the surface of the plain from flow in the channel of the Big Lost River and its
diversion areas. Additionally, recharge may occur from melting of localized snowpacks during years in
which snowfall accumulates on the ESRP.


Recharge to the aquifer in the vicinity of the INEEL is closely linked to the amount of
precipitation, particularly snowfall, for a given year. Historically, recharge from rivers has occurred
during wet cycles that last from a few to several years. The intervening years produce little recharge.


2.4.13.1.3.5 Onsite Use-All water used at TRA is groundwater from the SRP
aquifer tapped by three deep wells. Water supply and distribution at the TRA is a TRA landlord function.
See Chapter 9 (Auxiliary Systems) for details on water supply and distribution for the ATR. Generally
TRA uses approximately 50,000,000 gal/mo of water.


2.4,13.1 . 3.6 Piezometric Levels-Figure 2.4-3 is a contour map of the
piezometric surface of the aquifer in the vicinity of the TRA. As discussed in the hydrology section, the
flow is to the south-southwest. Vertical-head gradients are usually less than 0.01 over the first 200 ft and
less than 0.02 over the first 550 ft of saturated thickness. Horizontal gradient of the water table in the
aquifer underneath the INEEL is about 4 ftlmi, and flow velocity ranges from 5 to 25 ft/day.


The TRA facility is located over a very permeable section of the aquifer. Ackerman (1991)
analyzed an aquifer test performed on the Materials Test Reactor test well, which produced a
transmissivity of 2.0 x 105 ft2lday (1.86 x 10° m2lday). Because the aquifer is extremely permeable in this
area, a large discharge has little effect on the hydraulic head, indicating that it would be difficult to
reverse flow directions by pumping. The amounts of water currently removed from the aquifer have little
or no effect on gradients or piezometric levels.


Natural aquifer recharge sources do not exist within the TRA facility. Recharge occurs from the
intermittent flow of the Big Lost River.


2.4.13. 2 Sources


2.4.13. 2.1 Water Use on the Eastern Snake River Plain-Most groundwater
pumped from the ESRP aquifer is used to irrigate crops. ESRP groundwater users have been categorized
according to primary use category (some rights are granted for multiple uses), number of permits, and
amount diverted (see Table 2.4-3).
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Of the groundwater withdrawals in 1980 [5.4 million acre-ft (6.7 x 109 m3)], 97.1% of total
withdrawals and 99.8% of total consumed were expended on agriculture (Frenzel 1987).


Major centers for groundwater irrigation on the ESRP are clustered in the areas of Mud Lake,
Osgood, American Falls, Blackfoot, Cassia, and eastern Twin Falls Counties. Smaller areas irrigated by
groundwater are scattered throughout the ESRP.


Because groundwater supplies 100% of the drinking water consumed within the ESRP (Gaia
Northwest 1988) and an alternative drinking water source or combination of sources are not available, the
U.S. Environmental Protection Agency (EPA) designated the ESRP aquifer a sole source aquifer in 1991
(EPA 1990).


EPA defines a sole source aquifer as one that supplies 50% of the drinking water consumed in the
area overlying the aquifer. Current guidelines stipulate that designated sole source aquifers have no
alternative source or combination of sources that could physically, legally, and economically supply all
those who obtain their drinking water from the aquifer. Because the ESRP aquifer has been designated as
a sole source aquifer, no Federal financial assistance may be committed for any project if EPA determines
that the project may contaminate the aquifer through the recharge zone, which would create a significant
hazard to public health,


The INEEL holds a Federal Reserved Water Right that permits a pumping capacity of 80 cfs
(2.26 m3/s) and a maximum consumptive use of 35,000 acre ft/yr (4.3 x 107 m3/yr). The water is used for
drinking, process water, and noncontact cooling water. Groundwater use at the INEEL is a relatively
small component of the total pumpage from the ESRP aquifer, Groundwater withdrawals at INEEL
average about 6,000 acre-ft/yr (7.4 x 106 m3/yr) from 1979-1981 (DOE 1995). Consumptive use was
37%, or 2,220 acre-fl (2.7 x 106 m3) per year. The remaining 63% has been discharged to the aquifer
through disposal wells (discontinued in 1984) and infiltration and evaporation ponds (still in use)
(Pittman, Jensen, and Fisher 1988).


Total water use for the upper Snake River drainage basin and the Snake River Plain aquifer was
36,514.27 acre-ft (4.50 ), 107 m3) for 1985, which was over 50% of the water used in Idaho and about
7% of agricultural withdrawals in the nation.


2.4.13. 3 Accident Effects. No significant impacts to groundwater are expected from any of
the accidents analyzed (see Chapter 15, Accident Analyses),


2.4.13.4 Monitoring or Safeguard Requirements. The U.S. Geological Survey (USGS)
conducts a Site-wide groundwater monitoring program at the INEEL to determine the effects of INEEL
operations on groundwater quality and quantity. The basis for this program goes back to 1949 when the
U.S. Atomic Energy Commission asked the USGS to investigate and describe the water resources of the
INEEL and adjacent areas. Information was collected that depicted hydrogeologic conditions before
reactor operations. Since that time, the USGS has maintained a groundwater monitoring system and
conducted investigations to determine changes in water quality and quantity resulting from activities at
the various facilities at the INEEL. Periodic summaries have been published, including those by Nace
(1959), Barraclough, Teasdale, and Jensen (1967), Barraclough et al. (1967), Robertson, Schoen, and
Barraclaugh (1974), Barraclough, Robertson, and Janzer (1976), Barraclough and Jensen (1976),
Barraclough, Lewis, and Jensen (1981), Lewis and Jensen (1984), Pittman, Jensen, and Fisher (1988), and
Orr and Cecil (1991). Well logs, water levels, and water chemistry data are available in files at the INEEL
office of the USGS.







Idaho National Engineering and Environmental Laboratory


CHAPTER 2 - SITE CHARACTERISTICS -
UPGRADED FINAL SAFETY ANALYSIS


REPORT FOR THE ADVANCED TEST REACTOR


41 109 (09/0312002 - Rev. 7


Identifier: SAR-153
Revision: 10
Page: 2-54 of 2-78
Effective Date: 08/10/04


The locations of water-level observation wells within the INEEL water-level monitoring network
and the frequency of water-level measurements are provided in Figure 2.4-4. The USGS routinely
monitors water levels in 160 onsite wells and boreholes (120 in the aquifer and 36 in perched water
zones).


Approximately 140 wells and boreholes (99 in the aquifer and 38 in perched water zones) are
monitored for water quality on or neat the INEEL. The USGS conducts a comprehensive aquifer-well
sampling program to identify contaminants and observe contaminant migration within the Snake River
Plain aquifer. Sampling of perched water wells and surface water sites is performed to provide data on the
quality of water recharging the aquifer. The locations and sampling frequency for wells within the INEEL
water-quality monitoring network as reported by Orr and Cecil (1991) for the 1986-1988 monitoring
period are provided in Figure 2.4-5.


2.4.13. 5 Design Bases for Subsurface Hydrostatic Loading. Most of this section is not
applicable to ATR at TRA because a dewatering system is not employed. The three wells that supply
coolant and serve as firewater supply have not been designed for protection against seismically induced
pressure waves. However, no damage from the 1983 Borah Peak earthquake (M, 7.3) was observed (see
Section 2.5.2).


2.4.13. 6 Conclusions . The reported studies of regional and local groundwater are adequate to
support any foreseeable safety analysis of ATR operations. No groundwater characteristics adversely
affect any ATR structures.


Table 2.4-1. Mackay Dam and INEEL Diversion Dam reservoir characteristics.'


Mackay Dam
INEEL


Diversion Dam
Dam crest elevation (ft msl) 6,076.0 5.064.7
Dam crest length (fi) 1,430.0 500.0
Dam height (fi) 79.0 22.0
Spillway crest elevation (fi ms]) 6,066.5
Spillway Ungated over-flow crest, 75 It long none
Gate centerline elevation (fi ms)) 6,036.0 (upper) 5,045.6


6,007.8 (lower)
Dam base elevation ( fi msl) 5,997.0 5,043.6
Spillway maximum capacity (cfs) 6,588.0
Gate maximum capacity (cfs) 2,960.0 1,121.0
Reservoir capacity, ac-fib at 55,091 at 6,076.0
Mackay Dam elevation ( ft msl) 44,500 at 6,066.5


8,?50 at 6,030.0
500 at 6,010.0


a. After Koslow and Van Haaften 1986 ,
b. It has been estimated that Mackay Reservoir has lost 22% of its mid- and late-season irrigation capacity because of


sedimentation of the reservoir (Bu tt e Soil Conservation District 1982).
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Simulated possible flooding scenarios resulting from Mackay Dam failure.'


ATR/streambed
elevation (MSL)


Peak fl
(
ood elevation
MSL) Time of wave


Flood source USGS datum USGS datum arrival (hr)


Seismic failure of Mackay Dam 4,925.5/4,919 4,923 15.3


Piping failure 100-year flood 4,925.5/4,919 4,923 16.7


Piping failure 500-year flood 4,925.5/4,919 4,923 15.3


PMF-induced overtopping failure 4,925,5/4,919 4,924 13.1


a. Koslow and Van Haaften 1986.


Table 2.4-3. Groundwater appropriations issued by the Idaho Department of Water Resources on the
Eastern Snake River Plain.'


Allocation type Number of rights Issued cfs diverted Acreage watered


Irrigation 4,287 30,197.675 1,075,694.8
Irrigation storage 5,000.00
Diversion to storage 100.00
Municipal 34 99.07
Fish propagation 8 91.38
Commercial 150 58.36 1.22
Industrial 42 34.34
Wildlife 5 14.90
Domestic 121 11.29 58.00
Power 7.00
Stock Water storage 3 2.04
Heating 2


Fire protection 3 1.60
Recreation 2 0.28
Cooling 0.05
Wildlife storage 0.02


n obtained from l l e files of the Idaho Department of Water Resources.
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Figure 2.4-1, Generalized Diagram of Perched Water at TRA. (For Information Only)
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Figure 2.4-2. Elevations of the Water Table for the Snake River Plain Aquifer (after Storntberg and
Zimmerle, 1992). (For Information Only)
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Figure 2.4-3. Contour map of Piezometric surface of the aquifer near TRA (in meters, average mean sea
level) (after Keck et at, 1994)_ (For Information Only)
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Figure 2.4-4. Locations of Water-level Observation Wells within ]HEEL Water-quality Monitoring
Network. (after Orr and Cecil, 199 ] ). (For Information Only)
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Figure 2.4-5. Locations and Sampling Frequency for Wells within the INEEL Water-quality Monitoring
Network (after On and Cecil, 1991). ( For Information Only)
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2.5 Geology , Seismology , and Geotechnical Engineering


This section summarizes the basic geologic and seismic characteristics of the region and site; the
geologic history; the lithologic, stratigraphic, and structural geologic conditions; the tectonic structures;
and the geologic features and conditions that could affect facility structures. A more detailed discussion of
the geology and seismology of the region is presented in Appendix A.


2.5.1 Basic Geologic and Seismic Information


The Snake River Plain (SRP) is a crescent-shaped, late Cenozoic, topographic and structural basin
that crosses southern Idaho (Malde 1991). Early volcanism of the SRP was explosive and voluminous,
with an age progression from the 15-million-year-old volcanic centers of the Owyhee Plateau in
southwest Idaho, to the younger Quaternary silicic calderas and active hydrothermal system of the
Yellowstone Plateau. Silicic calderas are inferred to have been active on the ESRP between about 4 to
8 million years ago, and produced the voluminous ash-flow tufts of the Heise volcanic field (Morgan,
Doherty, and Leeman 1984; Hackett and Morgan 1988). These old silicic vents of the INEEL area have
subsequently been covered in places by > 1 km of younger basaltic lavas and sediments.


The INEEL is located near the northwestern margin of the ESRP and is influenced by two distinct
geologic provinces. The topographically subdued ESRP province is a volcanic plain having a relatively
low rate of seismicity in the midst of the seismically-active, high-relief mountains of the surrounding
Basin and Range province.


Borehole investigations (Doherty 1979a, b; Doherty, McBroome, and Kuntz 1979; Anderson and
Lewis 1989; Anderson 1991) together with surficial-geologic mapping (Scott 1982; Kuntz et at. 1990)
and paleomagnetie data (Champion, Lanphere, and Kuntz 1988) have led to a general understanding of
the ages and distribution of volcanic and sedimentary deposits in the 1NEEL area. At least five
Quaternary basalt lava-flow groups are known, ranging in age from 5,200 years for the Hell's Half Acre
lava field to > 730,000 years for lavas of the northern INEEL Site. Basaltic vents on the ESRP are
typically craters, small pyroclastic cones and open fissures that collectively define volcanic-rift zones.
The best known and most recently active rift zone on the SRP is the Great Rift (Kuntz et al. 1988) with its
eight Holocene eruptive periods and volcanism as recent as 2,100 years ago. Several older and more
diffuse volcanic-rift zones cross the INEEL, and volcanic vents within the INEEL boundary are also older
than 200,000 years. The Cerro Grande Flow (- 13 Ka) flows onto INEEL from a vent to the south of
INEEL.


The mountainous terrain to the north and northwest of the INEEL is part of the northern Basin and
Range tectonic province. The ranges are composed of Paleozoic sedimentary rocks that have been
uplifted and tilted eastward by recurrent movement of major faults situated along the western flanks of the
ranges. The region is seismically active, as evidenced by the 1983 M-7.3 Borah Peak earthquake.


Paleoseismic investigations cited in Woodward-Clyde Consultants (WCC) (WCC 1992b) indicate
that the Lost River, Lemhi, and Beaverhead faults north of the INEEL have evidence for Quaternary
displacements and associated seismicity, but that the southernmost segments of those faults (nearest the
INEEL) exhibit no evidence of Holocene seismicity.
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The ESRP is surrounded by the seismically active Intermountain seismic belt (1SB) and the
Centennial Tectonic belt (CTB). The ISB is a zone of concentrated seismicity that is more than 1,287 km
long, 97 km wide, and extends from northwestern Montana through eastern Idaho, central Utah, and
southern Arizona and Nevada (Smith and Sbar 1974; Arabasz and Smith 1981). The CTB, formerly called
the Idaho Seismic Zone, also a seismically active zone, extends from the ISB near the Yellowstone
Plateau westward into central Idaho (Stickney and Bartholomew, 1987).


Earthquake data (Richter magnitude ML >_ 2.5) for the period 1884 to 1989 have been compiled
from the INEEL, USGS, Montana Bureau of Mines and Geology, United States Bureau of Reclamation,
University of Utah Seismograph Stations, and Engdahl and Rinehart, 1988 by WCC (1992a). The
distribution of epicenters indicates that the ESRP has a low frequency of earthquakes relative to the JSB
and CTB. Ground motions produced by earthquakes that occur within the Basin and Range province will
be transmitted onto the ESRP. The INEEL is classified as Seismic Zone 28 of the Uniform Building
Code.


The INEEL has maintained a seismic network for monitoring earthquake activity within and near
the ESRP since July 1971 (King, Doyle, and Jackson 1987). Currently, the seismic network consists of 26
seismic stations and 22 strong-motion accelerographs. Earthquake data compiled by the INEEL seismic
network for a 24-year period from 1971-1995, indicate that 19 microearthquakes (Coda magnitude
lvl< < 1.5) have been located within or near the boundary of the ESRP (Jackson et al. 1993). Local seismic
monitoring by the INEEL and the historical earthquake record indicate that the ESRP has a low rate of
seismicity relative to the surrounding seismically active regions.


The largest earthquake within the region occurred on August 17, 1959 at Hebgen Lake, Montana
(within the ISB) and was located 161 km northeast of the INEEL Site. The event had a surface-wave
magnitude (M,) 7.5 (Doser 1985) and was felt at the INEEL, but caused no damage at the INEEL.
Another large earthquake M, 7.3 occurred on October 28, 1983 within the CTB (Doser and Smith 1985).
The earthquake resulted from movement along the Lost River fault; a normal fault with relative vertical
movement downward to the west (Crone et al. 1987). The epicenter for this event was located in the
Thousands Springs valley near the western flank of Borah Peak, approximately 90-110 km from INEEL
facilities (Richins et al. 1987). Although earthquake ground motions were felt at the INEEL Site, no
significant damage occurred to any facility at the IN EEL (Gorman and Guenzler 1983). Peak ground
accelerations ranging from 0.022 to 0.078 g were recorded at basement and freefield sites at several
INEEL facility areas (Jackson 1994).


2.5.2.1 Maximum Earthquake Potential. Patterns of seismicity and locations of mapped
faults have been used to assess potential sources of future earthquakes for estimating ground shaking at
INEEL. The sources and maximum magnitudes of earthquakes that could produce the maximum levels of
ground motions at ATR include: (a) a magnitude 7.0 earthquake at the southern end of the Lemhi fault,
(b) a magnitude 7.0 earthquake at the southern end of the Lost River fault, (c) a magnitude 5.5 earthquake
associated with dike-injection in either the Arco or Lava Ridge-Hell's Half Acre Volcanic Rift Zones
(VRZs) and the axial volcanic zone, and (d) a "random" magnitude 5,5 earthquake occurring within the
ESRP (WCC 1992a). Ground motion contributions from other sources such as the postulated ESRP
boundary fault, northern Basin and Range Province, Yellowstone Plateau, and Idaho Batholith are
significantly smaller because of their distant locations or lower maximum magnitudes.
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2.5.2.2 Seismic Wave Transmission Characteristics . Woodward-Clyde Consultants
(WCC 1990) and Woodward-Clyde Federal Services (WCFS 1996) indicate that near-surface geology
[ 1.2 to 3.1 mi (2 to 5 km) depth] has a significant influence on earthquake ground motions at the Site, in
addition to amplification resulting from soil overlying bedrock. The INEEL resides upon the ESRP,
which is covered with basalt lava flows and sediments. Boreholes located throughout the INEEL site
indicate that the basalt is interbedded with sedimentary layers; in some areas, the percentage of interbeds
is 50%.


This unique stratigraphy has the effect of attenuating or decreasing the level of earthquake ground
motions because seismic waves travel through a sequence of alternating high (basalt) and low (sediments)
velocity zones that tend to scatter the seismic energy. Also, seismic energy is intrinsically dampened by
the sedimentary interbeds. The net effect of the interbedded basalt is to reduce the level of earthquake
ground motions when compared to a homogeneous basalt (no interbeds) (WCC 1990, WCFS 1996).


Figure 2A.2-13 in Appendix A to Chapter 2 shows the shear-wave velocity (V5) profile determined
to estimate earthquake ground motions at ATR (WCFS 1996). The velocity model was derived from well
and borehole logs located near TRA. Because the velocity model has large contrasts (basalt versus
sediment), the velocity profiles were smoothed to taper the large effects of scattering, which resulted in
low-amplitude spectra. Regional earthquakes were digitally recorded near two boreholes at TRA. These
data were used to estimate the near-surface attenuation, x, and to determine the amount of smoothing in
the velocity profiles.


2.5.2.3 Safe Shutdown Earthquake . The design basis earthquake/safe shutdown
earthquake (DBE/SSE) for ATR is 0.24 g (Harris 1989; DOE-ID 1995). The NRC Regulatory Guide 1.60
horizontal spectra are appropriately scaled using the SSE value (NRC 1973). The vertical input spectra
are two-thirds of the horizontal input spectra (DOE-1D 1995). The DBEISSE value is supported by the
results of the Woodward-Clyde Consultants' (1990) deterministic evaluation.


The DOE-ID AE Standards (DOE-ID 2002) have been revised to incorporate new seismic design
requirements of DOE Standards DOE-STD-1020 (DOE 2002a) and DOE-STD-1021 (DOE 2002b). The
TRA site specific Performance Categories PC-I and PC-2 seismic design criteria use the International
Building Code (IBC 2000) spectral accelerations. The TRA site specific PC-3 and PC-4 horizontal and
vertical seismic design criteria for rock Design Basis Earthquake/Safe Shutdown Earthquake (DBE/SSE)
is available in the DOE-ID Standard (DOE-ID 2002), The TRA site specific PC-3 and PC-4 horizontal
and vertical seismic design criteria for soil DBE is under development, and will be incorporated into the
AE Standards when completed.


2.5.2.4 Operating Basis Earthquake. None defined.


2.5.2.5 Conclusions. The potential maximum earthquakes based on regional geology and
seismic wave transmission characteristics of the area near the INEEL have been studied in detail. The
results support the design basis earthquake in 2.5.2.3 above.


2.5.3 Su rface Faulting


Surface faulting, defined as the rupture of the earth's surface from tectonic or magmatic activity, is
of concern in some areas of INEEL, but not at the ATR site.
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2.5.3.1 Evidence of Site Fault Offset. No evidence of fault offset is seen in surficial
sediments within 5 miles of ATR. Several northeast-trending lineaments of alluvial and eolian origin are
apparent on aerial photographs of the area. In some cases, linear patterns of revegetation have developed
on the margins of ancient range-fire scars and eolian redistribution of surficial materials following range
fires has produced linear dune-forms along fire-scar margins (Morin-Jansen 1987).


I


A dense array of drill holes in the TRA area (shallow geotechnical holes, deeper groundwater
monitoring wells, production wells, and injection wells) and several 40- to 50-ft deep excavations to
bedrock have revealed no evidence of surface ruptures or displacements in the near-surface basalt lava
flows. Geologic correlations among wells and drill holes based on lithologic, geophysical, and
geochemical characteristics, and based on radiometric ages of lava flows in many of these holes show no
evidence of faulting within about 300 ft of the surface. However, paleomagnetic inclinations and K/Ar
ages of lava flows in coreholes (Champion, Lanphere, and Kuntz 1988; Lanphere, Champion, and Kuntz
) 993) have been interpreted to suggest that a graben or downwarp exists at depths of greater than
approximately 300 ft (Smith, Hersley, and Jackson 1996). In contrast, geochemical correlation and
correlation based on gamma logs of wells and coreholes suggest that lavas and interbeds are essentially
flat beneath the area and that no faulting is necessary to explain the positions of stratigraphic units
(Anderson 1991; Anderson et at. 1996). A summary of the arguments for and against these opposing
interpretations is given by Smith, Hersley, and Jackson (1996). Even if a graben or fault or fold exist in
the area at depths below 300 ft, it is not likely to be active in today's stress field and its age of
> 300,000 years shows that it would probably not be considered "capable"by the NRC definition (Smith,
Hersley, and Jackson 1996).


2.5.3.2 Earthquakes Associated With Capable Faults . Capable faults have not been
identified within 5 miles of ATR, and significant earthquakes have not been recorded or reported in the
area. Several microearthquakes have been recorded in the INEEL area since 1972, but they were not felt
and they do not define or correlate with known faults (see Appendix 2A2.1, Seismicity).


2.5.3.3 Investigation of Capable Faults . Capable faults do not exist within 5 mi (8 km) of
the ATR facility. The 5 mi radius for investigation is recommended by NRC Regulatory Guide 1.70
(NRC 1978). The nearest capable faults are those in the vicinity of Howe and Arco, and volcanic rift zone
structures in the Arco VRZ and fissures north at NRF.


2.5.3.4 Correlation of Epicenters With Capable Faults. No capable faults have been
found within 5 miles of ATR.


2.5.3.5 Description of Capable Faults . Capable faults do not exist within 5 mi (8 km) of
the ATR facility (see Section 2.5.3.1).


2.5.3.6 Zone Requiring Detailed Faulting Studies . There is no zone requiring detailed
faulting studies within the vicinity of the ATR.


2.5.3.7 Results of Faulting Investigations . Detailed faulting investigations are not
necessary within the 5 mi (8 km) radius, and none have been done.
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At the ATR site, the surficial sediments vary from 30 to 50 ft (9 to I S in) and consist mostly of
gravel, gravelly sands, and sands. In some locations, a thin 1 0 to 7 ft (0 to 2 m) thick] layer of clay and silt
underlie the gravelly alluvium, forming a discontinuous low-permeability layer just above the basalt
bedrock (Hull 1989). That low-permeability layer caused infiltration water from the formerly used TRA
warm waste pond to create a local perched water body that extends a short distance inside the southeast
corner of the TRA fence (Hull 1989). These perched water bodies have the potential to cause soil
instability because the water saturates the sediment. However, the majority of the sucial sediments are
gravelly, and the area beneath ATR does not have a perched water body. In conclusion, there is low
potential for liquefaction or other soil instabilities in the ATR area.


2.5.4.1 Geologic Features . Specific details concerning geologic features are located in
Appendix A.


2.5.4.2 Properties of Subsurface Materials. Specific details concerning properties of
subsurface materials are located in Appendix A.


2.5.4.3 Exploration . Specific details concerning exploration are located in Appendix A.


2.5.4.4 Geophysical Surveys. Specific details concerning geophysical surveys are located
in Appendix A.


2.5.4.5 Liquefaction Potential. Specific details concerning liquefaction potential are
located in Appendix A.


2.5.4.6 Earthquake Design Bases. See Section 2.5.2.3, Safe Shutdown Earthquake, for
derivation of the SSE. Because liquefaction is not a problem for the ATR facility, it is justified to use the
derived SSE.


rock.
2.5.4.7 Static Stability. The foundations of the reactor building rest on the underlying basalt


2.5.4.8 Design Criteria . See Section 2.5.2.3, Safe Shutdown Earthquake.


2.5.4.9 Techniques to Improve Subsurface Conditions . No techniques have been used
to improve subsurface conditions at the ATR.


2.5.4.14 Subsurface Instrumentation. No subsurface instrumentation exists at the ATR.


2.5.4.11 Construction Notes. The ATR facility was constructed in the late 1960s, and
construction notes are not available.


2.5.5 Stability of Slopes


Slopes in the ATR area are very small, a few feet per mile at most , and do not pose a threat for
instability or landslides.
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There are no embankments or dams for the flood control or containment of cooling water at the


2.5.7 Volcanism


2.5.7.1 Introduction. The regional-tectonic framework of ESRP volcanism was previously
introduced in Section 2.5.1. Basaltic and rhyolitic volcanism has affected the ESRP for about the past
10 Ma and has continued into geologically recent time. Historical eruptions have not occurred on the
ESRP, but lava flows issued as recently as 2,100 years ago from the Great Rift, about 15.5 mi (25 km)
southwest of the INEEL. Other Holocene basaltic lava fields near the southern INEEL boundary are
nearly as young, and range from about 5,000 and 13,000 years in age (Kuntz ei al. 1986). Many basaltic
and three rhyolitic vents located within the present INEEL boundary erupted between about 0.2 and
1.2 Ma (Kuntz et al. 1990). For these reasons, an assessment of volcanic hazards is warranted at ATR
based on the record of past volcanism in the region.


Table 2.5-1 lists hazards associated with ESRP basaltic volcanism, based on interpretation of the
ESRP eruption products, and by analogy with historical observations of rift-zone volcanism in Hawaii
and Iceland. The most significant hazard is inundation or burning of facilities by lava flows. Such flows
vary greatly in volume and may cover a few to 155 or more mi2 (400 km2) (Kuntz, Covington, and Schorr
1992) On gentle terrain such as the ESRP, lava flows would generally move down-slope at a few meters
per minute. Large lava flows on the ESRP seldom exceed 18.7 mi (30 km) in length, and most are 7.5 mi
(< 12 km) long. Borehole investigations and outcrop studies indicate that most ESRP basaltic lava flows
are 22 It (< 10 m) thick, and taper to several-meter thickness at flow edges. Therefore, they are unlikely to
surmount major topographic or constructed obstacles. The general topography and vent locations of the
INEEL area suggest that future lava flows will most likely erupt from vents along the axial volcanic zone,
or at the intersections of that zone with the volcanic-rift zones from which they could flow toward the
central INEEL and ATR.


In summary, from Appendix A, the most probable areas of future basaltic volcanism and ground
deformation, are the axial volcanic zone and The Arco volcanic-rift zone. Within this context, the
Volcanism Working Group (1990) estimated the conditional probability of basaltic volcanism affecting a
south-central INEEL site, including the ATR, as being < 10"5/yr. Using an event tree analysis (Hackett
and Khericha. 1993) show that for a 3 x 10` per year probability of eruption at a random location in the
Arco volcanic rift zone or the Axial volcanic zone, the frequency of lava inundation at ATR ranges from
6.0 x 10'A to 2.4 x 10-8 per year.
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Table 2 ,5-1, Hazards associated with basaltic volcanism on the Easte rn Snake River Plain. Ent ri es are listed from highest to lowest relative hazard


Phenomenon


Lava flow


Ground deformation:
fissuring, faulting and
uplift


Volcanic earthquakes


Gas release


Tephra fall


Base surge (ground-
hugging blast of steam
and tephra)


Tephra flow (ground-
hugging flow of hot,
pyroclastic material)


Relative frequency


Common


Common; associated with
virtually all shallow
magma intrusion, and
eruption


Common ; associated with
magma intrusion before
and du ri ng eruptions


Common; associated with
fissuring and lava effusion


Rare


Rare


Extremely rare


Size or area of influence


3 km2 to 400 km2 area of
coverage, based on sizes of
ESRP lava fields of the past
15 Ka.


Fissuring could affect areas of
2 x 20 km; minor tilting and
broad uplift in areas to 5 x 20
km.


Maximum M = 5.5 and most
events M < 4; ground
vibration may affect facilities
within 25 km.


May affect few km2.


Restricted to near-vent areas;
may affect several km2
downwind.


Effects limited to radius of
several km from vent;
< 10 km2 area.


Near vent; may affect area
<1km2.


Comments


Significant hazard; typical basaltic phenomenon; lava
from fissures or shield volcanoes may inundate large
areas downslope of vents.


Significant hazard; due to shallow dike intrusion; "dry"
intrusion may occur without lava flows.


Moderate hazard; swarms of shallow earthquakes
(< 4 km focal depth) occur as dikes propagate
underground.


Low hazard; local plume of corrosive vapor, downwind
from eruptive vent or fissure.


Low hazard; basaltic eruptions are inherently
nonexplosive and may form small tephra cones but
little fine ash to be carried downwind.


Low hazard; steam explosions due to interaction
between ascending magma and shallow groundwater;
water table too deep under most of INEEL.


Very low hazard; as per tephra fall but affecting even
smaller areas.
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2.6 Environmental Analysis


The INEEL is within a cool desert ecosystem characterized by shrub-steppe communities. The
INEEL contains relatively large areas of grazed and ungrazed land that contain several types of plant
communities (e.g., sagebrush, grassland, juniper, and wetland). The INEEL is dominated by big
sagebrush (Artemisia tridentata) and, to a much lesser extent, green rabbitbrush (Chrvsothamnus
viscidi/lorus), other small shrubs, and various species of bunchgrass. In general, the vegetation and
habitats around the TRA are typical of those developed on lava flows over much of the central portion of
the INEEL.


The INEEL supports numerous animal species including I amphibian, 9 reptile, 184 bird, and
37 mammal species, The INEEL supports several species of game animals, but DOE allows hunting on
the Site only near the northern boundary. Important game animals present include waterfowl, sage grouse,
pronghorn antelope, elk, and mule deer. The INEEL Site supports a relatively large portion of Idaho's
pronghorn population during winter. The INEEL provides winter and nesting habitat for sage grouse and
is an important wintering area for several species of raptors.


No critical habitat for threatened or endangered species has been identified at the INEEL. The bald
eagle and the peregrine falcon are the only threatened or endangered species that have been observed at
the IN EEL,


Flora and fauna of the INEEL and around TRA are typical of those generally found throughout
sagebrush habitats of southeastern Idaho.
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Appendix 2A


Geology and Seismology of the INEEL and Region


This section presents the fundamental geologic and seismic characteristics of the Idaho National
Engineering and Environmental Laboratory (INEEL) and the surrounding region. Included are the
geologic history; the lithologic, stratigraphic, and structural geologic conditions; the tectonic structures;
and the geologic features and'conditions that could affect facility structures.
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2A.1 Fundamental Geologic And Seismic Information


The subsections that follow describe the regional and site-specific geology and discuss their
geologic history.


2A.1.1 Regional Geology


2A.1.1 . 1 Physiographic Provinces.The INEEL is located on the Eastern Snake River Plain
(ESRP), The ESRP is the eastern part of the Snake River Plain physiographic province (Figure 2A.1-1), a
broad, low-relief basin floored with basaltic lava flows and terrestrial sediments. The Snake River Plain
physiographic province is approximately 49 to 60 mi (80 to 100 km) wide and over 348 mi (560 km)
long, extending in a broad are from the Idaho-Oregon border on the west to the Yellowstone Plateau on
the cast. It transects and sharply contrasts with the mountainous country of the Northern Basin and Range
Province and the Idaho Batholith.


Surface elevations on the Snake River Plain decrease continually and gradually from about 6,600 ft
(2,000 m) near Yellowstone to about 2,100 ft (650 m) near the Idaho-Oregon border. Summits of
mountains surrounding the Plain range up to 12,100 ft (3,700 m) in elevation, producing a maximum
elevation contrast of about 7,550 ft (2,300 m).


The northern Basin and Range Province, which bounds the ESRP on the north, is composed of
north- to northwest-trending mountain ranges [with peaks up to 12,100 ft (3,700 m) high] separated by
intervening basins 4,600 to 5,250 ft (1,400 to 1,600 m) in elevation filled with terrestrial sediments and
volcanic rocks. Individual mountain ranges in the vicinity of the Snake River Plain are up to 125 mi
(200 km) long and 19 mi (30 kin) wide. They are sharply separated from the intervening basins by late
Tertiary to Quaternary normal faults (Section 2A.2.2.1). The basins are 3 to 12.5 mi (5 to 20 km) wide
and grade onto the ESRP.


The Yellowstone Plateau, at the northeastern end of the ESRP, is a high volcanic plateau underlain
by Pleistocene (less that 2 million years old) rhyolitic volcanic rocks (Figure 2A.1-1). Its elevation [about
6,890 to 8,530 mi (2,100 to 2,600 m)] is significantly higher than that of the ESRP, but not as high as the
mountain summits of the northern Basin and Range Province. The Plateau is characterized by extremely
high heat flow from the surface; extremely high temperatures at shallow depths; abundant hot-spring,
fumarolic, and geyser activity; and landforms controlled by thick rhyolitic lava flows. These
characteristics reflect the recent volcanic activity in the area 12 million years ago (Ma) to several tens of
thousands of years ago (Ka)].


The Idaho Batholith, which adjoins the northern margin of the central Snake River Plain, is a large
area of irregular mountainous terrain with peaks ranging in elevation from 7,870 to 12,100 It (2,400 to
3,700 m). Streams dissecting the area usually have dendritic drainage patterns that reflect the
homogeneity of the underlying granitic rocks that comprise the batholith.


The four physiographic provinces described here (the ESRP, the northern Basin and Range
Province, the Yellowstone Plateau, and the Idaho Batholith) also correspond to tectonic or seismotectonic
provinces. Each province has a different seismogenic potential that is determined by its intrinsic tectonic
processes. The nature and seismogenic potential of these tectonic processes is discussed in
Sections 2A.2.2 and 2A.2.4.7 through 2A.2.4.9.
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2A.1.1 .2 Geologic History


2A.1.1 .2.1 Paleozoic , Mesozoic, and Early Cenozoic History-The mountains
northwest of the ESRP near the INEEL are composed of thick sequences of sedimentary strata that date
from the late Precambrian through Pennsylvanian ages (Table 2A.1-1). The Precambrian through lower
Ordovician rocks are mostly clastic (shales and quartzites); the upper Ordovician through Pennsylvanian
rocks are mostly carbonates (dolomites and limestones). They occur within westward-dipping thrust
sheets that formed during east-directed Mesozoic compressional tectonism (Link et al. 1988; Skipp and
Hart 1977).


During the Paleozoic and Mesozoic Eras, continental-shelf carbonates (limestones and dolomites)
were deposited along the western margin of the North American continent in a north-trending belt that
included southeastern Idaho (Oldow et al. 1989). Thrust faulting that accompanied deposition of these
sediments produced three orogenies: in Paleozoic time (Antler orogeny), at the Paleozoic/Mesozoic
boundary (Sonoma orogeny); and in Mesozoic/Cenozoic time (Sevier/Laramide orogenies). This thrust
faulting produced the Idaho/Wyoming thrust belt (the Overthrust Belt) that extends through eastern Idaho
(Figure 2A. 1-2). In early Cenozoic time, eastward-directed thrust faults and belts of deformation may
have continued uninterrupted through southeast Idaho.


Large volumes of granitic rock emplaced by igneous intrusion into the upper crust during Mesozoic
and early Cenozoic thrusting produced the Idaho Batholith in central Idaho (Figure 2A.1-2). Subduction
of the Pacific plate beneath the North American plate caused large-scale melting of lithospheric rocks all
through the western Cordillera. In addition to the Idaho Batholith, the Sierra Nevada Batholith and other
large granitic intrusive bodies were formed during this time.


In the early Cenozoic, northwest-southeast-directed extension produced the northeast-trending
Trans-Challis fault zone and the associated Custer and Panther Creek grabens (Figure 2A.1-3).
Accompanying volcanism caused caldera subsidence along the trend of the grabens. Volcanic rocks of the
Challis volcanic field, which covers much of south-central Idaho adjacent to the northwestern margin of
the ESRP, were erupted from sources along the Trans-Challis zone and elsewhere in south-central Idaho.


2A.1.1 . 2.1.1 Late Cenozoic and Quaternary Histo ry of the
Yellowstone-ESRP Volcano- Tectonic Province


2A.1.1 . 2.1.1.1 The Yellowstone Hotspot-The processes that caused
development of the ESRP began about 17 Ma, when a rising plume of anomalous hot rocks in the earth's
mantle (the Yellowstone hotspot ) first impinged on the base of the lithosphere . Because the mantle plume
is rooted deep in the earth (probably at the mantle -core bounda ry), it has remained stationary while plate
tectonic processes have shi fted the lithosphere and crust (Nort h American plate). Seventeen mil lion years
ago, the North American plate was positioned so that the area now located in north -central Nevada was
directly above the hotspot . As plate tectonic activity has moved the plate southwestward at about
1.38 in !yr (3.5 cm/year), the hotspot has le ft its distinctive effects strung out in a band extending from its
present position at Yellowstone National Park to nort h-central Nevada.
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The effects of the hotspot on the lithosphere and crust have been profound. Two types of
large-scale melting have occurred. The first type was melting of the hot mantle material in the rising
plume itself, which generated basaltic melts (magmas) that migrated to mid-crustal levels [about 12 mi
(20 km) depth]. This melting resulted from a decrease in pressure on high-temperature mantle material as
it moved from great depth. The second type was melting of mid-crustal rocks, which produced granitic
melts that migrated upward to near-surface reservoirs and caused widespread explosive and effusive
rhyolitic volcanism typical of that at Yellowstone National Park. This melting resulted from heating of
mid-crustal rocks by the much hotter basaltic magmas that rose from the mantle plume.


The effects of the hotspot that can be observed at the surface of the earth today include widespread,
large-volume sheets of rhyolitic volcanic rocks emplaced by explosive processes; large-volume rhyolitic
lava flows; and calderas from which the rhyolitic volcanic rocks erupted. The calderas are typically 19 to
43 mi (30 to 70 km) across. They resulted when the roofs of shallow magma chambers collapsed as
voluminous explosive eruptions occurred. As the roofs fell into the evacuated magma chambers, the
resulting depressions were filled with thick sequences of rhyolitic volcanic rocks. Other effects of the
hotspot are elevated topography in the area directly over the hotspot (from buoyant effects of the hotspot),
and the basin (depressed topography) of the ESRP caused by subsidence as plate motion moved volcanic
highlands southwestward from the hotspot.


A string of such calderas and volcanic fields has formed in the wake of the Yellowstone hotspot as
the North American plate has migrated to the southwest across it (Figure 2A. 1-4). Surface subsidence
resulting from crustal cooling along this string of volcanic fields formed the ESRP.


Another way to view the progression of hotspot-related rhyolitic volcanism is in a plot of age of
volcanic rocks versus distance from Yellowstone along the ESRP (Figure 2A.1-5). This diagram shows
that the beginning of rhyolitic volcanism becomes younger toward Yellowstone and that basaltic
volcanism has covered most of the rhyolitic volcanic fields in the ESRP.


2A.1.1. 2.1.2 Modifications to Crustal Structure Resulting from
Hotspot Processes-In addition to causing the large-scale melting and volcanism described in
previous sections, melting processes associated with the hotspot modified the crust beneath the ESRP
significantly. Crystallization of large volumes of basaltic magma in the mid-crust produced a roughly
6-mi (I 0-km) -thick lens of anomalous dense rock that transmits seismic waves faster than the material
above or below (Figure 2A.1-6). The weight that this material added to the crust, along with the
contraction from cooling after passing over the hotspot, has caused the ESRP to subside in elevation by
about 1.2 mi (2 km) during the past 4 million years.


2A.1.1 . 2.1.3 Basalt Volcanism and Sedimentation in the Subsiding
ESRP Basin-The subsidence of the ESRP has produced an elongated northeast-trending basin in
which basalt lava flows and deposits of sedimentary material have accumulated to a total thickness of
0.6 to 1.2 mi (I to 2 km). The basalt lava flows were generated by residual heat in the upper mantle
beneath the ESRP, and rose to the surface to erupt into the subsiding basin.


Sedimentary materials have formed interbeds between lava flows. The sediments are composed of
(a) fine-grained silts that were deposited by wind action; (b) silts, sand, and gravels deposited by streams
such as the Big Lost River; and (c) clays, silts, and sands deposited in lakes such as Mud Lake and its
much larger ice-age predecessor, Lake Terreton.
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The accumulation of these two types of rocks in the ESRP has resulted in the sequence of
interlaycred basalt lava flows and sedimentary interbeds because volcanism is a sporadic process. During
the long periods of quiescence between volcanic periods, sediments accumulated to thicknesses of < 3 ft
to> 200 ft (< I in to> 60 m). In contrast, several lava flows commonly accumulated to thicknesses
reaching several tens of meters during short periods of volcanic activity.


2A.1.1 . 2.2 Basin and Range Tectonic Activity-The Basin and Range Province of
the western United States (Figure 2A.1-1) is a region of extending crust, high elevations, high heat flow,
and extensive Cenozoic volcanism (Eaton 1982). The north to north-northwest trends of normal faults and
mountain ranges in the Basin and Range Province, as well as various types of in situ stress determinations
(Zoback and Zoback 1989), show that the area is subjected to tension directed east -west to
northeast-southwest. In the northern Basin and Range Province, which is transected by the ESRP, the
extension produces north-trending normal faults and mountain ranges on the southern side of the ESRP
and northwest-trending faults on the northern side. The mountain ranges are caused by a process called
block faulting. As extension stretches the area, the brittle upper crust (upper 6 to 10 mi [ 10 to 16 km]) can
respond only by breaking into blocks that rotate slightly along the faults between to produce long, narrow
mountain ranges with intervening basins (valleys).


The rugged topography and high elevations characteristic of these mountain ranges terminate at the
margins of the ESRP and give way to the relatively flat and low-lying topography characteristic of the
Plain. The activity on the normal faults that bound the ranges must terminate at the plain margins, or the
mountain ranges would continue across the Plain.


2A.1.2 Site Geology


2A.1.2 . 1 Topographic and Physiographic Description


2A.1.2.1.1 INEEL Area-The topographic relief of the ESRP is subdued with respect to
the surrounding Basin and Range Province. Total relief of the floor of the ESRP in the INEEL area is
about 656 ft (200 m), ranging from 4,790 ft (1,460 m) at Big Lost River Sinks to about 5,410 ft (1,650 m)
on the northeast-trending axial ridge of the Plain (Figure 2A.1-7). Four prominent buttes occur along the
axial ridge of the ESRP, and they stand noticeably higher than the Plain. Big Southern Butte (7,572 it
[2308 m]), Cedar Butte (5,827 ft [1776 m]), Middle Butte (6,391 ft [1948 m]), and East Butte (6,571 if
[2003 m]) stand 390 to 2,130 ft (120 to 650 m) above the axial ridge.


The axial ridge, known as the Axial Volcanic Zone (AVZ) (Hackett and Smith 1992), constrains
the Snake River to the southeastern edge of the ESRP and causes rivers from the mountains to the north
of the ESRP to drain into closed basins (sinks). The most prominent example is the Big Lost River, which
flows onto the ESRP near Arco, turns northeastward in the southwestern part of INEEL, and flows north
to the Big Lost River Sinks in the northern part of INEEL. The Little Lost River and Birch Creek also
empty into sinks (playas) in the northern part of INEEL.


Although the ESRP's large-scale topography is rather subdued, its detailed topography is very
rough and uneven because of the character of the numerous basalt lava flows that make up the surface.
The topography is characterized by lobate forms, numerous steep-walled closed depressions and mounds,
and anastomosing fissures. Erosional processes have not established classic drainage patterns. Streams
tend to be intermittent, wandering, and blind as they follow lava-flow contacts and lava channels,
commonly ending in closed depressions.







daho National Engineerin and En onmental Laboratory 412.09 (09103 ev


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 2A-14 of 2A-112


FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


In many areas, the lava flow topography is softened by deposition of windblown silt into fissures
and depressions. In some areas, the silt deposition has been so great that the topography is dominated by
dune forms and rolling terrain with little or no basalt at the surface. Development of intermittent lakes and
ponds in many closed depressions in the lava-flow surface has resulted in deposition of fine silts and
clays, producing small, flat-floored playas (Nace et at 1975).


2A.1.2. 1.2 Advanced Test Reactor Site-The Advanced Test Reactor (ATR) site is
located in a flat-lying area near the Big Lost River in the southern part of the INEEL. It is underlain by
about 49 ft (15 m) of Big Lost River alluvial silts, sands, and gravels, which lie on an alternating
sequence of basalt lava flows and interbedded sediments extending to a depth of about 1,970 to 2,300 ft
(600 to 700 m). Landforms in the vicinity of ATR consist of braided channels (some abandoned) of the
Big Lost River to the cast and southeast of the site, and irregular flow lobes of basalt lavas to the west of
the site.


2A.1.2.2 Stratigraphy and Areal Geology


2A.1.2.2.1 !NEEL Area Stratigraphy-Table 2A,1-2 summarizes the thickness, age,
distribution, characteristics, and origin of stratigraphic units on and near INEEL. During the past 4 million
years, the ESRP (including the INEEL area) has experienced volcanic activity, mostly in the form of mild
outpourings of basaltic lava flows. Vents for the basaltic volcanism are concentrated in
northwest-trending volcanic rift zones (VRZs) and along the Axial Volcanic Zone (Hackett and Smith
1992; Kuntz, Covington, and Schorr 1992) (Figure 2A.1-8). Sediments deposited by wind action, streams,
and lakes have also accumulated in the ESRP, concurrently with the basaltic lava flows. Lithologic logs
of four INEEL deep holes [> 2,000 ft (> 610 m) deep] (Figure 2A.l-9) (Doherty 1979a, 1979b;
Doherty, McBroome, and Kuntz 1979; Hackett and Smith 1992) and hundreds of more shallow drill holes
(Nace et a1. 1975) show that an interlayered sequence of basalt lava flows and poorly consolidated
sedimentary interbeds, known as the Snake River Group (Malde 1991), occurs to depths of 0.6 to 1.2 on
(1 to 2 km) beneath the INEEL. This sequence is underlain by a large, but unknown, thickness of Late
Tertiary rhvolitie volcanic rocks.


Sedimentary interbeds within the Snake River Group have diverse origins. The interbeds include
silts deposited by wind action; silts, sands, and gravels deposited by streams such as the Big Lost River;
and clays, silts, and sands deposited in playas and lakes such as Mud Lake and its much larger Pleistocene
predecessor, take Terreton. All of these sedimentary processes continue to operate today, producing
surficial deposits of alluvial, eolian, and lacustrine/playa origin. The interlayering of unconsolidated and
poorly consolidated sediments within the basalts has several implications for facilities at INEEL.


• The interbedded sediments are composed mostly of fine-grained materials (silts and clays), which
have very low permeability and high absorption capabilities (Nace et al. 1975). Therefore, they
retard the downward migration of water and contaminants to the water table.


The low permeability of the sedimentary interbeds commonly causes localized perched water zones
beneath some INEEL infiltration ponds (Hull 1989) and beneath natural infiltration/recharge zones
such as the Big Lost River channel and sinks at flood stage (Bennett 1990).


The sediments can be confining or semiconfining layers in the aquifer, thereby affecting the way
that water (and contaminants) move vertically and horizontally.
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• The alternating high and low seismic velocities associated with basalts and poorly consolidated
sedimenta ry interbeds , respectively , causes greater than normal att enuation of ea rthquake strong
ground motions (WCC 1990, 1992a).


• The unconsolidated sands and clays intercalated within the hard, brittle basalts contribute to very
difficult drilling and downhole geophysical logging conditions, increasing the expense and time
necessary for developing exploratory drill holes and monitoring wells at the INEEL.


2A.1.2.2.2 INEEL Area Areal Geology-Surface rocks on and near the INEEL are
mostly Quaternary basalt lava flows, the upper part of the Snake River Group, ranging in age from
< 15,000 to > 730,000 years (Figure 2A.1-10) (Kuntz et al. 1990). A wide band of Quaternary mainstream
alluvium extends along the course of the Big Lost River from the southwestern comer of the INEEL to
the Lost River Sinks area in north-central INEEL. Lacustrine (lake) deposits of clays and sands deposited
in lee Age Lake Terreton occur in the northern part of the INEEL. Beach sands deposited at the high
stand of Lake Terreton were reworked by winds in late Pleistocene and Holocene time to form large dune
fields (eolian deposits) in the northeastern part of the INEEL (Nace et al. 1975; Scott 1982). Several
Quaternary rhyolite domes occur along the Axial Volcanic Zone near the south and southeast borders.
Paleozoic limestones, late-Tertiary rhyolitic volcanic rocks, and large alluvial fans occur in limited areas
along the northwest margin of INEEL.


2A. 1.2. 2.2.1 Vertical and Horizontal Facies of Basalt Lavas-An
idealized section showing distribution of vertical and horizontal facies variation in ESRP basalt lava flows
is shown in Figure 2A.1-11. From bottom to top, basalt lava flows typically are composed of a basal
rubble zone, a lower vesicular zone, a massive columnar jointed zone, an upper vesicular and fissured
zone, and a cap of platy jointed crust.


The near-vent facies of lava flows is typified by thin, vesicular, platy flows (shelly pahoehoe).
Also, pyroclastic ash and breccia layers are commonly interleaved within the thin flow layers. With
distance from the vent, the shelly pahoehoe grades rapidly into the layered facies structure, described
above, which typifies the medial and distal portions of the lava flow (Figure 2A.1-11). Deflation pits, in
which solidified crust has subsided over areas where lava has drained away, are common throughout the
flow but more numerous near the terminus.


2A. 1.2.2.2.2 Sediment Facies-Sediments of diverse origins occur
covering and interbedded with basalts of the ESRP. Surface lava flows throughout INEEL and
surrounding regions are covered by varying thicknesses of windblown silt (loess). Alluvial sands and
gravels are common along the Big Lost River channel through the INEEL, and laeustrine clays deposited
in Pleistocene Lake Terreton are common in the northern and northeastern part of the INEEL. Because
the sedimentary depositional processes operating in the geologic past are similar to those operating today,
the same types of sediments make up the interbeds in the subsurface.
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2A.1.2.2.3 ATR Site Stratigraphy--At the ATR site, the surficial sediments (Big Lost
River alluvium) vary from 30 to 50 ft (9 to 15 m) thick, and consist mostly of gravel, gravelly sands, and
sands. In some locations, a thin 10 to 6.6 ft (0 to 2 m) thick] layer of clay and silt underlies the gravelly
alluvium, forming a discontinuous low-permeability layer just above the basalt bedrock (Hull 1989). That
low-permeability layer caused infiltration water from the warm-waste pond no longer used at TRA to
create a local perched water body that extends a short distance inside the southeast corner of the TRA
fence (Hull 1989). These perched water bodies have the potential to cause soil instability because the
water saturates the sediment, However, because the majority of the surficial sediments are gravelly and
the area beneath ATR does not have a perched water body, there is low potential for liquefaction or other
soil instabilities in the ATR area.


Sedimentary interbeds within the Snake River Group beneath the ATR site are composed mostly of
silts, clayey silts, and sandy silts. Cross sections showing the positions and thickness of interbeds are
presented by Anderson (1991). Additional, more detailed cross sections of the area beneath the warm
waste pond are given by Hull (1989). These sections show that a thick interbed occurs at a depth of about
150 to 200 ft (45 to 60 m) below the surface. Hull (1989) presents evidence that this zone is really a
fractured basalt with silty infillings in the fractures. Several more interbeds are shown to occur between
200 and 600 fl (60 and 180 m), and they presumably occur throughout the entire thickness of the basalt
section (about 2,300 ft (700 m) in this area] because they are present in Deep Exploration Well INEL-]
(Figure 2A.1-9), which is located about 2.5 mi (4 km) north of ATR.


2A.1.2.2.4 ATR Site Areal Geology-The basalts at the surface near the ATR site,
just to the west and north of the site (Figure 2A. 1-10) and those lying beneath the surficial sediment layer,
are 400,000 to 730,000 years old and flowed from vents located about 10 mi (16 km) west and I mi
(1.6 km) north of the site (Kuntz et al. 1990). Basalt flows beneath those at the surface are older and range
in age to as much as -4.3 million years at the base of the basalt sequence (Hackett and Smith 1992).
These basalts have accumulated in a basin (the ESRP) that has continuously subsided at a rate of about
1 mm/yr since passage of the Yellowstone hotspot about 4.3 Ma.


In contrast to vent locations for surface basalts, the source vents for basalts in the subsurface are
poorly known. It is clear that some of the subsurface basalts (Anderson 1991) were erupted from the
volcanic vent at AEC Butte about 0.9 mi (1.5 km) north of TRA. Others came from vents in the Area
VRZ, and possibly the Lava Ridge-Hell's Half-Acre (LR-HHA) VRZ (see Sections 2A.2.2 and 2A.6).


Basalts in the TRA area and throughout the ESRP are olivine tholeiites. They are mostly
porphyritic and contain up to 20% by volume phenocrysts of olivine and plagioclase. The groundmass is
composed of olivine, plagioclase, clinopyroxene, magnetite, ilmenite, and minor amounts of apatite,
glass, rutile, and oxidation products. An average of 78 chemical analyses (Leeman 1982) and ion
exchange capacity on a fresh sample of basalt from the subsurface at INEEL (Nace et al. 1975) are
presented in Table 2A.1-3.


2A.1.2 .3 Structural Geology. No evidence of fault offset is seen in surficial sediments within
5 miles of ATR. Several northeast-trending lineaments of alluvial and eolian origin are apparent on aerial
photographs of the area. In some cases, linear patterns of revegetation have developed on the margins of
ancient range-fire scars and eolian redistribution of surficial materials following range fires has produced
linear dune-forms along fire-scar margins (Morin-Jansen 1987).







I
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A dense array of drill holes in the TRA area (shallow geotechnical holes, deeper groundwater
monitoring wells, production wells, and injection wells) and several 40- to 50-ft deep excavations to
bedrock have revealed no evidence of surface ruptures or displacements in the near-surface basalt lava
flows. Geologic correlations among wells and drill holes based on lithologic, geophysical, and
geochemical characteristics, and based on radiometric ages of lava flows of many of these holes show no
evidence of faulting within about 300 ft of the surface. However, paleomagnetic inclinations and K/Ar
ages of lave flows in coreholes (Champion, Lamphere, and Kuntz 1988; Lanphere, Champion, and Kuntz
1993) have been interpreted to suggest that a graben or downwarp exists at depths of greater than
approximately 300 ft (Smith, Hersley, and Jackson 1996). In contrast, geochemical correlation and
correlation based on gamma logs of wells and coreholes suggest that lavas and interbeds are essentially
flat beneath the area and that no faulting is necessary to explain the positions of stratigraphic units
(Anderson 1991; Anderson et at. 1996). A summary of the arguments for and against these opposing
interpretations is given by Smith, Hersley, and Jackson (1996). Even if a graben or fault or fold exist in
the area at depths below 300 ft, it is not likely to be active in today's stress field and its age of> 300,000
years shows that it would probably not be considered "capable" by the NRC definition (Smith, Jackson,
and Hackett 1996).


Individual basalt lava flows have well-developed fissure sets that formed during emplacement of
the lava. These fissures result from bending of the solidified lava crust as still-molten lava flows away,
leaving deflated areas (Figure 2A.1-11). In addition, post-solidification cooling joints developed in the
lava flows, usually producing columnar joints with polygonal patterns. These emplacement- and
cooling-related fissures and joints are ubiquitous in ESRP lava flows; they are not through-going tectonic
structures, and they should not be viewed as indications of folding or faulting. They are separate and
distinct from fissuring related to dike injection in volcanic rift zones (see Section 2A.2.2), which is a
scismogenic process and has significance for safety of INEEL facilities.


2A.1.2.4 Geologic History Related to Regional Geologic History. The following is a
summary of the geologic history at the ATR site and its relationship to regional geologic history:


• Eruption of voluminous, explosive silicic volcanic rocks during passage of the Yellowstone hotspot
beneath the area at 6.5 to 4.3 Ma.


• Subsidence of the area as the hotspot passed with coeval eruption of basaltic lavas and
accumulation of elastic sediments in the ESRP basin.


• Accumulation of about 2,30011 (700 m) of interbedded basatts and sediments , the Snake River
Group, from 4.3 Ma to present.


Establishment of the Big Lost River's course through the central part of INEEL, probably within
the last 0.5 to 1.0 million years, Upstream of the town of Arco the river's course is controlled by
the positions of Basin and Range block fault mountain ranges; downstream the river's course is
controlled by the positions of volcanic zones and the local slope of the surface of the ESRP.


• The last volcanism at ATR occurred > 400,000 years ago. Since that time, Big Lost River alluvium
has accumulated to a depth of 30 to 50 ft (9 to 15 m)
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2A.1.2. 5 Engineering Geologic Conditions. The engineering geologic conditions of the
site are presented in Section 2A.4. Letters near T-axes denote stress-indicator types: F, focal mechanism;
G, fault-slip data; B, borehole breakouts; V, alignment of riff-zone features. Quality ranking (a through d)
is from Zoback and Zoback (1989). Borehole-televiewer log of well NNEL-1 showed no borehole
breakouts, implying low deviatoric stresses within the ESRP (Moos, Barton, and Smith 1990). Faults are
from Witkind (1975), Bond (1978), Anderson and Miller (1979), Stickney and Bartholomew (1983), and
Hecker (1991). Volcanic-Fissure Sets are from Smith, Hackett, and Rogers (1989) and Kuntz, Covington,
and Schorr (1992).
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Age Unit, thickness, distribution Physical character Origin Reference
Eolian deposits, < 30m; covers Fine sand and silt. dune forms Sand from Lake Terreton beaches; Scott 1982; Nice or al.
much of INEEL, sand dimes in NE and blankets loess from glacial and alluvial fan 1975
part and loess blankets elsewhere deposits
Playa deposits, < 10 in, in sinks Poorly sorted clayey, sandy silt, Deposited in closed depressions Scott 1982; Nace et al,
areas of northern INEEL and some with high carbonate during wet periods 1975; Kuntz et W. 1990
scattered small playas across content
INEEL


Holocene to Late Alluvium and alluvial fans, up to Gravels with varying content of Mainstream deposits along rivers, Scott 1982; Nace et al.
Pleistocene 30m, along streams and at base of sand, silt, clay debris flows and intermittent 1975; Kuntz eta], 1990


mountains stream deposits in fans
Holocene lava fields, up to 30m, in Olivine tholeiite basalt to Erupted from VRZs and AVZ Kuntz et al. 1986, 1990
Great Rift and along Axial rhyodacite and ferroliatite
Volcanic Zone
Lake Terreton deposits, < 50m, Sandy and clayey light colored Deposited in beaches, bars, and Nace et al. 1975; Scott
northeastern INEEL and Mud silt with lenses of pure sand, silt, floor of Pleistocene Lake Terreton 1982
Lake area and clay


Pleistocene Rhyolite Domes, along axis of Porphyritic to aphric rhyolite Dome building eruptions at Big Armstrong, Leeman,
ESRP flows and minor pyroclastics Southern, East. Middle, Cedar, and and Malde 1975;


unnamed Hackett and Smith
1992; Haden 1992


Late Tertiary to Snake River Group basalts and Porphyritic to aphyric olivine Erupted from numerous vents and Armstrong, Leeman,
Quaternary interbedded sediments -lkm, tholeiites, fractured and fissures in VRZs and AVZ of and Malde 1975; Malde


ESRP vesicular, flows -20 ft thick, ESRP 1991; Hackett and
interbedded with alluvial, eollan. Smith 1992
and lacustrine sediments


Late Tertiary Heise Volcanics, Several thousand Ash flow tuffs and rhyolitic Erupted from calderas buried Morgan 1988; Hackett
meters, buried beneath --1km of lavas beneath the basalts of the ESRP and Morgan 1988;
ESRP basalt and outcrops along Hackett and Smith
margins of ESRP 1992


Late Precambrian Carbonate and clastic sedimentary Quartzites overlain by middle to Marine deposition followed by Link et al. 1988: Skipp
to Paleozoic rocks, > 5,000 in, mountains north upper Paleozoic carbonates Mesozoic thrusting and Halt 1977.


and sou th ESRP
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Table 2A.1-2. Stratigraphic column for bedrock units in the Lost River and Lemhi Ranges (showing
eologic ages, formation names, and stratigraphic thickness


Period Formation Thickness (M)
Pennsylvanian Snaky Canyon Formation > L032
Mississippian Arco Hills Formation 124


Surrett Canyon Formation 260.335
South Creek Formation 87-140
Scott Peak Formation 620-635
Middle Canyon Formation 180-240
McGowan Creek Formation 60-150


Devonian Three Forks Formation 50-80
Jefferson Formation 0-> 135
Unnamed carbonates > 460
Beanooth Bu tt e Formation 0-135


Silurian Lakeiown Dolomite 20-100
Robert s Mountains Formation 780
ttit/itt/I//1/It///Illli/ll l//Il/II//1/1/11


Ordovician Fish Haven Dolomite 150-300
Kinnikinie Qua rt zite 100-240
Summerhouse Formation 30-360


Cambrian 111111111111111H1NIflt11 tlilfltititlf
Formation of Tyler Peak �> 32


Precambrian Wilbert Formation 190
I1111111111Ut1UtUtl/Itit i//I/111/1///tit
Lemhi Grou


___
> 50


/Ill/ Hiatus caused by monde sition , erosion, or faultin


Table 2A.1-3. Chemical analyses and ion exchange apacities 0 Eastern Snake River Plain basalts.


Chemical Analysis Ion Exchange Capacity'
Si02 47 . 04 4 mm 0.98
TIO2 2.70 2 mm 0.89
Al,03 15.11 _ 1 mm 0.73
Fe0 13.51 0.5 mm 0.61
MnO 0.20 0.25 turn 0.86
MgO 7.65 0.125 mm 1,32
CaO 10,06 0.062 2.80
Na1O 2.54 < 230 mesh 2.30
K20 0.61


P2OS 0 . 58 .
rocka.Megper100�of


_
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Kilometers 0 290 580 T94 0993-1


Figure 2A.1-1. Map of major physiographic and tectonic provinces of the western U.S. (For 1 nformation
Only)
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Figure 2A.1-2. Generalized map of the Overthrust Belt and Idaho Batholith. ( For Information Only)
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Figure 2A.1-3. Map showing the location of the Eocene Challis Volcanic Field and related tectonic
elements. (For Information Only)
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Figure 2A.1-4. Map of Southern Idaho and adjacent states showing the track of the Yellowstone Hotspot and names and locations of major silicic
volcanic centers of the Snake River Plain. (For Information Only)
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Figure 2.0.1-5. Summary plot of age-distance relationships among volcanic and sedimentary rock units of the Snake River Plain and Yellowstone
(adapted from Armstrong, Leeman, and Malde 1975; Hackett and Morgan 1988). (For Information Only)
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EASTERN SNAKE RIVER PLAIN
REGIONAL TOPOGRAPHY, GRAVITY AND


CRUSTAL STRUCTURE


Figure 2A.1-6. Schematic cross sections of the Eastern Snake River Plain near the INEEL showing
regional topography, bouguer gravity, and inferred crustal structure based on gravity and
seismic-refraction data (adapted from Sparlin, Braile, and Smith 1982). (For Information Only)
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Figure 2A. 1-7. Topographic map and major geographic features of The 1NEEL area.
(For Information Only)
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Figure 2A.1-8. Map the Eastern Snake River Plain showing the locations of Holocene lava field, volcanic
rift zones, and axial volcanic zone (adapted from Kuntz, Covington, and Schorr 1992). (For Information
Only)







Idaho National Enginee ng and Env onmental Laboratory 412.09(09103t2002 - Rev. 7)


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 2A-29 of 2A-1 12


FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


F eel
(Meters)


3000


(4


Scale


, CH-2-70%
I I�EL�-1 ++ V110-.2_ �


Simplified lithologic logs of deep drillholes on the INEL. (IN
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Figure 2A.1-9. Generalized lithologies of four deep driliholes on the INEEL (insets show rock types,
INEEL location, and drillhole locations on the INEEL). (For Information Only)
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Figure 2A.1-10. Geologic map of the 1NEEL area (adapted from Kuntz et al. 1990; Hackett and Smith
1992). (For Information Only)







Idaho National Engineering and EnOronmenta(Laboratorv 412.09 (09/03/2002 - Rev. 7


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 2A-31 of 2A-112


FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04i


PROS(MAL ZONE OF THIN FLOWS
(SHEI.I.. V PAH OEHOFT


Uww141 cv 14 1Cr, .Jn tvrvc


INTERIOR ZONE WITH COARSE COLUMNAR JOINTS


CRUST W ITH PART14 GS AND CLOSE SPACED COLUMNAR JONTING


VESICULAR ZONES


VENT FACIES PYROCLASTICS


INTER FLOW RUBBLE ZONE


Figure 2A.1-11. Generalized cross section of a basalt lava flow on the Eastern Snake River Plain showing typical lithologic features, structures,
and facies variations with distance from vent. (For Information Only)
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2A.2 Vibratory Ground Motion


The following subsections provide descriptions and discussions of the seismicity of the region, the
geologic structures and tectonic activity, earthquake activity in relation to geologic structures or tectonic
provinces, maximum earthquake potential regionally and locally, characteristics of seismic-wave
transmissions, safe-shutdown earthquake, and operating-basis earthquake.


2A.2.1 Seismicity


This subsection provides information on the seismic nature of the region, historical records of
earthquakes, and the seismic monitoring network at the INEEL and regionally.


2A.2.1. 1 Regional Setting. The ESRP is defined as the eastern portion of the SRP extending
from the Yellowstone Plateau to the Great Rift (Figure 2A,1-8). The relatively aseismic ESRP is
surrounded by the seismically active Intermountain Seismic and Centennial Tectonic belts, The
Intermountain Seismic belt (1SB)is a zone of concentrated seismicity that extends from northwestern
Montana through eastern Idaho and central Utah into southern Nevada (Sbar and Barazangi 1970; Smith
and Sbar 1970, 1974; Arabasz and Smith 1981; Smith and Arabasz 1991). It is divided into three pans,
which are referred to as northern (Montana), central (Idaho), and southern (Nevada and Utah) ISB (Smith
and Arabasz 1991). North of the ESRP, seismicity extends from Hebgen Lake, Montana, westward into
central Idaho, and has been characterized as an independent zone of earthquake activity that is referred to
as the Centennial Tectonic Belt (CTS) (Stickney and Bartholomew 1987). Smith and Arabasz (1991)
consider the CTB (formerly called the Idaho Seismic Zone) as a pan of the central ISB that wraps around
the ESRP. In the following discussions, this zone of seismicity will be referred to as the CTB to
distinguish it from the north-trending zone of seismicity within the central 15B.


2A.2.1. 2 Earthquake Data. Earthquakes of Richter magnitudes > 2.0 for the time period
1884-1989 were compiled by Woodward-Clyde Consultants (1992a), from the following sources:


• Idaho National Engineering Laboratory (INEL), 1986-1989


• United States Geological Survey (USGS), 1986-1989


• Montana Bureau of Mines and Geology (MBMG), 1986-1989


• United States Bureau of Reclamation (USER), 1986-1989


• University of Utah Seismograph Stations (UUSS), 1986-1989


• Engdahl and Rinehart (1988, 1991), 1884-1985.


Jackson (1993) lists the earthquake location parameters (date, location, depth, magnitude, data
source, etc.) for earthquakes with magnitude> 3.0 for a 200-mi (320-km) radius around the TRA site.
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For the central ISB, the earthquake record extends back to November 10, 1884, the date of the first
documented earthquake [Richter magnitude NO 6.3], which occurred near Paris, Idaho. Before the
1960s, seismographic coverage of the ESRP and surrounding Basin and Range was relatively poor, with
only earthquakes larger than magnitude 5.0 recorded by seismographs worldwide. Detection of
earthquakes before this time was based on motion and damage reports made by local residents.


The regional seismographic network, beginning in the mid-] 960s, in Utah and eastern Idaho,
including the ]NFL in the mid-1970s, is operated by UUSS. The Yellowstone Park network was operated
from 1970 to 1981 by the USGS and from late-1983 to present by UUSS (WCC 1992a). Seismic stations
were installed near Teton Dam, Idaho, (currently operated by Ricks College) beginning in 1980; in
southwestern Montana (MBMG) starting in 198]; and in western Wyoming near Jackson Lake (USBR)
during 1986. With additional seismic stations, smaller-magnitude earthquakes could be detected. Based
on the number of seismic stations operating over specific time intervals, periods of completeness can be
established for various magnitudes. The periods of completeness are the time periods over which
independent earthquakes (excluding aftershocks) can be considered to be completely detected
(WCC 1992a). Table 2A.2-1 shows the periods of completeness for various magnitudes given in
Jackson (1993) (based on Youngs et al. 1987; Geomatrix Consultants 1989; Engdahl and Rinehart 1988;
WCC 1992a). The completeness periods indicate that for historic times, the data base for larger-
magnitude earthquakes is more complete than for smaller-magnitude events.


2A.2.1.3 Moderate-to-Large Earthquakes . Moderate-to-large earthquakes of magnitude
? 5.5 have occurred within 200-mi (320-km) of ATR. For these events, Table 2A.2-2 lists the largest
magnitude computed, moment magnitude if computed, and Modified Mercalli intensities that are based
on damage at the epicenter. Because earthquakes of magnitudes M ? 2.5 occur at distances greater than
31 mi (50 km) from ATR, only events of M >_ 5.5 are listed in Table 2A.2-2. Figure 2A.2-1 shows their
locations relative to Basin and Range normal faults and the ESRP.


The largest earthquake, with surface-wave magnitude (M,) 7.5, occurred within the 1SB on
August 17, 1959, at Hebgen Lake, Montana (Figure 2A.2-1) (Doser 1985a). It was located 120 mi
(190 km) northeast of ATR. Although the earthquake was felt at the INEEL, it caused no damage at ATR
or other INEEL facilities (Gorman and Guenzler 1983).


The M, 7.3, Borah Peak, Idaho, earthquake occurred on October 28, 1983, in the CTB near the
INEL (Doser and Smith 1985). The earthquake resulted from normal faulting along the Lost River fault
(Crone et al. 1987). The epicenter for this event was located in the Thousand Springs valley near the
western flank of Borah Peak (Richins et al. 1987). Substantial damage occurred to masonry structures in
the local communities of Mackay and Challis, Idaho, near the epicentral area (Stover 1985).


ATR was located in Modified Mercalli Intensity Zone VI during the earthquake (Stover 1985).
Inspections following the earthquake revealed no apparent structural or component damage that would
compromise structural integrity at ATR. The reactor automatically scrammed without incident when the
ATR Plant Protective System's trip was triggered by earthquake ground motions that exceeded 0.01 g,
which was the level at which the trip was set (Gorman and Guenzler 1983).
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Currently, the INEEL operates 22 strong-motion accelerographs (SMAs). They are located at
various levels (e.g., basement, first floor, and rooftops) within critical facilities and at free-field sites (not
within buildings). There are two instruments located at TRA: one in ATR and one in the Engineering Test
Reactor (ETR). Instruments within facilities record the response of the building to the earthquake ground
shaking; at free-field sites, instruments record the level of earthquake ground motions at the earth's
surface. At the time of the Borah Peak earthquake, the INEL had 15 SMAs in operation including the two
at TRA. Peak horizontal accelerations recorded at INEL ranged from 0.022 to 0.078 g for basement and
free-field sites (Jackson 1985). Table 2A.2-3 shows the corrected peak accelerations, velocities, and
displacements measured by the SMAs at ATR and ETR, which were 53 mi (86 km) from the Borah Peak
epicenter (Jackson et al. 1991). Jackson et al. contains copies of the corrected acceleration, velocity, and
displacement time-histories and response and Fourier spectra for the vertical and two horizontal
components for the SMAs at ATR and ETR. Peak horizontal accelerations (0.022-0.030 g) recorded at
TRA were well below the current safe shutdown earthquake (SSE) design accelerations of 0.24 g for
ATR.


2A.2.2 Geologic Structures and Tectonic Activity


2A.2.2 . 1 Tectonic Provinces. The tectonic provinces of greatest conce rn for seismic and
volcanic hazards at INEEL are the ESRP and the no rthern Basin and Range Province ( Figure 2A.1-1).
Other provinces sufficiently close to ]NEEL to warrant possible consideration , especially for probabilistic
seismic-hazards assessments , are the Yellowstone Plateau and the Idaho Batholith.


The ESRP is distinguished from the surrounding provinces by subdued topography, lower
elevations, absence of Basin and Range faults and mountain ranges (Figure 2A.1-1), and historic
aseismicity (Anders et al. 1989). In addition, it is associated with a regional gravity high (Sankey et
al. 1985), positive aeromagnetism that result from basalt lava flows at the surface (Zeitz, Gilbert, and
Kirby 1978), and high seismic velocity (Sparlin, Braile, and Smith 1982), which is associated with zones
of dense mafic rocks in the mid-crust beneath the Plain. This zone of mafic material in the mid-crust is
believed to represent the zone of accumulation and solidification of mafic magmas that were generated by
the Yellowstone hotspot as it passed beneath the ESRP.


The northern Basin and Range Province is distinguished by north to northwest trending block-fault
mountain ranges that formed in response to east to northeast extension. Normal faults bounding these
ranges have accumulated 0.6 to 1.2 mi (1 to 2 km) of vertical displacement during Late Tertiary and
Quaternary time (Pierce and Morgan 1992). Seismicity and Holocene paleoseismicity along these faults
are concentrated in a parabolic zone that passes through the Yellowstone Plateau and flanks both sides of
the ESRP (Figure 2A.2-2) (Anders et al. 1989).
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The Yellowstone Plateau is distinguished by Quaternary and continuing crustal response to rapid
uplift over the Yellowstone hotspot close to areas (northeastern ESRP) that are rapidly subsiding. This
combination results in development of large faults with high slip rates (Pierce and Morgan 1992) and with
trends inconsistent with the direction of regional extension (e.g., the Centennial, Teton, and Hebgen/Red
Canyon faults) (Figure 2A.2-9) (Doser 1985a; Eddingion, Smith, and Renggli 1987; Peyton, Smith, and
Pechmann 1991). In addition, the Yellowstone Plateau has much greater levels of seismicity than either
the ESRP or the northeastern Basin and Range Province (Smith and Arabasz 1991), a situation resulting
from interaction of regional extension with rapid local vertical crustal movements. Occurrence of
voluminous Quaternary explosive silicic volcanism (Christiansen 1984) and significant delays in
teleseismic P-waves beneath the caldera area suggest extremely high temperatures and presence of
magma in the crust and upper mantle (lyer et a1. 1981; Evans 1982; Smith and Braile 1994).


The Idaho Batholith is distinguished by high, rugged topography, sparsity of Basin and Range
faults, and absence of late Tertiary and Quaternary volcanism (Figure 2A.1-1). Seismicity is much less
intense than that associated with the Basin and Range (Smith and Arabasz 1991), with maximum
magnitude of about 5. Nevertheless, the seismicity in the Idaho Batholith is considered in seismic hazards
assessment for 1NEEL. The batholith appears to have been relatively unaffected by regional extension,
perhaps because the granitic rocks are stronger or more coherent than rocks in the Basin and Range
Province to the east and southwest.


2A.2.2.2 Faults. Faults of several ages and origins occur in the INEEL region. Some of them
are old and inactive, presenting no earthquake threat; others are capable of generating earthquakes that
could affect INEEL facilities. A detailed correlation of faults with earthquakes is presented in
Section 2A.2.4.


Mesozoic thrust faults occur in the mountain ranges bordering the ESRP (Figure 2A.1-2) (Skipp
and Hait 1977; Link et a]. 1988). They formed during a period of east-directed thrusting related to the
Sevier orogeny. They are gently westward-dipping structures that separate major Paleozoic thrust sheets.
These faults are mostly inactive at the present time because the compressional forces that created them no
longer exist. However, it is possible that parts of some of the thrust faults have been reactivated by Basin
and Range normal faults in Late Tertiary to recent times (Smith and Bruhn 1984).


Eocene to Oligocene normal faults trend northward across the Lost River, Lemhi, and Beaverhead
ranges north of the ESRP (Janecke 1992). Although these faults have several kilometers of accumulated
displacement, their orientation is not optimum for reactivation in the present stress field. Therefore, they
are not active today and pose no threat for earthquake hazards,


Basin and Range normal faults (Figure 2A.2-2) of Miocene to Recent age bound the present
northwest-trending mountain ranges north and south of the ESRP (Scott, Pierce, and Hait 1985). These
faults have accumulated 0.6 to 1.8 mi (I to 3 km) of displacement in the past 4 to 7 Ma and are still active
today as evidenced by fault scarps cutting latest Quaternary and Holocene alluvial fan deposits and by the
occurrence of the 1983 Borah Peak earthquake. Table 2A.2-4 summarizes the important characteristics of
most Basin and Range normal faults around the ESRP. The closest of these faults to INEEL facilities (the
Lost River, Lemhi, and Beaverhead faults (Figure 2A.2-2]) each bound the southwest side of a mountain
range, producing typical Basin and Range half graben. Large normal faults extend from the northern
margin of the ESRP northward to the Salmon River, Based on seismic and paleoseismic investigations,
they are capable of generating earthquakes of magnitude 7 (Doser and Smith 1985; WCC 1992b).
Because of their size, activity, and proximity to many INEEL facilities, they control much of the INEEL
seismic hazard.
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2A.2.2 . 2.1 Lemhi Fault-Detailed paleoseismic and structural investigations have been
performed on the southern Lemhi fault (WCC 1992b; Bruhn , Wu, and Lee 1992), with the following
results:


• Segmentation of the southern Lemhi fault is redefined based on timing of paleoseismic events and
on detailed mapping of the structure of the fault in bedrock and surficial deposits (Figure 2A.2-3).


• The most recent earthquake events on the various segments range from 15,000 to 25,000 years ago
(Figure 2A.2-4).


• There is evidence for temporal clustering of earthquake events (i.e., clusters of several events over
a few thousand years separated by long intervals [tens of thousands of years] of quiescence).


• Maximum magnitude of ea rthquakes in the southern part of the fault is about M 7 (WCC 1992a).


Bedrock structural features of the southern part of the fault suggest that Quaternary displacement
dies out at the south end of the Lemhi Range and that significant seismogenic fault movements do
not extend onto the ESRP (Figure 2A.2-6).


Summary of earthquake events deduced from 4 trenches logged in 1990 and 1991. The data
suggest that proposed segment boundaries (solid arrowheads) do not terminate earthquake ruptures.
Instead, single events (E2, etc) may extend from Coyote Springs south to the end of the range (open
arrowheads) Resulting rupture lengths of 34-35 km and corresponding Mw=69 establish the NICE for
the southern Lemhi fault.


2.4.2.2.2.2 Lost River Fault-The Lost River Fault is slightly farther away from most
INEEL facilities than the Lemhi Fault, but is similar with respect to seismic hazards. Detailed
paleoseismic and structural investigations were completed on the Arco and Pass Creek segments of the
Lost River Fault (closest to the INEEL boundary) (Woodward-Clyde Federal Services (WCFS) 1996)
(Figure 2A.2-5). Results indicate:


• Activity on both segments was younger than previously believed. The ages of the two most recent
events on the Arco segment are between 21±4 ka and 20±4 ka (±26). The ages of the three most
recent events on the Pass Creek segment are between 18±3 ka and 17±4 ka. Because of the overlap
in age estimates (within 2o), the two most recent events on both segments may have been
contemporaneous.


Ages of individual earthquake events indicate temporal clustering (i.e., clusters of several events
over a few thousand years separated by long intervals [tens of thousands of years] of quiescence).
Recurrence intervals varied from around 1,000 years or less to 40,000 years or more on both
segments.
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Paleomagnitude estimates based on vertical displacements yield a range of moment magnitudes
(MW) 6.6 to 7.3 for the Arco segment and 6.7 to 7.5 for the Pass Creek segment, depending on
whether displacements are assumed to be average or maximum values. Length-based magnitude for
the Pass Creek segment is MW 6.7, and for the Arco segment ranges from MW 6.6 - 6.8.


The Arco segment of the Lost River Fault may extend south of the Lost River Range onto the
ESRP and into the northwestern portion of the Arco Volcanic Rift Zone.


2A.2.2.2.3 Beaverhead FaultAlthough considerably farther from INEEL than the
Lemhi and Lost River faults, earthquakes from this fault will contribute significantly to the probabilistic
hazard assessment.


2A.2.2.2.4 Grand Valley-Star Valley Fault---Although this fault is located at great
distance from the INEEL area, it will also contribute to the probabilistic hazard. Field investigations by
Anders et al. (1989), Piety et al. (1986), and McCalpin, Piety, and Anders (1990) have shown that the
northern part of this fault system was very active from about 4 to 2 Ma, but since then it has been
inactive. The southern end of the fault, in the Alpine and Star Valley area , however, has experienced late
Pleistocene and Holocene earthquake activity.


The northwest boundary of the ESRP has been considered as a possible seismic source
(EG&G Idaho 1984). While it is true that a northeast-trending fault or faults may exist at depth (Pankratz
and Ackerman 1982), the only evidence for active faulting consists of the presence of a small
northeast-trending topographic scarp on an alluvial fan on the southeast side of the Arco Hills (Scott
1982). That scarp was trenched in 1989 by the Idaho Geological Survey under contract to EG&G Idaho.
The resulting trench logging showed that faulting does not occur there and that the scarp results from
some surficial processes such as eolian modification of a fire scar (Breckenridge and Othberg 1991).
Other information about faulting parallel to the ESRP margins is given in Section 2A.2.4.4,


Nontectonic lineaments on and near the INEEL can be observed from the air, on aerial
photographs, and on satellite images. One of the most pronounced of these lineaments, the Principal
Lineament, has been studied extensively and was shown to be caused by eolian modifications to a large
fire scar (Morin-Jansen 1987). This process produces many lineaments and perhaps even small
topographic scarps on the ESRP. Other lineaments are caused by unmodified fire scars, linear stream
drainages, alignments of vegetative or soil contrast with unknown causes, fluvial (stream, river) deposits,
paleoflood deposits, and eolian deposits (dunes) (Golder 1992; Breckenridge and Othberg 1991). A
discussion of lineaments near the ATR site is presented in Section 2A.3.
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Late Tertiary caldera bounda ry faults are postulated to exist in the silicic volcanic rocks beneath the
Snake River Group . There are several bases for this postulation:


Calderas like those that exist on the Yellowstone Plateau today must have been associated with the
late-Tertiary silicic volcanic fields occurring along the margins of the ESRP.


In some areas (southern ends of the Lemhi and Beaverhead Ranges near INEEL and northern ends
of the Caribou and Snake River Ranges near Rexburg) structures interpreted to be caldera
boundary structures have been recognized (Morgan 1988).


The great thicknesses of silicic volcanic rocks observed in INEEL deep exploration holes, INEL-1
and WO-2 (Figure 2A.1-9), indicate that they were emplaced into an intra-caldera setting.


The exact sizes, shapes, and locations of the buried calderas are uncertain, but interpretations have
been made (Figure 2A.2-2) on the basis of geophysical anomalies, positions of volcanic fields,
flow-direction indicators in ash flow sheets, and paleomagnetic data (Morgan 1988). Several general
observations are possible. A caldera could be large enough to span the entire width of the ESRP. Caldera
shape, and thus the configuration of associated caldera boundary faults, is generally circular to oval.
Because calderas tend to overlap (Figure 2A.2-2), it is likely that most of the ESRP boundary is
characterized by caldera boundary faults buried beneath the edges of the Snake River Group. Caldera
boundary faults can explain, in a manner consistent with data and concepts, Pankratz and Ackerman's
(1982) interpreted buried fault along the northwest margin of the ESRP.


Several lines of evidence, summarized in Section 2A.6, show that the calderas are no longer active
because the causative heat source has moved to a new position beneath Yellowstone. The possibility of
reactivation of the faults resulting from contemporary tectonism should be considered but does not seem
to be a cause for concern for two reasons: (a) because the faults have a circular to oval configuration, they
are not likely to have long sections oriented properly for movement in contemporary stress fields, and
(b) late-Pleistocene and Holocene faulting observed on the ESRP could not be related to reactivation of
these faults (Golder 1992).


2A.2.2.3 Volcanic Rift Zones and Axial Volcanic Zone. Volcanic vents on the ESRP are
concentrated in northwest-trending and northeast-trending linear belts (Figure 2A.1-8). The
northwest-trending belts have associated ground deformation features and are referred to as volcanic rift
zones (VRZs). The ground deformation features are fissures, faults, grabens, and monoclines that form
from dilational stresses above the tops of basalt dikes as magma moves from depth to the surface. Three
well-defined VRZs occur in the INEEL region of the ESRP: the Great Rift VRZ (which extends
southeastward from Craters of the Moon National Monument); the Arco VRZ (which extends southeast
from Arco across the southwestern comer of the INEL); and the Lava Ridge-Hell's Half Acre (LR-HI-IA)
VRZ (which extends from the south end of the Lemhi Range to the Hell's Half-Acre lava field)
(Figure 2A.1-8). An older, and poorly defined, VRZ (the Howe - East Butte VRZ) may extend from the
vicinity of Howe to the SE comer of INEL, Since it is defined by only two fissures and four vents (as
compared to scores of fissures and vents for the other VRZs) its mere existence is in question. This VRZ.
is not sufficiently defined to be included in Figure 2A.1-8.
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By analogy with active VRZs in other parts of the world (Iceland and Hawaii), it can be inferred
that VRZs are sources of earthquakes during periods of volcanic activity (see Section 2A.6.2.3.1). Even
though the magnitudes of VRZ earthquakes are smaller (M < 5.5) than those of the Basin and Range
faults (M > 7.0) (see Section 2A.2.4), their closer proximity to INEEL facilities indicates that they can be
significant contributors to both deterministic and probabilistic seismic hazards (WCC 1992a).


The VRZs and the northeast-trending Axial Volcanic Zone (AVZ) have remained as highlands
throughout much of the development of the ESRP and, thus, do not receive as much sediment as the
basins. This results in large-scale heterogeneities in seismic energy transmission properties and in aquifer
properties.


Some volcanic vents on the ESRP are concentrated along the AVZ (Figure 2A. 1-8). It is important
to distinguish the AVZ from VRZs because the AVZ does not contain northeast-trending
ground-deformation features that would qualify it to be a VRZ. The few ground-deformation features that
do occur in the AVZ are northwest-trending fissures. This fact indicates that the volcanic vents in the
AVZ arc fed by northwest-trending dikes, and that even though it is not a VRZ, seismicity can be
associated with volcanism there. Thus, it also plays an important role in deterministic and probabilistic
seismic hazards assessment (WCC 1992a).


2A.2.3 Correlation of Ea rthquake Activity with Geologic Structures or Tectonic
Provinces


Figure 2A.2-7 shows a compilation of the minimum-principal-stress directions for the ESRP region
derived from focal mechanisms, geologic indicators, and borehole breakouts (Jackson et al. 1993; Pierce
and Morgan 1992; Peyton, Smith, and Pechmann 1991, Zoback and Zoback 1989). The
minimum-principal-stress directions indicate northeast-trending extension northwest of the ESRP and a
more east-trending direction south of the ESRP. Although a rotation in the stress field may occur
somewhere within the ESRP, the ESRP appears to be subjected to the same extensional stress field as the
surrounding region (Jackson et al. 1993). Strain rates have been compiled by Eddington, Smith, and
Renggli (1987) for the ESRP region (Figure 2A.2-8). Strain rates for the region around the ESRP range
between 1.1 x 10-15/s for Yellowstone Plateau to 3.8 x 10- 17ls for the ISB. The preliminary estimate for the
ESRP is 1 x I0'16/s based on the amount of extension measured within the ESRP rift zones for the
Holocene, and is similar to strain rates outside the ESRP (Hackett, Smith, and Justin 1991).


Table 2A.2-5 lists earthquakes with M ? 5.5 that have occurred within 200 mi (320 km) of the
ATR, and that can be correlated with tectonic structures. Table 2A.2-5 includes the seismic moments,
focal mechanisms, focal depths, rupture lengths, and horizontal and vertical displacements computed by
various seismological methods for these earthquakes (see references in Table 2A.2-5 for more details).
The following discussion of earthquakes and their relationships to geologic structures or provinces is
separated into areas based on tectonic provinces.


2A.2.3.1 Eastern Snake River Plain Province


2A.2.3.1 . 1 Seismicity-Stover , Reagor, and Algermissen ( 1986) noted 14 historic ears
similar to the input used in the NPR probabilistic evaluation , with minor exceptions (WCC 1992a).
Geologic profi les for ATR were refined based on new borehole information and additional estimates of
V,. The BLWN ground- motion model was used along with empirical relationships . Sensitivity analyses
were performed to determine seismic sources that contribute most to the hazard.
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2A.2.3 . 1.2 Causes of Eastern Snake River Plain-Microearthquakes--
Investigators have also suggested possible mechanisms for microearthquakes that occur within the ESRP.
Because the ESRP is a volcanic province, magmatic processes have been considered as a possible
mechanism for the low-level microearthquakes. Brott, Blackwell, and Ziagas (1981) suggested that
microearthquakes may be a result of subsidence from cooling and contraction of the ESRP following the
passage of the hotspot. Pehon, Vincent, and Anderson (1990) suggested association with dike-injection or
mass loading of the crust by the rhyolite domes located near the axis of the ESRP. Jackson et a]. (1993)
observed that the microearthquakes occurring in the ESRP from 1972-1990 do not have the distinct
spatial or temporal patterns observed during contemporary dike-injection events at Kilauea, Hawaii, or
Krafla, Iceland (Brandsdottir and Einarsson 1979; Einarsson and Brandsdottir 1980; Klein et al. 1987)
and, therefore, they are not attributed to volcanism. Although no detailed analyses of mass loading and its
role in producing microearthquakes within the ESRP have been performed, Jackson et al. (1993) attribute
the occurrence of microearthquakes (M { 1 .5) to small-scale faulting in the shallow crust, in response to
the regional extensional tectonic stress field.


2A.2.3. 1.3 Volcanic Seismicity-Small dike-induced normal faults are located within
the VRZs (see Section 2A.6.2.3.1). Seismic studies at active VRZs, such as in Hawaii and Iceland, and
theoretical and physical models of the resulting surficial deformation features indicate that dike-injection
can produce small normal faults that extend up to or slightly below the top of the dike 1.2 to 2.4 mi (2 to
4 km) (Mastin and Pollard 1988; Ryan 1987; Rubin and Pollard 1987, 1988; Rubin 1990, 1992). Because
a dike-injection event has not been observed within an ESRP rift zone, active analogs are used to estimate
the maximum magnitude of earthquakes that would accompany future ESRP volcanism (Table 2A.2-6).
Small-magnitude earthquakes, commonly less than Ml_ 4.5, usually accompany basalt dike injection,
although magnitude 5.5 earthquakes have been observed (Hackett, Jackson, and Smith 1996;
WCC 1992a). Rubin (1992) suggests that some small normal faults form aseismically through multiple
offsets as dike-injection occurs. Bjomsson et al. (1977) observed offsets of 3 to 6 ft (I to 2 m) along
normal faults during intrusion into a Krafla rift zone where the largest magnitude of the associated
seismicity was ML 3.8.


i


In addition to observed seismicity during active dike-injection events, the empirically based
relationship of fault-area versus moment magnitude (Mw) developed by Wells and Coppersmith (1994) is
used to estimate the upper bound for the maximum magnitude of seismicity associated with dike-injection
in ESRP VRZs. Table 2A.2-6 shows the range of magnitudes, 3.3 Mw 5.3, derived from the relationship
between fault area and moment magnitude for normal fault lengths within the Arco and LR-HHA VRZs.
These values are somewhat similar to the observational values shown in Table 2A.2-7. The relationship
between fault-area and maximum magnitude was used to estimate the maximum magnitude results in an
upper bound for several reasons (Hackett, Jackson, and Smith 1996): (a) deformation can occur
aseismically, and seismic moment release may be small compared to total moment released through
inelastic deformation (Filson, Simkin, and Leu 1973; Stein et al. 1991; Rubin 1992); (b) faults move in
small increments because of slow dike propagation resulting in short, discontinuous segments with
variations in amounts of displacement; (c) dike-induced normal faults have shallow downdip widths
resulting in small areas for rupture (Daz and Scholz 1983); (d) using magnitude-fault-area relationships
assumes rupture along the entire length, but observations indicate that the faults move in small increments
or even aseismically; and (e) the relationship between moment magnitude and fault area assumes a crustal
value for rigidity of 4.35 x 106 psi (3 x 10" dyne/em2) (which may be lower for near-surface volcanic
rocks) to appropriately describe volume changes ( 0.725 to 2.61 x 106 psi (0.5 to 1.8 x 10" dynelem2)J
(Filson, Simkin, and Leu 1973; Mori et al. 1989; Stein et al. 1991).
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Recurrence intervals of the dike-induced seismicity within the ESRP VRZs are based on the
volcanic rock record, For the current ATR probabilistic assessment, the maximum magnitude earthquake
is assumed to occur during each dike-injection episode (Table 2A.6-3; Section 2A.6). Observational
seismicity during dike-injection events at Krafla and Hawaii suggests that some episodes of dike injection
are accompanied by earthquakes with maximum magnitudes of 5.5.


2A.2.3 . 2 Northern Basin and Range


2A.2.3. 2.1 Centennial Tectonic Belt-The 1983 M, 7.3 Borah Peak, Idaho
earthquake is the largest event to occur in the CTB (Figure 2A.2-1). It originated at a depth of 10 t 2.5 mi
(16 ± 4 km), near the base of the seismogenic crust (Doser and Smith 1985). It ruptured to the northwest,
producing 22 mi (36 km) of surface faulting along the Thousand Springs segment and a portion of the
Warm Springs segment of the Lost River fault. It also produced a surface scarp with a maximum of 8.9 ft
(2.7 m) vertical displacement (Crone et al. 1987). The Borah Peak mainshock and aftershocks define a
normal fault dipping 40-50 degrees to the southwest, which is consistent with dips determined from first
motions, body-wave analysis, and geodetic observations (Table 2A.2-5) (Richins et a]. 1987).


The stress drop determined from seismic moment is 17 bars, and from geologic data, 12 bars. Even
considering the possible sources of error in the calculations, the stress drop probably did not exceed
75 bars, suggesting that the Borah Peak earthquake was a low-stress-drop event compared to other normal
faulting earthquakes in the same magnitude range (Doser and Smith 1985).


2A.2.3. 2.2 Intermountain Seismic Belf-Several moderate-to-large magnitude
earthquakes that can be correlated to tectonic structures have occurred within the central pan of the ISB
near the ESRP (Figure 2A.2-1):


• Hansel Valley. The March 12, 1934, ML 6.6, Hansel Valley, Utah earthquake was felt over an area
of 170,000 mi' (440,000 km') and reached MMI of Vlll (Smith and Arabasz 1991). Shenon (1936)
mapped north-trending subparallel fractures displacing salt flats and unconsolidated late
Quaternary sediments in the southwestern part of Hansel Valley over an area 3.7 mi (6 km) wide
and 7.5 mi (12 km) long. Up to 20 in. (50 cm) of vertical displacement and 10 in. (25 cm)
horizontal offset were reported by dePolo et al. (1989). The focal mechanism from seismic
waveform modeling by Doser (1 989a) indicates that the mainshock occurred along a strike-slip
fault with left-lateral slip on a northeast-trending structure. The event originated at focal depth of
5 to 6.2 mi (8 to 10 km) and had a subsurface rupture length of 6.8 mi (11 km) (Doser 1989a).


• Cache Valley. Reanalysis of seismograms for the August 30, 1962, Ms 5.7, Cache Valley
earthquake indicates that it may be associated with the Temple Ridge fault, a less prominent feature
with only 1,640 ft (500 m) of Neogene throw located cast of the East Cache fault (Westaway and
Smith 1989). Focal depth is estimated to be 6.2 ± 1.2 mi (10 ± 2 km), and focal mechanisms from
first motions and body-wave analysis suggest a dip of 49 and 58 degrees, respectively, to the west
(Table 2A.2-5). WCC (1992a) estimated Brune and root-mean-square stress drops of
25.2 ± 5.2 bars and 45.4 bars, respectively.
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• Pocatello Valley. The March 28, 1975, Mb 6.1, Pocatello Valley earthquake occurred along a
northeast-trending structure with a large left-lateral component of slip (Bache, Lambert, and Barker
1980). Studies of the aftershock sequence were consistent with a fault dip of 39 degrees to the
northwest (Arabasz, Richins, and Langer 1979). The event originated at a focal depth of about 6 mi
(10 km) (Table 2A.2-5) and has an inferred stress drop of about 50 bars for initial faulting (Bache
et al. 1980).


2A.2.3 .3 Yellowstone Plateau


2A.2.3.3.1 Hebyen Lake-The August 18, 1959, M, 7.5 Hebgen Lake earthquake is
the largest event to occur in the ISB region. Seismic waveform analysis by Doser (I985a) indicates that
the mainshock was a double event consisting of subevent one (an Mb 6.3) followed 5 seconds later by
subevent two (an Mb 7.0). 'Doser's analysis also suggests that the rupture occurred along one or more
fault planes with east-west strike orientations (Table 2A.2-5), slightly discordant with the trace of surface
faulting along the Hebgen and Red Canyon faults.


Maximum vertical displacements of 22 ft (6.7 m) over a surface scarp length of 14.3 mi (23 km)
and 20 ft (6.1 m) over 9.6 mi (14.5 km) were observed along the Red Canyon and Hebgen faults (Myers
and Hamilton 1964; Witkind 1964). A 3-ft (1-m) scarp was observed along a 1.8-mi (3-km) segment of a
fault adjacent to Madison Canyon, but it was difficult to determine whether it was related to coseismic
movement associated with the Hebgen Lake earthquake (Myers and Hamilton 1964).


Focal mechanisms derived from first motions and body-wave analysis for the subevents indicate
fault dips ranging between 40 to 60 degrees to the southwest. Subevent I initiated at a focal depth of
6.2 mi (10 km) and subevent 2, 9.3 mi (15 km). The estimated stress drop for the mainshock is 115 bars
(Doser I985a).


2A.2.3.3.2 Yellowstone Caldera-The June 30, 1975, Mr. 6.1, Yellowstone Park
earthquake occurred near the northern rim of the Yellowstone caldera. The focal depth of this event was
shallow: 3.7 on (6 km). Aftershock studies and first motions suggest normal faulting along a
northwest-trending structure dipping about 70 degrees to the northeast (Pitt, Weaver, and Spence 1979;
Bache, Lambert, and Barker 1980).


2A.2.3 .4 The Northern Rockies


2A.2.3.4.1 Clarkston Valle}--The July 10, 1925, M 6.8, Clarkston, Montana
earthquake was felt over an 309,400 mil (800,000 km) area and reached a MMI of VIII in the epicentral
area (Smith and Arabasz 1991). Although this earthquake was large, it produced no surface scarp, but
some ground cracks were observed (Pardee 1926). Seismic-wave analysis indicates a focal depth of
5.6 on (9 km), a rupture length of 15.5 mi (25 kin), and oblique normal slip on a northwesterly-dipping
plane trending north-south (Table 2A.2-5) (Doser 1989b).


l
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2A.2.3 .4.2 Virginia City-The November 23, 1947, M 6.3, Virginia City earthquake
may be associated with rupture along a portion of the northwest-trending Madison Canyon fault based on
first motions (Dewey et al. 1973). Reanalysis using seismic waveforms by Doser (1989b) suggests
right-lateral slip along a fault striking east-west. Doser suggests that fault motion at depth in this part of
the Hebgen Lake/Madison region occurs along structures striking nearly east-west and that the northwest
strike of surface faulting may reflect the trend of preexisting weaknesses that the earthquake ruptures
exploited as they propagated to the surface. The event originated at a focal depth of about 5 mi (8 km)
(Doser 1989b).


Patterns of seismicity and locations of mapped faults have been used to assess potential sources of
future earthquakes for estimating ground shaking at INEEL. The sources and maximum magnitudes of
earthquakes that could produce the maximum levels of ground motions at ATR include (Figure 2A.2-11)
(a) a magnitude 7.0 earthquake at the southern end of the Lemhi fault along the Howe and Fallen Springs
segments, (b) a magnitude 7.0 earthquake at the southern end of the Lost River fault along the Arco
segment, (c) a magnitude 5.5 earthquake associated with dike-injection in either the Arco or LR-HHA
VRZs and the AVZ, and (d) a "random" magnitude 5.5 earthquake occurring within the ESRP (WCC
1992a). Ground-motion contributions from other sources, such as the postulated ESRP boundary fault,
northern Basin and Range Province, Yellowstone Plateau, and Idaho Batholith, are significantly smaller
because of their distant locations or lower maximum magnitudes.


2A.2.4 Maximum Earthquake Potential


2A.2.4.1 Lemhi Fault-Howe and Fallert Springs Segments, The Howe and Fallen Springs
segments are located at the southern end of the Lemhi segment. The Howe segment is closest to INEEL
(Figure 2A.2-11). ATR is located 11.8 mi (19 km) from the closest point of rupture along the Howe fault
(WCC 1990). The most recent event (MRE) occurred between 15,000 and 24,000 years ago (WCC
1992b). The lengths of the Howe and Fallen Springs segments are approximately 9.3 to 12.4 and 15.5 to
18.6 mi (15 to 20 and 25 to 30 km), respectively (Turko 1988; Baltzer, Knuepfer, and Turko 1989; Haller
1988). Recent paleoseismic investigations (four trenches excavated across the faults) by WCC (1992a and
b) indicate that the MRE could have ruptured portions of both the Howe and Fallen Springs segments
resulting in a total length of 21.8 mi (35 km). For the MRE, maximum and average displacements are
8.2 and 4.9 ft (2.5 and 1.5 m), respectively (WCC 1992b). The maximum magnitude estimated for the
MRE is 7.0 based on empirical data from Wells and Coppersmith (1994) using (a) surface-rupture length,
(b) subsurface-rupture length, (c) rupture area [length x downdip extent: 19.3 x 13.1 mi (31 x 21 km)j
(Figure 2A.2-12), (d) maximum displacement, and (e) average displacement (WCC 1992a). The slip rate
of 0.004 in./yr (0.1 mm/yr) for both the Howe and Fallen Springs segments is lower than 0.012 in./yr
(0.3 mm/yr) for the Thousand Springs segment of the Lost River fault, indicating that the Howe segment
is less active (Crone et al. 1987).
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2A.2.4. 2 Lost River FaultArco Segment. The Arco segment is located at the
southernmost end of the Lost River Fault and is the closest part of the fault to the 1NEEL
(Figure 2A.2-1 1). The north and south boundaries of the Arco segment have been mapped at different
locations by various investigators. The northern boundary was originally mapped at King Mountain (Scott
1982; Pierce 1985), but has more recently been pinpointed at Ramshom Canyon (Crone et al. 1987; Crone
and Haller 1991; Janecke 1993; Wu and Bruhn 1994). Woodward Clyde Federal Services (1996) use the
Ramshom Canyon boundary in their detailed analyses of fault behavior. The location of the southern
boundary is less certain. Fault structures are mapped along the main range front to a point about 1 km
south of Arco where they disappear in alluvium in the Arco basin (21 km total length, 9 km west of
INEEL). Additional scarps are mapped about 2 km south of the main-range front scarps west of Butte
City (Scott, Pierce, and Hait 1985). Woodward Clyde Federal Services (1996) support a location just
west-southwest of Butte City, roughly 7 km west of the IA4EEL boundary and 25 km in total length. Wu
and Bruhn (1994) suggest the boundary may extend as far as 7 km southeast of Butte City at a set of
monoclinal features located about 1 km west of the TNEEL boundary, thus making the segment 30 km
long.


The MRE and penultimate events on the Arco segment occurred between 21±4 ka and 20±4 ka,
possibly with contemporaneous rupture on the Pass Creek segment to the north. The best estimate of
maximum magnitude for the Arco segment is Mw 7.0 with uncertainties of about ±114 magnitude, given
the following factors: uncertainty of rupture lengths, uncertainty of whether displacements are more
representative of average or maximum values, and the apparent discrepancy between length-based and
displacement-based magnitudes. The net vertical displacement at the Arco Peak site (on the Arco
segment) averages about 1.2 to 1.5 in per event. The average vertical slip rate between 58 and 20 ka was
0.12 mm/yr (WCFS 1996),


2A.2.4. 3 Beaverhead Fault-Blue Dome Segment. The Blue Dome segment is located at
the southernmost end of the Beaverhead fault (Figure 2A.2-10). ATR is located 28 to 31 mi (45 to 50 km)
from the closest point of rupture along the Blue Dome fault. Based on scarp morphology, the MRE
occurred more than 30,000 years ago (Stickney and Bartholomew 1987), and recent unpublished mapping
in the area suggests that it has not been active for several hundred thousand years. The length of the
segment is estimated to be about 15.5 mi (25 km) (Haller 1988). Because no detailed paleoseismic
investigations have been conducted along this segment, and because faults northwest of INEEL are
undergoing similar deformational processes, WCC (1992a) estimates a maximum magnitude of 7.0 for an
earthquake along the Blue Dome fault. Data are not available to estimate a slip rate quantitatively, but
several investigators suggest that this segment has an activity rate similar to the southern segments of the
Lemhi and Lost River faults (Crone et al. 1987; Anders et al. 1989).


2A.2.4.4 Eastern Snake River Plain Boundary Faults, ATR is located about 7.5 mi
(12 km) from the postulated ESRP boundary fault (Figure 2A.2-11). Deep seismic refraction profiling
across the northwest boundary of the ESRP near the IN EEL suggests the presence of a buried
northeast-trending fault parallel to the ESRP boundary (Pankratz and Ackerman 1982). Scott (1982)
suggested that a northeast-trending topographic scarp observed on an alluvial fan along the southeast side
of the Arco Hills may be a result of past movement on the boundary fault. Breckenridge and Othberg
(1991) excavated a trench across the scarp. Their trench logs indicated that no fault offset was present
within the alluvial fan deposits. They concluded that the scarp may have developed from a buildup of
eolian sediments along an old fire sear.
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Other investigations have been conducted on northeast-trending faults at the southern terminations
of the Lemhi Range and Beaverhead Mountains near the margins of the ESRP (Rodgers and
Zentner 1988; Zentner 1989; Bruhn, Wu, and Lee 1992). Results of their studies indicate that these faults
were active more than 2 Ma. Based on the following lines of evidence these faults are not considered
significant seismogenic sources: (a) their northeast trend is not consistent with the direction of the active
northwest-trending normal faults that are produced by regional extensional stress fields; (b) they do not
displace sediments and volcanic rocks younger than 2 Ma; and (c) their lengths are small, generally less
than 6.2 mi (10 km), and they have small total displacements. Furthermore, even if they were active, these
faults would be capable of producing earthquakes of magnitude 5.0 based on their fault lengths and small
displacements. This magnitude does not exceed the magnitudes of earthquakes that could occur in the
Arco VRZ or randomly on the ESRP at equal or closer distances (WCC 1992a).


2A.2.4 . 5 Eastern Snake River Plain Volcanic Zones


2A.2.4.5.1 Arco Volcanic Rift Zone. The Arco VRZ extends from the southern end of
the Lost River Range across the southwestern tip of the INEEL (Figure 2A.2-1 ) ). ATR is about 7.5 mi
(12 km) away from the closest point on the boundary of the rift zone (Smith, Hackett, and Rogers 1989).
The rift zone is about 3.7 mi (6 km) wide and 12.4 mi (20 km) long (Kuntz et al. 1990; Kuntz, Covington,
and Schorr 1992). Small normal faults within the rift zone are 3.1 to 3.7 mi (5 to 6 km) in length, have
cumulative vertical offsets of about 39 ft (12 m) (multiple offsets), and are postulated to extend to a depth
of 1.2 mi (2 km) below the surface (Mastin and Pollard 1988; Smith, Hackett, and Rogers 1989; Kuntz
et al. 1990; WCC 1992a). A set of fissures in the Box Canyon graben area is collinear with the small
normal faults (3.1 mi (5 km length)] (Table 2A.2-8) bounding the graben, which results in a total length
of 5 mi (8 km). Based on the compilation of earthquake data for active rift zones (Table 2A.2-6), a
maximum magnitude of 5.5 is assumed possible for future dike-injection events within the rift zone. This
value is conservative with respect to a magnitude of 5.2 based on the assumption that an earthquake
associated with dike injection ruptures a fault area of 6.2 mi2 (16 km2) [length x depth: 5 x 1.2 mi
(8 x 2 km)] (Figure 2A.2-12) (WCC 1992a). The most recent volcanic activity within the rift zone
appears to have been about 95,000 years ago (Kuntz et al. 1986, 1990; Smith, Hackett, and Rogers 1989;
Forman et al. 1993).


2A.2.4. 5.2 Lava Ridge-Hell 's Half-Acre Volcanic Rift Zone. The Lava Ridge-
Hell's Half Acre (LR-HHA) VRZ extends from the southern end of the Lemhi range across the INEEL to
the southeastern comer (Figure 2A.2-11). ATR is about 9.3 mi (15 km) away from the closest point on the
boundary of the rift zone. The rift zone is 1.9 to 3.7 mi (3 to 6 km) wide and 31 an (50 km) long. At the
southern end of the rift zone, two sets of fissures, which may or may not be associated with small normal
faults 10.9 mi (1.4 km) in Table 2A.2-8], are about 2.5 nu (4 km) in length (Golder 1992). Because
portions of the fissures are covered by younger lava flows, the fissure sets could extend 6.8 mi (11 km)
farther south. A maximum magnitude of 5.5 was assumed possible for earthquakes associated with future
dike-injection events within the LR-HHA rift zone based on the compilation of earthquake data shown in
Table 2A.2-6. This assumption is consistent with a magnitude of 5.5, which was estimated using fault
area (9.3 x 1.9 mi = 17.5 mi2 (15 x 3 km = 45 km')] and assuming rupture along the entire fissure lengths
(WCC 1992a). The most recent volcanic activity within the LR-HHA rift zone occurred about 5,200 years
ago (Kuntz eta]. 1986, 1990).
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2A.2.4.5.3 Howe-East Butte Volcanic Rift Zone. The postulated Howe-East
Butte (H-EB) VRZ extends across the central portion of the INEEL from the range-front south of Howe
to East Butte (Figure 2A.2-11). It is poorly expressed surficially and is mostly covered by younger lava
flows and fluvial and lacustrine sediment (Kuntz 1978) (see Section 2A.6.2.3.1). ATR is located within
the postulated H-EB VRZ. WCC (1992a) considered the maximum magnitude for the H-EB to be 5.5,
similar to the Arco and LR-HHA VRZ. Volcanic vents in the H-EB VRZ are dated as 580,000 to
641,000 years old (Kuntz et a). 1990), and a conservative minimum age for the H-EB VRZ is estimated
by its being overlain by a dated lava flow 230,000 years old.


2A.2.4. 5.4 Axial Volcanic Zone. The Axial Volcanic Zone (AVZ) is located along the
ESRP axis, and crosses portions of the INEEL' s eastern boundary. ATR is about 9.3 mi (15 km) from the
closest point of the AVZ boundary. Dike-induced features are located near the intersections of the Arco
and LR-HHA VRZs with the AVZ. Thus, a maximum magnitude of 5.5 is assumed possible based on the
interpretation that dike-injection mechanisms in the AVZ are similar to those in other ESRP VRZs. The
most recent volcanic activity occurred 5,000 years ago (Kuntz et al. 1986).


2A.2.4.6 Eastern Snake River Plain Province. Although instrumental seismicity indicates
that the ESRP is relatively aseismic, an earthquake similar in size to the 1905 Shoshone event is
considered possible within the ESRP. For estimating ground motions at INEEL, an earthquake of
maximum magnitude 5.5 is postulated to occur anywhere within a 15.5-mi (25-km) radius of each facility.
This event is referred to as a random earthquake, and is commonly used for design of commercial nuclear
reactors to assess effects from earthquakes that may occur on unknown faults (i.e., those without surface
exposures).


2A.2.4.7 Northern Basin and Range Province. The northern Basin and Range source
region surrounds the ESRP, Excluding known normal faults, which are capable of generating magnitude
7.0 events, an earthquake with a maximum magnitude of 6.75 is postulated to occur anywhere within this
source region on an unknown subsurface structure (WCC 1992a). Doser (1985b) suggests that
earthquakes of magnitude 6.0 to 6.75 could occur in the ISB without producing fault scarps for evidence
of their past occurrence. An example of this phenomena is the 1975 ML 6.0 Pocatello Valley earthquake
near the Idaho-Utah border. This event occurred on a "blind" (not evident in surface geology) cross-fault,
which trended transverse to the trend of nearby Basin and Range normal faults (Arabasz, Richins, and
Langer 1981).


2A.2.4 .8 Idaho Batholith Province. The Idaho Batholith is a seismically quiet region and its
boundaries are defined by the extent of granitic rocks associated with the batholith . No extensive or
well-defined Quaternary faults are mapped within the Idaho Batholith (WCC 1992a). Although
seismographic coverage i s poor (a detection threshold of M >_ 3), it appears to have a low seismic
potential ( Smith and Arabasz 1991). Woodward-Clyde Consultants (WCC 1992a) estimated the
maximum magnitude to be Mw 5.5.


2A.2.4 . 9 Yellowstone Plateau Province. The Yellowstone Plateau Province includes the
faults associated with the 1959 Hebgen Lake event, the largest earthquake in the ISB. Thus, the maximum
magnitude is M, 7.5 based on this event (WCC ]992a).







Idaho Notional Engineering and Environmental Laboratory 412.09 (09/03/2002 -Rev. 7
CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 2A-47 of2A-112


I FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


2A.2.5 Transmission Characteristics of Seismic Waves


2A.2.5.1 Regional Attenuation . For the ground -motion modeling studies, regional
attenuation was characterized by a frequency-dependent quality factor, Q(f). Singh and Herrman (1983)
determined a regional crustal coda Q. of 450 and of 0.2 for Q(f) in the Basin and Range northwest of the
ESRP. Braile et al. (1982) observed high attenuation in the 1978 ESRP seismic refraction experiment
within the ESRP for the P-wave quality factor Q.. They attributed it to low Q values in the volcanic rocks
(Qv 20 to 200) and throughout the crust (Qp 160 to 300). Woodward-Clyde used the model parameters of
Q. and from Singh and Herrman ( 1983) in their 1990 deterministic analysis (WCC 1990), 1992
probabilistic analysis (WCC 1992a), and 1996 probabilistic analysis (WCFS 1996). They also suggest
that the relatively short source-to-site distance of 12.4 mi (20 km) [less than 18 .6 mi (30 km)] does not
significantly attenuate earthquake ground motions.


2A.2.6.2 Near-Surface Geological Attenuation. WCC (1990) indicate that near-surface
geology 11.2 to 3.1 (2 to 5 km) depth] has a significant influence on earthquake ground motions at a site,
in addition to amplification resulting from soil overlying bedrock. The INEEL resides upon the ESRP,
which is covered with basalt lava flows and sediments (see Section 2A.1.2.2). Boreholes located
throughout the INEEL site indicate that the basalt is interbedded with sedimentary layers; in some areas,
the percentage of interbeds is 50%.


This unique stratigraphy has the effect of attenuating or decreasing the level of earthquake ground
motions because seismic waves travel through a sequence of alternating high- (basalt) and low-
(sediments) velocity zones that tend to scatter the seismic energy. Also, seismic energy is intrinsically
dampened by the sedimentary interbeds. The net effect of the interbedded basalt is to reduce the level of
earthquake ground motions when compared to a homogeneous basalt (i.e., basalt with no interbeds)
(WCC 1990). The amount of attenuation depends upon the difference between the velocities, numbers,
and thickness of the basalt and sedimentary layers.


Figure 2A.2-13 shows the shear-wave velocity (V,) profile determined to estimate earthquake
ground motions at ATR (WCFS 1996). The velocity model was derived from logs of wells and borehole
located near TRA. Regional earthquakes were digitally recorded near two boreholes at TRA. These data
were used to estimate the near-surface attenuation, K.


The evaluation summaries are in the following Section 2A.2.6 . The Design -Basis Ea rthquake
( DBE)/SSE for ATR has a ground acceleration of 0.24 g.
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2A.2.6 Safe Shutdown Earthquake


2A.2.6 . 1 Ground-Motion Studies . Seismic-hazards assessments have been conducted at the
INEEL since the early 1970s to evaluate potential earthquake ground motions and establish seismic
design criteria. Since that time, ground-motion seismology and Federal regulations have continued to
evolve, and geoscience investigations have continued at INEEL. In keeping pace with these changes, a
deterministic (worst-case scenario) earthquake-hazard assessment was conducted recently for all facilities
at INEEL (including ATR) using new geologic data and state-of-the-art ground motion modeling
techniques (WCC 1990). Deterministic and probabilistic hazards assessments conducted for the proposed
New Production Reactor (NPR) site at INEEL evaluated ground-motion contributions from the "random"
ESRP earthquake (WCC 1992a). Also, an INEEL probabilistic seismic-hazard assessment is currently
underway to assess the contributions from all earthquake sources on the levels of ground motions and
their return periods. This study includes an evaluation for ATR.


2A.2.6. 1.1 1990 INEL Deterministic Evaluation-The 1990 deterministic study
estimated peak ground accelerations for ATR based on the largest earthquake (ML 7) that could occur
along the Lemhi fault (WCC 1990). This evaluation incorporated all available results from geoscience
investigations pertaining to the earthquake source, subsurface stratigraphy beneath the ESRP (crustal
structure), and ATR's near-surface stratigraphy. WCC (1990) developed a site-specific geologic profile
beneath the facility to assess the nature of seismic-wave propagation from the Howe fault to ATR.


The geologic profile was used with the Band-Limited-White-Noise (BLWN) ground-motion model
to determine site-specific accelerations for expected levels of earthquake ground motions at ATR.
Sensitivity analyses performed on the results indicated that the size of the earthquake (stress drop) and
near-surface geology (K) had the most significant effects on the levels of earthquake ground motions.
Peak horizontal and vertical accelerations and response spectra were estimated for the 50th and 84th
percentiles based on the range of uncertainties in the geologic input.


For ATR, WCC (1990) estimated peak ground (horizontal) accelerations (PGA) of 0.117, 0.176,
and 0.265 g for the 16th, 50th, and 84th percentiles, respectively. These values were compared to PGA of
0.255, and 0.203 g from the empirical relationships of Joyner and Boore (1988) and Campbell (1992),
respectively (WCC 1990). Figure 2A.2-14 shows the response spectra for ATR at various return periods
(WCFS 1996).


2A.2.6.1.1.1 The [NEEL Probabilistic Evaluation-The INEEL site
specific probabilistic seismic-hazard study (WCFS 1996) includes an assessment for ATR that provides
seismic hazard curves (peak ground accelerations versus return periods) and response spectra at various
return periods. The geologic input is similar to the input used in the NPR probabilistic evaluation, with
minor exceptions (WCC 1992a). Geologic profiles for ATR were refined based on new borehole
information and additional estimates of Vs. The BLWN ground-motion model was used along with
empirical relationships. Sensitivity analyses were performed to determine seismic sources that contribute
most to the hazard.


All known earthquake sources are considered in the probabilistic assessment: Basin and Range
faults north and south of the ESRP, volcanic (dike-induced) seismicity of the ESRP VRZs, background
seismicity of the ESRP (random earthquakes), background seismicity of the Basin and Range north and
south of the plain, and seismicity of the Idaho batholith area.
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2A.2.6. 2 Safe Shutdown Earthquake Determination The Design-Basis Earthquake
(DBE)/SSE for ATR has a ground acceleration of 0.24 g (see Harris 1989; DOE-ID 1995). The U.S.
Nuclear Regulatory Commission (NRC) Regulatory Guide 1.60 (NRC 1973) horizontal spectra are
appropriately scaled using the SSE value. The vertical input spectra are two-thirds of the horizontal input
spectra (DOE-ID 1995). The DBE/SSE value is supported by the results of the WCC (1990) deterministic
evaluation.


The DOE-ID AE Standards (DOE-1D 2002) have been revised to incorporate new seismic design
requirements of DOE Standards DOE-STD-1020 (DOE 2002a) and DOE-STD-1021 (DOE 2002b). The
TRA site specific Performance Categories PC I and PC 2 seismic design criteria use the International
Building Code (IBC 2000) spectral accelerations . The TRA site specific PC 3 and PC 4 ho ri zontal and
vertical seismic design criteria for rock Design Basis Earthquake/Safe Shutdown Ea rthquake (DBE/SSE)
is available in the DOE-ID Standard (DOE-ID 2002). The TRA site specific PC 3 and PC 4 ho rizontal
and vertical seismic design criteria for soil DBE is under development , and will be incorporated into the
AE Standards when completed.


2A.2.7 Operating Basis Ea rthquake


None defined.


Table 2A.2-1. Time periods of earthquake data com eteness.a


Magnitude Interval Completeness Period
2.0-4.0 1975-1989
4.0-5.0 1963-1989
5.0-5.5 1950-1989
5. 5-6.0 1925-1989
6.0-6.5 1900-1989


6.5-7.0 1875-1989
7.0+ 1850-1989


a Modi fied from WCC (1992x).
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Table 2A. 2-2. Earth uakes with ma nitudes greater than 5.5 within 200 mi of ATR.


Earthquake
Modified Radial


date and time Mercalli distance
(Hr:Mn -UTC' Magnitude" intensity' Geographical locafiond (km)` References


1884 November 10 6.3 M , VIII Bear Lake , Utah 225 1
08:50


1905 November 11 5.5 Mt, VII Shoshone, Waite, 164 2
21:26


1909 October 6 6.3 M, Vill Hansel Valley , Utah 216 1
02:50


1914 May 13 5,7 M, Vii Ogden, Utah 283 1
17:15


1925 July 10 6.8 M6.6 M,, VI Clarkston , Montana 201 3,4,5
14:45


1930 June 12 5.8 ML V1 E of Soda Spri ngs, 190 5
09:15 Idaho


1934 March 12 6.6 ML6 . 6 IX Hansel Valley , Utah 222 1,3,6
15:05 M-
1934 March 12 6.2 ML5.9 Vii Hansel Va ll ey , Utah' 222 1,3,6
18:20 Mw
1934 Apri l 14 5.6 ML VII Hansel Valley, Utah' 245 1
21:26


1934 May 0b 5 6 ML V) Hansel Valley , Utah' 222 1
08:09


1944 July 12 6.1 M,, VII N of Stanley , Idaho 235 7
19:30


1945 February 14 6.0 ML V1 N of Stanley, Idaho 235 7
03:01


1947 Decembe r 17 6.3 M6.1 Mw ND Virginia City, Montana 225 3,4
12:38


1959 August 181 7.5 M, 6.3, x Hebgen Lake, Montana 187 3,8,9,10
06:37 7.3 M,
1959 August 18 6.5 M ND Hebgen Lake, 208 3
07:56 Mont ana"
1959 August 18 6.0 M ND Hebgen Lake, 208 3
08:41 Montana°


1959 August 18 5.6 M ND Hebgen Lake, 182 3
11:03 Montana '


1959 August 18 6.5 Mn6.3 ND Hebgen Lake, 209 10
15:26 M,, Montana'


1959 August 19 5.9 M,6 . 0 M„ ND Hebgen Lake , 209 4,10
04:04 Montana"
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Table 2A. 2-2. (continued).


1962 August 30 5,7 M,5,9 Mw VII Cache Valley, Utah 208 1,3,11
13:35
1964 October 21 5.8 Mb5.6 ND Hebgen Lake , 154 3,4
07:38 M,w Montanan


1975 March 28 6,1 Mb6.2 VIII Pocatello Valley, Utah 383 3,12
02:31 Mw


1975 June 30 6.1 ML VII Yellowstone Park, 209 3,13
18:54 Wyoming
1976 December 8 5,5 Mb ND Yellowstone Park, 198 5
14:40 Wyoming


1983 October 28 7.3 M,6,8 Mw IX N W of Mackay, Idaho 93 3,8,9,14
14:06


1983 October 28 5.8 ML5.4 ND N W of Mackay, Idaho 98 3,15
19:51 M„


1983 October 29 5.8 MI-5.5 ND N W of Mackay, Idaho 121 3,15
23:29 M„


1984 August 22 5,8 MLS.6 ND Challis, Idaho' 127 3,15
09:46 M„


1994 February 3 5.9 M„. ND West of Afton, 167 16
09:05 Wyoming
a. UTC - Universal Time Coordinated ((ueenwich Mean Time).


b. Highest magnitude value is reported in this Table. Mome nt magnitudes are in cl uded , if calculated. Magnitude Scales'. M,- Conversion from
Intensity; M, - Local or Richt er; M - magnitude type not speci fi ed ; M,. - Moment; Mb - Body-wave ; M, - Surface-wave,


c. Modi fi ed Mercalli intensity based on Wood and Neumann (1931).


d Latitude and Longitude coordinates are listed in Appendix 2-A


e. Radial distances based on coordinates 43o 42.0', 112048.0'.


f. Aftershock following the Mr. = 6.6, 1934 Hansel Valley, Utah earthquake.


g. Hebgen Lake usually referred to as M. 7.5, but is actually two eve nt s having magnitudes of M. 6.3 and 7.3 per Doser 1985a,


It. Aftershock following the M, = 7.5, 1959 Hebgen Lake, Montana ea rt hquake.


i. Aftershock following the M, = 7.3, 1983 Borah Peak , Idaho earthquake.


References: ( 1) Riehins 1979 ; (2) Oaks 1992; (3) Doser and Smith 1989 ; (4) Doser )989b ; ( 5) Engdahl and Rinehart 1991; (6) Doser 1989a;
(7) Stover, Realtor, and Algermissett 1986; (8 ) Doser I985b; ( 9) Stover 1985 ; ( 10) Doser 19R5a ; (11) Westaway and Smith 1989;
(12) Arabasz, Riehins, and Langer 1979; ( 13) Pitt, Weaver, and Spence 1979; (14) Doser and Smith 1985; (15) Richins et al. 1987; (16) Nava,
Arabasz, and Pechmann 1994.
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Table 2A.2-3. Ground motions recorded during the Borah Peak earthquake at TRA.


Acceleration
(em/sec)


Velocity
(cm/sec)


Displacement
(cm)


Component ATR ETR ATR ETR ATR ETR
Longitudinal 0.022 0.030 1.12 2.15 0.16 0.21
Transverse 0.023 0.029 1. 45 1.88 0 ,25 0.30
Vert ical 0.019 0.018 0.72 1.07 0.12 0.13
Reference : Jackson et at. 1991.


Table 2A. 2-4, Basin and range faults around the Eastern Snake River Plain.-


Fault Reference Important points
Sawtooth. Dewey (1987), Jackson and Contemporary earthquake swarms, maximum magnitude
While Cloud Zollweg (1988), Smith, Richins, = 6.1, several mapped normal faults.
Peaks area and Doser (1985)
Lost River Pierce (1985, 1988), Scott, Pierce , Arco Segment - MRE-30 Ka, trenching, D-2-3 in, L-10
Fault and Hail (1985), Crone et al. kin. SR-0. 12 mm/y, R1-30-40 Ka.


(1987), Schwartz (1988). Malde Pass Creek Segment -MME-30-50 Ka, scarp
(1987), Piety et al. (1986) morphology, ND, L-30 km, RI-30-50 Ka?


Mackay Segment -MRE--4.3-6.8 Ka, trenching, ND,
L-22 kin, SR-0.3 min/yr, RIM4-7 Ka.


Thousand Springs Segment - MRE=1983,
trenching/earttquake. D=2.7 m, L=36 kin, SR=0.3
nmr/yr, R1=6-7Ka.


Warm Spring Segment - MRE5.5-6.2 Ka, trenching,
ND. L-15 kin, SR=0.3 mm/yr, RI< 15 Ka.
North Segment - MRE > Late Quaternary, scarp
morphology, ND, L-20 km., ND, ND, low structural
relief.


Lemhi Fault WCC (1992b), Knuepfer ( 1989), Southern Segments (Howe and Fallen Springs
Turko (1988), Baltzer, Knuepfer, segments) - MRE-15-24 Ka. trenching/scarp
and Turko (1989), Malde (1987), morphology, D-y2-3 in, L-25 km, SR-0.1 martyr, R1=3.3
Haller (1988), Scott, Pierce, and Ka (ave.)
Hair (1985), Bruhn, Wu, and Lee Sawmill Gulch Segment - MRE < 10 Ka, trenching,(1992) D=1.7 in, L=43 km, ND, ND.


Gotdburg Segment - MRE-10-15 Ka, scarp
morphology, ND, L=12 km, ND, ND.
Patterson Segment - MRE < 10 Ka?, scarp morphology,
ND. L-23 km, ND, ND.
May Segment - MRE-15-30 Ka?, scarp morphology,
ND. L-23 km, ND, ND.
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Table 2A.2-4. (continued).


Fault Reference l in rant points
Beaverhead Haller (1988), Slickney and Blue Dome Segment - MRE > 30 Ka, scarp morphology,
Fault Bartholomew (1987) ND, L-25 km, ND, ND.


Nicholia Segment -MME-10-15 Ka, scarp morphology,
ND, L-42 km, ND, ND.
Bally Mountain Segment - MRE > 30 Ka, scarp
morphology, ND, L-21 km, ND, ND.
Leadore Segment - MRE < 10 Ka, scarp morphology,
ND, L-23 km, ND, ND.


Mollie Gulch Segment - MRE-10-15 Ka?, scarp
morphology, ND, L-20 km, ND, ND.


Lembi Segment - MRE > 30 Ka, scarp morphology, ND,
L-20 kin, ND, ND


Red Rock Haller (1988), Stickney and Sheep Creek Segment - MRE < 10 Ka, scarp
Fault Bartholomew (1987) morphology, ND, L-16 km, ND, ND.


Timber Butte Segment - MRE-10-15 Ka, scarp
morphology, ND, L--I I km, ND, ND.


Centennial Stickney and Bartholomew (1987), Western Centennial Valley Segment - MRE < 10 Ka,
Fault Johnson (1981) scarp morphology, ND, L-23 km, ND, ND.


Red Rocks Lake Segment - MRE > 20 Ka?, scarp
morphology, ND, L-24 km, ND, ND.


Henrys Lake Segment - MRE < 10 Ka, scarp
morphology, ND, L I km, ND, ND.


Madison Fault Stickney and Bartholomew (1987), Madison Canyon Segment - MRE-Late Holocene
Schneider (1985) (1947?, 1959?), scarp morphology, ND, L-34 km (total


fault length = 117 kin).


Additional scarps exist but no segments have been
delineated (a short segment of this fault ruptured in
1959).


Hebgen Fault Stickney and Bartholomew (1987), Hebgen Fault - MRE=1959, scarp morphology, D=6.7
and Red Doser (1985a) or, L-13 km (+ 14 km on R.C.Fault), ND, NO.
Canyon Fault Red Canyon Fault - MRE=1959, scarp morphology,


D=6.7m. L-45 km, SR-1.2-1.5 mm/yr (pre-1959),
RI=4.3 Ka.


Yellowstone Pitt, Weaver, and Spence (1979), Numerous north-trending normal faults around
area USGS (1972), Doser (I985a) Yellowstone Caldera with Quaternary movement.


Contemporary seismicity, maximum magnitude = 6.1. RI
= 700-750 years for M7 earthquakes based on seismic
moment rates.
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Table 2A.2-4. (continued).


Fault Reference Important Points
Teton Fault Piety et al. (1986), Smith et al . South Segment - MRE--7Ka, trenching and scarp


(1990), Byrd et al. (1988), Susong, morphology, D=4.1 m, L-24 kin, SR--1.7-2.2 mmtyr,
Smith, and Bndm (1987), Gilbert, RI-1.4-2.3 Ka.
Ostenaa, and Wood (1983) Middle Segment -MRE < 11-14 Ka, scarp morph.,


D-3m, L-20 km, SR-1.7-2.2 mm/yr, R1--1.4-2.3Ka.
North Segment - MRE < 11-14 Ka, scarp morph„ D-3
in. L--20 km, SR--1.7-2.2 mm/vr, RI-1,4-2.3 Ka.


Grand Valley Anders et al. (1989), Grand Valley Fault - MRE > 15-30 Ka, scarp
Fault Piety ct al. (1986) morphology, ND, L-72 km, SR-0.02-0.04 mm/yr, ND.


Snake River Anders el al. (1989), Snake River Fault - MRE > 15-30 Ka, scarp
Fault Piety et al. (1986). morphology, ND, L-50 km, SR--0.001 nun/yr, ND


Star Valley Anders et al. (1989), Northern Segment -MRE < 9 Ka, scarp morphology,
Fault Piety et al. (1986), McCalpin, D-3.6-6.3, L-30 km: SR-X0.8-1,2 tmnlyr, R]--5-7Ka.


Piety, and Anders (1990) Southern Segment -MRE < 9 Ka, trenching and scarp
morphology, D-5,0-6.3 in, L-28 Ion, SR-0.6-1.1 mm/yr,
RI-5-7 Ka.


Northern Schwartz (1988), Machette, Collinston Segment - MRE > 13 Ka, scarp morphology,
Wasatch Fault Personius, and Nelson (1992), ND, L-25 km. ND, ND.
Segments Swan, Schwartz, and Cluff (1980), Brigham City Segment - MRE=3400 yrs, trenching;


Piety ei al. (1986). ND, L-40 km. ND. ND.


Weber Segment - MRE--500 years, 1.7-3.7 in, trenching,
D-1.7-3.7m, L-50 km, SR-1.2-2.8 mntlvr, Rl-1 Ka?


a. For each segment or fault, the information under important Points is presented as follows: Most recent event (MRE) in
thousands of Years (Ka), type of study, displacement per last event (D), length (L), slip rale (SR), and recurrence interval
(RI). ND = no data available.
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Table 2A.2-5. Earthquakes within 200 mi that have occurred on tectonic structures.
Earthquake date


b
Focal mechanism


and time Seismic rnoment strike/dip/rake` Tectonic structure, source parameters and
(Hr:Mn - UTC)" 102' dyne-cm) (de rees) dimensions, and refe rences'
1925 July 10 10 ± 2 B 30 80 -175 FM Associated with a fault oriented in an oblique
14:45 250 56 - 38 BW manner north of the Clarkston Valley Fault


north of Bozeman, Montana.
Z=9± 5 km (LP);
RL=25± 5 km (BW), 59±5 km (SF);
SD=2.0± 1.0 in (v).
(1,2)


1934 March 12 0.95 G 7 80 - 70 FM Caused a fault scarp along an unnamed fault in
15:05 8.6 ± 2 B 40 87 - 11 BW Hansel Valley, Utah.


0 73 -110 SF Z= 8± 2 kin (LP);


RL=1 1± 3 kin (BW), 6± 2 km (SF);
BWD= -2.1± 0-1 in (h), 0.2± 0.05 to (v);


SD= -0.2 (h), 2.0± L0 in (v);
GD= 0.4± 0.1 in (v).
(1,3)


1934 March 12 0.77 ± 0.3 B 25 85 - 20 BW Aftershock to March 12, 1934 earthquake.
18:20 Z= 8± 7 kin (LP);


RL=7±3 km (BW);
BWD= -0 .5± 0.1 in (h).
(1,4)


1947 December 1 8 ± 0.5 B 120 60 -120 FM Possibly associated with the Madison Fault
17 104 48 -170 BW northwest of Hebgen Lake, Montana.
12:38 Z= 8± 2 km (LP);


RL=9± 2 km (BW);


BWD= -0.7± 0.2 in (h).
(1,2,5)


1959 August 18 41 G 102 60 - 90 SW Caused a fault scarp along the Hebgen and Red
06:37 150 L 120 70 - 90 SF Canyon faults near Hebgen Lake, Montana.


(M, 7.5) 120 S 132 45 - 90 GE No distinction between subevents:
Z= l l± 2 km (LP);


RL=24± 4 km (SF), 40± 4 km (GE);
SD= 4.4 in (v);


GD= 7.4± 0.4 in (v).
(1,6)
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Table 2A.2-5. ( continued).
Earthquake date Focal mechanism


and time Seismic smoment strike/dip/rake` Tectonic structure. source parameters and
(11r:Mn - UTC e (x 102` dyne-cm) (de rtes ) dimensions . and referencesd


1959 August 18 2.8 B 102 60 - 90 FM Subevent ) :
06:37 9542-908W Z= 10±2 km (LP);
(M„ 6.3) RL=7± l km (BW);


BWD= 0.95 m M.
(1,6)


1959 August 18 92 B 100 54 - 90 FM Subevent 2:
06:37 95 42 - 90 BW Z= 15± 3 km (LP);


(M,, 7.3) RL=21± 5 kin (BW);
BMM= 6.8 m (v).
(1,6)


1959 August 18 nd 70 55 - 45 FM Aftershock to August 18. 1959 earthquake.


01:56 nd.
(1)


1959 August 18 nd 70 65 - 15 FM Aft ershock to August 18 , 1959 earthquake.
08:41 nd.


(1)


1959 August 18 nd 50 64 31 FM Aftershock to August 18. 1959 earthquake.


11:03 ad.
(1)


1959 August 18 3.10 B 90 60 - 70 FM Aftershock to August 18. 1959 earthquake.


15:26 5.5 S 83 50 - 90 BW Z= 10± 2 kin (LP);
RL=9± 1 km (BW).
(1)


1959 August 19 1.1 ± 0.3 B 60 75 -155 FM Aftershock to August 18. 1959 earthquake.
04:04 4.8S 57 80 -161 BW Z= 8±2 km (LP);


RL=113 2 km (8W).
(1)


1962 August 30 0.52 ±0.2 B 185 58 - 85 FM Associated with the Temple Ridge fault, Cache
13:35 201 49 -108 BW Valley, Utah,


Z= 12± 2 km (LP);
RL=3t 1 km (BW),
BWD= 0.55 ± 0. 2 m (h),
(1,7)


1964 October 21 1.10 ± 03 B 310 60 18 FM Aftershock to August 18, 1959 eartlhquake.
07:38 307 56 14 BW RL=3± 1 km (BW).


(1)
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Table 2A. 2-5. (continued).
Earthquake date Focal mechanism


and time Seismic moment' strike/dip/rake' Tectonic structure, source parameters and
(HEW -UTC)a (x 1025 dyne-cm) (degrees) dimensions, and referencesd
1975 March 28 1.23 ± 0.6 B 225 39 - 53 FM Associated with an unnamed faun in Pocatello


02:31 2.4 L 200 38 - 70 BW Valley. Utah.


J.2 S 210 60 - 90 GE Z= 9± 2 km (LP), 5± 2 km (SP), 12 km (GE);
RL=l2± 2 km (BW), 18t 2 km (GE);
BWD= 0.75 ± 0.25 m (v);
GD= 0.50 m (v).
(1.8,9)


1975 June 30 0.75 S 302 71 -129 FM Associated with an unnamed fault near the


18:54 north-central boundary of the Yellowstone
Caldera, Wyoming.


Z= 6± 1 km (SP);
GD= 0.12 m (v).
(1,9,10)


1983 October 28 286 138 45 - 60 FM Caused a fault scarp along the Thousand Springs
14 06 21 B 155 50 - 65 BW segment of the Lost River Fault in central Idaho.


29 L 160 70 - 70 SF Z= 16± 4 km (LP), 12± 2 km (SP), 14 km (GE);


152 49 nd GE PL= 21± 2 km (B W), 19± 2 kin (SF), 20± 2 km
(GE);
BWD- -0.20 m (h). 1.30 m (v);
SD= -0 .30 m (h). 1.50 m (v);
GD= 2.10 at (v).
(1,11)


1983 October 28 0.13 B 287 58 -165 FM Aftershock to October 28, 1983 earthquake.
19:51 0.24 S 282 48 -159 BW Z= l0 km (LP), 10 km (SP), 10 kin (GE);


286 70 -155 SF RL= 6± 2 km (BW).
(1)


1983 October 29 0.20 B 309 51 - 65 FM Aftershock to October 28, 1983 earthquake.
23:29 317 45 - 90 BW Z= 19± 9 km (LP), 10 km (SP);


RL= 8± 1 km (BW).
(1)


1984 August 22 0.24 B 170 70 - 5 FM Aftershock to October 28, 1983 earthquake.
09:46 348 85 -160 BW Associated with the Challis segment of the Lost


River fault and possibly caused slip (M 5.0) on
an antithetic fault, the Lone Pine fault, central
Idaho.
Z= 10 km (LP), 10 km (SP), 12± 0.7 km (UP);
RL= 7± 1 km (BW).
1,12)
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Table 2A.2-5. (conti d
Earthquake date


and time
(1 r3vln -1TFC a


Seismic moments
(x 102` dyne-cm)


Focal mechanism
sirikeldip/rake`


(degrees)
Tectonic structure, source parameters and


dimensions, and references"
1994 February 3 nd nd Occurred 18 km to the east of the west-dipping
09:05 Star Valley fault. Preliminary results suggest it


was associated with unknown fault. The
mainshock was located at the northern end of the
aftershock zone suggesting rupture propagated to
the south. These aftershocks exceeded magnitude
5.0.
Z= nd.
(13)


a. LTC - Universal Time Coordinated (Greenwich Mean Time),


b Seismic moments based on: G - geology; B - body-wave analysis; L - Geodetic observations; S surface-wave analysis from Doser and Smith
(1989) ,


c. Focal mechanisms based on: FM - first motions; BW - body-wave analysis; SF - surface-wave analysis; SF - surface faulting; GE - geodetic
observations from rinser and Smith (1989).


d. Earthquake source parameters and dimensions: Z - focal depth front long-period waves (LP). short period waves (SP), geodetic observations
(GE) or body wave depth phases (PP); RL-rupture length from body waves (BW ), surface faulting (SF), and geodetic observations (GE);
BWD - body-wave displacement. SD - surface displacement. and GD - geodetic displacement for horizontal (h) and vertical (v) orientations.
Numbers in parentheses corresponds to references listed below. For obtaining original references see Doser and Smith (1989).


References: (I) Doser and Smith (1989); (2) Poser (I 989b); (3) Shemin (1936); (4) Doser (1989a); (5) Dewey et al. (1973); (6) Doser (1985a);
(7) Westaway and Smith (1989); (8) Cook and Nye (1979); (9) Bache, Lambert, and Barker (1980); (10) Pill. Weaver; and Spence (1979); (1 I )
Crone et at. (19 87); (12) Jackson (1994a); (13) Nava, Arabasz, and Pechmamt (1994).
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If dike injectio


Locationb
Rifling event`


(year) Maximum ma vtude° References
Iceland
Krafta 1975-76 5.0 0 1,2
Krafla 1977 3-8` 3
Krafla 1978 4
Hawaii, USA
Kilauea Rift Zones � ...�


�


East 1965 4.4(My) 5
East 1968, Aug 3.3 6_
East 1968. Oct. 3.1 6
East 1969 4.7 7
Southwest 1975 3 .0 8
East 197b-77 4.0 8
East 1980, Aug. 3O(N )1 9
East 1980, Nov- 3.1 ( Mr)1 9
Southwest 1981 3.4(14 )f 9
East 1982 3.0(K)' 9
311 Ian
Izu Peninsula 1989 5.5(M 5) 10,11,12
Africa
Asa]. Afar 1978 13,14
New Zeal a nd
Tau Volcanic Zonea- f 1964-65 4.6 15
Taupo Volcanic Zone 1983 43 I5
California, USA
Mono Cratersh 1325 ± 20 > 6.5(M,) 16
Mean and 1-si ma/n-18' 4.1+1.0 17
a. Modified from Hackett, Jackson, and Smith (1996),


it, worldwide dike-injection events associated with maftc magma; compositions of magma for Japan and New Zealand episodes are unknown.


c. An episode of dike-injection and associated seismicity having a beginning and end.


d. Maximum magnitude reported for the dike-injection event. Magnitudes: ML - Local or Richter; Me - Coda; MJMA - Japan Meteorological
Agency; Mb - Body-wave; Ms - Surface-wave.


e. Einarsson (1991) reports earthquakes of magnitude > 5.0 are usually associated with caldera deflation events and magnitude <4.0 with dike
injection at Krafla.


f Coda magnitudes greater than amplitude magnitudes for these events (Nakata, Tanigawa, Klein 1982; Tanigawa, Nakata, and Klein 1981
and 1983).


g. Possibly associated with tectonic subsidence ofthe basin or triggered by dike injection (14).


it. Minimum estimate of the largest of five historic earthquakes based on liquefaction deposits as per (16). These earthquakes may be
',. associated with movements along tectonic faults.


i Mean and one standard deviation computed based on magnitudes as presented.


'.. rd-. No data obtained. References: (1) Einarsson & Bjornsson (1979); (2) Bjornsson et at. 1977; (3) Brandsdonir and Einarsson 1979; (4)
Einarsson and Brandsdottir 1980; (5) Busher and Duennebier 1985; (6) Jackson et at. 1975; (7) Swanson et at. 1976; (8) Dzurisin et al. 1980;
(9) Karpin and Thuthet 1987; (10) Okada and Y'amamato 1991; (11) Takeo 1992; (12) Ours, Yoshida, and Judo 1992; (13) Ahdallah ei at.
1979; (112 Lepi ne and Him 1992; (15) Grindley and Hu ll 1986; (16) Sieh and Bursik 1986; (17) Hackett , Jackson. a nd Smith 1996.
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I


Table 2A.2-7. Historical earthquakes possibly located within the Eastern Snake River Plain.'


Origin time Location error
Date (UTC)' Intensity' Magnitude (km)'


I 1 November 1905 22:29` MM VII ML 5.5 ' ± 100-200


20 February 1909 01:nd' MM 11 nd ± 50-100


6 December 1925 16:16 Felt nd ± 50-100


7 August 1927 nd Felt nd ± 50-100


5 September 1928 05:36 Felt ML 5.2" >- ± 100


6 June 1932 11:00 MM II nd ± 50-100


21 December 1932 08:00 MM 11 nd ± 50-100


28 April 1934 09:30 MM IV nd ± 100-200


28 April 1934 10:00 MM III nd ± 100-200


29 April 1934 06:10 MM Ill nd ± 100-200


18 November 1937 23:50 nd ML 5.4' nd


I February 1954 03:33:19.' nd rid ± 50-100


20 January 1964 10:09:39.7' nd nd ± 22-56


28 February 1969 15:30:24.4' ad nd ± 22-56
a. Modified from WCC (t992a).
b. Origin time shown as hour:minute:second for Universal Time Coordinated (OTC), as reported in Stover, Reagor, and
Algennissen (1986) ,


c. MM = Modified Mercalli hnensity [Wood and Neumann (1931)1. Felt= Earthquake felt but no intensity assigned


d. Estimated from Stover, Reagor, and Algemtissen (1986).


e. According to Oaks (1992) Shoshone earthquake occurred at 22:29 and not 21:29 as reported by Stover, Reagaor, and
Algennissen(198(5),
f. Richter magnitude (ML) calculated by Oaks (1992).


g. Magnitude obtained from Slemmons, Jones, and Gimlett(1965).


Ti. Information obtained from Engdahl and Rinehart (1988).


I. Instrumentally computed location.
j. nd = No data.
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Table 2A.2-8. Calculated moment magnitudes from fault area
Plain volcanic rift zones.


or normal faults in Eastern Snake River


Length' Depth extentb Fault area ` Moment
Ri ft zone Normal fault (km) (kin) (km2 ) magnitudes


Arco, ESRP' Railroad 5 4 20 5.32
Monocline
Jaylin Monocline 1.3 1.3 1.69 4.25


Box Canyon-NE 1.3 1.3 1.69 4.25


Box Canyon -SW 3 3 9 4.97


East-West 0.65 0 . 65 1.2 4.13


Section 6 0.50 0.50 1.0 3.62


Sect. 11 0.20 0.20 0.4 3.62


Sect. 3 0.10 0 . 10 0.20 3.32


Sect.8 0.30 0 . 30 0.60 3.80
Sect. 17 0 . 50 0.50 1.00 4.02


Sect. 7 0.30 0 . 30 0,60 180


LR-HHA. Lapoint 1 . 4 1.4 2.8 447
ESRP` Monocline


Mean + l-sigma (N=12) 4.13 ± 0.58


a. Maximum normal fault length observed at the surface in the VRZ having vertical offset and produced by dike-injection
(Jackson 1994b),
b. Maximum downdip width of the normal fault is based on depth for the level of neutral buoyancy , 4 km (Ryan, 1987) In
cases where lengths are less titan 4 km, the downdip width is assumed to be equivalent to its length. The intent is to estimate
the maximum area possible.
c. Surface length x downdip width.


d. Calculated using: M„.= 4.01 + 1.0 x Log ,( A); where A = fault -area and Mw = moment magnitude ( Wells and Coppersmith
1994). The relationship is independent of the sense of slip ,


e. Smith, Hackett , and Rogers ( 1989); Golder ( 1992); Kuntz , Covington, and Schorr ( 1 992). '
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Figure 2A.2-1. Map showing the locations, dates, and magnitudes of observed earthquakes with M> 5.5
in the INEEL area (also shown are locations of Quaternary and Holocene normal faults in the basin and
range province and volcanic-rift zones of the Eastern Snake River Plain). ( For Information Only)
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Figure 2A.2-2. Map summarizing the major physiographic, geologic, and seismotectonic elements of the
INEEL region. ( For Information Only)
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Figure 2A.2-3. Possible rupture scenarios for the Southern Lemhi Fault (WCC 1992b). ( For Information
Only)
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Figure 2A.2-4. Summary diagram of earthquake chronology for the Southern Lemhi Fault.
(For Information Only)
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Figure 2A.2-5. Map showing segmentation of the southern Lost River Fault, and possible scenarios for
the southern termination of the Arco Segment. Locations of WCFS 1996 trenches are also shown.
(For Information Only)
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Figure 2A.2-6. Geologic map of the Southern Lcmhi fault showing bedrock structure and Quaternary fault
scarps (Bruhn, Wu, and Lee 1992). (For Information Only)
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Figure 2A.2-7. Map of Southern Idaho showing the distribution of minimum-principal-stress orientations
[as compiled by Zoback and Zoback (1989) and from the 1989 Eastern Snake River Plain composite
microearthquake focal mechanisms of Jackson et al. (1993)]. (For Information Only)
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Figure 2A.2-8. Strain-rate map of Southern Idaho (adapted from Eddington, Smith, and Renggli 1987).
(For Information Only)
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Figure 2A.2-9. Historic earthquakes on the Eastern Snake River Plain (locations from Stover, Reagor, and
Algermissen 1986). (For Information Only)
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Figure 2A.2-10. Isoseismal-contour map for the 1905 Shoshone, Idaho , Earthquake (modified from Oaks
1992). (For Information Only)
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Figure 2A.2-11. Map of the INEEL area showing locations of volcanic-rift zones on the Eastern Snake
River Plain and Quaternary normal faults of the surrounding Basin and Range Province (southern
segments of faults near INEEL are shown as bold lines). (For Information Only)
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Figure 2A. 2-12. Comparison of fault dimension , fault orientation , and calculated moment magnitudes for
dike-induced faults on the Easte rn Snake River Plain and normal faults of the surrounding Basin and
Range tectonic province. ( For Information Only)
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Figure 2A.2-13. S-Wave velocity model for ATR site (WCFS 1996). (For Information Only)
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Figure 2A.2-14. ATR response spectra at 500 year, 1000 year, 2000 year, and 10,000 year return periods
(WCFS 1996). (For Information Only)
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2A.3 Su rface Faulting
Surface faulting, defined as the rupture of the earth's surface from tectonic or magmatic activity, is


of concern in some areas of INEEL, but not at the ATR site. The only place on the INEEL that could be
affected by surface faulting related to tectonic activity is near the southern tip of the Lemhi fault
(Figures 2A.2-2 and 2A.2-5). It is conceivable that surface faulting associated with an earthquake on the
Howe and Fallen Springs segments could extend into the INEEL for a distance of several kilometers in
the area just east of the Big Lost River Sinks. The age of most recent earthquake activity on the southern
Lemhi fault is given in Section 2A.2.4.1.


Other areas in which surface faulting is of concern are in VRZs (see Section 2A.6.2.3.1). Areas in
and near the Arco and the LR-HHA VRZs (Figure 2A.1-8) have the greatest potential for such
dike-induced surface faulting (Figure 2A.2-12). (See Section 2A6.2.3. ]for a description of the surface
deformation process.) Also, the fissures north of the Naval Reactor Facility (NRF) appear to be
dike-induced fissures. The character of possible subsurface faults is discussed in Section 2A. 1.2.3. The
potential recurrence of such fissuring is tied closely to periods of volcanic activity in VRZs and is
quantified in Section 2A.6.


2A.3.1 Geologic Conditions of the Site


See Section 2A.1.2.


2A.3.2 Evidence of Site Fault Offset


Evidence for fault offset at or near the surface does not exist in the immediate vicinity of ATR.
Several lineaments are visible on aerial photographs and Landsat images. These lineaments are mostly
no rt heast -trending alignments of contrasting density and distribution of vegetation that most likely
originated from eolian modifications of old range - fire scars (see Section 2A.2.2) (Morin-Jansen 1987).
The character of possible subsurface faults is discussed in Section 2A .1.2.3.


2A.3.3 Ea rthquakes Associated With Capable Faults


Capable faults have not been identified in the A1R area, and significant earthquakes have not been
recorded or reported in the area. Several microearthquakes have been recorded in the INEEL area since
1972, but they were not felt and they do not define or correlate with known faults (see Section 2A.2. 1).


2A.3.4 Investigation of Capable Faults


See Section 2A.3.6.


2A.3.5 Correlation of Epicenters With Capable Faults


The only earthquake epicenters in the ATR area are microearthquakes (see Section 2A.2.1); they
are not correlated with, nor do they define, capable faults. No capable faults have been found in the ATR
area.


2A.3.6 Description of Capable Faults


Capable faults do not exist within 5 mi (8 km) of the ATR facility. The nearest capable fault is th
Howe segment of the Lemhi fault at 11.8 mi (17 km) from the ATR. The seismic evaluations are in
Section 2A.2.6.
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2A.4 Stability Of Subsurface Materials And Foundations


2A.4.1 Geologic Features


2A.4.1 . 1 Surface or Subsurface Subsidence. The nature of geologic materials at ATR
and the processes of their formation could create several potential conditions that would contribute to
subsidence at ATR. As summarized below, it is demonstrated that none of these potential conditions exist
at ATR.


2A.4.1.2 Lava Tubes-Lava tubes are linear open cavities that allowed lava to flow from its
source vent. Their observed dimensions in basalts of the ESRP range up to several tens of miles
(kilometers) in length and 33 ft (10 m) in diameter. Lava tubes are not recognized in the lava flows at the
surface west and north of ATR, and the dense pattern of drill holes in the Test Area North area has
revealed none in the subsurface. Therefore, no potential for subsidence because of lava tubes exists at
ATR.


2.0.4.1.3 Interflow Rubble Zones. In some areas of the ESRP and the INEEL, interflow
nibble zones with large void volumes have been observed in outcrops and in drill holes. However, none
have been revealed in the drilling that has been done in the ATR area.


2.0.4.1.3.1 Fine-Grained Sediments-Water saturation, especially when combined
with ground shaking or excessive weight of structures, often causes subsidence. Because the surficial
sediments at ATR are mostly dry gravels and gravelly sands, and because the reactor is founded on
bedrock, fine surficial sediments do not pose a risk of subsidence. The first sedimentary interbed, at a
depth of about 150 ft (45 m) is silty, and saturated by a perched water body beneath the TRA warm waste
pond. However, its great depth below bedrock and Hull's (1989) interpretation that the interbed is really a
silt-infilled fracture zone indicate that it does not have serious potential for subsidence.


2.0.4.1.4 Previous Loading History. Rocks at the surface of the ESRP do not have a
previous loading history. The slow subsidence of the ESRP basin during the past 4 million years has
resulted in the continuous accumulation of the basalts and sediments of the Snake River Group. Rocks
and sediments at the surface have never been subjected to lithostatic or tectonic loading.


2.0.4.1.5 Rock Jointing and Weathering Patterns, Weak Materials. This discussion of
rock jointing and other zones of discontinuity in the rocks beneath ATR focuses on two types of
discontinuity. The first is discontinuity between lava flows, a result of the emplacement process of the
lava flows. The zones between lava flows typically are characterized by a layer of rubble or breccia
(Figure 2A. t-11), which is composed of blocks of basalt that broke from the advancing front of each lava
flow and formed a layer of broken blocks over which the flow advanced. These interfow rubble zones
range up to 3 ft (1 m) thick and commonly possess a great amount of void space between blocks, That
void space can remain open after burial and contribute to groundwater flow in the aquifer, or it can
become mulled with silty sediments and become a barrier to water flow. The latter seems to be the case
for the perched water body layer at about 150 ft (45 m) below ATR (Hull 1989). In addition to basalt
nibble zones forming at the bottom of the lava flows, it is common for fissures to develop in the upper
part of lava flows during emplacement, The fissures form because sections of solidified crust (sometimes
several meters thick) bend and tilt during flow of still-molten underlying lava. Such fissures can be up to
6.6 ft (2 m) wide and 10 to 165 ft (3 to 5 m) deep. They form complex, irregular patterns on the lava flow
surface and often are crudely parallel to the edge of the flow. Sometimes they are filled by surficial
sediments before burial by younger lava flows.
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The second type of structural discontinuity in lava flows is related to cooling and contraction of the
lava flow after solidification. This process produces columnar jointing in the interior zone of the lava
flow, with columns being polygonal in cross section and perpendicular to the lava-flow surfaces
(Figure 2A.1-11). The cooling process also causes development of platy joints parallel to and near the
upper and lower surfaces of the lava flow. These two sets ofjoints cause the basalt to break into columnar
blocks and irregular plates when it is weathered and eroded, or when it is broken by excavation or mining
processes.


Weathering of basalts beneath ATR is minor to nonexistent because the lava flows are not exposed
to surface weathering processes for sufficiently long periods of time before they are buried by younger
flows and sediments. As basalts are buried to greater and greater depths, they become altered by
hydrothermal waters, but that does not happen until depths of over 1,320 ft (400 m) are reached.
Therefore, altered basalts are not present near the surface beneath ATR.


Fine-grained sedimentary interbeds between lava flows can cause structural weakness in some
areas, but at ATR the first interbed occurs at a depth of about 150 ft (45 m), and would not affect
foundation integrity. Surficial sediments, being composed of gravels and coarse sands, are not prone to
structural weakness; however, because ATR is founded on the basalt bedrock, the composition of surficial
sediments is irrelevant.


2A.4,1. 6 Unrelieved Residual Stresses. Geologic units at and near the surface at ATR and
throughout the ESRP have never been buried to greater depths; therefore, they have not acquired residual
stresses from great lithostatic loads. The stresses that were generated during cooling and contraction of
the basalt lavas were relieved by development of the columnar and platy fracture patterns.


2A.4.1. 7 Hazardous Soils. Two areas of hazardous soils exist near ATP, but neither area has
the potential to affect the foundation integrity of the plant. The first is the discontinuous laver of silt and
clay beneath the surficial gravels and above the basalt bedrock (Hull 1989). Infiltration of water from the
TRA warm waste pond has saturated this layer in the area directly beneath the pond, but the zone of
saturation does not extend beneath the area inside the TRA fence. The second area of hazardous soil is the
low-permeability layer at a depth of 150 R (45 m) beneath the site. Even though the perched water body
above this layer extends beneath the TRA facilities, it is at such great depth beneath the basalt bedrock
surface that it has little significance to foundation integrity.


2A.4.2 Earthquake Design Bases


Section 2A.2.6 presents the SSE for ATR . An Operating -Basis Earthquake (OBE) has not been
determined for ATR.
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2A.5 Stability Of Slopes


Slopes in the ATR area are very small (a few feet per mile at most) and do not pose a threat for
instability or landsliding.
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2A.6 Volcanism


2A.6.1 Introduction


The regional-tectonic framework of ESRP volcanism has previously been introduced in
Section 2A. 1. Basaltic and rhyolitic volcanism has affected the ESRP for about the past 10 Ma, and has
continued into geologically recent time. Eruptions have not occurred on the ESRP in historical times, but
lava flows issued as recently as 2,100 years ago from the Great Rift, about 15 mi (25 knr) southwest of the
INEEL. Other Holocene basaltic lava fields near the southern INEEL boundary are nearly as young and
range between about 5,000 and 13,000 years in age (Kuntz et al. 1986). Many basaltic and three rhyolitic
vents located within the present INEEL boundary erupted between about 200,000 and 1.2 Ma (Kuntz
et al. 1990). For these reasons, an assessment of volcanic hazards at ATR based on the record of past
volcanism in the region is warranted.


The present section summarizes information on the timing, distribution, and eruptive character of
volcanism that could affect ATR. Potential volcanic hazards are grouped into two categories: (a) those
related to volcanic sources within the INEEL area and (b) those related to distant, non-ESRP sources. For
near-field volcanism, the volcanic history of the ESRP and the INEEL area (Table 2A. 1-1,
Figures 2A.1-2, 2A.1-3) requires three varieties of volcanism to be evaluated:


The formation of future silicic calderas and associated eruptions of voluminous ash and pumice, as
occurred in the INEEL area between about 6.5 and 4.3 Ma, during passage of the Yellowstone
mantle plume (Pierce and Morgan 1992) (Figure 2A.1-4)


The growth of new silicic lava domes near INEEL, as occurred at Big Southern Bu tt e (0.3 Ma),
East Bu tt e (0.6 Ma), and elsewhere along the AVZ near the southern INEEL (Kuntz et al. 1990)


Phenomena related to Quaternary ESRP basaltic volcanism, largely involving the effusion of lava
flows and magma-induced ground fissuring across the INEEL area.


Potential effects from distant volcanic sources include (a) pyroclastic flows or tephra fall from
explosive-silicic eruptions of the Yellowstone Plateau, 62 to 124 mi (100 to 200 km) northeast of the
INEEL and (b) tephra fall from the Cascade volcanoes and other explosive volcanic centers in the
western U.S.


Up-to-date references on general aspects of volcanism and associated volcanic hazards include
Wohietz and Heiken (1992), Blong (1984), and Latter (1989). Data and analyses specific to INEEL
volcanic hazards have been compiled by the Volcanism Working Group (1990), Hackett and Khericha
(1993), and Hackett and Smith (1994). Subsequent, related publications address ESRP regional tectonics
(Rodgers, Hackett, and Ore 1990; Malde 1991; Parsons and Thompson 1991; Pierce and Morgan 1992;
Hackett and Smith 1992) and ESRP volcanism (Kuntz 1992; Kuntz, Covington, and Schorr 1992; Morgan
1992). In addition, detailed geologic mapping (Kuntz et at. 1990; Golder 1992) has led to improved
knowledge about locations of fissures and basaltic vents in the INEEL area.
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2A.6.2 Potential Volcanic Hazards of the INEEL Area and ATR


Table 2A.6-1 summarizes the important characteristics of volcanism in the INEEL area , The nature
and timing of volcanism is reconstructed from interpretation of ESRP volcanic deposits, and from the
results of K-Ar dating of volcanic rocks. Also useful in understanding prehistoric INEEL volcanism are
observations of historical volcanic phenomena, particularly eruptions along basaltic rift zones in Iceland
and Hawaii, and the growth of silicic-lava domes at various volcanic centers along the Pacific Rim.


2A.6.2 . 1 Formation of ESRP Siticic Calderas and Related Volcanism. Explosive,
voluminous eruptions of silicic pumice and ash, and associated caldera collapse occurred on the ESRP
during passage of the Yellowstone hotspot between about 6.5 and 4.3 Ma (Malde 1991; Pierce and
Morgan 1992; Figure 2A.1-4). Tephra-fall and pyroclastic-flow deposits from these eruptions were
dispersed over tens of thousands of square kilometers in southern Idaho and adjoining states, and are
known as the Heise Volcanics (Morgan 1992).


The risk of explosive-silicic volcanism and caldera formation in the INEEL area and at ATR is
considered negligible for these reasons (Volcanism Working Group 1990):


The mantle plume (Yellowstone hotspot)-considered the apparent energy source of voluminous,
caldera-forming, silicic volcanism on the ESRP-has now moved under the Yellowstone Plateau, 62 to
124 mi (100 to 200 km) northeast of the INEEL (Malde 1991; Pierce and Morgan 1992).


Thermal modeling (Blackwell 1989) and geophysical studies of the ESRP crustal structure
(Sparlin, Braile, and Smith 1982) show that the silicic magma chambers inferred to have existed in the
shallow crust of the ESRP during late Tertiary time are now entirely solidified and are therefore incapable
of erupting.


The recurrence i ntervals (quiescent periods) between major caldera eruptions on the ESRP and the
Yellowstone Plateau were 0.5 to 1.7 Ma long. Therefore , 2 1/2 to 8 recurrence intervals ( 4 3 Ma since
latest such ESRP eruption ) have elapsed in the INEEL area , suggesting that caldera-related silicic
volcanism has ceased.


sit


sil


The time-transgressive pattern of ESRP-Yellowstone silicic volcanism suggests that explosive
cic volcanism expires after basaltic lava flows have filled the calderas. On the ESRP, the late-Tertiary
cic calderas are buried by up to several km of late-Tertiary-to-Quaternary basalt and sediment,


Geophysical, geothermal, and geodetic anomalies indicating the presence of large shallow magma
chambers occur at such areas as Yellowstone National Park and Long Valley, California, where explosive
silicic volcanism is a potential hazard. The anomalies include extremely high heat flow (Morgan et al.
1977), low seismic velocities in the upper and middle crust (Smith and Braile 1994; Smith and
Christiansen 1980), abundant hot spring and geyser activity (Christiansen 1989; White et al. 1975),
persistent swarms of seismic activity (Smith and Braile 1994; Rundle and Hill 1988), rapid rise and fall
(meter-scale inflation and deflation within months to years) of land surface elevations (Smith and Braile
1994; Yamashita et al. 1992). Absence of these phenomena in the ESRP and near INEEL implies absence
of large, shallow, silicic magma chambers and absence of the hazards associated with such magma
chambers.
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2A.6.2 . 2 Growth of Rhyolitic Domes, Intrusions , and Related Phenomena


Volcanic domes are steep-sided mounds of lava, commonly of silicic (rhyolitic) composition, from
which the magma is too viscous to flow more than a few miles (kilometers) from the vent. The growth of
domes is predominately an effusive process, and blocks of the surrounding terrain can be uplifted and
tilted as the viscous magma approaches the surface (Spear and King 1982). Growing domes are
steep-sided, rubbly, and gravitatively unstable; therefore, they are prone to slope failure. In addition,
dome lavas commonly contain sufficient dissolved gas to generate small explosions. As a result,
small-volume tephra-fall deposits and blocky pyroclastic flows are frequently associated with dome
growth (Fink 1990; Wohletz and Heiken 1992).


Several small l< 1.7 mi3 (< 7 km3)] rhyolite domes were emplaced in the INEEL area during the
past 1.2 Ma, along the AVZ (Table 2A.2-2 and Figure 2A. 1-8): (a) Big Southern Butte (0.3 Ma) (Spear
and King 1982; Fishel 1993), (b) Cedar Butte (0.4 Ma) (Hayden 1992), (c) East Butte (0.6 Ma),
(d) Middle Butte (inferred as uplifted by a shallow silicic intrusion; uplifted basalt dated at 1.1 Ma); and
(e) an unnamed butte (1.2 Ma). Based on emplacement of the five domes cited above within a I million
year period (1.2 to 0.3 Ma), the estimated recurrence interval for ESRP silicic-dome effusion in the
INEEL area is 200 Ka (5 x 10'6/yr).


The Quaternary rhyolitic domes postdate the earlier caldera-related silicic volcanism by about
3 million years, and their composition is not similar to the caldera rhyolites (Leeman 1982), suggesting
they are volcanologically distinct phenomena. Although tephra falls and small-volume pyroclastic flows
are commonly associated with silicic-dome growth, these deposits have not been identified in the INEEL
area, probably because of coverage by younger basaltic lava and sediment. Several centimeters of tephra
could accumulate 6.2 mi (10 km) or more downwind of growing volcanic domes. Given the flat terrain of
the ESRP, the major effects of dome effusion, intrusion and uplift, pyroclastic volcanism, and corrosive
gases would likely be restricted to about 3.1 mi (5 km) from a growing volcanic dome. Any fumes and
tephra associated with dome growth along the AVZ would probably be carried northeastward along the
southern INEEL boundary and eventually off-Site, by prevailing southwesterly winds.


Based on the apparent 200-Ka recurrence interval (5 x I0b/yr) and the likely restriction of
hazardous phenomena to near-vent areas, the probability of a silicic dome affecting the central and
northern INEEL (including ATR) is judged to be very small (< 10'6/yr). The most likely area of future
silicic-dome emplacement is along the AVZ; hence, the probabilistic risk of impact on southern-INEEL
facilities would be somewhat higher but still < 106lyr.


2A.6.2 . 3 Basaltic Volcanism and Related Phenomena


With the exception of localized and infrequent silicic-dome volcanism, Quaternary volcanism of
the INEEL area has been predominately basaltic. Potassium-argon (K-Ar) dating of lava flows (Kuntz
et at 1990) demonstrates that the ages of basaltic vents on the INEEL range from > I Ma on the northern
INEEL, to about 0.2 Ma on the southern [NEEL near the AVZ. Although their vents are not situated on
the INEEL, four Holocene basalt lava fields erupted along the AVZ between about 13,000 and
5,000 years ago (Kuntz et al. 1986). In one case, the 13.4 Ka Cerro Grande lava field crossed what is now
the southern INEEL boundary. Quaternary basaltic volcanism on the ESRP has largely involved mild,
effusive outpourings of fluid lava flows from eruptive fissures and small, low-lying shield volcanoes
(Greeley 1982; Kuntz, Covington, and Schorr 1992).
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2A.6.2.3.1 Volcanic-Rift Zones-Basaltic vents are not randomly distributed across
the INEEL area, but tend to concentrate in northwest-trending, linear belts (Kuntz 1992; Kuntz,
Covington,and Short 1992; Hackett and Smith 1992, 1994) known as volcanic rift zones (VRZs), These
belts are marked by basaltic vents as well as open fissures, monoelines, and small normal faults:
structures that were produced during propagation of vertical dikes 10 to 2.4 mi (0 to 4 km deep)] that fed
the surface eruptions (Rubin and Pollard 1988; Smith, Hackett, and Rogers 1989, Smith, Hersley, and
Jackson 1996; Hackett and Smith 1992, 1994).


ESRP VRZs are inferred to be underlain by basaltic-dike swarms, based on their
surface-deformation features (Smith, Hackett, and Rogers 1989, Smith, Hersley, and Jackson 1996) and
their equivocal correspondence with positive aeromagnetic and gravity anomalies (Josten, Hackett, and
Smith 1993). ESRP VRZs are polygenetic features (i.e., were apparently active through numerous cycles
of volcanism). The Great Rift has well-developed volcanic and surface-deformation features that formed
during eight cycles of Holocene volcanism (Kuntz et al. 1988) (Figure 2A.1-2). Others such as the Arco
VRZ are more diffuse and diachronous, with fissures and vents dispersed across a 5-mi- (8-km)-wide belt,
formed by multiple cycles of volcanism during the period 600 to 10 Ka. The LR-HHA VRZ is a strongly
diachronous feature; its northern portion is occupied by lavas > I Ma in age, and its southern terminus is
marked by the 5.2 Ka Hell's Half-Acre lava field and dike-induced fissures (Kuntz 1992; Kuntz et at.
1994). Its central region is poorly developed, and is marked by a single monocline (LaPoint 1977; Golder
1992) that was likely induced by dike intrusion. The Howe-East Butte (H-EB) VRZ (Kuntz 1978) is
poorly expressed surficially, and is largely covered by fluvial and lacustrine sediment on the central
INEEL. Four to five vents and two isolated fissures are associated with a positive, northwest-trending
aeromagnetic anomaly (Josten, Hackett, and Smith 1993).


2A.6.2 . 3.2 Axial Volcanic Zone-The most voluminous and recent volcanism in the
INEEL area occurred during the past 1.2 Ma along the Axial Volcanic Zone (AVZ): a broad,
northeast-trending constructional-volcanic highland consisting of coalesced basaltic shield volcanoes,
tephra cones, and isolated silicic domes. The AVZ forms a topographic divide along the ESRP axis
(Kuntz 1992; Hacker and Smith 1992). It differs from VRZs because northwest-trending fissure swarms
that typify VRZs are rare, and its overall topographic orientation is parallel to (rather than perpendicular
to) the regional direction of extension. Basaltic-dike-intrusion processes along the AVZ are probably
similar to those of VRZs, but increased magma supply along the ESRP axis and the predominance of
large shield volcanoes has apparently covered most of the dike-induced surface deformation along the
AVZ. Northwest-trending fissures and fissure swarms are present, however, at North and South Robbers
flows near Big Southern Butte and at the northern end of the Hells Half Acre lava field (Figure 2A.6-1)
(Kuntz 1992; Golder 1992).


2A.6.2.3.3 Volcanic Hazards at A TR-Table 2A.6-2 lists hazards associated with
ESRP basaltic volcanism, based on interpretation of the ESRP eruption products, and by analogy with
historical observations of rift-zone volcanism in Hawaii and Iceland. The hazards due to volcanism in the
INEEL area include lava flows, ground deformation, volcanic gases, and ash fall. Seismicity related to
dike intrusion is discussed in Section 2A.2.3.1.3 and 2A.2,4.5. The hazards due to base surge and ash
flow are judged to be so low in the basaltic terrain of the INEEL that they are not considered further.
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The most significant hazard is inundation or burning of facilities by lava flows (Volcanism
Working Group 1990; Hackett and Smith 1994). Such flows vary greatly in volume and may cover a few
to 155 mi2 (400 km2) or more (Kuntz, Covington, and Schorr 1992). On gentle terrain such as the ESRP,
lava flows would generally move down-slope at a few meters per minute. Large lava flows on the ESRP
seldom exceed 18.7 mi (30 km) in length, and most are < 7.5 mi (< 12 km) long. Borehole investigations
and outcrop studies indicate that most ESRP basaltic lava flows are < 33 ft (< 10 m) thick, and taper to
several-meter thickness at flow edges, Therefore, they are unlikely to surmount major topographic or
constructed obstacles. The general topography and vent locations of the INEEL area (Figure 2A.6-2)
suggest that future lavas will most likely erupt from vents along the AVZ or at the intersections of that
zone with the VRZs, from which they could flow toward the central INEEL and ATR.


An INEEL-area lava flow hazard map (Figure 2A.6-3) has been developed , based on statistical
analysis of the dimensions of lava fl ows (Table 2A.6-3) (Hackett and Smith 1994 ). The map shows that
TRA is located at a distance of twice the mean lava flow length from volcanic vents younger than
400,000 years. At this distance, only 14% of the lava fl ows originating from the closest potential vent
location would reach the facility. Hazard maps for ground deformation and gases/ash-fall (Figures 2A.6-4
and 2A.6-5) show that TRA is outside the areas subject to the greatest hazard from these phenomena.


2A.6.2. 3.4 Volcanic Recurrence and Probabilistic Risk for ATR-Although
volcanic hazards can be qualitatively identified on the basis of the geologic record, risk is more difficult
to assess because risk is usually expressed quantitatively and in probabilistic terms. Volcanic hazards may
exist, but there can be no risk unless life or property are threatened. Risk can be thought of as the product
or interplay of (some hazardous phenomenon) multiplied by (its potential impact on life or property at a
given location), Quantitative risk assessment requires not only detailed knowledge of the timing and
nature of past volcanism, but also the conditional probability of its impact on human life or property.
Conditional probabilities take into account not only volcanic-recurrence intervals, but also nonvolcanic
parameters such as distance from vents, local-terrain configuration, prevailing-wind directions, and
existing or planned mitigation actions.


Table 2A.6-3 gives estimated volcanic-recurrence intervals for INEEL volcanic zones and borehole
sites, estimated by the summation of individual vents and fissures in the respective volcanic zones and
dividing the sum by the total time period of volcanism within each zone. This approach gives
minimum-recurrence estimates and is very conservative because it is assumed that every vent or fissure
(sometimes a set of fissures, when they could be confidently grouped as cogenetic) represents a single
eruptive episode. It is more likely that each eruptive episode involved eruptions from several vents and
the opening of multiple fissures, based on the record of Holocene volcanism and on analysis of ESRP
magma generation, rise, and storage (Kuntz 1992; Hackett and Smith 1992).


Table 2A. 6-3 suggest that the sho rt est recu rrence intervals (8,000 to 15,000 years), the most recent
volcanism ( Holocene lava fields ), and therefore the most probable areas of future basaltic volcanism and
ground deformation, are the AVZ and the Arco VRZ. Within this context , the Volcanism Working Group
(1990) estimated the conditional probability of basaltic volcanism affecting a south-central INEEL site as
being < 10`/yr.
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A probabilistic event tree analysis was used to estimate the frequency for a basaltic volcanism
event to adversely affect the ATR, i. e., for basaltic lava to flow over the ATR site before reactor fuel is
removed from the site (Hackett and Khericha, 1993). The event tree analysis considers direction of lava
flow, the distance of ATR from the most probable vents and the probable length of the lava flows, and the
probability for successful intervention or fuel removal. A mean frequency for an adverse effect at ATR
for a basaltic volcanism event near or on the INEEL was estimated to be 8.4 x I0'8/yr for a mean event
recurrence interval of 3 x I0'S/yr.


2A.6.3 Potential Volcanic Hazards from Distant Sources


The locations and general characteristics of potentially hazardous volcanoes in the western U.S. are
summarized by Bailey et al. (1983) and Wright and Pierson (1992). Potential effects upon the INEEL
from eruptions of those volcanoes are addressed by the Volcanism Working Group (1990). The selective
analysis given below supports the general conclusion that significant effects upon the INEEL from distant
volcanic eruptions are highly improbable.


2A.6.3.1 Yellowstone Plateau . Geologic and geophysical investigations (Smith and
Christiansen 1980) indicate that the mantle plume that left its 15-million-year track across southern Idaho
and formed the Snake River Plain now resides beneath the Yellowstone Plateau. The plume's presence
there explains the Yellowstone Plateau's crustal structure, high beat flow, geothermal features, and
explosive silicic volcanism.


During the past 2.1 Ma, the Yellowstone Plateau volcanic field has produced more than 1,443 mi'
(6,000 km) of silicic tephra in three cycles of explosive, caldera-related volcanism. The tephra was
produced largely in the form of tephra-fall and pyroclastic-flow deposits (Christiansen 1984). Ash lavers
from Yellowstone have been identified in the Quaternary stratigraphie record across much of western
North America (Izen and Wilcox 1982). Eruptions of this magnitude are rare in the worldwide geologic
record, and the three climactic Yellowstone eruptions occurred at 2.1, 1.3, and 0.6 Ma (Christiansen
1984), for an average recurrence interval of 700,000 years.


Hazards at ATR from potential Yellowstone eruptions include blanketing by pyroclastic flows or
volcanic ash. The facility lies about 100 mi (160 km) from the Yellowstone caldera rim and more than
124 mi (200 km) from the Hot Springs Basin area of northeastern Yellowstone, a likely site of future
eruptions. For comparison, maximum runout distances of large-volume pyroclastic flows (ignimbrites)
from Yellowstone, the ESRP, and elsewhere, traveling on relatively flat terrain, generally range
from 62 to 93 mi (100 to 150 km). Hence, the likelihood of pyroclastic flows from even the largest
Yellowstone eruptions reaching the INEEL is essentially nonexistent, because of the great distance and
intervening topographic barriers.


Although there is no direct relationship between ashfall thickness and damage parameters (Blong
1984), the historical eruptions of Mt. St. Helens demonstrate that about 3 in. (8 cm) of ash can generally
be accommodated by the infrastructure of a technologically advanced nation without serious long-term
consequences (Warrick et al. 1981). Ash-fall thickness from Yellowstone could exceed 3 in. (8 cm) if
there were a large [> 10 mi3 (> 40 km3)} eruption, and if wind conditions were to disperse the ash cloud
directly over the INEEL. Such conditions are conceivable in light of past Yellowstone volcanism, but
they are highly improbable because prevailing winds would not likely direct ash toward INEEL and
because the recurrence intervals of such events are extremely long (0.5 to I Ma). Less than 2 in. (5 cm) of
Yellowstone ash have been found on the ESRP at INEEL-equivalent distances (Izett and Wilcox 1982).
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2A.6.3 . 2 Cascade Volcanoes and Other Western- U.S. Centers . The Cascade volcanoes
of Northern California, Oregon, and Washington have produced many Quaternary tephra layers, some of
them widely dispersed across the western U.S. (Izett 1981). These centers lie 435 to 497 mi (700 to
800 km) west of the INEEL, at distances and prevailing-wind directions that prevent all but the largest
ashfall eruptions from affecting the INEEL area. The Mazama ash is a voluminous [10 mi3 (ca. 40 km3)]
and widespread ash layer that erupted from what is now Crater Lake, Oregon, and is a product of the
largest-known Cascade eruption.


In the INEEL area , the Mazama ash is 0.2 to 0.8 in . ( 0.5 to 2 cm) thick. Theoretical considerations
and fi eld measurements indicate that 2.4 in. (< 6 cm ) of Manama ash would have fallen on the INEEL, if
the dispersal axis of the cloud were directly overhead . This result effectively eliminates all Cascade
volcanoes as sources of signi ficant [> 3 in. (> 8 cm)] ashfall at the INEEL.


A similar conclusion is reached for other western-U.S. volcanoes, such as the Long Valley caldera,
which erupted about 600 Ka and produced the 144-mi3 (600-km3) Bishop Tuff. Long Valley is more than
500 mi (800 km) southwest of the INEEL. As in the Yellowstone analysis, significant [> 3 in. (> 8 cm)]
ash fall could be expected only for improbable conditions and at extremely long recurrence intervals.


2A.6.4 Conclusions


The most significant hazards and risks to ATR are associated with basaltic volcanism and related
phenomena from ESRP vents.


For volcanic areas such as the ESRP, with no historical volcanism and an incomplete chronological
record of prehistoric volcanism, assessments of potential volcanic hazards and volcanic risk are based on
interpretation of the long-term geologic record and on the documented effects of historical eruptions in
analogous regions such as Iceland and Hawaii. Volcanic hazards to the ATR are related to future basaltic
and rhyolitic eruptions along VRZs and the AVZ. The most significant volcanic hazard to the INEEL is
inundation or burning of facilities by basaltic lava flows from VRZs. A significant related hazard is
disruption of facilities resulting from ground deformation accompanying magma intrusion along VRZs:
opening of fissures, normal faulting, and broad-region tilting and uplift within several miles (km) of vents
(see Section 2A.3 and 2A.3.6). Other, less-significant basaltic hazards include volcanic-gas emission and
disruption of groundwater.


Available geologic-map data and geochronometry of INEEL basalt lava flows suggest minimum
(most conservative) volcanic-recurrence intervals of 10' to 10'5/yr, for the AVZ and the Arco and
LR-HHA VRZs. Therefore, the probabilistic risk of basalt-lava inundation or intrusion-related ground
disturbance is estimated to be < I 0'5/yr for sites on the southern INEEL. When the direction of lava flow,
the distance of ATR from the most probable vents, and the potential for successful intervention are
considered in the risk assessment for basaltic volcanism for the ATR, then the probabilistic risk at ATR is
< 10-'/yr. Risk from these phenomena at northern-INEEL sites is still lower because volcanism there has
been less frequent and less recent. The probability of significant impact from all other volcanic
phenomena, such as growth of new rhyolite domes on the ESRP or tephra falls thicker than 3 in. (8 cm)
from non-ESRP vents, is estimated to be < 10-5/yr because of the combined effects of great distance,
infrequency, low volume, and topographic or atmospheric barriers to the dispersal of tephra on the
INEEL.
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Table 2A.6-1. Characteristics of volcanism in the INEEL area. (See Figure 2A.2-6 for map distribution of volcanic zones and related features.)
Geological
featu res Caldera formation Rift-zone volcanism Axial-zone volcanism Areas between volcanic zones


Magma types Rh olite ( viscous and gas-rich) Basalt ( fl uid and gas-poor) Basalt and subordinate rhyolite Basalt (and minor rh olite )
Volcanic style Highly explosive; voluminous Mild and effusive; erupt mainly As per rift zones, but also local As per VRZs and AVZ
and products pumice and fine ash lava flows from fissures, low rhyolite domes and intrusions


shield volcanoes and small (Big Southern, Middle, East
tephra cones Buttes) with local explosive


phenomena
Stratigraphy Filled with thick (up to several Piles of I - to 30-m-thick basalt Basaltic lava flows and Fine clastic sediment of fluvial,


kin), welded, silicic ash- flow lava flows and minor dispersed small tephra cones; lacustrine and eolian o ri gins;
tuffs, lava flows and sediments interbedded sediment : total lave isolated rhyolite domes and fewer lava flows than near
(Heise Voicanics) thickness 0 to > I kin (Snake intrusions (Snake River Group) VRZs (Snake River Group)


River Group)
Tectonics and Collapse: broad, oval Extensional: NW-trending, External, but magma-induced Subsidence: broad, low
physical depressions. IOs to 100 km wide linear belts of open fissures, fissures or faults are rare; a topographic basins between
configuration and 1-2 km deep, ringed by monoclines. small normal faults diffuse, NE-trending, volcanic extensional and constructional


inward-dipping fractures and basaltic vents highland along the ESRP axis volcanic highlands; seldom
disturbed by magma intrusion


Geologic age 6.5 Ma to 4.3 Ma in INEEL Surficial INEEL basalts: 1.2 Ma Basalt: > I Ma (Middle Butte) As per VRZs
in INEEL area area, now covered by younger to 0.05 Ma; most are 0.7 Ma to to 5.2 Ka (Hell's Half-Acre).


basaltic lava. (2 Ma to 0.6 Ma 0.1 Ma. Inception of major Rhyolite: > I Ma (near East
on Yellowstone Plateau) ESRP basaltic volcanism began Butte) to 300 Ka (Big Southern


about 4 Ma. Butte)
Quaternary Zero in INEEL area; Quaternary Low; one eruption per 1 0.000 to Low: one basaltic eruption pet Very low; by definition less
eruption calderas closest to rNEEL occur 100.000 years (see Table 3.7-7) 10,000 years (see Table 3.7-7); frequent than along VRZs (one
frequency on Yellowstone Plateau one rhyolitic intrusion or dome eruption per 100,000 years or


every 200,000 years or longer more)
a. Rhvothe domes may exist in the subsurface.
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Table 2A.6-2. Hazards associated with basaltic volcanism on the Eastern Snake River Plain, Entries are listed from highest to lowest relative
hazard.


Phenomenon Relative frequency Size or area of in fl uence Comments
Lava flow Common 3 km2 to 400 lour' area of Significant hazard; typical basaltic phenomenon; lava from


coverage , based on sizes of fissures or shield volcanoes may inundate large areas
ESRP lava fields of the past downstope of vents.
15 Ka


Ground deformation: Common ; associated with Fissu ri ng could affect areas of Signi ficant hazard ; due to shallow dike intrusion; "dry"
fissu ri ng, faulting and virtually all shallow magma 2 x 20 km: minor tilting and intrusion may occur without lava flows.
uplift intrusion , and eruption broad uplift in areas to 5 y


20 km.
Volcanic ea rthquakes Common ; associated wi th Maximum M = 5.5 and most Moderate hazard ; swarms of shallow earthquakes (< 4 km


magma intrusion before and events M < 4: ground vibra ti on focal depth ) occur as dikes propagate underground.
du ri ng erup ti ons may affect facilities wi th in


25 km.
Gas release Common ; associated with May affect few km,2 near or Low hazard : local plume of corrosive vapor, downwind from


fi ssuring and lava effusion downwind of vents erupti ve vent or fi ssure . Cooled gases may collect in
topographic depressions.


Tephra fall Rare Rest ri cted to near-vent areas; Low hazard ; basaltic eruptions are inherently nonexplosive
may affect several km2 and may form small tephra cones but li tt le fi ne ash to be
downwind carried downwind.


Base surge (ground - Rare Effects limited to radius of Low hazard : steam explosions due to inte ra ction between
hugging blast of steam several km from vent; < 10 km2 ascending magma and shallow groundwater ; water table too
and to hra ) area deep under most of INEEL.
Tephra fl ow ( ground - Extremely rare Near vent ; may affect area Very low hazard ; as per tephra fall but affecting even smaller
hugging flow of hot, < 1 km2 areas
pyroclastic material)
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Table 2A.6-3. Statistics of dimensions of lava flows less than 400,000 years old on the ESRP (from
Hackett and Smith, 1994).


Statistic/Parameter
Length
(km)


Area
(km2)


Maximum 24.9
i


400
I


Minimum 0.5 0.1


Range 24.4 399.9


Mean 8 47.1


Med ian 6 .6 20.1


Standard Deviation 6.4 70.6


Number 56 55
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Table 2A.6-4. Estimated volcanic-recurrence intervals (and corresponding eruption probabilities in parentheses) for volcanic zones and borehole
sites in the 1NEEL area.


Time interval
Volcanic zone of volcanism Number of vents, fissures, Estimated
or borehole Data sources (years before present) or flow s Comments recurrence interval


Great Ri ll (25 km Kuntz at al. 1986, 2,100-15,000 years ""8 Holocene eruptive periods No impact on INEEL; most 2,000 years
southwest of INEEL) 1988 (radiocarbon dating) (each lasting a few decades or recently and frequently active of (5 x 10'4/yr)


centuries, and each including all ESRP rift zones; thus
multiple flows and cones); provides minimum-recurrence
> 100 vents for entire ESRP;


AVZ (southern INEEL) Kuntz el-all'.... 5,000-730,000 years 65 mapped vents; 4 Holocene Could affect much of southern 8,000 years
1990 (K-Ar dating; lava fields, 3 of them shared by iNEEL; most recently and (1.2 x 10"4/yr)


radiocarbon; volcanic of zones frequently active of all volcanic
aleoma netic data zones that could affect INEEL


Arco Volcanic Rift Zone Kuntz, 1978; Smith, 10,000-600,000 years 30-50 ventstvent groups and Volcanism could affect 15,000 yrs
(southwestern INEEL) Hackett, and Rogers (radiocarbon, K-Ar and fissure sets; 2 Holocene lava southwestern INEEL. (6.7 x 1051yr)


1989; Kuntz et at TL dating; paleomagnetic fields
1990 data)


LR-HHA VRZ (northern Kuntz eta) 1986, 5,000-1,200,000 years 35 mapped vents, fissures and Could affect northern and 50,000 years
and eastern 1NEEL) 1990 (K-Ar dating; monoclines; I Holocene lava eastern INEEL; extremely long (2 x 10"5lyr)


radiocarbon; field: Hell's Half-Acre eruptive history; includes oldest
paleomagnetic data) and youngest basalts in the


INEEL area.
H-EB VRZ Kuntz, 1978; Golder 230,000-730,000 years 5-7 mapped vents and fissures Old, poorly exposed, and 100,000 years
(central INEEL) 1992 (K-Ar dating; sediment-covered; identified in (I x l0' 51yr)


paleomagnetic data) part by subsurface geophysical
anomalies.


Borehole NPR Site E Champion, 230,000-640,000 years 9 lava-flow groups (each group Dates from 600-0 interval of 45,000 years
(south-central INEEL) Lanphere, and Kuntz (K-Ar dating; contains multiple flows, subsurface lavas give recurrence (2.2 x 1051yr)


1988 paleomagnetic data) erupted over a short time) estimate consistent with surficial
geology of the area.


Borehole RWMC 77-1 Kuntz 1978; 100,000-565,000 years I I lava-flow groups (each Dates from 600-ft interval 45,000 years
(southwestern INEEL) Anderson and Lewis (K-Ar and TL dating; group contains multiple flows, subsurface lavas give longer (2.2 x 10"5fyr)


1989 paleomagnetic data) erupted over a short time) recurrence interval than nearby
Arco and Axial zones, reflecting
flow-group (sub-surface) vs.
vent-counting (surface geology)


_ _ approaches.







Idaho National Engineering and Environmental Laboratory 412.09 (09/03 /2002 • Rev. 7


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 2A-91 of 2A-112


FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


DUCED FISSUPES ALA P.LLT
ANDVOLCAFICY Bfrs.


PI THE ItEL AFtt


Volcanic Vertu
Age <•400Ka Age -80Ka


Volcanic rift zone
fissure or p


Tectonic Faul


Loss River
IFFault


C Motile ButtE


t ..... ..r,t ....... .. ....... c� � ..Y...,.....


• •.


EMHI FAULT


INELBountlaly .',.p' •a.


h
pew.`


.... .10D


-'TRA


TcpopmpUC Cor4e.r.
(D.re/onr in b.t


Figure 2A.6-1. Dike Induced Fissures and Faults, Volcanic Vents in the INEEL Area.
(For Information Only)
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Figure 2A.6-2. Map showing volcanic vents and volcanic recurrence intervals for volcanic zones in the INEEL area. ( For Information Only)







Idoho Aralioraal Engitaeering and Envirortrvetatal Lnbor torn 412.09 (09/03/2002 - Rev_
CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 2A-93 of 2A-1 12


FOR THE ADVANCED TEST REACTOR Effective Date: 08110/04


Volcanic flirt Zones , Volcanic vent,
and Dike •Induced Fi ssures and


Fault, of the INEL Area.


Volcanic Vent


S 0
Ago <400Ka Age >400Ka


Volcanic rill zone
fissure or faun


Lost River
Fault


Tectonic Faun


Middle Butte


outhem B


9EastBufe
5200


LAVA FLOW HAZARD ZONES


Zone 1 . Zone of highest hazard: within a fen
of vol :anic vents younger than 400,000 years.


<50% of lava Lbws from nearest vents
wif reach the boundary of this zone.


4t llrfrfrlritPnm
Zone 2. Zone of tower hazard: 8 to 14 km
from volcanic vents younger than 400,000
years. <14% of Bowe horn nearest vents


will reach the boundary of this zone.


Topographic Contour,
(Elevetlero in leer)


Figure 2A.6-3. Lava flow hazard zones for the INEEL area. ( For Information Only)
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Figure 2A.6-4. Ground deformation hazard zone for INEEL. ( For Information Only)
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Figure 2A.6-5. Tephra (ash) and gas hazard zone for 1T1EEL. ( For Information Only)







Idaho Notional Engineering and Em on ntal boratory 412.09 ( 09103 /2002 - Rev, 7)


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 2A-96 of 2A-112


FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


2A.7 References


Abdallah , A., et al ,, 1979, Relevance ofAfar Seismicity and Volcanism to the Mechanics ofAcereting
Plate Boundaries , Nature, 282, pp . 17-23, November 1979.


Anders, M. H., et al ., 1989, Parabolic Distribution ofCircumeastern Snake River Plain Seismicity and
Latest Quaternary Faulting: Migratory Pattern and Association with the Yellowstone Hotspot,
Journal ofGeophysical Research , 94, B2, pp. 1589- 1621, February 1989.


Anderson, L. W. and D. G. Miller, 1979, Quaternary Fault Map of Utah, Furgo, Inc., Long Beach, CA, I
plate, 35 p.


Anderson, S. R., 1991, Stratigraphy ofthe Unsaturated Zone and Uppermost Port of the Snake River
Plain Aquifer at the Idaho Chemical Processing Plant and Test Reactors Area, Idaho National
Engineering Laboratory, Idaho, U.S. Geological Survey Water-Resources Investigations Report
91-4010, DOEIID-22095, U.S. Department of Energy Idaho Operations Office, Idaho Falls, ID,
January 199I.


Anderson, S. R., et al., 1996, Stratigraphic Data for Wells at and near the Idaho National Engineering
Laboratory, Idaho, U.S. Geological Survey Open-File Report 96-248, 27p plus diskette.


Anderson, S. R. and B. D. Lewis, 1989, Stratigraphy ofthe Unsaturated Zone at the Radioactive Waste
Management Complex. Idaho National Engineering Laboratory, Idaho, U.S. Geological Survey
Water Resources Investigations Report 89-4065, DOEIID-22080, prepared in cooperation with the
U.S. Department of Energy Idaho Falls, Idaho, May 1989, 54 p.


Arabasz, W. J. and R. B. Smith, 1981, Earthquake Prediction in the Intermountain Seismic Belt: An
Intraplate Extensional Regime, in Earthquake Prediction: An International Review, D. W. Simpson
and D. W. Richards (eds.), American Geophysical Union, Maurice Ewing Series 4, pp. 238-258.


Arabasz, W. J., W. D. Richins, and C. J. Langer, 1979, The Pocatello Valley (Idaho-Utah border)
Earthquake Sequence ofMarch to April 1975 in Earthquake Studies in Utah 1850 to 1978, W. J.
Arabasz, R. B. Smith, W. D. R.ichins, (eds.), University of Utah Special Publication, pp. 339-374.


Arabasz, W. J., W. D . Richins, and C . J. Langer, 1981, The Pocatello Valley (Idaho- Utah Border)
Earthquake Sequence ofMarch to April 1975, Bulletin Seismological Socie ty ofAmerica, 71,
pp. 803-826.


Armstrong, R. L., W. P. Leeman, and H. E. Malde, 1975, Quaternary and Neogene Volcanic Rocks ofthe
Snake River Plain, Idaho, American Journal ofScience, 275, pp. 225-251, March 1975.


Bache, T. C., D. G. Lambert, and T. G. Barker, 1980, A Source Model for the March 28, 1975, Pocatello
Valley Earthquakefrom Time-Domain Modeling ofTeleseismic P Waves, Bulletin Seismological
Society ofAmeriea, 70, pp. 405-418, April 1980.


Bailey, It A. et al., 1983, The Volcano Hazards Program: Objectives and Long-Range Planning,
U.S. Geological Survey Open-File Report 83-400, pp. 1-33.







Idaho National Engineering and Environmental Laboratory 412.09 ( 09/03 /2002 - Rev. 7)


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 2A-97 of 2A-112


FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


Baltzer, E. M., P. L. K. Knuepfer, and M. J. Turko, 1989, Late Quaternary Slip Events Along the Central
Lemhi Fault, Idaho, abstract, Geological Society ofAmeriea Abstract Program, 21, 5, p. 53.


Bankey, V. et a]., 1985, Complete Bouguer Gravitv Anomaly Map ofldaho, U.S. Geological Survey Map
MF-1773.


Bennett, C. M., 1990, Streamflow Losses and Groundwater Level Changes along the Big Lost River at the
Idaho National Engineering Laboratory, Idaho, U.S. Geological Survey Water-Resources
Investigation Report 90-4067, DOE/ID-22091, U.S. Department of Energy, Idaho Operations
Office, Idaho Falls, ID, April 1990.


Bjornsson, A., et al., 1977, Current Rifting Episode in North Iceland, Nature, 266, pp. 318-323, March
1977.


Blackwell , D. D., 1989, Regional Implications ofHeat Flow of the Snake River Plain, Northwestern
United States , Tectonophysics, 164, pp . 323-343.


Blong, R. J., 1984, Volcanic Hazards: A Source Book on the Effects ofEruptions , Academic Press,
pp. 1-424.


Bond, J. G., 1978, Geologic Map ofldaho, Bureau of Mines and Geology, Moscow, Idaho, Scale
1:500,000.


Bosher , R. and F . K. Duennebier , 1985, Seismicity Associated with the Christmas 1965 Event at Kilauea
Volcano, Journal of Geophysical Research , 90, pp. 4529-4536, May 1985,


Braile, L W., et al., 1982, The Yellowstone-Snake River Plain Seismic Profiling Experiment: Crustal
Structure ofthe Eastern Snake River Plain, Journal ofGeophvsical Research, 87, B4, pp. 2597-
2610, April 1982.


Brandsdott ir , B. and P. Einarsson , 1979, Seismic Activity Associated with the September 1977 Deflation of
the Krafla Central Volcano in Northeastern Iceland, Journal of Volcanology and Geothermal
Research , 6, pp. 197 -212, July 1979.


Breckenridge, R. M. and K. L. Othberg, 1991, Geologic Interpretation ofa Trench Excavation Near Arco
Hills on the Northwest Margin ofthe 1NEL. Snake River Plain, Idaho, Idaho Geological Survey
Technical Report 91-2, March 1991.


Brott , C. A., D. D. Blackwell , and J. P. Ziagos, 1981, Thermal and Tectonic Implications ofHeat Flow in
the Eastern Snake River Plain, Idaho, Journal ofGeophysical Research , 86, pp . 11709-11734,
December 1981.


Bruhn, R. L, D. Wu, and J. J, Lee, 1992, Final Report on the Structure of the Southern Lemhi and Arco
Fault lone, Idaho, EGG-NPR-10680, EG&G Idaho, Inc., 6 plates.


Byrd, J. 0. et a]., 1988, Seismotectonics ofthe Teton fault system and Possible influence ofthe
Yellowstone Hotspot, EOS Transactions, American Geophysical Union, 69, p. 1419,
November 1988.







Idaho National Engineering and Environmental Laboratory 412.09 (0910312002 - Rev, 7)


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 2A-98 of 2A-112


FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


Campbell, K. W., 1992, Predicting Strong Ground Motion in Utah, in W. W. Hays and P . L. Gori (eds.),
Evaluation ofRegional and Urban Earthquake Hazards and Risks in Utah , U.S. Geological Survey
P rofessional Paper 1500 , pp. Li-L90.


Champion , D. E., M. A . Lanphere, and M . A. Kuntz , 1988, Evidence for a New Geomagnetic Reversal
from lava Flows in Idaho: Discussion ofShort Polarity Reversals in the Brunhes and Late
Matuyama Polarity Chrons , Journal gfGeophysical Research , 93, October 10, 1988 , pp. 11,667-
11,680.


Christiansen, R. L., 1984, Yellowstone Magmatic Evolution: Its Bearing on Understanding Large-Volume
Explosive Volcanism, Explosive Volcanism: Inception, Evolution, and Hazards, National Academy
Press, Washington, D.C., pp. 84-95.


Christiansen, R. L., 1989, The Yellowstone Plateau-Island Park Region in Snake River Plain-Yellowstone
Volcanic Province, Field Trip Guidebook T305, K. L. Ruebelmann, editor, 28th International
Geological Congress, American Geophysical Union, Washington, D.C., pp. 14-37.


Cook, K. L. and R. K. Nye, 1979, Effects of the Pocatello Valley (Idaho-Utah Border) Earthquake of
March 28, 1975 (UTC), in Earthquake Studies in Utah 1850 to 1978, W. J. Arabasz, R. B. Smith,
W. D. Richins (eds.), pp. 445-457.


Crone, A. J. and K. M. Haller , 1991, Segmentation and Coseismic Behavior ofBasin-and-Range Normal
Faults: Examples from East-Central Idaho and Southwestern Montano. US.A., Journal of
Structural Geology, v. 13 p. 151-164.


Crone, A. J., et al., 1987, Surface Faulting Accompanying the Borah Peak Earthquake and Segmentation
of the Lost River Fault. Central Idaho, Bulletin of the Seismological Society ofAmerica, 77, No. 3,
June 1987, pp. 739-770.


Daz, S. and C. H. Scholz, 1983, Why Large Earthquakes Do Not Nucleate at Shallow Depths, Nature,
305, pp. 621-623, October 1983.


dePolo, C. M. et al., 1989, Historical Basin and Range Province Surface Faulting and Fault
Segmentation in Fault Segmentation and Controls ofRupture Initiation and Termination, in
D. P. Schwartz and R. H. Sibson (eds.), Proceedings Conference XLV, Palm Springs,
U.S. Geological Survey Open-File Report 89-315, pp. 131-162.


Dewey, J. W. et al,, 1973, A Technique for Seismic Zoning: Analysis ofEarthquake Locations and
Mechanisms in Northern Utah, Wyoming, Idaho, andMontana, in Contributions to Seismic Zoning,
S. T. Harding (ed.), National Oceanic and Atmospheric Administration Technical Report, ERL
267-ESL 30, pp. 541-575.


Dewey, J. W., 1987, Instrumental Seismicity ofCentral Idaho, Bulletin Seismological Society ofAmerica,
77, 3, pp. 819-836, June 1987.


DOE, 2002a , Natural Phenomena Hazards Design and Evaluation Criteria for Department ofEnergy
Facilities, DOE STD- 1020-2002, U.S. Department of Energy , Washington , D.C., January 2002.







Idaho National Engineering and Environmental Laborato 412 .09(09/03/2®2 -Rev. 7


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 2A-99 of 2A-112


FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


DOE, 2002b, Natural Phenomena Hazards Performance Categorization Criteria for Structures, Systems,
and Components, DOE STD- 1021-93, Change 1, U.S. Department of Energy, Washington, D.C.,
April 2002.


DOE-ID, 1995, DOE-ID Architectural Engineering Standards, Revision 19, U.S. Department of Energy,
Idaho Operations office, Idaho Falls, Idaho, July 1995. (historical)


DOE-ID, 2002, DOE-ID Architechtural Engineering Standards, Revision 29, U.S. Department of Energy,
Idaho Operations Office , Idaho Falls, Idaho, September 2002.


Doherty, D. J., 1979a, Drilling Datafrom Exploration Well 1, NE 1/4, Sec.22, T.2N, R.32E, Bingham
County, Idaho, U.S. Geological Survey Open-File Report 79-1225, 1 sheet.


Doherty, D. J., 1979b, Drilling Data from Exploration Well 2-2A, NW 1/4, Sec.15, T SN., R. 31E, Idaho
National Engineering Laboratory, Butte County, Idaho, U.S. Geological Survey Open-File Report
79-851, 1 sheet, September 1979.


Doherty, D. J., L. A. McBroome, and M . A. Kumz, 1979, Preliminary Geologic Interpretation and
Lithologic Log of the Exploratory Geothermal Test Well (INEL-1), Idaho National Engineering
Laboratory , Eastern Snake River Plain, Idaho, U.S . Geological Su rvey Open-File Repo rt 79-1248.


Doser , D. 1., 1985a , Source Parameters and Faulting Processes of the 1959 Hebgen Lake, Montana,
Earthquake Sequence , Journal ofGeophvsical Research , 90, B6, pp. 4537-4555, May 1985.


Doser, D. I., 1985b, The 1983 Borah Peak. Idaho, and 1959 Hebgen Lake, Montana, Earthquakes:
Models for Normal Fault Earthquakes in the Intermountain Seismic Belt , in Proceedings of
Conference XXVIII on the Borah Peak , Idaho Earthquake , U.S. Geological Survey Open-File
Report 85-290 , pp. 368-384.


Doser , D. I., 1989a, Extensional Tectonics in Northern Utah-Southern Idaho, U.S.A. and the 1934 Hansel
Valley Sequence , Physics of the Earth and Planetary Interiors , 54, pp. 12-134.


Doser, D. I., 1989b, Source Parameters ofMontana Earthquakes (1925-1964) and Tectonic Deformation
in the Northern Intermountain Seismic Belt, Bulletin Seismological Society ofAmerica, 79, 1,
pp. 31-50.


Doser, D. 1. and R. B. Smith, 1985, Source Parameters of the 28 October 1983 Borah Peak, Idaho.
Earthquake from Body Wave Analysis, Bulletin Seismological Society ofAmerica, 75,
pp. 1041-1051, August 1985.


Doser, D. 1. and R . B. Smith , 1989, An Assessment ofSource Parameters ofEarthquakes in the
Cordillera of the Western United States, Bulletin Seismological Society ofAmerica, 79,
pp. 1383-1409 , October 1989.


Dzurisin, D. et al., 1980, Geophysical Observations ofKilauea Volcano, Hawaii: 2. Constraints on the
Magma Supply During November 1975-September 1977, Journal of Volcanology and Geothermal
Research, 7, pp. 241-269.







Idaho National Engineering and Environmental Laboratory 412.09 (09/03 /2002 - Rev, 7)


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 2A-100 of 2A-1 12


FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


Eaton, G. P., 1982, The Basin and Range Province: Origin and Tectonic Significance, Annual Reviews of
Earth and Planetary Science, 1 0, pp. 409-440.


Eddington, P. K., R. B. Smith, and C. R. Renggli, 1987, Kinematics ofBasin and Range Intraplate
Extension, in Continental Extensional Tectonics, M. P. Coward, J. F. Dough, P. L. Hancock (eds.),
Geophysical Society Special Publication No. 28, pp. 371-392-


EG&G Idaho, 1984, INEL Environmental Characterization Report, EGG-NPR-6688, three volumes,
EG&G Idaho, Inc., September 1984.


Einarsson, P., 1991, Earthquakes and Present-Day Tectonism in Iceland, Tectonophysics, 189,
pp. 261-279.


Einarsson , P. and A. Bjomsson , 1979, Earthquakes in Iceland, Jokull, 29, pp. 37-43.


Einarsson , P. and B . Brandsdottir , 1980, Seismological Evidence for Lateral Magma Intrusion During the
July 1978 Deflation ofthe Kra, la Volcano in NE-Iceland, Journal of Geophysics, 47, pp. 160-165.


Engdahl, E. R. and W. A. Rinehart, 1988, SeismicirvMap ofNorth America, Continent-scale Map-004,
Decade of North American Geology, Geological Society of America, Scale 1:5,000,000, 4 sheets.


Engdahl, E. R. and W . A. Rineha rt, 1991, SeismicitvMap ofNorth America Project , in The Geology of
NorthAmerica . Decade Map Volume 1, U.S. Geological Su rvey, National Earthquake Information
Center, Denver, CO, pp . 21-27.


Evans, J. R., 1982, Compressional Wave Velocity Structure of the Upper 350 km Under the Eastern Snake
River Plain Near Rexburg, Idaho, Journal ofGeophysical Research, 87, pp. 2654-2670,
April 1982.


Filson, J., T. Simkin, and L-K Len, 1973, Seismicity ofa Caldera Collapse: Galapagos Islands 1968,
Journal ofGeophysical Research, 78, pp. 8591-8622, December 1973.


Fink, J. H., 1990, Lava Flows and Domes: Emplacement Mechanisms and Hazard Implications,
New York: Springer-Verlag.


Fishel , M. L., 1993, Geology and Petrology of UpliftedMafic Lavas on the North Flank ofBig Southern
Butte, Eastern Snake River Plain, Idaho, MS thesis, Idaho State University, Pocatello, ID.


Forman, S. L., et al., 1993, Timing ofLate Quaternary Glaciations in the Western United Slates Based on
the Age ofLoess on the Eastern Snake River Plain, Idaho, Quaternary Research, 40, pp. 30-37.


Geomatrix Consultants , 1989, Seismotectonic Evaluation for Little Wood River Dam Site , U.S. Bureau of
Reclamation.


Gilbert, J. D., D. Ostenaa , and C . Wood, 1983, Seismotectonic Study for Jackson Lake Dam and
Reservoir , Minidoka Project, Idaho- Wyoming, Boise , Idaho, and Denver, Colorado , U.S. Bureau
of Reclamation Paci fi c Nort hwest Regional Office, and Engineering and Research Center,
Seismotectonic Report 83 - 8, 123 p , September 1983.







Idaho National Engineering and Environmental Laboratory 412 .09 (0910312002 • Rev. 7


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier : SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page : 2A-101 of2A-112


FOR THE ADVANCED TEST REACTOR jEffective Date : 08/10/04


Golder (Golder Associates), 1992, New Production Reactor Site Characterization, 3 volumes, NPR Site
Geologic Report, EGG-NPR-10625, EG&G Idaho, Inc.


Gorman, V. W. and R. C. Guenzler, 1983, The 1983 Borah Peak Earthquake and INEL Structural
Performance, EG(3 -EA-6501, EG&G Idaho, The, December 1983.


Grindley, G. W. and A. G. Hull, 1986, Historical Taupo Earthquakes and Earth Deformation, Royal
Society ofNew Zealand Bulletin, 24, pp. 173-186.


Hackett, W. R. and L. A. Morgan, 1 988, Explosive Basaltic and Rhyolitic Volcanism ofthe Eastern Snake
River Plain, Idaho, in Guidebook to the Geology ofCentral and Southern Idaho, P. K. Link and W.
R. Hackett, editors, Idaho Geological Survey, Bulletin 27, pp. 283-301.


Hackett, W. It. and It. P. Smith , 1992, Ouaternarv Volcanism , Tectonics , and Sedimentation in the Idaho
National Engineering Laboratory Area, in Field Guide to Geologic Excursions in Utah and
Adjacent Areas ofNevada, Idaho, and Wyoming, J. K. Wilson (ed.), Geological Society of
America, Rocky Mountain Section Guidebook , Utah Geological Su rvey Miscellaneous
Publications 92-3.


Hackett, W. It, and S. T. Khericha, 1993, Probabilistic Volcanic-Risk Assessment for the Test Reactor
Area, EDF TRA-ATR-804, EG&G Idaho, Inc. September 30, 1993 (Also contained in Appendix U
in Update to the ATR Probabilistic Risk Assessment Level 1, 2, and 3, EGG-PRP-i 1229, May
1994.)


Hackett, W. R. and R. P. Smith, 1994, Volcanic hazards of the Idaho National Engineering I aborotorv
and adjacent areas, Lockheed Idaho Technologies Company Technical Report,
INEL-94/0276, 31p.


Hackett, W. It., It, P. Smith, and N. E. Josten, 1991, Interaction ofQuaternary Volcanic and Tectonic
Processes, Eastern Snake River Plain, Geological Society ofAmerica Abstracts with Programs, 23,
p. 32.


Hackett, W. It., S. M . Jackson, and It. P. Smith , 1996, Paleoseismologv of Volcanic Environments, in
Paleoseismalogy , J.P. McCalpin , editor, Chapter 4 , pp. 147-18), San Diego , Academic Press.


Haller, K. M., 1988, Segmentation of the Lemhi and Beaverhead Faults, East-Central Idaho, and Red
Rock Fault, Southwest Montana, During the Late Quaternary, MS thesis, University of Colorado,
Boulder, CO.


Harris, B. G., 1989, Seismic Design Criteria at the INEL, Proceedings ofthe Second DOE Natural
Hazards Mitigation Conference. Knoxville, Tennessee, CONF-8910192, October 3-5, 1989,
Organized by Lawrence Livermore National Laboratory, sponsored by U. S. Department of Energy
Headquarters, pp. 199-204.


Hayden, K. P., 1992, Geology and Petrology ofthe Cedar Butte Eruptive Center, Eastern Snake River
Plain, Idaho, MS thesis, Idaho State University, Pocatello, ID.







Idaho National Engineering and Environmental Laboratory 412,09 {09/03/2002 - Rev.7


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 2A-102 of 2A-112


FOR THE ADVANCED TEST REACTOR Effective Date: 081] 0/04


Hecker , S., 1991, Quaternarv Tectonics of Utah, Utah Geological and Mineralogical Su rvey, Su rvey
Notes 24, pp . 12-17.


Hull, L. C ., 1989, Conceptual Model and Description ofthe Affected Environment for the TRA Warm
Waste Pond (Waste Management Unit TRA-03), EGG-ER-8644 , EG&G Idaho, Inc., October 1989.


IBC, 2000, International Building Code.


lyer, H. M. et al., 1981, A Deep Magma Body Under the Yellowstone Caldera: Delineation Using
Teleseismic P-wave Residuals and Tectonic Interpretation, Geological Society of America
Bulletin, 92, pp. 1471-1646.


Izen, G. A., 1981, Volcanic Ash Beds: Recorders of Upper Cenozoic Silica Pvroelastic Volcanism in the
Western United States, Journal ofGeophusical Research , 86, pp . 10,200- 10,222.


Izett, G. A. and R. E. Wilcox, 1982, Map Showing Localities and Inferred Distributions of the
Huckleberry Ridge, Mesa Falls, and Lava Creek Ash Beds (Pearlette Family Ash Beds) ofPliocene
and Pleistocene Age in the Western United States and Southern Canada, U.S. Geological Survey
Map 1-1325.


Jackson, S. M., 1985, Acceleration Datafrom the 1983 Borah Peak, ID, Earthquake Recorded at the
Idaho National Engineering Laboratory, in WorkshopXXVIII on the Borah Peak, ID, Earthquake,
U.S Geological Survey Open-File Report 85-290, pp. 385-400.


Jackson, S. M., 1993, Summary List ofEarthquakes (M ? 3.0) Within a 200-mile Radius ofthe INEL:
1884-1989, EDF SETS-0001, EG&G Idaho, Inc., 40 pp.


Jackson, S. M., I 994a, Seismic Evidence ofConjugate Normal Faulting: the 1984 Devil Canvon
Earthquake Sequence Near Challis, Idaho, EGG-EES-11478, EG&G Idaho, Inc., August 1994,


Jackson, S. M., 1994b , Magnitude ofEarihquakes Associated with Basaltic Dike Intrusion for use in
INEL Seismic Hazards Evaluations , INEL-94/0132, December 1994.


Jackson, S. M. and J. E. Zollweg, 1988, Seismic Studies ofAn Earthquake Sequence in the White Cloud
Peaks, Idaho, abstract, Seismology Research Letters, Vol. 59, No, 1, January-March, p. 6.


Jackson , D. B., et al., 1975 , The August and October 1968 East Rift Eruptions ofKilauea Volcano,
Hawaii, U. S. Geological Survey Professional Paper 890, 33 p.


Jackson, S. M., et al., 1991, Strong Ground Motion Data Recorded at the Idaho National Engineering
Laboratory During the 1983 Borah Peak, Idaho, Earthquake, EGG-BG-9249, EG&G Idaho, Inc.,
June 1991.


Jackson, S. M., et al., 1993, Contemporary Seismicity in the Eastern Snake River Plain, Idaho, Based on
Microearthquake Monitoring, Bulletin of the Seismological Society ofAmerica, 83. No. 3, June
1993, pp. 680-695.







Idaho National Engineering and Environmental Laboratory 412.09 ( 0910312002 -Rem


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 2A-103 of 2A-112


FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


Janecke , S. U., 1992, Kinematics and Timing ofThree Superimposed Extensional Systems, East Central
Idaho: Evidence for an Eocene Tectonic Transition , Tectonics , 11,6, pp. 1121-1138.


Janecke, S. U., 1993, Structures in Segment Boundary Zones ofthe Lost River and Lemhi Faults,
East-Central Idaho, Journal ofGeophysical Research, v. 98 p.16,223-16,238.


Johnson, P. P., 1981, Geology of the Red Rock Fault and Adjacent Red Rock Valley, Beaverhead County,
Montana, MS thesis, University of Montana, Missoula, Montana, 73 p.


Josten , N. E., W. It Hackett, and R . P. Smith , 1993, The Trouble with Geophysics , abstract , American
Geophysical Union Front Range Branch Annual Meeting, Golden , Colorado, pp. 12-13.


Joyner, W. B and D . M. Boore, 1988 , Measurement , Characteristics, and Prediction ofStrong Ground
Motion , in J. L. Von Thun ( ed.), Proceedings ofConference on Earthquake Engineering and Soil
Dynamics,: Recent Advances in GroundMotion Evaluations , American Society of Civil
Engineering , pp. 43-103.


Karpin , T. L. and C . H. Thurber , 1987, The Relationship Between Earthquake Swarms and Magma
Transport : Kilauea Volcano, Hawaii , Pure Applied Geophysics , 125, 6, pp. 971-991.


Klein, F. W. et al., 1987, The Seismiciry ofKilauea's Magma System, in Volcanism in Hawaii,
R. W. Decker, T. L. Wright, P. H. Stauffer (eds.), U.S. Geological Survey Professional Paper 1350,
pp.1019-1185.


Knuepfer, P. L. K., 1989, Late Quaternary Segmentation and Recurrence, Southern Lemhi Fault, Idaho,
report written to R. P. Smith, EG&G Idaho, Inc., Idaho Falls, Idaho.


Kuntz, M. A., 1978 , Geology ofthe Arco -Big Southern Butte Area, Eastern Snake River Plain, and
Potential Volcanic Hazards to the Radioactive Waste Management Complex and Other Waste
Storage and Reactor Facilities at the Idaho National Engineering Laboratory, Idaho,
U.S. Geological Survey Open-File Report 78-691.


Kuntz, M. A., 1992, A Model-Based Perspective ofBasaltic Volcanism, Eastern Snake River Plain,
Idaho, in Regional Geology ofEastern Idaho and Western Wyoming, Link, P. K., M. A. Kuntz,
L. B. Platt (eds.), Geological Society ofAmerica Memoirs, 179, pp. 289-304.


Kuntz, M. A., H. R. Covington, and L. J. Schorr, 1992, An Overview ofBasaltic Volcanism ofthe Eastern
Snake River Plain, Idaho, in Regional Geology ofEastern Idaho and Western Wyoming,
P. K. Link, M. A. Kuntz, L. B. Platt (eds.), Geological Society ofAmerica Memoir, 179,
pp. 227-267.


Kuntz, M. A., et al., 1986, Contrasting Magma Types and Steady-State, Volume-Predictable, Basaltic
Volcanism Along the Great Rift, Idaho, Geological Society ofAmerica Bulletin, 97, May 1986, pp.
579-594.


Kuntz, M. A. et a1., 1988, Geologic Mop of the Craters of the Moon, Kings Bowl, Wapi Lava Fields and
the Great Rift Volcanic Rift Zone, South-Central Idaho, U.S. Geological Survey Miscellaneous
Investigations Series Map 1-1632, scale 1:100,000.







Idaho National Engineering and Environmental Laboratory 412.09 09/0312002 -Rev-,,


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 2A-104 of 2A-112


FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


Kuntz, M . A. et al ., 1990, Revised Geologic Map ofthe INEL and Adjoining Areas , Eastern Idaho, U.S.
Geological Survey Open-File Report 90-333, USGS -OFR-90-333 scale 1 : 100,000.


Kuntz, M. A., et al ., 1994, Geologic map ofthe Idaho National Engineering Laboratory and adjoining
areas, eastern Idaho, U.S. Geological Su rvey Miscellaneous Investigation Map, 1-2330, 1:100,000
scale.


Lanphere, M. A., D. E. Champion, and M. A. Kuntz, 1993, Petrography, Age, and Paleomagnetism of
Basalt Lava Flows in Coreholes Well 80, NRF89-05, and ICPP 123, Idaho National Engineering
Laboratory, U.S. Geological Survey Open-File Report 93-327, 40p.


LaPoint, P. J. I., 1977, Preliminary photogeologic map ofthe eastern Snake River Plain, Idaho,
U.S. Geological Survey Miscellaneous Field Studies Map MF-850, scale 1:250,000,


Latter, J. H, 1989, Volcanic Hazards: Assessment and Monitoring, New York: Springer-Verlag


Leeman, W. P., 1982, Development of the Snake River Plain-Yellowstone Plateau Province, Idaho and
Wyoming: An Overview and Petrologic Model, in B. Bonnichsen and R . M. Breckenridge (eds.),
Cenozoic Geology ofldaho, Idaho Geological Survey Bulletin 26, pp. 155-178.


Lepine, J-C. and A. Him, 1992, Seismotectonics in the Republic ofDjibouti, Linking the Afar Depression
and the GulfofAden, Tectonophvsics, 209, pp. 65-86.


Link, P. K., et al., 1988, Structural and Stratigraphic Transect ofSouth-central Idaho: A Field Guide to
the Lost River, White Knob. Pioneer, Boulder, and Smoky Mountains, Idaho Geological Survey
Bulletin 27, pp. 5-42.


Machette, M. N., S. F. Personius, and A. R. Nelson, 1992, Paleoseismology of the Wasatch Fault Zone: A
Summary ofRecent Investigations, Interpretations, and Conclusions, In: Assessments ofRegional
Earthquake Hazards and Risk Along The Wasatch Front, Utah, P. L. Gori and W. W. Hays,
editors, U.S. Geological Survey Professional Paper 1500, pp. Al-A71.


Malde, H. E., 1987, Ouaternary Faulting Near Arco and Howe, Idaho, Bulletin Seismological Society of
America, 77, 3, pp. 847-867.


Malde, H. E., 1991, Quaternary Geology and Structural History ofthe Snake River Plain, Idaho and
Oregon, in R. B. Morrison (ed.), QuaternarvNon-glacial Geology, Conterminous United States;
Boulder, Colorado, Geological Society ofAmerica, The Geology ofNorth America, K-2,
pp. 251-281.


Mastin, L. G. and D. D. Pollard, 1988, Surface Deformation and Shallow Dike Intrusion Processes at
Ingo Craters, Long Valley, California, Journal ofGeophysical Research, 93, pp. 13, 221-13,235.


McCalpin , J. P., L. A. Piety, and M . H. Anders, 1990, Pa rt 1. Latest Quaternary Faulting and Structural
Evolution ofStar Valley, Wyoming, in Geologic Field Tours of Western Wyoming and Parts of
Adjacent Idaho, Montana, and Utah, S. Roberts (ed.), Geological Su rvey Wyoming Public
Information Circular No . 29, pp. 5-14.







Idaho National EnRineerinR and Environmental Laboratory 412.09{ 0910312001 -Rev.'


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page : 2A-I05 of2A-112


FOR THE ADVANCED TEST REACTOR Effective bate: 08110/04


Moos, D., C. A. Barton , and R . P. Smith , 1990, Results OfBorehole Televiewer Logging to 3 Km Depth
in the Snake River Plain - In Situ Stress and Fractures, EOS, 43, p. 1622.


Morgan, L. A., 1988, Explosive Rhvolitic Volcanism ofthe Eastern Snake River Plain, Ph.D. thesis,
University of Hawaii, Manua, Ht


Morgan, L. A., 1992, Stratigraphic Relations and Paleomagnetic and Geochemical Correlations of
Ignombrites ofthe Heise Volcanic Field, Eastern Snake River Plain, Idaho and Wyoming, in
P. K. Link, M. A. Kuntz, L. B. Platt (eds.), Regional Geology ofEastern Idaho and Western
Wyoming. Geological Society gfAmeriea Memoir, 179, pp. 215-226.


Morgan, P., et al ., 1977, Heat Flow Measurements in Yellowstone Lake and the Thermal Structure of the
Yellowstone Caldern, Journal ofGeophysical Research, 82, pp . 3719-3732, September 1977.


J. et al., 1989, Earthquakes ofthe Rabaul Seismo-Deformational Crisis September 1983 to July
1985: Seismicity on a Caldern Ring Fault, in J. H. Latter (ed.), Volcanic Hazards: IAVCEI
Proceedings in Volcanology 1, pp.429-462.


Morin-Jansen, A., 1987, Study of the Principal Lineament and Associated Lineaments, MS thesis, Idaho
State University, Pocatello, ID.


Myers, W. B. and W. Hamilton, 1964, Deformation Accompanying the Hebgen Lake Earthquake of
August 17, 1959, U.S. Geological Survey Bulletin 435-1, pp. 55-98.


Nace, R. L. et al., 1975 , Generalized Geologic Framework ofthe National Reactor Testing Station , Idaho,
U.S. Geological Su rvey Professional Paper 725-8.


Nakata, J. S., W. R. Tanigawa, and F. W. Klein, 1982, Hawaiian Volcano Observatory Summary 81, Port
1, Seismic data, January to December, 1981, U.S. Geological Survey Report.


Nava, S. J., W. J. Arabasz, and J . C. Pechmann, 1994, The M5.9 Dronev Peak, Idaho (Idaho-Wyoming
border) earthquake ofFebruorv 3, 1994, A Preliminary Report , Seismological Research Letter 65,
No. 3-4, P. 239.


NRC, 1973, Design Response Spectra far Seismic Design ofNuclear Power Plants, Regulatory
Guide 1.60, Revision 1, U.S. Atomic Energy Commission, Washington, D.C., December 1973.


Oaks, S. D., 1992, Historical Seismicity Investigation for the November 11. 1905 Earthquake,
EGG-GEO- 10203, EG&G Idaho, Inc.


Okada, Y. and E. Yamamoto, 1991, Dike Intrusion Model for the 1989 SeismovoleanicActivirv OffIto,
Central Japan, Journal ofGeophysical Research, 96, pp. 10,361-10,376, June 1991.


Oldow, J_ S. ci al., 1989, Phanerozoic Evolution ofthe North American Cordillera: United States and
Canada, in The Geology ofNorth America: An Overview, A. W. Bally and A. R. Palmer (eds.),
Geological Society of America, Decade of North American Geology, A, pp. 139-232.







Idaho National Engineering and Environmental Laboratory 412.09 ( 09/0312002 - Rev, 7


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page : 2A-106 of 2A-112


FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


Oura, A., S. Yoshida, and K. Judo, 1992, Rupture Process ofthe Ito-Oki, Japan, Earthquake of1989 July
9 and Interpretation as Trigger of Volcanic Eruption, Geophysics Journal International, 109,
pp. 241-248.


Pankratz, L. W. and H. D. Ackerman, 1982, Structure Along the Northwest Edge of the Snake River Plain
interpretedfrom Seismic Refraction, Journal ofGeophvsical Research, 84, B4, pp. 2676-2682,
April 1982.


Pardee, I. T., 1926, The Montano Earthquake ofJune 27, 1925" U.S. Geological Survey Professional
Paper 147-13-


Parsons, T. and G. Thompson, 1991, The Role ofMagma Overpressure in Suppressing Earthquakes and
Topography: Worldwide Examples, Science, 253, pp. 1399-1402, September 1991.


Pelton, J. R., R. J. Vincent, and N. J. Anderson, 1990, Microearthquakes in the Middle Butte/East Butte
Area, Eastern Snake River Plain, Idaho, Bulletin ofthe Seismological Society ofAmerica, 80, 1,
pp. 209-212.


Peyton, S. L., R. B. Smith, and J . C. Pechmann, 1991, Seismotectonics of the Yellowstone-Hebgen Lake
Region from Earthquake Focal Mechanisms and Stress Field Inversion, EOS 72, pp. 335-336.


Pierce, K. L., 1985, Quaternary History ofFaulting on the Arco Segment of the Lost River fault, Central
Idaho, in Proceedings ofConference XXVIII on the Borah Peak, Idaho Earthquake, U.S.
Geological Survey Open-File Report 85-290, pp. 195-206.


Pierce, K. L., 1988, Field Guides to the Quaternary Geology ofCentral Idaho: Part EHistory of
Ouarernarv Faulting and Scarp Degradation Studies, Southern Lost River Valley, Guidebook to the
Geology ofCentral and Southern Idaho, Idaho Geological Su rvey Bulletin, 27, pp. 233-240.


Pierce, K. L. and L. A. Morgan, 1992, The Track ofthe Yellowstone Hot Spot: Volcanism, Faulting. and
Uplift , in P.K. Link et al. (eds.), Regional Geology ofEastern Idaho and Western Wyoming,
Geological Society of America Memoir 179, pp. 1-54.


Piety, L. A. el al., 1986, Seismotectonic Study for Palisades Dam and Reservoir, Palisades Project,
U.S. Bureau of Reclamation, Engineering Research Center, Seismotectonic Division, Denver,
Colorado, and Pacific Northwest Region Geology Branch, Boise, Idaho, Seismotectonic
Report 86-3.


Pitt , A . M., C. S. Weaver , and W . Spence , 1979, The Yellowstone Park Earthquake ofJune 30, 1975,
Bulletin ofthe Seismological Society ofAmerica, 69, pp . 187-205, February 1979.


Richins, W. D., 1979, Earthquake Datafor the Utah Region, 1850 to 1978, in Earthquake Studies in Utah
1850 to 1978, W. J. Arabasz, R. B. Smith, W. D. Richins, editors, University of Utah, pp. 57-251.


Richins, W. D. et al., 1987, The 1983 Borah Peak. Idaho Earthquake and Its Aftershocks. Bulletin ofthe
Seismological Society ofAmerica, 77, 3, pp. 694-723, June 1987.







Idaho National Engineering and Environmental Laboratory 412.09 a3ro3noo2 -Rev.1


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 2A-107 of 2A-112


FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


Rodgers, D. W. and N. C. Zentner, 1988, Fault Geometries Along the Northern Margin of the Eastern
Snake River Plain, Idaho, Geological Society ofAmerica Abstracts with Programs, 20,
pp. 465-466.


Rodgers, D. W., W. R. Hackett, and H. T. Ore, 1990, Extension ofthe Yellowstone Plateau, Eastern
Snake River Plain, and Owyhee Plateau, Geology, 18, pp. 1138-1141, November 1990.


Rubin, A. M., 1990, A Comparison ofRift-Zone Tectonics in Iceland and Hawaii , Bulletin of
Volcanology, 52, pp. 302-319.


Rubin, A. M., 1992, Dike-Induced Faulting and Groben Subsidence in Volcanic Rift Zones, Journal of
Geophysical Research , 97, pp. 1839-1858 , February 1992.


Rubin, A. M., and D. D. Pollard , 1987, Origins ofBlade-Like Dikes in Volcanic Rif Zones, in Volcanism
in Hawaii, R. W. Decker et al. (eds. ), U.S. Geological Survey Professional Paper 1350,
pp. 1449-1470.


Rubin, A. M., and D. D. Pollard, 1988, Dike-Induced Faulting in Rift Zones oflceland andAfar, Geology,
16, pp. 413-417, May 1988.


Rundle, J. B. and D . P. Hill, 1988 , The Geophysics ofa Restless Caldera-Long Valley, California,
Annual Reviews ofEarth and Planetary Science, 16, pp. 251-271.


Ryan, M. P., 1987, Neutral Buoyancy and the Mechanical Evolution ofMagmatic Systems, in Magmatic
Processes: Physiochemical Principles, Geochemical Society Special Publication No. 1, B.
0. Mysen (ed.), pp. 259-287,


Sbar, M. L. and M. Barazangi, 1970, Tectonics ofthe Intermountain Seismic Belt, Western United States,
Part I: Microearthquake Seismicity and Composite Fault Plane Solutions, Geological Society of
America Abstracts with Programs, 2, p. 675.


Schneider, N. P., 1985, Morphology ofthe Madison Range Fault Scarp. Southwest Montano: Implications
for Fault History and Segmentation, MS thesis, Miami University, Oxford, OH, 131 p.


Schwartz. D. P„ 1988, Geologic Characterization ofSeismic Sources: Moving into the 1990s, Earthquake
Engineering and Soil Dynamics II Proceedings, American Society of Civil Engineers Meeting in
Park City Utah, 42 pp, June 1988.


Scott, W. E., 1982, Surfvial Geologic Map of the Eastern Snake River Plain and Adjacent Areas, Idaho
and Wyoming, U.S. Geological Survey Miscellaneous Investigation Map 1-1372, scale 1:250,000.


Scott, W. E_, K. L. Pierce, and M. H. Hait, Jr., 1985, Ouaternarv Tectonic Setting of the 1983 Borah Peak
Earthquake. Central Idaho, Bulletin of the Seismological Society ofAmerica, 75 4, pp. 1053-1066,
August 1985.


Shenon, P. J., 1936 , The Utah Ea rthquake ofMareh 12, 1934, in F Neumann (ed) United States
Earthquakes , 1934, U.S. Coast and Geodetic Su rvey, Serial 593, pp . 43-48.







Idaho National Engineering and Environmental Laboratory 412.09 (09/03 /2002 - Rev. 7


CHAPTER 2 APPENDIX A - GEOLOGY AND Identi fi er : SAR-153
SEISMOLOGY OF THE 1NEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page : 2A-108 of 2A-1 12


FOR THE ADVANCED TEST REACTOR Effective Date : 08/10/04


Sieh, K. and M. Bursik, 1986, Most Recent Eruption ofthe Mono Craters, Eastern Central California,
Journal ofGeophysical Research, 91, B12, pp. 12,539-12,571, November 1986.


Singh , S. and Herrman R. B., 1983, Regionalization ofCrustal Coda Q in the Continental US., Journal
of Geophysical Research, 88, pp. 527-538, January 1983.


Skipp, B. and Hait , M. H., 1977 , Alloehthons Along the Northeast Margin ofthe Snake River Plain,
Idaho, Wyoming Geological Association 29th Annual Field Conference Guidebook, pp. 499-515.


Slemmons, D. B., A. E. Jones, and J. 1. Gimlett, 1965, Catalog ofNevada Earthquakes, 1852-1960,
Bulletin of the Seismological Society ofAmerica, 55, pp. 519-565.


Smith, R. B. and M. L. Sbar, 1970, Seismieitvand Tectonics ofthe Intermountain Seismic Western United
States, Part 11, Focal Mechanism ofMajor Earthquakes, Geological Society ofAmerica Abstracts
with Programs, 2, p. 657.


Smith, R. B. and M. L. Sbar, 1974, Contemporary Tectonics and Seismicity ofthe Western United States
with Emphasis on the Intermountain Seismic Belt, Geological Society ofAmerica Bulletin 85,
No. 8, pp. 1205-1218, August 1974.


Smith, R. B. and R . L. Christiansen , 1980, Yellowstone Pork as a Window on the Earth's Interior,
Scientific American , 242, 2, pp. 84-95.


Smith, It. B. and It. L. Bruhn, 1984, Intraplate Extensional Tectonics of the Eastern Basin-Range:
Inferences on Structural Style from Seismic Reflection Data, Regional Tectonics, and
Thermal-mechanical Models ofBrittle-Ductile Deformation, Journal ofGeophysical Research, 89,
pp. 5733-5762, July 1984.


Smith , R. B., W. D . Richins, and D. 1. Doser, 1985 , The 1983 Borah Peak, Idaho, . Earthquake : Regional
Seismicity, Kinematics ofFaulting, and Tectonic Mechanism , in Proceedings ofConference XXVIII
on the Borah Peak, Idaho, Earthquake , U.S. Geological Su rvey Open-File Report 85-290,
pp. 236-263.


Smith, It. B. et al., 1990, Threeyear Progress Report: An Evaluation ofEarthquake Hazards of the
Grand Teton National Park Emphasizing the Teton Fault, University of Utah, Salt Lake City, Utah,
149 pp.


Smith, R. B. and W . J. Arabasz , 1991, Seismicity of the Intermountain Seismic Belt , in Neotectonics of
North America , D. B. Slemmons et al. (eds. ), Geological Society of America , Decade Map
Volume 1 , Boulder, Colorado, pp. 185-228.


Smith, It. B. and L. W. Braile, 1994. The Yellowstone Hotspot, The Journal of Volcanology and
Geothermal Research, 61, pp. 121-187.


Smith, It. P., W. R. Hackett, and D. W, Rogers, 1989, Geologic Aspects ofSeismic Hazards Assessments
at the INEL, Southeastern Idaho, in Proceedings ofthe Second DOE Natural Hazards Mitigation
Conference, Knoxville, Tennessee, pp. 282-289







Idaho National Engineering and Environmental Laboratory 412.09 (09 103/2002 - Rev. 7


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page : 2A-109 of 2A-1 12


FOR THE ADVANCED TEST REACTOR Effective Date: 081)0104


Smith, R. P., C. F . Hersley, and S. M. Jackson , 1996, Summary ofInformation Relating to Correlation of
Strata Beneath the Idaho Chemical Processing Plant and the Test Reactor Area, Idaho National
Engineering Laboratory, EDF TRA-ATR-1163, 17p, September 22, 1996.


Smith, R. P„ S. M. Jackson, and W. R. Hackett, 1996, Paleoseismologv and Seismic Hazards Evaluations
in Extensional Volcanic Terrains, in Journal ofGeophysical Research, 101, B3, pp. 6277-6292.


Sparlin, M. A., L, W. Braile, and R. B. Smith, 1982, Crustal Structure ofthe Eastern Snake River Plain
Determinedfrom Ray Trace Modeling ofSeismic Refraction Data, Journal ofGeophysical
Research, 87, B4, pp. 2619-2633, April 1982.


Spear, D. B. and 1. S. King, 1982, The Geology ofBig Southern Butte, Idaho, in Cenozoic Geology of
Idaho, B. Bonnichisen and R. M. Breckenridge (eds.), Idaho Bureau of Mines and Geology
Bulletin 26, pp. 395-403.


Stein, R. S., et al., 1991, Contemporary, Holocene, and Quaternarv Deformation ofthe Asal Rift.
Djibouti: Implications for the Mechanics ofSlow-Spreading Ridges, Journal ofGeophvsical
Research, 96, pp. 2 1 789-2 1 806, December 1991.


Stickney, M. C. and M. J. Bartholomew, 1983, PreliminarvMap ofLate-Quaternary Faults in Western
Montano, Montana Bureau of Mines and Geology, Open-File Report 186, 1 plate.


Stickney, M. C. and M . J. Bartholomew , 1987, Seismicity and Late Quaternary Faulting ofthe Northern
Basin and Range Province, Montana and Idaho, Bulletin ofthe Seismological Society ofAmerica,
77, pp. 1602-1625, October 1987.


Stover, C. W., 1985, The Borah Peak. Idaho Earthquake of October 28. 1983 - Isoseismal Map and
Intensity Distribution, Earthquake Spectra, 2, 1, pp. 11-21.


Stover , C. W., G. E. Reagor, and S . T. Algermissen , 1986, Seismicity Map of the State ofidaho,
U.S. Geological Survey Map MF-1857.


Susong, D. D., R. B. Smith, and R. L. Bruhn, 1987, Quaternary Faulting and Segmentation of the Than
Fault Zone, Grand Teton National Park, Wyoming, EOS Transactions, American Geophysical
Union, 68, p 1452.


Swan, F. H. III, D. P. Schwartz, and L. S. Cluff, 3980, Recurrence ofModerate to Large Magnitude
Earthquakes Produced by Surface Faulting on the Wasatch Fault Zone, Utah, Bulletin ofthe
Seismological Society ofAmerica, 70, pp. 1438-1462, October 1980.


Swanson, D. A. et al., 1976, The February 1969 East Rift Eruption ofKilauea Volcano, Hawaii,
U.S. Geological Survey Professional Paper 891, 30 p.


Takeo, M., 1992, The Rupture Process of the 1989 Offshore Ito Earthquake Preceding a Submarine
Volcanic Eruption, Journal ofGeophysical Research, 97, pp. 6613-6628, May 1992.


Tanigawa, W. R., J. S. Nakata, and F. W. Klein, 1981, Hawaiian Volcano Observatory Summary 80, Part
1, Seismic Data, January to December 1980, U.S. Geological Survey Report.







Idaho National En ineerin and Environmental Laboratory 4) 2.09 09/03 /2 002 • Rev?


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier: SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page: 2A-110 of 2A-I 12


FOR THE ADVANCED TEST REACTOR Effective Date: 08/10/04


Tanigawa, W. R,, J. S. Nakata, and F. W. Klein, 1983, Hawaiian Volcano Observatory Summary 82, Part
I. Seismic Data, January to December 1982, U.S. Geological Survey Report.


Turko, J. M., 1988 , Quaternary Segmentation History ofthe Lemhi Fault, Idaho, MS thesis, State
University of New York at Binghamton.


USGS (U.S. Geological Su rvey), 1972, Geologic Map of Yellowstone National Park , U.S. Geological
Su rvey Miscellaneous Geologic Investigations , Map 1-711 , Scale 1:125,000.


Volcanism Working Group, 1990, Assessment ofPotentiai Volcanic Hazards for New Production Reactor
Site at the Idaho National Engineering Laboratory, EGG-NPR- 10624, EG&G Idaho, Inc.,
October 1990.


Warrick, R. A. et al., 1981, Four Communities under Ash after Mount St. Helens, Program on Tech.
Envir. andMan, Monograph No. 34, Inst. of Behavioral Sciences, University ofColorado,
pp. 1-143.


WCC, 1990, Earthquake Strong Ground Motion Estimatesfor the Idaho National Engineering
Laboratory: Final Report - Summary, 3 volumes, EGG-B(3-9350, Woodward-Clyde Consultants,
EG&G Idaho, Inc., November 1990.


WCC, I992a , Earthquake Strong GroundMotion Evaluations for the Proposed New Production Reactor
at the Idaho Notional Engineering Laboratory, 2 volumes, Woodward-Clyde Consultants,
EGG-GEO - 10304, EG&G Idaho, Inc ., June 1992,


WCC, 1992b, Poleoseismic investigations ofthe southern Lemhi Fault, Idaho, EGG-GEO-10178,
Woodward-Clyde Consutlants, EG&G Idaho, Inc., March 1992.


WCFS, 1996, Site Specific Probalistic Seismic Hazard Analysis for the Idaho Notional Engineering
Laboratory, INEL-95/0536, Woodward -Clyde Federal Serv ices, May 1996.


Wells, D. L. and K. 3. Coppersmith, 1994, Updated Empirical Relationships Among Magnitude, Rupture
Length, Rupture Area, and Surface Displacement, Bulletin ofthe Seismological Society ofAmerico,
January 1994.


Westaway, R. and R. B. Smith, 1989, Source Parameters ofthe Cache Valley (Logan), Utah Earthquake
of 30August 1962, Bulletin ofthe Seismological Society ofAmerica, 79, 5, pp. 1410-1425,
October 1989.


White, D. E., et al., 1975, Physical Results ofResearch Drilling in Thermal Areas of Yellowstone
National Park, Wyoming, U.S. Geological Survey Professional Paper 892, ?Op.


Witkind , 1. 3., 1964 , Reactivated Faults North ofHebgen Lake, U.S. Geological Su rvey Professional
Paper 435, pp. 37-50.


Witkind , 1. J., 1975, Preliminary Map Showing Known and Suspected Active Faults in Wyoming,
U.S. Geological Su rvey Open-File Report 75-279.







Idaho National En ineering and Environmental Laboratory 412,09 L09t03f2002 Rev. 7)


CHAPTER 2 APPENDIX A - GEOLOGY AND Identifier : SAR-153
SEISMOLOGY OF THE INEEL AND REGION - Revision: 10
UPGRADED FINAL SAFETY ANALYSIS REPORT Page : 2A-111 of 2A-112


FOR THE ADVANCED TEST REACTOR Effective Date : 08/10/04I


Wohletz, K. and G. Heiken, 1992, Volcanology and Geothermal Energy, University of California Press.


Wood, H. 0. and F. Neumann, 1931, ModifiedMercolli Intensity Scale of 1931, Bulletin of the
Seismological Society ofAmerico, 52, pp. 163-180.


Wright, T. L. and T. C. Pierson, 1992, Living with Volcanoes - the U.S. Geological Survey's
Volcano-Hazard Program, U.S. Geological Survey Circular 1073.


Wu, D. and R. L. Bruhn, 1994, Structural and Rupture Characteristics ofthe Southern Lost River Fault
Zone, Idaho, University of Utah, Report to Woodward-Clyde Federal Services, April, 33 p. plus
figures, tables, and plates.


Yamashita , K. M., et al ., 1992, Results ofJ992 Leveling Survey at Long Valley, California (Abstract),
EOS, 73, p. 347.


Youngs, R. R. et al., 1987, Probabilistic Analysis of Earthquake Ground Shaking HazardAlong the
Wasatch Front, Utah, in Assessment ofRegional Earthquake Hazards and Risk Along the Wasatch
Front, Utah, U.S. Geological Survey Open-File Report 87-585, Volume 11, pp. M I-M 110.


Zeitz, 1., F. P. Gilbert , and J. R. Kirby, 1978 , AeromagneticMap ofIdaho, U. S. Geological Surv ey Map
GP-920.


Zentner, N. C., 1989, Neogene Normal Faults Related to the Structural Origin of the Eastern Snake River
Plain, Idaho, MS thesis, Idaho State University, Pocatello, ID.


Zoback, M. L. and M. D. Zoback, 1989, Tectonic Stress Field ofthe Continental United States, in
Geophysical Framework of the Continental United States, L. C. Pakiser and W, D. Mooney (eds),
Geological Society ofAmerica Memoir, 172, pp. 523-539.







Idaho National Engineering and Environmental Laboratory
CHAPTER 2 APPENDIX A - GEOLOGY AND
SEISMOLOGY OF THE INEEL AND REGION -
UPGRADED FINAL SAFETY ANALYSIS REPORT


FOR THE ADVANCED TEST REACTORI


412.09 (09/0312002 - Rev. ?
Identifier: SAR-153
Revision: 10
Page : 2A-112 of 2A-1 12
Effective Date : 08110104


INTENTIONALLY BLANK









