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Facility or Activity: Advanced Test Reactor
USQ Process No.: ATR Complex-USQ-2010-497

Subject: Seismic-Induced Experiment Loop Leakage

- Describe the New Information/Discovery:
Hendrickson (EDF TRA-ATR-1166) supports the seismic ruggedness of the expile experiment loop piping.
Hendrickson concludes the catastrophic failure of loop piping from the safe shutdown earthquake (SSE) is
incredible (beyond design basis). Hendrickson, however, postulates some leakage and small cracks due to the
SSE in loop piping. Seismic induced experiment loop loss-of-coolant-accidents (LOCAs) are not specifically
addressed in the ATR accident analysis. However, unreviewed safety question ATR Complex-USQ-2009-714,
“Evacuation System Seismic Requirements not Supported by Seismic Design of Buildings,” postulated that seismic
induced experiment loop piping Ieakage due to the Condition 4 earthquake (SSE) would be enveloped by the
limiting Condition 2, %-in. loop piping LOCA consequence presented in section 15.4.4 of SAR-153. Hence, a
seismic induced loop LOCA could be considered within the accident category of existing experiment loop LOCA

- addressed in section 15.4. The applicability of the consequence analysis of the I|m|t|ng Condltlon 2 Ya-in. loop
LOCA to the consequence of a seismic induced loop LOCA is questionable.

Identify the applicable safety basis document(s) (e. g., DSA, SAR, BIO, TSRs, etc.):
SAR-153, Upgraded Final Safety Analysis Report for the Advanced Test Reactor, Revision 27
TSR-186, Technical Safety Requirements for the Advanced Test Reactor, Revision 23

REASONABILITY DETERMINATION (Reasonability determinations made as part of the ATR Design Basis
Reconstitution effort may be documented per SP-10.2.4.9)
Is it reasonable that the potential for an inadequate safety analysis exists based on the new information or
discovery described above? [X] Yes [ No

If “Yes,” proceed to Sections I, lll, and IV. :
If “No,” provide an explanation and basis for the reasonability determination.

USQ Evaluator USQ Evaluator Date
Print/Type Name Signature
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
if the answer to the question above is “No,” file the completed form. Do not complete Section I, Il or IV.
If the answer to the question above is “Yes,” complete Section I, lll, and IV.
. piISA DECLARATION

What is the basis for concern that the safety basis may not be bounding or may be otherwise inadequate?
Provide an explanation.

Two assumptions of the SAR-153 %:-in. loop LOCA consequence analysis are not valid for Condition 4
seismic events. First, the consequence analysis presented in SAR-153, section 15.7.1, assumes ATR
Complex evacuation. ATR Complex-USQ-2009-714 documents the real possibility that the evacuation
system will be impaired by a large earthquake. Therefore, evacuation sirens may not be available to alert
personnel to evacuate the ATR Complex. The supporting consequence analysis (EDF TRA-ATR-1562),
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however, considered non-evacuating personnel. The resolution of ATR Complex-USQ-2009-714 will add

“the consequence to non-evacuatmg personnel to SAR-153, Sectlon 15.7.1.

' Second, the consequence analysis assumed ATR confinement. However, the 8-in. block wall, which

separates the reactor main floor from the canal areal, is not expected to maintain its “gas tight boundary” -

integrity followmg the Condition 4 earthquake. Additionally, the consequence analysis that is assumed to
bound the seismic induced loop pipirlg leakage assumes only one loop fails. The five expile experiment
loops are essentially the same for the purpose of this discussion, e.g., piping material and sizes, loop
configurations, pumps, and piping supports. The seismic event that may cause loop piping damage in one
Ioop would also be expected to cause loop piping damage in the other four experiment loops.

Although experlment loop ruptures are addressed in SAR-153 Sectlon 15.4, seismic induced Ioop piping
failure must be considered with accompanying failures of the evacuation system (ATR Complex-USQ-2009-
714), of the 8-in. confinement block wall, and of the four other experiment loops. .

References:

Hendrickson, M. B., Evaluation of Seismic Criteria to be Used for Loop Piping Systems, TRA-ATR-1166,
June 3, 1997

Knudson, D. L, Radiological Analysis Supporting an ATR UFSAR Revision, TRA-ATR-1562, May 30, 2000
A PISA exists. Complete the following actions

. Nuclear Facility Manager document actions (below) including interim operating restrictions taken to
place or maintain the facility in a safe condition.

. Nuclear Facility Manager execute reporting process for PISA per LWP-9301 and LWP-13830.
o Qualified USQ evaluator proceed to Section IIl.

ACTIONS TAKEN TO PLACE OR MAINTAIN FACILITY IN A SAFE CONDITION AND THE BASIS FOR THE
SELECTION OF ANY INTERIM CONTROLS.

ATR was in the 147-A outage at the time of discovery. No immediate operational restrictions were needed.

EDF TRA-ATR-1562, the consequence analysis referenced in SAR-153, Section 15.7.1, also calculated the
maximum dose for full plume passage at the near site boundary (NSB). The NSB dose consequence
analysis assumed confinement and one experiment loop failure; the NSB dose was 192 mrem. Although
the analysis assumed confinement, the analysis also assumed full plume passage, instead of the two-hour
dose as assumed in SAR-1563, Section 15.12.10. Because full plume passage was assumed in the analysis
and because of the plume travel time to the NSB, the affect of not having an intact confinement on the NSB
dose would not be significant. The effect of all five experiment loops containing 200 kW fueled tests and
all five loop experiencing leakage from the Condition 4 earthquake is estimated to be five times that of a
single loop, or approximately 1 rem. The Condition 4 ATR Plant Protection Criteria (PPC) is 25 rem, whole
body, for the off-site public. The maximum off-site whole body doses for all SAR-153 design basis accident
analyses are 2.3 rem (NSB) and 4.1 rem (low-population-zone). Because the potential consequence is less
than 1/2 at the NSB and 1/4 at the LPZ of the maximum analyzed consequences and less than 1/25 of the
Condition 4 PPC, no interim controls are required.

J. C. Chapman see original for signature (EDMS)

Safety Analyst Safety Analyst Date
Print/Type Name Signature
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E. J. Schuebert see original for signature (EDMS) _
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
Is independent technical review required? Yes . [] -~ No IX . ;j
Nuci®ar Facility Manager
Signature or Initials
Independent Reviewer Independent Reviewer Date
Print/Type Name . . Signature
lll. - USQ DETERMINATION : S ' '

Identify applicable section(s) of the safety basis document(s) (e.g., DSA, SAR, BIO, TSRs, etc.).

SAR-153 §ES-3.2.1 Design Basis Accidents

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 off- site and on site radiological
conseqguences 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.

SAR-153 Table ES-5 Summary table of worst case events resulting in a radioactive consequence

Identifies the canal fuel damage event described in SAR-153 §15.8.7 as the design basis event with the
maximum off-site dose consequences. The TEDE is 2.3 rem at the NSB and 4.1 rem at the LPZ.

SAR-153 §2.1.3.4 Low Population Zone

The low population zone (LPZ) is the area between the INL 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 ATR Complex to the boundary of the LPZ is 34.5 mi (55.5 km).

SAR-153 §3.1.1.2.3 Seismic Analysis

The Design Basis Earthquake (DBE)/safe shutdown earthquake (SSE) for ATR as the maximum postulated
seismic event for which it should be demonstrated that the reactor can be safety shut down and maintained
in a safe condition. Currently, the DBE/SSE for ATR is defined by the site-specific probabilistic DBE
documented in Payne et al. (2002) for PC3 and 4 SSCs.

SAR-153 §10.1.5 Classification of Experiment Structures, Systems, and Components

Loop piping is identified as important to safety and shall meet applicable overall requirements of General
Design Criteria 2 for design bases for protection against natural phenomena. For loop piping, sudden
catastrophic failure or rupture caused by a seismic event is beyond-design-basis (Hendrickson 1997a).
After a seismic event at a level that would cause the PPS seismic subsystem to trip, the loop facilities will
be inspected using Hendrickson (1997b) to ensure the loop facilities were not damaged during the event.

SAR-153 §10.1.7.1 Primary Experiment Safety Analyses Criterion

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]) whenever the experiment is within the ATR facility.
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SAR-153 §10.2.2.3 Out-of-Pile Loop Evaluations

Sections states that sudden catastrophic failure or rupture of loop piping caused by a seism“ic eventis
beyond design basis (Hendrickson 1997a). ' ' -

SAR-153 §15.0.3 Classification of Plant Conditions

Condition 1 is normal operation and operational transients that are expected to occur frequently or regularly
in the course of reactor operation, refueling, or maintenance. Condition 2 events are faults of moderate
frequency that is anticipated to occur once or more during the lifetime of the facility die to an expected

- single fault. Condition 3 events are infrequent faults that may occur infrequently during the life of the plant
that result from single low frequency failures and combinations of independent high frequency failures.
Condition 4 events are limiting faults that are not expected to occur but are postulated because their
consequences include the potential for release of significant quantities of radioactive material.

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 NSB and the 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.

SAR-153 §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.

SAR-153 §15.0.13 Operator Actions

For recovery from LOCA events, operator action is needed to sustain firewater injection by maintaining raw
water inventories via deep well pumps and keeping firewater system fuel tanks replenished. The specific
actions required are specified in the ATR Water Management Plan, which is included as Appendix C in
FRP-C.1, “Inadequate Core Cooling”.
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~ SAR-153 Table15.0-1

Table defines failures due to very low probability events, such as large earthquakes, és extremely Unlikely '
faults (Condition 4). ' '

SAR-153 Table15.0-6

Table identifies limiting (worst case) trip setpoints assumed in the accident analyses, and the assumed
response time (delay time) for each trip function. Specifically, the high neutron level analysis trip point is -

120% with a response time of 0.025 sec (0.035 sec for depressurized ops).

SAR-153 §15.4.4 Inpile Tube Decompression with Subsequent Voiding Due to Failure of the -Inch Piping

A Condition 2 event involving decompression and subsequent voiding of an IPT resulting from mechanical
failure of any % in. or smaller piping. The limiting failure is a shear of a % in. pipe in the draining manifold
attached to the loop piping at the heater leg which results in IPT voiding and a reactivity insertion. The pipe
break is assumed to occur instantaneously resulting in a double-ended offset shear. 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 wide range subsystem.

The analyses assume a scram with a response time of 0.025 s occurring at 1.2 NF. An additional positive
reactivity insertion is 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 RELAPS (Nielsen 1994,

Terry 1994) results for reactor power show a maximum of 428 MW at 0.12 s for the two-pump case and
365 MW at 0.13 s for the three-pump case. The ATR-SINDA and SINDA-SAMPLE calculations
(Polkinghorne 1994) show that the event meets the acceptance criteria for a Condition 2 event (margins to
CHF and Fl exceed 30) as well as the criteria for a Condition 3 event (20 to buckling). Results of the
calculation are as follows:

Parameter ‘ 2-pump 3-pump
Peak fuel plate centerline temperature 635°F 660°F
CHF margin 3.40c 330
Flow instability margin 430 430
Fuel plate buckling margin 330 27c

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.
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SAR-153 §15.7.1 Pressurized Water Loop or Experiment Handling Failure

A LOCA in the experiment loop could result in melting of the test. A 1/2 in. experiment loop LOCA is
considered a Condition 2 occurrence. A larger than 1/2-in. experiment loop LOCA is considered a
-Condition 4 event. If test damage were to occur, the LOCA events would allow fission product release into
the loep cubicle and thus, the environment. '

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 used for
dose analyses in SAR-153 Section 5.12. The ORIGEN 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 192 mrem ,
TEDE, for the maximally exposed individual at the INL NSB. This result meets the Condition 2 ATR Plant
Protection Criteria of 500 mrem off site dose.

The dose for a worker outside of the loop cubicle including inhalation and external dose was determined
(Lucas and Wagoner 2001). The analysis assumed the worker evacuated the area in 5 minutes in
response to radiation and air monitoring equipment alarms. The resulting dose was 1.95 rem, TEDE, which
is below the Condition 2 ATR Plant Protection Criteria of 5 rem worker dose. The dose to other ATR
Complex personnel was 7.4 mrem, TEDE. The dose to workers at INTEC was 15.8 mrem TEDE. INTEC
doses are higher due to a longer evacuation time.

SAR-153 §15.8.7 Significant Melting of One Entire Fuel Element
Section includes discussion of a Condition 4 event that results in the maximum off-site dose consequences.

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 SAR-153 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. 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. Section 15.12.10 (Knudson 2000) identifies a
dose at the NSB of 82.7 rem thyroid and 7.53 rem whole body. Scaling this dose as noted above
results in a 25.6 rem thyroid and 2.3 rem whole body. (See ICAMS SD-001313).
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" SAR-153 §15.12.10 Radiological Analysis

A radiological analysis of a pos_tulatéd hypothetical large break LOCA in the ATR is documented and.
provides the basis for a bounding radiological analysis. The accident is considered beyond design basis.

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 Falis is the nearest qualifying population center. Consequently, the outer edge
of the nearest LPZ liesat 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. 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.

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 allewed for any shielding or sheltering.)

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.

References

FRP-C.1, “Inadequate Core Cooling,” Rev. 12, March 16, 2010. )

Hendrickson, M. B., 1997a, “Evaluations of Seismic Criteria to be Used for Loop Piping Systems,” EDF
TRA-ATR-1166, June 3, 1997.

Hendrickson, M. B., 1997b, “ATR Loop Restart inspection Criteria after a Large Seismic Event (6.0 Richter
Scale),” EDF TRA-ATR-1231, June 17, 1992.

Knudson, D. L., 2000, “Radiological Analysis Supporting an ATR UFSAR Revision,” EDF TRA-ATR-1562,
May 30, 2000.

Lucas, D. S., 2000, “ATR Confinement Building Leak Rate Calculations,” EDF TRA-ATR-1543,
February 2000. Note: This reference is provided as referenced in Knudson (2000); however,
revision O of this EDF is dated May 2000. The discrepancy in dates is believed to be a
typographical error in Knudson (2000) resulting from the different signature dates of the performers
on the EDF, specifically, the author and independent verifier signed the EDF in February 2000,
while the requestor signed the EDF in May 2000.

Lucas, D. S. and S. R. Wagoner, 2001, “SAR Addendum for Unreviewed Safety Questions (USQ) on the
ATR Confinement Leak Rate,” EDF TRA-ATR-1588, Rev. 2, March 1, 2001.

Nielsen, H. H., 1994, “ATR NR Loop Reactivity Insertions from Voiding,” EDF TRA-ATR-850,
April 29, 1994,

Payne, S. J,, et al., 2002, Development of Probabilistic design basis Earthquake (DBE) Parameters for
Moderate and High Hazard Facilities at INEEL, INEEL/EXT-99-00775, Rev. 2, June 2002.
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lla:  POTENTIAL FOR AN INCREASE IN PROBABILITY OR CONSEQUENCE OF AN ACCIDENT OR
MALFUNCTION EVALUATED IN THE SAFETY BASIS

1 Could lt:Ihe PISA in§ease probability of occurrence of an accident previously evaluated in the safety basis?
) Yes No

Explain:

The pertinent accidents of concern are a loop loss of coolant accident and a loop voiding reactivity insertion
accident. A small, less than % in., loop LOCA and the decompression and subsequent voiding of an IPT are both
considered Condition 2 frequency accidents. The seismic event postulated to initiate loop piping leakage is
considered Condition 4. In both instances, the accident initiator identified in the PISA is a postulated seismic event.
A Condition 4 initiating event would not increase the probability of occurrence of the Condition 2 loop LOCA and
reactivity insertion events. Because the frequency of occurrence of such a seismic event remains unchanged, the
probability of the accident(s) also remains unchanged. Thus, the PISA does not increase the probability of
occurrence of an accident previously evaluated in the safety basis.

2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes No [

Explain:

SAR-153 Section 15.7.1 describes a Condition 2 postulated % in. experiment loop LOCA. Because Hendrickson
(1997a) supported the seismic ruggedness of the out-of-pile experiment loop piping by concluding that catastrophic
failure from the SSE is incredible, unreviewed safety question ATR Complex-USQ-2009-714 postulated that
seismic induced experiment loop piping leakage due to the Condition 4 earthquake (SSE) would be enveloped by
the limiting Condition 2, % in. loop piping LOCA consequence. The analysis for the potential off-site dose
consequence (Knudson 2000) overestimated the dose at the NSB by calculated full plume passage in lieu of the

2 hr dose; however, the analysis only considered the dose consequence resuiting from the failure of the piping from
one experiment loop. Because the seismic event that may cause loop piping damage in one loop would also be
expected to cause loop piping damage in the other four experiment loops, the amount of radioactive material
released is underestimated. In addition, the analysis took credit for some confinement by assuming a confinement
leakage of 51.4% per day based on Lucas (2000); however, the block wall separating the reactor main floor from
the canal area is not expected to maintain its “gas tight boundary” integrity following the Condition 4 earthquake.
Thus, the confinement leakage rate assumed in the analysis is too low. Because the dose calculated in Knudson
underestimated the rate of confinement leakage and the amount of radioactive material released, the dose
consequence is also underestimated. Likewise, the analysis for the potential on-site consequence also only
considered the failure of one experiment loop and assumed evacuation as indicated in

ATR Complex-USQ-2009-714.

Of additional concern is a Condition 4 seismic event that results in postulated LOCAs in both the experiment loops
and the PCS. SAR-153 Chapter 15.6 evaluates decrease in primary coolant inventory accidents, which includes
seismically-induced PCS leakage. For recovery from LOCA events, operator action is needed to sustain firewater
injection by maintaining raw water inventories via deep well pumps and keeping firewater system fuel tanks
replenished (SAR-153 Section 15.0.13). For Condition 3 and 4 events, on-site dose criteria are applied to
evacuating workers in neighboring facilities in lieu of in-facility workers. Because of the need to perform water
management duties in the event that EFIS is actuated in response to PCS leakage, worker evacuation will be
purposely delayed for some key personnel. Thus, the consequence analysis must consider on-site emergency
action dose criteria for personnel at ATR Complex, not just neighboring facilities. SAR-153 does not evaluate the
ability of non-evacuating personnel at ATR Complex to perform water management duties in response to the
seismically-induced PCS leakage concurrent with the radiological release resulting from the loop LOCA.
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The increase in the amount of radioactive material released, the lack of confinement, and the potential
consequence to non-evacuating personnel at ATR Complex will contribute to an increase in the consequence of the
accident. Thus, the PISA increases the consequence of an accident previously evaluated in the safety basis.

3 Could the PISA increase the probability of occurrence of a malfunction of equipment important to safety
previously evaluated in the safety basis? Yes [X] No ]

Explain:

SAR-153 Section 15.4.4 evaluates the Condition 2 event involving decompression and subsequent voiding of an
IPT resuiting from mechanicai failure of any % in. or smaller piping. The analysis considered the reactivity insertion
resulting from voiding of one experiment loop. Because the seismic event that may cause loop piping damage in
one loop would also be expected to cause loop piping damage and subsequent voiding in the other four experiment
loops, the amount of reactivity insertion is underestimated.

The ATR fuel element cladding is the primary barrier against the release of fission products. Adequate heat
removal is required during and following accident conditions to ensure the integrity of the fuel element cladding is
maintained. An increase in the amount of the reactivity insertion will result in an increase in energy deposition to the
fuel elements which could challenge the ability of the fuel element cladding to contain fission products. The
increased reactivity insertion could increase the probability of fuel element cladding failure. Thus, the PISA
increases the probability of occurrence of a malfunction of equipment important to safety previously evaluated in
the safety basis. '

4. Could the PISA increase the consequences of a malfunction of equipment important to safety previously
evaluated in the safety basis? Yes X' No []

Explain:

Experiment loop piping protects against a release of radioactive material and is considered equipment important to
safety. As discussed in question 2, SAR-153 Section 15.7.1 describes a Condition 2 postulated ¥ in. experiment
loop LOCA,; however, the analysis (Knudson 2000) only considered the dose consequence resulting from the failure
of the piping from one experiment loop. Because the seismic event that may cause loop piping damage in one loop
would also be expected to cause loop piping damage in the other four experiment loops, the amount of radioactive
material released is underestimated. Thus, the consequence of a malfunction of experiment loop piping is
increased.

Likewise, the ATR confinement is considered equipment important to safety to protect against the release of
radioactive material. Knudson (2000) took credit for some confinement by assuming a confinement leakage of
51.4% per day based on Lucas (2000); however, the block wall separating the reactor main floor from the canal
area is not expected to maintain its "gas tight boundary” integrity following the Condition 4 earthquake. Thus, the
confinement leakage rate assumed in the analysis is too low. The safety basis does not evaluate the potential dose
consequence of a seismic event that results in the failure of five loops concurrent with a loss of confinement. Thus,
the consequence of a failure of confinement during the Condition 4 seismic event is increased.

The primary coolant system (PCS) boundary is also considered equipment important to safety to protect against the
release of radioactive material. A Condition 4 seismic event could result in postulated LOCAs in both the
experiment loops and the PCS. As discussed in question 2, SAR-153 Chapter 15.6 evaluates decrease in primary
coolant inventory accidents, which includes seismically-induced PCS leakage. For recovery from LOCA events,
operator action is needed to sustain firewater injection by maintaining raw water inventories via deep well pumps
and keeping firewater system fuel tanks replenished (SAR-153 Section 15.0.13). For Condition 3 and 4 events, on-
site dose criteria are applied to evacuating workers in neighboring facilities in fieu of in-facility workers. Because of
the need to perform water management duties in the event that EFIS is actuated in response to PCS leakage,





43161 INL USQ PROCESS -
05/15/2007

Rev. 02 REASONABILITY DETERMINATION/POTENTIAL INADEQUACY IN
Use with LWP-18001 - THE SAFETY ANALYSIS (PISA) FORM Page 10 of
(DO NOT USE FOR PROPOSED CHANGES) 11
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Subject: Seismic-Induced Experiment Loop Leakage

Iib:

liic:

worker evacuation will be purposely delayed for some key personnel. Thus, the consequence analysis must
consider on-site emergency action dose criteria for personnel at ATR Complex, not just neighboring facilities. SAR-
153 does not evaluate the ability of non-evacuating personnel at ATR Complex to perform water management
duties in response to the seismically-induced PCS leakage concurrent with the radiological release resulting from
the loop LOCA. Thus, the consequence of a failure of the PCS boundary may be increased.

The PISA has the potential to increase the consequence of failures of experiment loop piping, confinement, and the
PCS boundary. Thus, the PISA increase the consequences of a malfunction of equipment important to safety
previously evaluated in the safety basis ,

POTENTIAL FOR CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE

Could the PISA create the possibility of an accident of a different type than previously evaluated in the safety
basis? Yes XI  No []

Explain:

The PISA discusses seismic-induced experiment loop leakage from damage to all five experiment loops. In addition
to an increased radioactive material release, a loop LOCA would also result in inpile tube voiding and an increased
reactivity insertion.

SAR-153 analyzes experiment loop LOCAs, experiment loop reactivity insertion events, and PCS LOCAs; however,
the SAR does not analyze a reactivity insertion event concurrent with a PCS LOCA. Because a Condition 4
seismic event could result in LOCAs in both the experiment loops and the PCS; the potential reactivity insertion
resulting from the experiment loop leakage concurrent with the PCS LOCA represents a new type of accident.
Thus, the PISA does create the possibility of an accident of a different type than previously evaluated in the safety
basis.

Could the PISA create the possibility of a malfunction of equipment important to safety of a different type than
previously evaluated in the safety basis? Yes [] No [X

Explain:

The PISA addresses seismic-induced experiment loop leakage from damage to all five experiment loops. SAR-153
addresses failures of experiment loop piping, confinement, and the PCS boundary. Aithough the PISA proposes
that all five experiment loops fail, the out-of-pile experiment loop piping is located in separate cubicles: 2 in the ATR
first basement and 3 in the ATR second basement. Because of their location and separation, the amount of leakage
is not anticipated to adversely impact other equipment important to safety. Thus, the PISA does not create the
possibility of a malfunction of equipment important to safety of a different type than previously evaluated in the
safety basis.

POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY

Could the PISA reduce a margin of safety as defined in the safety basis? Yes [X] No []
Explain:

The PISA discusses seismic-induced experiment loop leakage from damage to ail five experiment loops. In addition
to an increased radioactive material release, a loop LOCA would also result in inpile tube voiding and an increased
reactivity insertion. '

Likewise, SAR-153 Section 15.4.4 evaluates the effects of a reacﬁ\)ity insertion event resuiting from decompression
and subsequent voiding of an IPT resulting from mechanical failure of any % in. or smaller piping. The ATR-SINDA
and SINDA-SAMPLE calculations estimate margins to CHF of 3.40c and 3.3c for 2-pump and 3-pump operations
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respectively, margins to FI of 4.3 for both 2-pump and 3-pump operations, and margins to fuel plate buckling of
3.30 and 2.7 for 2-pump and 3-pump operations respectively. 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. However, the PISA proposes that all five experiment loops will fail, which may result in a
larger reactivity insertion and increased energy deposition in the fuel. Thus, the margins to CHF, Fl, and fuel plate
buckling will be reduced.

The PISA may reduce margins to CHF, Fl, and fuel piate buckiing. Thus, the PISA will reduce a margin of safety as
defined in the safety basis. '

Hid: ysQ DETERMINATION CONCLUSION

8. Based on the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes XI No

Explain:

The PISA addresses seismic-induced experiment loop leakage from damage to all five experiment loops and the
resulting increased reactivity insertion and radioactive material release.

As discussed above, the PISA increases the consequence of an accident previously evaluated in the safety basis,
increases the probability of occurrence of a malfunction of equipment important to safety previously evaluated in
the safety basis, increases the consequences of a maifunction of equipment important to safety previously
evaluated in the safety basis, and reduces a margin of safety of safety as defined in the safety basis. In addition,
the PISA creates the possibility of an accident of a different type than previously evaluated in the safety basis.
Thus, the PISA constitutes an unreviewed safety question.

If “No,” is a Safety Basis document revision required at next annual update?[ ] Yes 1 No

NOTE: If USQ determination result is positive, additional notification for ORPS is required per LWP-9301.
IV.  APPROVAL/CONCURRENCE SIGNATURES

APPROVAL.

Anne K. McCartin / John C. Chapman : 1232010
USQ Evaluator v USQ Eyajbator ’ = Date

Print/Type Name / / Signatur‘. \

Edmond J. Schuebert " o L /
Nuclear Facility Manager uclear Facility Mav;dger ate
Print/Type Name Signature
CONCURRENCE:
Jack A. Jacobi . N L7 WA

Independent Review Committee Chair Committee Date

Print/Type Name





Dorraine C To Brian.Whitlock@inl.gov

BurBURTDC/CCO1/INEEL/U
Su cc Serena M Rolfe/ROLFSM/CCO1/INEEL/US, Trudy K

Overlin/OKT/CCO1/INEEL/US,
10/12/2010 08:52 AM bee

Subject Trip Number 201100269 to Canada

Dear Brian:

ACKNOWLEDGEMENT OF RECEIPT OF THIS TRAVEL MEMORANDUM IS REQUIRED BEFORE
YOU TRAVEL. PLEASE PROVIDE SAID ACKNOWLEDGMENT BY RETURN E-MAIL TO EXPORT
CONTROL@INL.GOV. : '

I have conducted a preliminary review of your trip, Trip Number 201100269 to Canada. Based on my
export control review | am approving your trip. My approval however will be based on the following:

You must complete the following every time government or contractor owned equipment and items are to
be hand-carried, checked as luggage or shipped to your travel destination (Ref. LWP-3205).

. Declare the items on your foreign travel request form (FTMS).

Accompany the equipment and items with an INL property pass (Ref. Form 580.12,
LWP-2001) prior to the items being removed from BEA or DOE property.

Prior to your trip, obtain approval of the items, other than those items otherwise addressed in
this memorandum, by Export Compliance, which may include completion of declaration
paperwork (Ref. LWP-3205).

Contact the Packaging and Transportation Office (Ref. LWP-3205).

NOTE: Additional travel requirements may apply to items to be taken on travel such as the following.
Failure to declare or disclose BEA or DOE property taken on travel could result in U.S. criminal charges or
disciplinary action.

Registration with the U.S. Customs Office
Customs duties upon re-entry into the U.S.

Example equipment and items include, but are not limited to:

Computer

PDA

Cell phone and Blackberry
Prototype Equipment or Software
Components

Displays

In general, an export review will be required for the following:

1. INL contractor or government equipment, including computers and hand carried items, that you
will be taking on foreign travel. Registration with the U.S. Customs Office may also be required if
the item is not of United States manufacture (such as a Toshiba laptop computer) or if the item is
manufactured in the United States but is not clearly labeled. ltems that cannot easily be identified
as of United States manufacture may be subject to Customs duties upon reentry into the United
States.

2. All technical information you will be taking on foreign travel. Please remember to limit
deliberations, presentations, and discussions to only those topics which have been reviewed and
approved for release to foreign nationals. Further elaboration, or additional details beyond that
approved for release, may be considered an export.

3. If you are establishing contracts or licensing agreements, please ensure that you have received





all of the necessary export reviews prior to establishing a binding agreement. In some cases,
depending on the technical data, software, and/or commodities being exported; the country to
which you are traveling; and the end-use or end-user of the item; an export license may be
required by the Department of Commerce, Department of Energy, Department of State, or the
Nuclear Regulatory Commission. Even if you are working on a project funded and approved by
the Department of Energy, you cannot assume that the export reviews have been completed. The
INL is still responsible to ensure proper export controls are in place, and Department of Energy
approval does not override Department of Commerce or other federal agency export regulations.

If you are planning on taking a government owned laptop computer, Personal Data Assistant (PDAs), or
‘Blackberry device; or a privately owned laptop or PDA that will be used for official business, there are
certain rules that you must follow:

Laptops

1. Remove sensitive information from the laptop prior to travel (sensitive information is information
for which disclosure, loss, misuse, alteration, or destruction could adversely affect national
security, government interests, or company interests and competitiveness. National security
issues include unclassified matters that relate to national defense or foreign relations of the U.S.
government. Government interests are those related, but not limited, to a wide range of
government or government-derived economic, human, financial, industrial, agricuitural,
technological, and law enforcement information, as well as the privacy or confidentiality of
personal or commercial proprietary information provided to the U.S. government by its citizens.
Company interest and competitiveness issues include information about company business,
plans, and finances. Some categories of sensitive information includes Applied Technology
Information, Export Controlled Information, Official Use Only Information, Naval Nuclear
Propulsion Information, Privacy Act Information, Project Controlled Information, Proprietary
Information, Protected Cooperative Research and Development Agreement information,
Safeguards Information, and Unclassified Controlled Nuclear Information). If the traveler cannot
remove sensitive information due to travel or job requirements, the traveler should take extra care
to ensure the laptop is properly protected to prevent loss or theft. Loss of sensitive information
could result in loss of future work and personal or Company fines.

2. Ensure the proper U.S. Customs paperwork is in place. Serena Rolfe (526-6148) can assist the
traveler with the proper Customs paperwork (if required).

3. The traveler must maintain effective control of the laptop. You maintain effective control over an
item when you either retain physical possession of the item, or secure the item is such an
environment as a hotel safe, a bonded warehouse, or a locked or guarded facility. If effective
control cannot be maintained over the laptop, in accordance with federal export regulations, the
laptop cannot accompany the traveler. '

4. For travel to sensitive countries (a list of sensitive countries can be found on the Security or
Counterintelligence home pages), SECURID, VPN, and laptop requirements are controlled by the
Cyber Security Operations Office (Dave Klingler, 526-1662).

5. In some cases, you assume some risks when taking any laptop on your travel. For example,
some countries, such as Belarus, China, France, India, Indonesia, Israel, Russia, Saudi Arabia,
Singapore, and South Korea, have import control restrictions on computers and software which
may prevent you from taking your laptop to these countries. Although these import restrictions are
rarely enforced, you should be aware of the possibility and plan accordingly. You must also be
aware that the possibility exists that your computer could be confiscated by Customs Officials or
other federal authorities in the event that the computer has not been properly exported and
imported or for improper content.

Personal Data Assistants (PDAs) or Blackberry devices:
1. Only certain Blackberry devices will operate while on foreign travel due to licensing and

bandwidth. In order to use a Blackberry device while on foreign travel, fill out Form 560.03,
Commercial Wireless Telecommunications Service and Equipment Request. Contact J.R. Gates





(526-1000) for questions.

2. Remove all sensitive data from the device prior to travel. _

3. Maintain effective control of the device. You maintain effective control over a computer when you
either retain physical possession of the item, or secure the item is such an environment as a hotel
safe, a bonded warehouse, or a locked or guarded facility. If effective control cannot be
maintained over the device, in accordance with federal export regulations, the device cannot
accompany the traveler.

4. There are no country restrictions on either PDAs or Blackberry devices.

The topics identified in your travel itinerary may be export controlled and subject to the US Department of
State or US Department of Commerce, and/or US Nuclear Regulatory Commission, and the US
Department of Energy.

As a BEA employee or BEA contract employee, you are responsible to ensure that all technical data,
software, and/or commodities are properly protected in accordance with the United States export control
rules and regulations. The INL must be a responsible exporter. Failure to follow export procedures and
regulations may result in suspension of current or future licensing privileges and cancellation of all work
with foreign nationals; and criminal, civil, or administrative enforcement action against both the contractor,
the Government, and individual employees. As a quick reminder, technical data, software, and/or
commodities may be exported by during foreign travel through:

1. Technical discussions with foreign nationals;

2. Providing scope-of-work proposals to foreign nationals;

3. AU.S. scientist or engineer is hired by a foreign person to provide his/her expertise in controlled
areas (in some cases, applying expertise in a foreign country is considered an export even if a
foreign national does not receive the expertise, i.e., a computer specialist fixing a U.S. computer
in a foreign country); :

4. Transmission of technical data via electronic communication through methods such as fax, telex,
computers, video conferences, etc.;

5. Hand carried shipments of technical data, software, and/or commodities;

6. Training foreign nationals; and

7. Displays of equipment to foreign nationals whether in the United States or abroad, through
methods such as trade shows or plant visits.

8. Deemed Exports which can be items discussed that constitute an export of technical data whether
or not intended, and you need to take precautions when having technical discussions with foreign
nationals which you may or may not know their full affiliations.

Several facilities, groups, and individuals, based on past dealings with the United States or other countries
may be on the denied or debarred parties lists, and would have special export regulations in place (even
greater than the regulations listed above), and access to those entities and their subject facilities and/or
discussions with those groups could require special export reviews. You must contact the Export
Compliance Manager directly if you are going to any other venue than identified in the details of your
foreign travel package. These entities would include:

CHECKLIST OF BLOCKED PERSONS IN: CANADA PDF PRN

As detailed on the following lists: ]
Department of State Arms Export Control Act Debarred Parties [DDTC]
Department of Commerce Denied Persons [BIS]
Department of Commerce "Unverified” List [BIS]
Department of Commerce Entity List [BIS]
Specially Designated Nationals and Blocked Persons [OFAC]
Federal Register General Orders :

_ Department of State Designated Terrorist Organizations
Department of State Terrorist Exclusion List
Department of Treasury Palestinian Legislative Council List [ OFAC]
Department of State Munitions Export Control Orders [DDTC]

Close Winidow






Debartment of State Nonproliferation Orders
Weapons of Mass Destruction Trade Control Designations [OFAC]

14 records returned [Tuesday, October 12, 2010 10:51 AM EST].

2904977 CANADA, INC.
AKACARIBESOL'
' AKA HAVANTUR CANADA INC.
i P

BENEVOLENCE INTERNATIONAL FUND

AKA ' RNATIONAL FUND

A review of your hosts, David Kettles, Director U.S. Relations, Cam Pelzer, Saskatchewan Industry &
Resources, University of Calgary, University of Alberta, University of Saskatchewan, University of Regina,
David Kettles and Alberta Government, was also conducted. It was determined that neither party or their
affiliation were on any denied, debarred or anti-boycott lists or other entities lists. A review of Interpol and
the FBI was also conducted and each were found to be clear.

A web-based course is available to explain your export control responsibilities at the following location:
http:/itrain1.inel.gov/wbt/0INL 1432R00/start.cfm. '

For any questions, please call the Export Compliance Manager Trudy Overlin at 208-526-0735 or the
Export Compliance Administrator Dorraine Burt at 208-526-2383.





If your technical presentations have already been reviewed by our classifications office, please indicate to
Dale Claflin and his staff that they have not been modified or changed, in any significant way, beyond
minor grammatical changes. Note, all changes of photographs and graphics can constitute a technical
change and a re-review would be required. Your technical papers will also be required to be reviewed
prior to travel.

The information provided in this document is for internal INL/BEA purposes
only. Any dissemination of this document outside of BEA will require
additional authorization, in writing, by the BEA Export Compliance Manager at
EXPORT CONTROL@inl.gov or by calling 208-526-0735.

Travel safely and enjoy your trip.

Trudy K. Overlin, EO & LMEM, Manager
INL Export Compliance
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Subject: Application of Revised Surge Tank Level Analyses to Interim Operating Controls

\
Descrlbe the New lhformatlonlDrscovery

- Revisions of surge ‘tank (670-M-12) level instrument uncertamty analysis (EDF—5090) and surge tank volume versus
. level indication calculatlon (EDF-4106) were not applied to interim operating controls on surge tank level imposed -

by PISA/USQ TRA—USQ-2004~385 Rev. 1 ATR surge tank level interim control is 50% +5% (reference LCO
3.3.4).

Ident|fy the appllcable safety basrs document(s) (e. g., DSA, SAR BIO, TSRs etc. )

SAR-153, UpgradeH Final Safety. Analysis Report for the Advanced Test Reactor, Revision 28

TSR-186, Techmcal Safety Requirements for the Advanced Test Reactor, Revision 24

PISA/USQ TRA-USQ 2004-385 Rev.1, “ATR Surge Tank Instrument Limiting Control Settings”

Pending Evaluatlon of the Safety of the Situation for TRA-USQ-2004-385 "ATR Surge Tank Instrument errtmg

Control Settrngs TEV-764

REASONABILITY DETERMINATION (Reasonabrlrty detenmnatlons made as part of the ATR Desrgn Basls
Reconstitution effort may be documented per SP-10.2.4.9)
Isit reasonéble that the potential for an inadequate safety analysis exists based on the new information or
drscovery descnbed above? [ Yes [J No

if “Yes,” proceed to\Sectrons i, I, and V.
If “No,” provide an explanatron and basis for the reasonability determination.

USb Evaluator . USQ Evaluatof i Date
Print/T ype Name . Signature i
Nuclear Facility Manager - Nuclear Facility Manager Date
Print/T ype Name ’ . Signature )
If the answer to the questron above is “No,” file the completed form. Do not complete Section II, 1ll, or IV.
If the answer to the\questlon above is “Yes,” complete Section |1, Ill, and IV.
PISA DECLARATION

What is the basis for concern that the safety basis may not be bounding or may be otherwise inadequate?
Provide an explanhtron

ATR: interim opera‘Lllng control on the surge tank level imposed by TRA-USQ-2004-385 is 50% +5%. The
operating range sets the surge tank water level to a minimum of 45% span (50% - 5%). Applying the worst-
case instrument uncertainty of -24%, the minimum water level potentially is 21%, which corresponds to a
maximum air volume of 61 cubic ft (ft*3). Although the analyzed maximum air volume Is 60 ftA3, 61 ftA3
were deemed acceptable based on preliminary calculation (reference TRA-USQ-2004-385, Rev. 1
attachment)

Revised surge tank level instrument uncertainty (EDF-5090) for the lower water level, however, is —24.9%.
Applying the revrs‘Ed uncertainty, the minimum water level potentially would be 20.1%. More significantly,
applying the revised surge tank volume versus level indication calculation (EDF-41 06), 20.1% corresponds
to 67.44 ftA3, whrch is ~12% greater than the analyzed maximum surge tank air volume.
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Facility or Activity: Advanced Test Reactor
USQ Process No.: ATR Complex-USQ-2010-607

Subject: Apptication of Revised Surge Tank Level Analyses to Interim Operating Controls

EDF 4106, Rev., “V\TR Primary Surge Tank (670-M-12) Volume/Indication Calculation,” January 23, 2008.
" Matranga, E. C. ‘

EDF-5090, Rev. 2.1, “ATR Surge Tank Level Uncertainty Analysis,” March 18, 2009, Matranga, E. C

ECAR-236, “Analysis of ATR 3-in LOCA with Concurrent Failure of the LOCA PCP Shutoff System,” June
18, 2008. Polkinghorne, S. T.

A PISA existé Complete the following actions

. Nuclear Facrhty Manager document actions (below) including interim operating restrictions taken to ‘
place or maintain the facility in a safe condition.

. Nuclear Facility Manager execute reporting process for PISA per LWP-9301 and LWP-13830.
. Qujaliﬁed USQ evaluator proceed to Section 1l

ACTIONS TAKEN|TO PLAGE OR MAINTAIN FACILITY IN A SAFE CONDITION AND THE BASIS FOR THE
SELECTION OF ANY INTERIM CONTROLS.

At the time of discl:overy the plant was in power operations. No immediate actions are necessary to place
the plant in a safety condition. ECAR-236 demonstrates that the limiting accident (3-inch loss-of-coolant-
accident with concurrent failure of the LOCA primary coolant system pump shutoff engineered safety
feature) analysis satlsf' ies the ATR Plant Protection Criteria for an air volume of 70 ft*3. ECAR 236
analysis, however, assumes that Emergency Firewater In]ectlon System pumps provide function within 60

seconds after actuatlon

An interim contro‘l is necessary to reduce the EFIS Supply System (LCO 3.2.1.2) firewater supply pressure
{(pump start) Response Time requirement to less than or equal to 60 seconds (Table 3.2.1.2-2).

PARAMETER Firewater supply pressure (pump start)
RESPONSE TIMEi <60sec

Annual Functionah Test Surveillance, DOP-8.3.3 conducted 6/29/2009 verified Firewater Pump Response
Times were less than 60 seconds.

J. ci Chapman % @) ,ﬂom,. Lo e Shvg 2010

Safety Analyst afefy Analyst { Date
PrmtIT ype Name Signaature
E. J. Schuebert 8/(/ P2} 070‘/
Nuclear Facility Manager =" Nuclear Facilty Manager ~ Date
PrmtIT ype Name : Signature

Is independent techmcal review required? Yes [ ] No F’

Nuclear Facility Manager
Signature or Initials
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Facility or Activity: Advanced Test Reactor
USQ Process No.: ATR Complex-USQ-2010-607

Subject: Appllcation of Revised Surge Tank Level Analyses to interim Operating Controls
lndependent Reviewer Independent Reviewer Date
PnntlType Name : Signature
Il. USQ DETERMINATION |

Identify applicable 1section(s) of the safety basis document(s) (e.g., DSA, SAR, BlO, TSR, etc.).
See PISA/USQ TRA-USQ-2004-385 Rev.1, “ATR Surge Tank Instrument Limiting Control Settings”

illa: POTENTIAL FOR MN INCREASE IN PROBABILITY OR CONSEQUENCE OF AN ACCIDENT OR

MALFUNCTION. E‘VALUATED IN THE SAFETY BASIS
1. Could the PISA i increase probability of occurrence of an accident previously evaluated in the safety basrs”

Yes [J  No X

Explain:

The pertinent llmltmg accident is an equivalent 3-inch diameter opening in the primary coolant system loss-of-
coolant-accident (3—ln LOCA) with a concurrent failure of the LOCA primary coolant pump (PCP) shutoff
engineered safety feature (ESF) in which one PCP continues to operate. This is considered a Condition 3 event.
The PISA identifi es the potential for the initial surge tank air volume to be greater than 60 cubic ft (ft*3). Surge tank
level (surge air volume) is an initial condition of the accident analyses. The initial surge tank level is not an initiator
for a LOCA or for a failure of the LOCA ESF. Since the initial surge tank level is not an initiator, potentially larger
than analyzed |mt|al surge tank air volume would not affected the probability of occurrence of this accident.

2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes No EI
Explam
The pertinent Inmrtrng accident:is the 3-in. LOCA with a concurrent failure of the LOCA PCP shutoff ESF in which
one PCP contlnues to operate. The accident analysis demonstrates that Condition 3 Plant Protection Criteria
(PPC) are met. Fuel damage and radiological release is not expected for scenarios that meet Condition 3 PPC.
The PISA identifies the potential for the |n|t|al surge tank air volume to be greater than 60 ft*3. The current safety
analysis, however,
analysis demonstrates that air from the surge tank will not be drawn into the emergency pump suction which could
result in degrading primary coolant flow through the core. The potentially greater initial air volume in the surge tank
(~67 ft*3) may result in air drawn into the pump suction with the resultant primary coolant flow degradation and
adverse effect on core cooling. Adverse core cooling may result in fuel damage and radiological release.

3. Could the PISA mcrease the probability of occurrence of a malfunction of equipment important to safety
prevnously evaluated inthe safety basis? Yes XI No []

Explaln
The important to safety equipment relevant to the LOCA is the reactor shutdown system (RSS), the LOCA PCP
shutoff ESF, emergency coolant pumps (ECPs), and emergency firewater injection system (EFIS). Potentially

" greater air volumelm the surge would not affect the RSS, ESF, or EFIS, because these systems and feature are
functionally isolated from the surge tank and from any effect of entrained air into to the primary coolant system
(PCS). Potentially|greater surge tank air volume, however, could affect the performance of ECPs due to air
entrainment into the pump suction which would degrade the pump performance.
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Facility or Activity: Advahced Test Reactor
USQ Process No.: ATR Complex-USQ-2010-607

Subject: Applibation of Revised Surge Tank Level Analyses to Interim Operating Controls

4., Could the PISA mcrease the consequences of a malfunction of equipment important to safety previously
evaluated in the safety basis? Yes [] No [

- Explain:

‘The |mportant to safety equnpment relevant to the LOCA is the RSS, the LOCA PCP shutoff ESF, ECPs, and EFIS.
As noted in questlo‘h 3, potentially greater air volume in the surge would not affect the RSS, ESF, or EFIS.
Potentially greater surge tank air volume, however, could adversely affect the performance of ECPs due to air
entrainment into the pump suction. In the context of increase [dose] consequence, the ECPs are not barriers to the
release of radlologlbal material. Air entrainment into the ECP suctions per se would not affect the [dose]
consequence of the degraded ECP performance. (The question as to whether degraded ECP performance affects
the accident consequence is address by question 2. )

Nb: POTENTIAL FOR ‘CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE

5.  Could the PISA cre}ate the possibility of an accident of a different type than previously evaluated in the safety
basis? Yes [] | No

Explaln

The air volume in the surge tank during operation, the operating surge tank level, is an initial condition of the
accident analyses. | Due to the expansion of the larger air volume, The effect of greater initial air volume would be
to retard pressure ttans:ents due to the expansion of the larger air volume. PCS pressure transients are
addressed in the safety analysis. The greater initial air volume in the surge tank also may result in air entrainment
into the PCS dunng LOCAs, due vapor pull through. Entrained air may accumulate in the pump suctions. (ECP
pump degradation due to air entrainment in the ECP suction during a LOCA is address by question 2.) Entrained
air may degrade heat transfer in core and heat exchangers; however, the effects of the depressurization and loss of
coolant due to the t.OCA would over shadow any effect of entrained air in the PCS.

6. Could the PISA create the possibility of a malfunction of equipment important to safety of a different type than
previously evaluated in the safety basis? Yes [] No

Explain:

The operating air vplume in the surge tank is an initial condition of the accident analyses. The effect of greater
initial air volume would be to retard pressure transients and may resuit in air entrainment into the PCS during
LOCAs. (ECP pump degradation due to air entrainment in the ECP suction is address by question 4.) Entrained
air may affect the heat transfer in the heat exchangers. However, the major decay heat removal mechanism for the

LOCA is EFIS m;edtlon which would over shadow any degradation of the heat exchanger heat removal.

llic: POTENTIAL FOR ;REDUCTION IN A MARGIN OF SAFETY

7. Could the PISA reduce a margin of safety as defined in the safety basis? Yes XI No []
Explain: -
The current acmdent analysis demonstrates that Condition 3 PPC are met for the analyzed event: (reference ,
question 2). The ﬂISA identifies the potential for the initial surge tank air volume to be greater than 60 TF
current.safety analysns assumes that the maximum initial air volume is 60 ft*3. The potentially grez
volume in-the swge (~67 ft*3) may resultin‘air drawn into'the ECP pump suction with the resultar
flow: degradatlon and adverse effect on core cooling. - Adverse core cooling will result in decreased thermal
hydraulic margins: to the Condition 3 PPC.

liid: UsQ DETERMINAiTION CONCLUSION
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Facility or Activity: Advanced Test Reactor
USQ Process No.: ATR |Complex-USQ-2010-607

Subject: Application of Revised Surge Tank Level Analyses to Interim Operating Controls
8. Based on the responses to questions 1 — 7 above, does the PISA constitute an Unrevxewed Safety Question?
Yes X ‘No
Explain:

The PISA |dent|ﬁes the potential for the maximum initial surge tank air volume to be greater than that assumed in
the accident anaiysns (~B7 ft"3 vs. 60 ft73). The potentially greater initial air volume may resuit in air drawn into the
pump suction and prlmary coolant flow degradation, which would resuit in degradation of core cooling.

The evaluation of the safety of the situation for unreviewed safety question TRA-USQ-2004-385, “ATR Surge Tank
Level Instrument Limiting Control Settings,” supports ATR operations with a maximum initial surge tank air volume
of 70 ft*3 with the EFIS firewater pump Response Time of 60 s. Firewater Annual Fucntional Test DOP-8.3.3,
conducted 6/29/2009 verified firewater pump Response Times were less than 60 seconds.

If “No,” is a Safety Basis document revision required at next annual updaté?D _ Yes [l No
NOTE: If USQ determination result is positive, additional notification for ORPS is required per LWP-9301.
IV. APPROVAL/CONCURRENCE SIGNATURES

APPROVAL:
J. C. Chapman %M, SHva 2010
USQ Evaluator USQ Evaluator Date
Print/Type Name Signature
E. J. Schuebert é% d O 9%
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
CONCURRENCE::
J. A Jacobi MI //{f/@

Date

Independent Revnew‘Commmee Chair
Print/Type Name
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Facility or Activity. Advanced Test Reactor
USQ Process No.:  ATR Complex-USQ-2009-320
Subject: Emergency Coolant Pump Discrepancies in SAR-153

Describe the New Information/Discovery:

ECAR-4, "Advanced Test Reactor Emergency Coolant Pump Hardwired Auto Start Technical Bases,” was
completed in October 2007 to provide a technical basis for the ATR emergency.coolant pumps (ECPs) hardwired
auto start circuitry. During preparation of ECAR-4, a number of discrepancies and questions were identified. These
were documented in Appendix A of ECAR-4. A number of tracking-only ICARE actions were created to drive the
resolution of the discrepancies and questions. Belatedly, it was realized that some of the discrepancies might
constitute Potential inadequacies in the Safety Analysis (PISAs) for the ATR. These include the following:

1) Emergency Coolant Pump Single Failure Description

SAR-153 Section 3.1.4.5 discusses the general design criterion (GDC) for residual heat removal and how the ATR
meets the criterion. For residual heat removal, the system safety function must be accomplished assuming a single
failure. Table 3.1-3 lists the redundant and diverse systems available at the ATR for removing residual heat from
the ATR core. Coolant flow through the core is required for the first 30 minute period after reactor shutdown; loss of
this flow is called an early complete loss of flow accident (CLOFA). Of the six residual heat removal methods
credited in SAR-153, only two — primary coolant pumps or emergency coolant pumps - can be available in the first
30 minutes after reactor shutdown. For some scenarios (loss of commercial power, loss of all AC power, seismic
events), the primary coolant pumps are not available, leaving only the emergency coolant pumps for residual heat
removal.

The emergency coolant pumps require different power sources to operate: 670-M-10 requires AC power whereas
670-M-11 requires DC power. If, as indicated in EDF-5622, “Interim Seismic Probabilistic Risk Assessment for the
Advanced Test Reactor,” power cannot be restored to 670-M-10 in a timely fashion following a seismic event, only
670-M-11 is available to provide emergency flow through the core for the first 30 minutes after reactor shutdown. A
single failure of 670-M-11, its power supply, or the safety-related hardwired auto start circuits would result in a loss
of residual heat removal. This design does not meet the single failure criterion imposed by GDC 34.

The emergency coolant pump hardwired auto start circuitry (for 670-M-11) has been shown to be sufficient to keep
the probability of the early CLOFA less than 1.0 E-6/yr (i.e., beyond design basis) even with the single failure
vulnerabilities. The issue here is that the discussion of the emergency coolant pumps in SAR-153 does not properly
characterize the single failure vulnerability of the system, the probabilistic basis for the system's acceptability, and
how the probabilistic evaluation satisfies GDC 34.

2) Emergency Coolant Pump Alternate Lineup Standby Operation

Several places in SAR-153 (Sections 3.1.4.6, 5.4.7.4) and TSR-186 (LCO 3.3.3) indicate that, during reactor
operations, either emergency coolant pump can be operating as the in-service pump; the other emergency coolant
pump would be in the standby mode of operation. The standby pump is expected to start, when needed, on a signal
from the associated hardwired auto start circuitry. Normally, 670-M-10 is the operating pump and 670-M-11 is in
standby. The alternate lineup (670-M-11 operating with 670-M-10 in standby) is allowed but is not typically used.

Acceptability of the design of the hardwired auto start circuitry is based on a probabilistic evaluation (TRA-ATR-
1229). This evaluation concluded that the design of the circuitry was sufficient to keep the probability of an early
CLOFA beyond design basis. This evaluation, however, only modeled the hardwired auto start circuitry for 670-M-
11. While the circuitry for 670-M-10 is the same, the differences in power supply for the two pumps prevent directly
applying the resuits for 670-M-11 to 670-M-10. Thus, the ability of the hardwired auto start circuitry for 670-M-10
{i.e. the alternate lineup) to keep the probability of an early CLOFA beyond design basis has not been
demonstrated. Use of the altemate fineup, as allowed by the safety basis, may not meet the necessary acceptance

criteria.
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3) Emergency Coolant Pump Setpoinf Discrepancies

The ATR Plant Protection System (PPS) Emergency Pump Recirculation Flow (EPRF) scram setpoint was
originally based on pressurized operating conditions. Recently, the basis for the setpoint was changed to
depressurized operating conditions. SAR-153 is unclear regarding the basis for the setpoint as it discusses both
bases as if they were currently applicable.

During development of the PPS, it was intended, for depressurized operations, that a reactor scram be initiated by
the PPS if emergency pump recirculation flow decreased below the setpoint following failure of the running
emergency pump. A 10 second scram delay was incorporated to allow for startup of the standby emergency
coolant pump . The standby pump start signal, which is provided by the hardwired auto start circuitry, has a
different setpoint than the PPS trip. Thus, the signals will be initiated at different times after a loss of the operating
emergency coolant pump. Additionally, the PPS scram signal has a time delay of 10 seconds or less. When these
factors are combined, it is not clear that the reactor trip will be initiated within 10 seconds of a loss of the running
emergency coolant pump, as was the original design intent. Note that this lack of clarity is partially mitigated by the
fact that the 10 second value is not a critical value since the reactor trip is purely anticipatory.

4) Emergency Coolant Pumps as an Engineered Safety Feature

SAR-153 does not include the emergency coolant pumps as part of the Engineered Safety Features (ESFs) at the
ATR. According to comments made during the development of SAR-153, the emergency coolant pumps are not
considered ESFs because they act to ensure reactor safety limits are not exceeded during Condition 2 events. This
is different than ESFs, which act to limit the consequences of Condition 3 and Condition 4 events. The long-term
complete loss of flow accident (CLOFA), which is a Condition 4 event, relies on emergency coolant pump 670-M-11
to prevent fuet damage. So does the seismically-induced PCS leakage event, a Condition 3 event. This suggests
that 670-M-11, at least, should be considered an ESF. Additionally, the definition of an ESF in Section 1.1.3 of
SAR-153 — an ESF is an essential protective system or subsystem that functions to mitigate the consequences of
an incident by providing protection other than scram — seems applicable to the emergency coolant pumps.

5) Timing of Flow from Emergency Coolant Pump 670-M-10

An additional concern relates to the timing of flow from 670-M-10. Consider a loss of commercial and diesel power
with a failure of emergency coolant pump 670-M-11 to start (if in standby) or to continue to run (if operating at the
time of the accident). In this scenario, the only pump that can provide coolant flow to the reactor core in the short
term is 670-M-10. Before the pump can provide flow, emergency diesel generator 674-M-6 must start and load.
This occurs within a nominal 20 seconds after a bus undervoltage condition occurs. 670-M-10 must then spin-up to
operating speed. This is typically considered to occur in 10 seconds, although it may be less. Thus, 670-M-10
would be ready to provide flow at nominally 30 seconds after the loss of power. By this time, however, PCS flow
would have decreased to nearly 0% flow. 670-M-10 would have to accelerate the water in the primary system to re-
establish flow. This will take some amount of additional time.

To prevent unstable flow in certain fuel elements, and, consequently, fuel damage, as primary flow coasts down,
forced flow must be provided at approximately 26 seconds after primary pump trip. Given that 670-M-10, under
nominal conditions, will not provide flow until approximately 30+ seconds, it is not clear that 670-M-10 can prevent
fuel damage in these scenarios when powered by emergency diesel generator 674-M-6.
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Facility or Activity: Advanced Test Reactor
USQ Process No.: ATR Complex-USQ-2009-320
Subject: Emergency Coolant Pump Discrepancies in SAR-153
Identify the applicable safety basis document(s) (e. g., DSA, SAR, BIO, TSRs, etc.):

SAR-153, “Upgraded Final Safety Ahalysis_ Report for the Advanced Test Reactor”
TSR-186, "Technical Safety Requirements for the Advanced Test Reactor”

REASONABILITY DETERMINATION (Reasonability determinations made as part of the ATR Design Basis

Reconstitution effort may be documented per SP-10.2.4.9)
Is it reasonable that the potential for an inadequate safety analysis exists based on the new information or

discovery described above? [ Yes [ No

If “Yes,” proceed to Sections li, lll, and IV. , . , :
1f “No,” provide an explanation and basis for the reasonability determination.

S. D. Winter / J. C. Chapman

USQ Evaluator USQ Evaluator . Date
Print/Type Name Signature
E. J. Schuebert
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature

If the answer to the question above is “No,” file the completed form. Do not complete Section I, Ill, or IV.

If the answer to the question above is “Yes,” complete Section I, 1ll, and IV.
. PiSA DECLARATION

What is the basis for concern that the safety basis may not be bounding or may be otherwise inadequate?
Provide an explanation.

1) Emergency Coolant Pump Single Failure Description

This is a documentation issue in that SAR-153 does not adequately describe the existing probabiiistic failure
evaluation for the emergency coolant pumps hard wired auto start circuitry.

2) Emergency Coolant Pump Alternate Lineup Standby Operation

The emergency coolant pump hardwired auto start circuitry (for 670-M-11) has been shown to be sufficient to keep
the probability of the early CLOFA less than 1.0 E-6/yr (i.e., beyond design basis) even with the single failure
vulnerabilities. The ability of the hardwired auto start circuitry for 670-M-10 (i.e. the alternate lineup) to keep the
probability of an early CLOFA beyond design basis has not been demonstrated. Use of the alternate lineup, as
aflowed by the safety basis, may not meet the necessary acceptance criteria.

3) Emergency Coolant Pump Setpoint Discrepancies

This is a documentation issue in that the basis for various emergency coolant pump PPS and auto start setpoints
are not clearly and consistently described in SAR-153. There is no indication that the existing setpoints are

incorrect.
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4) Emergency Coolant Pumps asan Engineered Safety Feature

This is a documentation issue in that the emergency coolant pumps, which are described as parf of the primary
coolant system, should possibly also be considered to be Engineered Safety Features (ESFs) by virtue of the
accident mitigation function they perform. SAR-153 does not describe the emergency coolant pumps as ESFs.

5) Timing of Flow from Emergency Coolant Pump 670-M-10

Emergency coolant flow through the core is required for the first 30 minutes after reactor shutdown. It especially
must be provided by. 26 seconds following primary pump trip. If the alternate emergency coolant pump lineup is in
service, as allowed by the safety basis, 670-M-10 will be in standby, awaiting a start signal. Given that 670-M-10,
under nominal conditions, will not provide flow until approximately 30+ seconds after primary pump trip, when 670-
M-10 is powered by emergency diesel generator 674-M-6, it is not clear that 670-M-10 can prevent fuel damage in
those scenarios when the alternate lineup is in service.

As summarized above, items 2 and 5 identify the potential to allow ATR operations outside of the assumptions of the safety
basis analyses and are considered PISAs. ltems 1, 3 and 4, however, are documentation issues and are not considered PISAs.

A PISA exists. Complete the following actions

. Nuclear Facility Manager document actions (below) including interim operating restrictions taken to
place or maintain the facility in a safe condition.

. Nuclear Facility Manager execute reporting process for PISA per LWP-9301 and LWP-13830.
. Qualified USQ evaluator proceed to Section 1.

ACTIONS TAKEN TO PLACE OR MAINTAIN FACILITY IN A SAFE CONDITION AND THE BASIS FOR THE
SELECTION OF ANY INTERIM CONTROL.S.

At the time of discovery, 670-M-10 was the running emergency coolant pump (ECP) and 670-M-11 was the standby pump.
Since this is the pump lineup that is supported by the safety basis, no action is needed to place the plant in a safety condition.

The PISA indicates that ATR operation with M-11 as the running ECP with M-10 as the standby is not supported by the analysis,
An interim control shall be established that M-10 is the running ECP during power operations, as defined in TSR-186, and for 30
minutes following power operations. No additional action statements or surveillance requirements are needed.

S. D. Winter/ J. C. Chapman Signature on original 4/23/2009
Safety Analyst - Safety Analyst Date
Print/Type Name Signature
E. J. Schuebert Signature on original 4/24/2009
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature

Is independent technical review required? Yes [] No [X

Nuclear Facility Manager
Signature or Initials
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Facility or Activity: Advanced Test Reactor

USQ Process No.: ATR Complex-USQ-2009-320

Subject: Emergency Coolant Pump Discrepancies in SAR-153

Independent Reviewer Independent Reviewer Date

~ . PrintType Name Signature
.. USQ DETERMINATION : S
Identify applicable section(s) of the safety basis document(s) (e.g., DSA, SAR, BIO, TSRs, efc.).

SAR-153:

Section ES-1.5 describes the emergency coolant pumps as one of the safety features and mitigative measures
available atthe ATR. The pumps provide the necessary forced flow decay heat removal capability that ensures
adequate fuel cooling when the primary coolant pumps are not functioning. '

Section 1.1.3 describes the safety feétures of the ATR. The emergency coolant pumps are not included in this
section. ’ -

Section 3.1.4.5 describes how the ATR satisfies General Design Criterion 34, which requires the plant to have a
system to remove residual heat from the reactor core. The system shall function, assuming a single failure, with
either on-site electrical power or off-site electrical power. Five decay heat removal (DHR) methods are discussed.
One of the two closed-loop methods listed involves using the emergency coolant pumps to circulate primary coolant
through the primary coolant system to transfer heat from the reactor core to the normal heat sink. This section also
mentions that DHR using the emergency firewater injection system (in an open-loop cooling mode) ensures that the
ATR Plant Protection Criteria are met for Chapter 15 accidents.

Section 3.1.4.6 describes how the ATR satisfies General Design Criterion 35, which requires the plant to have a
system that provides abundant emergency core cooling. Such a system is intended to remove heat from the reactor
core following any credible loss of primary coolant. The system shall function, assuming a single failure, with either
on-site electrical power or off-site electrical power. The emergency coolant pumps provide this function after
primary coolant pump coastdown and before the emergency firewater injection system is activated. it is noted that
one emergency coolant pump operates during reactor operations. A particular pump is not specified. During
depressurized operation, both emergency coolant pumps are typically operated although a single pump is adequate
for reactor heat removal.

Section Table 3.1-3 lists the means of decay heat removal at the ATR. Item #2 is the emergency coofant pumps.

Section 3.2.2 discusses System Quality Group classification. Table 3.2-1 lists ATR systems that contain Seismic
Category | components and structural elements. The emergency flow system, which includes the emergency
coolant pumps, is listed as part of the primary coolant system, not as an engineered safety feature.

Section 3.11.2 lists those safety-related systems or equipment required after reactor shutdown for design-basis
events. The emergency coolant pumps are on this list.

Section 5.1.4 describes the primary coolant system. The emergency coolant pumps are included in this description.
It is noted that 670-M-10 is normally operating during reactor operation in the pressurized mode; 670-M-11 is
normally in standby. it is also noted that one emergency coolant pump is operated continuously during reactor
operation to ensure the required flow after primary pump coastdown without reliance on emergency coolant pump
start-up.

Section 5.4.7.4 discusses the emergency coolant pumps in the context of decay heat removal. The signals that will
start each pump (when in standby) are discussed. If the standby pump does not start in 10 seconds, the reactor is

_scrammed. It is noted that operation of the emergency coolant pumps protect the fuel element cladding from
adverse effects resulting from low PCS flow (in addition to the safety limits on core thermal performance
parameters).
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Section 7.2.1.1.2.4 describes the emergency coolant flow discharge trip of the reactor shutdown system. This trip is
- functional during reactor depressurized operation. IR : S

| , Section 7.2.1.1.'2.5‘describes the emergency éoolani pump recirculation flow trip of the reactor shutdowﬁ sysie'm. It

is stated that, during pressurized operations, one emergency coolant pump is operating (which pump is not
specified) and the other pump will start and reach full speed within ten seconds of failure of the operating pump. If
the recirculation flow delivered by the standby pump does not exceed the low flow limit within 10 seconds of loss of
the running pump, a reactor trip signal is generated. Loss of all primary coolant pumps will also start both
emergency coolant pumps. The 10 second delay does not affect this trip when the reactor is in the depressurized
‘mode of operation. ‘ ‘

Section 7.2.1.1.5 diséuSses opefation of the low emergency pump recirculation flow trip.

Section 7.4 indicates that emergency coolant flow is required to be available during reactor operation greater than 3
MW and for the first 30 minutes after reactor shutdown. One of the two emergency coolant pumps is operating
continually during normal reactor operation. The other pump will automatically start on low emergency coolant
recirculating flow.

Section 7.6.7 discusses the emergency coolant pump hardwired auto start circuitry. It is stated that the hardwired
auto start control circuitry is designed to fail to a safe condition.

Section 8.1.6 states that the analysis of the low flow events in the updated accident analysis requires the operation
of one emergency coolant pump for at least 30 minutes following power operation if operation of the primary pumps
is lost.

Section 8.3.1.4 indicates that a PRA-based evaluation demonstrated that loss of both emergency coolant pumps
within 30 minutes after a loss of flow event is beyond design basis. Changes to the systems analyzed in the PRA-
based evaluation will require a risk evaluation to ensure that the reliability assumed for these systems is
maintained.

Table 15.0-7 lists the plant systems and equipment available for transient and accident conditions. The emergency
coolant pumps are not on this list. The low emergency discharge flow reactor shutdown trip is listed for a
momentary loss of flow accident in depressurized operations.

Table 15.0-9 lists the limiting single failures assumed in the UFSAR reanalysis of accidents. For a loss of
commercial power, the limiting single failure is that of the standby emergency coolant pump. For a complete loss of
flow, the limiting single failure is loss of the diesel generator powered emergency coolant pump (670-M-10) followed
by failure of 670-M-11 after 30 minutes as a result of battery depletion.

Section 15.3.1 describes the limiting Condition 2 accident that results in a decrease in reactor primary coolant flow
rate at the ATR. This event, a loss of commercial power, assumes that a complete loss of emergency flow within 30
minutes from reactor shutdown is beyond design basis. This assumption is based on the presence of the two
emergency coolant pumps, their safety-related power supplies, and the standby startup capability provided by the
hardwired auto start circuitry.

Section 15.3.4 describes the limiting Condition 4 accident that results in a decrease in reactor primary coolant flow
rate at the ATR. This event, a long-term complete loss of flow, assumes that a complete loss of emergency flow
within 30 minutes from reactor shutdown is beyond design basis. The basis for the assumption is the same as that
described in Section 15.3.1.
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Section 15.6.6 describes the seismically-induced PCS leakage accident. Because the seismic event causes a loss
of commercial and diesel AC power, the evaluation assumes that emergency coolant pump 670-M-11 starts
automatically and provides flow for the first 30 minutes of the event.

Section 15.6.7 descnbes the very small seismic LOCA accident. From the standponnt of the emergency coolant
pumps, the event is the same as the seismically-induced PCS leakage accident described in Section 15.6.6.

Section 15.9.1.1 describes the evaluation of a momentary loss of flow due to an emergency coolant pump failure or
inadvertently turned off during depressurized operation. It is assumed that the operators are able to restore flow
from at least one emergency coolant pump within several hours and before core cooling is lost. Both emergency
coolant pumps are assumed to be operating at the start of the event. It is noted that the analyses for this event
assumed a reactor power of 2.5 MW and that, currently, depressurized operations are allowed up to 500 kW. The
bases for the low emergency flow and low emergency pump recirculation flow reactor scram setpoints are also
discussed.

Section 15.11.9.2 describes the evaluation of a momentary total commercial power failure (for less than one hour).
This event assumes that primary system flow coasts down to emergency coolant pump flow. The |dent|ty of the
assumed operating emergency coolant pump is not specified.

Section 15.11.9.3 describes the evaluation of an extended commercial power failure (more than one hour) event. It
is noted that “the diesel generator” continues to supply power for the emergency coolant pumps.

Section 15.11.9.4 describes the evaluation of a loss of power from the 250V DC utility bus. It is noted that a failure
of this bus, which could fail switchgear controls normally powered from this bus, would prevent standby pumps from
starting, with the exception of emergency coolant pump 670-M-10.

Section 15.11.9.5 describes the evaluation of a momentary diesel power failure (until the standby diesel generator
is started). It is noted that the DC-powered emergency coolant pump will start if in standby mode and will keep
running if in-service at the time of the event.

Section 15.11.9.12 describes the evaluation of momentary (15 minutes to 1 hour) complete losses of power
combinations (loss of commercial and diesel power). The evaluation takes credit for operation of the DC-powered
emergency coolant pump to provide forced flow through the reactor core.

Section 15.11.9.13 describes the evaluation of extended (longer than 1 hour) complete losses of power
combinations (loss of commercial and diesel power). The evaluation notes that a complete loss of commercial and
diesel power will result in an extended complete loss of PCS flow after the battery-backed power supply for the DC
powered emergency coolant pump is depleted. During depressurized operations, the event will result in an
extended complete loss of emergency coolant flow.

' Sectnon 16.1.2 describes the derivation of certain safety limits for the ATR. It is noted that, for depressurized
operation, the low flow safety limit that ensures at least 3 sigma to flow instability is 302 gpm.

Section 16.2.1 describes the derivation of limiting control settings for the ATR reactor shutdown system. Included in
this description is that for the low emergency flow scram and the low emergency pump recirculation flow scram.

Section 16.2.2.4 describes the derivation of the limiting conditions for operation (LCOs) for the primary coolant
system. Included in this description is a discussion of emergency coolant pump operation following a loss of the
primary coolant pumps and a list of associated LCOs.

Section 16.2.2.8 describes the derivation of the limiting conditions for operation for the electrical systems at the
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ATR. Included in this description is a discussion of the battery-backed power supply for the DC powered
emergency coolant pump. It is stated that DC pump is either operating when a loss of commercial and diesel power
occurs or it starts when the ac-powered emergency coolant pump stops after the loss of power... =~ - -

Table 16'.6—1 lists UFSAR limits for automatic safety ﬁjnction actuation. The reactor shutdown system setpoints for.
low emergency flow and low emergency pump recirculation flow are listed here. ‘ '

Table 16.6-2 lists UFSAR limits for plant protection system settings. The setpoints for low emergency flow and low
emergency pump recirculation flow are listed here.

' TSR-186

Section 1.1 contains the definition of an Engineered Safety Feature — an essential protective system or Subsystem
that functions to mitigate the consequences of an incident by providing protection other than scram.

Safety Limit 2.1.4 indicates that reactor coolant flow shall not be less than 302 gpm during depressurized operation.

LCS 3.1.1 Table 3.1.1-1 SR (08), SR (15); LCS 3.1.1 Bases - these sections present the reactor shutdown system
setpoints, and their bases, for the low emergency flow and low emergency pump recirculation flow scram
subsystems.

LCO 3.3.3, LCO 3.3.3 Bases - these sections brovide the operability requirements, and their bases, for the
emergency coolant pumps during power operations and for 30 minutes following power operations. Included in the
operability requirements is the setpoint for the hardwired auto start circuitry for the emergency coolant pumps.

lifa: POTENTIAL FOR AN INCREASE IN PROBABILITY OR CONSEQUENCE OF AN ACCIDENT OR
MALFUNCTION EVALUATED IN THE SAFETY BASIS

1. Could the PISA increase probability of occurrence of an accident previously evaluated in the safety basis?
Yes [ No[X

Explain:

The issues presented in this PISA are considered in the context of a “backward-looking” USQ determination for all
seven questions. Assume that the only allowed lineup of the emergency coolant pumps is the normal lineup — 670-
M-10 in service and 670-M-11 in standby. The first proposed ‘change’ would be allowing the use of the alternate
lineup (670-M-11 in service and 670-M-10 in standby), which corresponds to item (2) in the PISA. The second
proposed ‘change’ would be the recognition that the combination of emergency diesel generator 674-M-6 and
emergency coolant pump 670-M-10 to potentially initiate flow after the first 26 seconds after reactor scram, which is
considered too late to prevent possible fuel damage. This corresponds to item (5) in the PISA. When discussed
separately, the designators (2) and (5), respectively, will be used in this USQD for the items.

- The ATR accident analyses consider a complete failure of primary system flow within the first 30 minutes after a
reactor scram (early CLOFA) to be beyond the design basis for the reactor. This conclusion is based on a
probabilistic frequency analysis of all accidents that could lead to an early CLOFA. The analysis considers the
normal emergency coolant pump lineup, the battery-backed power supply for 670-M-11, the normal and emergency
diesel generator power supplies for 670-M-10, the hardwired auto start circuitry for the emergency coolant pumps,
and other features and systems of the ATR. Because the early CLOFA is considered to be beyond design basis, it
is not evaluated within SAR-153. For those accidents where emergency flow is important, the analyses in SAR-153
assume that 670-M-10 is operating at prior to the accident and either continues to operate during the accident or
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that 670-M-11 starts from the standby condition to provide primary coolant system flow, as necessary.
(2) Erﬁergency Coolant Pump Alternate Lineup Standby Operation

- Use of the alternate emergency-coolant pump lineup does not affect any identified accident initiator. It could-
patentially affect the progression of previously evaluated accidents if the reliability of the alternate lineup were
different than that of the normal emergency coolant pump lineup. Any adverse effect would be to turn a previously
evaluated accident into an early CLOFA, which has not been evaluated. For this reason, this issue does not
increase the probability of occurrence of an accident previously evaluated in the safety basis.

“(5) Timing of Fiow from Emergency Coolant Pump 670-M-10

Operation of the standby emergency coolant pump, regardless of it's power source, occurs only after the initiation
of an accident. Similarly, the scenario involving operation of emergency coolant pump 670-M-10 following startup of
emergency diesel generator 674-M-8 occurs only after the initiation of an accident. For these reasons, this issue
cannot increase the probability of occurrence of a previously evaluated accident.

2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes No []

Explain:
2) Emergency Coolant Pump Alternate Lineup Standby Operation

This issue involves the fact that the alternate emergency coolant pump lineup has not been shown to keep the
frequency of an early CLOFA beyond the design basis for the ATR. The use of the alternate lineup, by itself, does
not increase the consequences of an accident previously evaluated in the safety basis.

5) Timing of Flow from Emergency Coolant Pump 670-M-10

This issue involves the concern that flow from the 674-M-6/670-M-10 diesel/pump combination couid potentially
arrive at the reactor core too late to prevent fuel damage in an accident scenario that requires the alternate lineup.
While this diesel/pump combination is not explicitly credited in SAR-153, it is important to the more frequent, less
severe seismic events that are evaluated probabilistically at the ATR (Reference TRA-ATR-1615 pg 10). The
possible delay in flow from 674-M-6/670-M-10 could result in fuel cfad damage that could increase the
consequences of these seismic events.

3. Could the PISA increase the probability of occurrence of a malfunction of equipment important to safety
previously evaluated in the safety basis? Yes [ No []

Explain;
2) Emergency Coolant Pump Alternate Lineup Standby Operation

Use of the alternate emergency coolant pump lineup merely changes which emergency coolant pump is normaily
operating and which is normally in standby. This change could result in emergency coolant pump 670-M-11
operating more frequently or for longer durations than currently occurs. Additional operating time could potentially
degrade 670-M-11 and increase the probability of occurrence of a malfunction of this emergency coolant pump.
While the accident analyses in the safety basis do not explicitly assume that 670-M-11 fails, failure of the pump is a
component of the probabilistic analysis that demonstrate that an early CLOFA is beyond the design basis of the
ATR. Thus, the failure of the pump has been previously evaluated in the safety basis. ‘
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5) Timing of Flow from Emergency Coolant Pump 670-M-10

The 670-M-10 flow timing issue could increase the probability that the fuel claddmg on one or more fuel elements
could fail or be damaged in one or more of the more frequent, less severe seismic accidents evaluated in the PRA.
Fuel element cladding damage or failure is a malfunction of the primary barrier to the release of radioactivity from
the fuel that has been previously evaluated the safety basis. The 670-M-10 flow timing issue could increase the
probability of a malfunction of this equipment that is important to safety

4.  Could the PISA increase the consequences of a malfunction of equipment important to safety previously
- evaluated in the safety basis? Yes X. No []

Explain: '
2) Emergency Coolant Pump Alternate Lineup Standby Operation

This issue involves the fact that the alternate emergency coolant pump fineup has not been shown to keep the
frequency of an early CLOFA beyond the design basis for the ATR. The use of the alternate lineup, by itself, does
not increase the consequences of a malfunction of equipment important to safety previously evaluated in the safety
basis.

5) Timing of Flow from Emergency Coolant Pump 670-M-10

For this issue, there is no specific equipment malfunction. Instead, even if everything functions properly, the flow
from 670-M-10 could occur too late to prevent fuel clad damage in the more frequent, less severe seismic accidents
evaluated in the PRA. Such fuel clad damage could result in the release of radioactive material from the fuel and
possible consequences. These consequences represent an increase in those currently predicted (i.e., none).

lib: POTENTIAL FOR CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE

5. Could the PISA create the possibility of an accident of a different type than previously evaluated in the safety
basis? Yes X No [

Explain:
2) Emergency Coolant Pump Alternate Lineup Standby Operation

The early CLOFA is not evaluated in the safety basis because it has been determined to be beyond the design
basis for the ATR. The alternate emergency coolant pump lineup, however, was not explicitly considered in this
determination. Use of the alternate lineup could potentially make the probability of occurrence of the early CLOFA
greater than 1.0 x 10°%/yr, or not beyond design basis, which would require an evaluation of the accident. Because
the early CLOFA is not currently evaluated, this situation would create the possibility of an accident of a different
type than previously evaluated in the safety basis.

5) Timing of Flow from Emergency Coolant Pump 670-M-10

The 670-M-10 timing issue represents a scenario in which emergency coolant pump flow is potentially too late to
prevent fuel clad damage following a loss of primary coolant system flow. Fuel clad damage due to a ioss of flow,
especially in the short time frame postulated in this issue, is essentially an early CLOFA. As indicated above, this is
an accident of a different type than previously evaluated in the safety basis.
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6.  Could the PISA create the possibility of a malfunction of equipment important to safety ofa different type than
‘previously evaluated in‘the safety basis? = Yes O No X

-Explain;
. 2) Emergency Coolant Pump Altérhate Lineup Standby Operation

Use of the alternate emergency coolant pump lineup does not expose the pumps or associated equipment to any
operating condition or environment different than currently evaluated or envisioned. Thus, this issue does not
create the possibility of a malfunction of equipment important to safety of a different type than previously evaluated
in the safety basis.

5) Timing of Flow from Emergency Coolant Pump 670-M-10

This issue is one of flow timing; it does not involve equipment malfunction. The only malfunction of equipment
important to safety that could potentially be affected by this issue is fuel clad damage, which has been previously
evaluated in the safety basis. Thus, this issue does not create the possibility of a malfunction of equipment
important to safety of a different type than previously evaluated in the safety basis.

lllc: POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY
7. Could the PISA reduce a margin of safety as defined in the safety basis? Yes No []
Explain:

2) Emergency Coolant Pump Alternate Lineup Standby Operation

This issue involves use of the alternate emergency coolant pump lineup and the fact that it has not been shown fo
keep the probability of occurrence of an early CLOFA beyond the design basis of the ATR. The issue does not
involve setpoints, physical parameters, or conditions. The margins of safety as defined in the safety basis are not

reduced.
5) Timing of Flow from Emergency Coolant Pump 670-M-10

The Bases for TSR-186 LCO 3.3.3 describe how the operation of the emergency coolant pumps, along with the
setpoints for the hardwired auto start circuitry, help ensure that the margins to flow instability and critical heat flux
are greater than three standard deviations for loss of heat sink and loss of coolant events. The flow timing issue for
emergency coolant pump 670-M-10 could potentially lead to fuel clad damage if the flow from 670-M-10 does not
arrive at the core within 26 seconds after loss of PCPs. This scenario, which implicitly results in less than three
standard deviations from flow instability or critical heat flux, could be applicable to the more frequent but less
severe seismic events evaluated in the PRA. Thus, this issue could potentially reduce a margin of safety as defined

in the safety basis.

Ilid: USQ DETERMINATION CONCLUSION

8. Based on the responses to questions 1 —~ 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes X No
Expiain:

2) Emergency Coolant Pump Alternate Lineup Standby Operation

Use of the alternate emergency coolant pump lineup is an Unreviewed Safety Question. The lineup has not been
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shown to keep the probability of an early CLOFA beyond design basis for the ATR. If the early CLOFA is not
beyond design basis, it needs to be evaluated and the possible consequences need to be determined:

5) Timing of Flow from Emergency Coolant Pump 670-M-10

The timing of flow from 670-M-10 has the pdtehtial to result in fuel clad damage if flow is late in reaching the reactor

core. Because of the possibility of fuel clad damage, and the potential for subsequent consequences, this issue

constitutes an Unreviewed Safety Question.

If"No," is a Safety Basis document revision required at next annual update?[ ] Yes [} No »

NOTE: If USQ determination result is positive, additional notification for ORPS is required per LWP-9301.
IV.  APPROVAL/CONCURRENCE SIGNATURES o

APPROVAL:
S. D. Winter / J. C. Chapman %ﬂm[ A VMo 27
USQ Evaluator usa E\;?(u o - Date
Print/Type Name ignatur,
E. J. Schuebert \’S”Z/ ‘/ZO9 /90
Nuclear Facility Manager Nuclear Facility Marfager ¥ 7 Date
Print/Type Name Signature
CONCURRENCE:

A Pofeskins (afternad.)
J. A, Jacobi ; S-/DF
Independent Review Committea Chair Indepentient Review Committee Chair Date

Print/Type Name ‘ Signature
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Dgs,c_r_ibé the New InqunaﬁonlDiscwery:

The derivations -of the analytical limit setpoint and response time requirements for the ATR radiation monitoring and
seal system (RMSS) are not consistent with the system functional performance assumed in the radiological -
consequence analyses. The derivations are based on limits that are not consistent with the ATR plant protection
criteria specified in the safety basis.

- The basis for the analytical limit setpoint (TSR-186 LCO 3.2.2 Table 3.2.2-1) for the RMSS is stated in TRA-ATR-

- 1022, Update of ATR RMS GM-34' Gamma Source/Shield Calculations: "setpoints should be sat such that in the
event of any accidental release of airborne radioactive material within the gas-tight area, an individual focated on.
the nearest site boundary for a period of two haurs would not contract a radiological dose in excess of those
specified in 10 CER 100." o : -

The analysis in TRA-ATR-1022 starts with a 300-rem thyraid exposure at the nearest site boundary and back-
calculates a radloactive material discharge rate and concentration for the ATR stack. The direct radiation field at

* the battom of the stack is then calculated for this concentration of radicactive material. The RMSS detector is
located at the bottom of the ATR stack. This direct radiation fleld (mR/hr) is the basis for the analytical limit setpoint
(350 mR/hr) for the detector. ' :

This basis is not consistent with the radiological consequence analyses presented in SAR-153 Sections 15.7,
Radigactive Release from a Subsystem or Component, and 15.12, Severe Accident Analyses, for personnel
located off of the Reactor Technology Complex (RTC) site. These analyses (TRA-ATR-1562, Radiological Analysis
Supporting an ATR UFSAR Revision) assume the confinement seal function has occurred prior fo the start of the
release of the accident source term from the confinement building. The basis for the setpoint derivation would not
require a trip until the discharge rate from the ATR stack reached a leve! that would challenge 10 CFR 100 limits.

The setpoint basis is also not consistent with criteria defined in Section 15.0.14, ATR Plant Protection Criteria, of
SAR-153. These criteria have escalating limits on off-site exposure consequences for lower frequency accidents.
10 CFR 100 limits are specified for Condition 4 events but lower consequences are specified for Candition 2 and 3
accidents.. The derivation of the setpoint only considers the Condition 4 protection criterion.

The basis for the response time requirement for the RMSS (TSR-186 LCO 3.2.2 Table 3.2.2-1) Is also stated in
TRA-ATR-1022: "With the greater percentage of TRA personnel located at about 400 meters, or greater, from the
ATR stack, and setting the thyroid inhalation dose criteria at 30 rem (1/10 of the 300-rem limiting value ... ), the time
delay value for the ATR should be no greater than 3 minutes.

The exposure to RTC workers was calculated at various distances from the stack using the radioactive material
discharge rate determined from the setpoint derivation. The resuit was a 30-rem thyroid exposure at 400 m for a 3-
minute exposure time.

This basis is also not consistent with radiclogical consequence analyses presented in SAR-153 Section 15.7 and
13.12. These analyses (TRA-ATR-1562) assume the confinement seal function has occurred prior to the start of
the release of the accident source term from the confinement building. The analyses also assume that RTC
workers can avoid resident exposure because there are two separate evacuation staging areas and because plume

! Note that the caiculations in TRA-ATR-1022 refer to the GM-34 detector. This is not the RMSS detector and was not the
RMSS detector in 1995 when the analysis was performed. However, the three RMSS detectors are located in essentially
the same position as the GM-34 detector so the analysis can be applied to the RMSS detectors.
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~ dispersion should be insufficient to contaminate both areas. The RTC worker exposures are limited to those
‘ received while traversing the plume at 100 m from the building on the way to a staging area '

The worker exposure limit of 30-rem thyroid used for the response tnme derivation does not correfate directly to the
exposure limits for workers defined in the ATR piant protection criteria.

The radiological consequence results in TRA-ATR-1562 are scaled to present results of less severe accidents in
both SAR-153 and experiment safety assurance packages. Thus RMSS functional performance assumed in the
_safety basis is that the confinement seal will occur. prior to any accidental release of radioactive material. The
- setpaint derivation, on the other hand, is based on not tripping the confinement seal until there is an appreciable
accident source term discharging from the stack.

ldentify the applicable safety basis document(s) (i.e., DSA, SAR, BIO, TSRs, OSRs):

ATR Technical Safety Requirements, Revision 9, Apnl 7, 2005, TSR-186, LCO 3.2.2, Radiation Manitoring and Seal System,
Table 3.2.2-1

ATR Upgraded Final Safety Analysis Report, Revision 16, April 7, 2005, Section 15.7, Radioactive Release from a Subsystem
or Component

ATR Upgraded Final Safety Analysis Report, Revision 16, April 7, 2005, Section 15.12, Severe Accident Analyses
ATR Upgraded Final Safety Analysis Report, Revision 16, April 7, 2005, Section 15.0.14, ATR Plant Protection Criteria
ATR Upgraded Final Safety Analysis Report, Revision 16, April 7, 2005, Section 12.5.2.3.5.3, Airborne Effluent Monitoring Basis

Peterson, H. K., 1985, Update of ATR RMS GM-34 Gamma Source/Shield Calculations, EDF TRA-ATR-1022, LMITCO,
February 28, 1995.

Knudson, O.L., 2000, Radiclogical Analysis Supporting an ATR UFSAR Revision, EDF-TRA-ATR-1562, May, 30, 2000.
Wagner, W. D., 1895, ATR Alrborne Effluent Limits, EDF TRA-ATR-837, LMITCO, March 27, 1995

L PISA ASSESSMENT
a. Is there a potential inadequacy in the analytical methodology and/or tools used in the safety basis?
.Yes [J] No

b. s there a potential discrepancy between the safety basis assumptions, provisions, or conditions, in the
accident analysis and the facility operation or parameters?
0 Yes X No

¢. s the actual physical condition of the facﬂlty different than as descnbed in the safety basls (discrepant as-
found condition)?

(0 yes X No
d. Has an actual or postulated operational event or incident revealed a potential inadequacy in the safety
basis?

[0 Yes XK No
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Provide an explanation of the assessment resuit:

The derivation of the analyticat limit setpoint and response time are not consistent with the methods used in the-
radiological consequence analyses presented in SAR-153 Section 15.7 and 15.12. The methodology used for the
derivation of the setpoint could allow higher off-site dases than predicted by the radiological consequence analyses.
Since these radiological consequence analyses are the basis upen which DOE approved operation of the ATR, the
discrepancy represents a potentially inadequate safety analysis.

“R. T. McCracken - //‘/%ZL« : 5405
Y BV

USST Evaluator ~ Ev:‘luator Date
Print/Type Name gnature
n.B. A LCNCUCH M B3 0D oy 5]y lds
Nuclear Facility Managsr Nuclear Facility Manader " Date
Print/Type Name Signature

If the answer to ALL of the assesshent questions above is No, file the completed form.

if the answer to any one of the assessment questions is Yes, there is a potentially inadequate safety analysis
(PISA): - '
. Nuclear Facility Manager document actions (Section ), including interim operating restrictions,
taken to place or maintain the facility in a safe condition. .
Nuclear Facility Manager execute reporting process per MCP-190, for PISA.
. USQ evaluator proceed to Section Il.

. DOCUMENT ACTIONS TAKEN TO PLACE OR MAINTAIN FACILITY IN A SAFE CONDITION

ATR was operating at full power in Cycie 1348 at the time of discovery. No immediate action was necessary.

Procedurally, the in-plant setting for the RMSS is required to be <45 mR/hr. The instrument uncertainty is required to be <35
mR/hr. Thus the maximum in-plant setting allowed by operating procedures is 80 mRMr. The instrument reads about 1.5 to 2.5
mR/hr during normal operation when the stack discharge rate is 4 to 6 Cl/day of noble gases (primarily argon-41). In SAR-153
Chapter 12, Radiological Protection, annual off-site doses were calcuiated for each radioisotopic category (i.e., noble gases,
iodines, and particulates) in typical ATR stack effluents. An exposure of 2.5 mrem/yr effective dose equivalent is reached with an
average release of 450 Cl/day of noble gases or 24 Ci/day of iodine or 620 Cl/day of particulates for a recaptor located at the
nearest site boundary for 365 days per year (Wagner 1895). Thus the noble gas discharge wouid have to increase by a factor
of 75 (450/6) befors the limits for routine discharge wauid be exceeded. Nable gases are the first materiais released during
failure of fuel and discounting the presence of other materials is conservative. The instrument reading at this discharge rate (1.5
mR/hr x 75 = 112.5 mRJ/hr) peint would clearly exceed the setpoint. — :

With the current in-plant setting, RMSS actuation and confinement isolation would occur prior to the stack discharge rate
exceeding the limits for normal operation. Thus the in-plant setting is consistent with the system functional performance
assumed in the radiological consequence analyses for accidental releases. The RMSS is operable and no additional interim
controis are necessary. The facility is in a safe condition provided the RMSS setting is not raised above the current procedural
value. The procedure change control process is sufficient to ensure this setting is maintained during evaiuation of this issue.

.- DEFERMINATION-
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DETERMINATION

Identify applicable section(s) of the safety basis document(s) (i.e., SAR, BIO, TSRs, OSRs).
SAR:153, Chapters 15.12.10, 15.7, and 15.0.14, - o ,
TSR-186, 3/4 .8

POTENTIAL FOR AN INCREASE IN PROBABILITY OR CONSEQUENCE OF AN ACCIDENT OR
MALFUNCTION EVALUATED IN THE SAFETY BASIS

Could the PISA increase probability of occurrence of an accident previously evaluated in the safety basis? -
Yes [J No :

Explain: '

This PISA does not involve the probability of occurrence of an accident previously evaluated in the safety basis.
Therefore, there has been no increase probability of occurrence of an accident previously evaluated in the safety
basis.

Could the PISA increase the consequences of an accident previously evaluated in the safety basis?

Yes No [J

Explain: :

Several issues were raised in Section 10of this PISA concerning consequences. One issue was ¢concerned that
some radioactive material might be in the ventilation system before radiation detectors reached their set points to
shut down the ventilation system. The material already in the system would then be released up the stack, not
through the confinement. The concern was that this release might make the calculation presented in the ATR SAR
non-conservative.

Having some release escape the confinement throtigh the stack before confinement isolation is actually
conservative. The reason stacks are used is that they allow better dispersion of pollutants than ground level
releases. The entire release from the ATR confinement was treated as ground level release. Thérefore, any
release up a stack would reduce the dose consequences due to better dispersion seen from the stack release. The
only situation were this might not be case would be where a somewhat uncommon meteorological event occurred
where a fumigation event occurred exactly where the TRA 670 evacuating employees walked through the rest of
the plume from the ground level release. Due to the extremely low probability of this event occurring, it was not

considered. }.G}
’I/\T
The other major concern was the derivation of the setting used to trigger confinement isolation. As described I

above the in-plant setting is suitably low that the setting will isolate at a setting that protects even the allowable
normal operation levels. These levels are much less than any accident condition reported in the SAR. ltis
imperative that the Wplant setting not be changed without a safety assessment until the next annual SAR update is
issued and the applicable TSR bases (3/4.8) is revised, to reflect this change. If the maximum allowed setting were
used the interrelationship of that setting to the accident analysis is not well developed in the SAR. Since the
interrelationship is not understood there is a possibility that the safety analysis in not bounding for the maximum
allowable setting and the PISA could increase the consequences of an accident previously evaluated in the safety
basis.
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3. Could the PISA increase the probability of occurrence of a malfunction of equipment important to safety
previously evaluated in the safety basis? Yes [] No [X.

Explain:

This PISA did not addréss or was concerned with equipment malfunction. Therefore, the PISA does not increase
the probability of oceurrence of a malfunction of equipment important to safety previously evaluated in the safety’
basis. ' : . . ,

4. Could the PISA ihcrease the consequences of a malfunction of equipment important to safety previously
- evaluated in the safety basis? Yes [ No
Explain: : .
This PISA did not address or was concerned with equipment malfunction. Therefore, the information in this PISA
does not increase the consequences of a malfunction of equipment important to safety previously evaluated in the
safety basis. o I ' B o B

lllb: POTENTIAL FOR CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE

5. Could the PISA create the possibility of an accident of a different type than previously evaluated in the safety
basis? Yes [1 No (X
Explain: S
The only possible accident of a different type discussed in the PISA was for the release of some amount of fission <
products up the stack before the ventilation system is isolated. Stacks releases allow better dispersion of pollutants ”/c,o\
than ground level releases. If some of the fission products were released up the stack before confinement isolation
the doses reported in the SAR would actually be lower. The only situation were this might not be Case would be
where a somewhat uncommon meteorological event occurred where a fumigation event occurred exactly where the
TRA 670 evacuating employees walked through the rest of the plume from the ground level release. Due to the
extremely low probability of this happening it was not considered in the analysis.

6. . Could the PISA create the possibility of a malfunction of equipment important to safety of a different type than
previously evaluated in the safety basis? Yes [ ] No
Explain: YdaF X .
The malfunction of equipment was not an issue eé‘;rees;é in this PISA Therefore, there is no possibility of a 92 <

B
malfunction of equipment important to safety of a different type than previously evaluated in the safety basis, ‘/"/%

llic: POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY

7. Could the PISA reduce a margin of safety as defined in the safety basis? Yes [X]  No []
Explain: '
Until issues associated with the allowable setpoint of the Radiation Monitoring and Seal System are resolved the .
‘margin of safety defined in the safety basis might be affected. However, as long as the in plant setting dd,j\ot &;,;(f
change, the margin of safety identified in the in the UFSAR will remain the same. &

llid: USQ DETERMINATION CONCLUSION
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8.

Based on the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes I No [J

Expiain: . S .
Part | shows that there is a potential for an increase in probability or consequence of an accident evaluated in the

_safety basis, Part |l shows that there is no potential for the creation of an unanalyzed accident or malfunction of a
different type, and Part Il shows that there is a possible reduction i in the margin of safety established in the safety

basis. Therefore, the pwposf-ehaage does constitute a USQ.
Hew intormodin

1jo5 |
NOTE: If USQ determination result is positive, additional notification for ORPS is required per MCP-190.
IV. APPROVAL/CONCURRENCE SIGNATURES . : '

] _ R . . . GLS gl “’\05
APPROVAL: ' : . '
SZLeve () g gAC/ S/f“"‘L C\’j%fw J’//ﬂ/f%

USQ Evaluatdr USQ Evaluator -/ Date
Print/Type Name Signature
—
ﬂ{\ {L( tU 6 MLQC‘)NOUI'»H /O/”\W W'lb"’w*\ﬁ 9’{ [((OS\
Nuclear Facility Manager Nuclear Facmty Manager Date
Print/Type Name - Signature

CONCURRENCE: (Fouted 4 TRC hr concummce om 2/i7/os)

A /an £ //aséms v s -/7-05

Independent Review Committee Chair ndependent Réview Committee Chair Date
Print/Type Name Signature
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Facility or Activity: RTC, TRA-670 Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-376

Subject: Discrepancies with the high inlet pressure setpoint derivation

Describe the New Information/Discovery:

The limiting Condition 2 event which bounds all Condition 2 and 3 high pressure accidents is the loss of
instrument air. The loss of instrument air will close back pressure control valve PCV-1-1 and open
pressurizing flow control valve FCV-1-8. This event was last evaluated in 1975; Technical reports TR-
750, TR-752, TR-797, and TR-829 analyze this accident. This review resulted in identifying the following
discrepancies/concerns with the high inlet pressure setpoint derivation:

1. The protective margin identified in TR-829 is based on the nominal air volume (50ft>) in the surge
tank. TR-752 identifies that the margin is reduced as surge tank air volume decreases.

2. The surge tank level indication error is not considered and it may be substantial. See Gap -001-05
and draft EDF-5090.

3. The analysis incorrectly assumes the trip point for the PPS/ESF occurs at the low point of the
inlet piping (Volume 48 in RELAP4 model). The bottom of this pipe in Volume 48 is at an
elevation of 47.5 feet. In actuality, the PPS inlet pressure taps are located on the inlet piping
located in the pipe tunnel downstream of BF-1-14. The three taps are at an average elevation of
63.25 ft. with the highest tap at 64 ft. and the lowest tap at 62-}; ft this would make the RELAP4
model non-conservative by ~ 7.1 psig.

Note: the current RELAPS model has the correct pressure tap elevations.

4. The analysis assumes that when the standby pressurizing pump starts the total inflow is 600 gpm
(pressurizing pumps) + 70 gpm gland seal flow. It is assumed to remain constant until tripped off
by ESF function. The standby pump starts when the discharge pressure of the running pump

decreases to 260 psig, and at this pressure, the combined flow from both pressurizing pumps is
close to 700 gpm (SO-16 data).

Identify the applicable safety basis document(s) (e. g., DSA, SAR, BIO, TSRs, etc.):
SAR-153, chapter 15.5 - Accident Analysis Increase In Primary Coolant Inventory,

TR-750- RELAP4 Primary Coolant System Models Utilized tor the Advanced Test Reactor Technical
Specifications,

TR-752 - RELAP4 Analysis Results For Utilization In The Development Of The ATR Technical
Specifications, and

TR-829 - ATR PPS Limiting Safety System Settings From ATR Technical Specifications Development
Work
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o loaee POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM

Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 20f7

Facility or ActiVity: RTC, TRA-670 Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-376

Subject: Discrepancies with.the high inlet pressure setpoint derivation

L PISA ASSESSMENT
a.. Is there a potential inadequacy in the analytical methodology and/or tools used in the safety basis?

X Yes [ No

b. Is there a potential discrepancy between the safety basis assumptions, provisions, or conditions, in the
accident analysis and the facility operation or parameters?
X Yes [ No

c. Is the actual physical condition of the facility different than as described in the safety basis (discrepant as-
found condition)?

Yes [ No
d. Has an actual or postulated operational event or incident revealed a potentlal madequacy in the safety
basis? =
O Yes [X No
e. s this an activity or condition not analyzed in the existing safety basis?
[J Yes [K No

Provide an explanation of the assessment resuit:

There is reason to believe that the safety analysis for the SAR might be in error. Therefore this constitutes
aPISA

USQ Evaluator USQ Evaluator Date
Print/Type Name Signature

Nuclear Facility Manager : Nuclear Facility Manager ‘Date
Print/Type Name Signature

If the answer to ALL of the assessment questions above is No, file the completed form. Do not complete Section 1,
I, oriV.

If the answer to any one of the assessment questions is Yes, there is a potentially inadequate safety analysis
{PISA):
. Nuclear Facility Manager document actions (Section Il), including interim operating restrictions,
taken to place or maintain the facility in a safe condition.
. Nuclear Facility Manager execute reporting process per MCP-190 or AWP-3.1, for PISA.
. USQ evaluator proceed to Section lil.

Il. DOCUMENT ACTIONS TAKEN TO PLACE OR MAINTAIN FACILITY IN A SAFE CONDITION AND PROVIDE
THE BASIS FOR THE SELECTION OF ANY INTERIM CONTROLS

Combining the errors above, the maximum pressure during the high pressure transient is below the
condition 2 acceptance criteria and well below the safety limit for the PCS piping.

High Inlet Pressure Protective Margins

High inlet pressure analytical limit (SAR-153) 408.6 psig
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o POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page3of 7

Facility or Activity: "RTC, TRA-670 Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-376

Subject: Discrepancies with the high inlet pressure setpoint derivation

Pressure correction for Volume 48

Highest PPS inlet pressure tap elevation 64 fi

Tap elevation assumed in RBLAP4 475 ft

Difference ' 16.5 ft )

Pressure correction (0.433 psi/ft) (16.5 ft) = 7.2 psi
Maximum allowed surge tank level (TSR-186) 73%

- Worst case instrument error (draft EDF-5090) 25.2%
Worst case surge tank level 98.2%
Air volume in the surge tank at 98.2% (EDF-4106) 31.9 ft*

Response time error due to 31 9 ft* (TR-752)
for conservatism 25 f> air volume was used, from TR-752,
page 106 the rate of pressure increase is 12.5 psi/sec.
Using the 0.7 sec (0.5 sec instrument response to trip.the pump breakers
and 0.2 sec for the effect of the breaker trip to be seen in the PCS pressure)
time response, 12.5 psi/sec * 0.7 sec = 8.8 psi

The response time used in the analysis is 0.7 sec (0.5 sec instrument response to trip the
pump breakers and 0.2 sec for the effect of the breaker trip to be seen in the PCS
pressure.) the total inflow assumed in the analysis is 670 gpm, from the SO test data
(SO-16) the actual inflow at the worst-case trip point (408.6 psig) could be as high as
700 gpm (630 gpm pressurizing flow and 70 gpm GSW flow) this would cause a
pressure overshoot of (700 gpm - 670 gpm)(0.7 sec)(1/60 sec)= 0.35 gallons or 0.047 f’
Using the data from PG-T-88-005 rev 1 & TR-752 at the end of the transient the surge
tank pressure and air volume are 285 psia and 22.44 ft* respectively, due to the increased

pressurizing pump flow the new air volume would be 22.39 f* (22.44 £>-0.047 f*)the
resulting pressure change would be

(285 psia * 22.44 >/ 22.39 f%) - 285 psia= 0.6 psi
Combining the errors the worst case pressure 408.6 + 7.2+ 8.8+ 0.6 = 425.2 psig
Acceptance criteria for condition 2 events is 110% of design pressure (SAR-153) = 429 psig

Protective Margin 429 -425.2= 3.8 psig
Safety limit (TSR-186) 468 psig

Protective margin 468 —425.2= - 42.8 psig

Continued operation is justified based on meeting the acceptance criterion, Maintaining the current plant
PPS high inlet pressure setting of 385.0 psig, will add an additional 5.6 psig of margin.
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o o0oe POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED'CHANGES) Page4of 7 .

Facility or Activity: RTC, TRA-670 Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-376

Subject: Discrepancies with the high inlet pressure setpoint derivation
Safety Analyst Safety Analyst Date
Print/Type Name Signature
Nuclear Facility Manager Nuclear Facility Manager Date

ilia:

Print/Type Name Signature

Is independent technical review required? Yes [] No [J

Nuclear Facility Manager
Signature or Iniials

Independent Reviewer Independent Reviewer Date
Print/Type Name Signature :
DETERMINATION

Identify applicable section(s) of the safety basis document(s) (e.g., DSA, SAR, BIO, TSRs, etc.).

SAR-153, chapter 15.5

| Technical reports TR-750, TR-752, TR-797, and TR-829

POTENTIAL FOR AN INCREASE IN PROBABILITY OR CONSEQUENCE OF AN ACCIDENT OR
MALFUNCTION EVALUATED IN THE SAFETY BASIS

Could the PISA increase probability of occurrence of an accident previously evaluated in the safety basis?
Yes [] No X :

Explain:

The PISA raised issues that the surge tank air volume assumed in the safety analysis did not correctly account for
the surge tank level uncertainty, that the actual location of the PPS pressure taps was different than modeled and
that the amount of inflow to the surge tank during a high pressure transient could be greater than modeled. Each of
these issues could result in a higher pressure response than predicted by the analysis. Even with combining all the
factors the transient analysis results were within the acceptance criteria. The PISA did not question the function of
the ESF used to terminate pressure transient nor the acceptance criteria of the event. Therefore, the PISA did not

~ increase the probability of occurrence of an accident previously evaluated in the safety basis.

Could the PISA increase the consequences of an accident previously evaluated in the safety basis?

Yes [1] No X
Explain:

The PISA raised issues that the surge tank air volume assumed in the safety analysis did not correctly account for
the surge tank level uncertainty, that the actual location of the PPS pressure taps was different than modeled and
that the amount of inflow to the surge tank during a high pressure transient could be greater than modeled. Each of
these issues could resuit in a higher pressure response than predicted by the analysis. Even with combining all the
factors the transient analysis results were within the acceptance criteria. The PISA did not question the function of
the ESF used to terminate pressure transient nor the acceptance criteria of the event. Therefore, this PISA could
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rori1a00 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 50f 7

Facility or Activity: RTC, TRA-670 Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-376

Subject: Discrepancies with the high inlet pressure setpoint derivation

not increase the consequences of an accident previously evaluated in the safety basis.

3.  Could the PISA increase the probability of occurrence of a malfunction of equipment important to safety
previously evaluated in the safety basis? Yes [ No [X

Explain:

The PISA raised issues that the surge tank air volume assumed in the safety analysis did not correctly account for
the surge tank leve! uncertainty, that the actual location of the PPS pressure taps was different than modeled and
that the amount of inflow to the surge tank during a high pressure transient could be greater than modeled. Each of
these issues could result in a higher pressure response than predicted by the analysis. Even with combining all the
factors the transient analysis results were within the acceptance criteria. The PISA did not question the function of
the ESF used to terminate pressure transient nor the acceptance criteria of the event. Therefore, the PISA did not
increase probability of occurrence of a malfunction of equipment important to safety previously evaluated in the
safety basis.

4.  Could the PISA increase the consequences of a malfunction of equipment important to safety previously
evaluated in the safety basis? Yes [ No [X

Explain:

The PISA raised issues that the surge tank air volume assumed in the safety analysis did not correctly account for
the surge tank level uncertainty, that the actual location of the PPS pressure taps was different than modeled and
that the amount of inflow to the surge tank during a high pressure transient could be greater than modeled. Each of
these issues could result in a higher pressure response than predicted by the analysis. Even with combining all the
factors the transient analysis results were within the acceptance criteria. The PISA did not question the function of
the ESF used to terminate pressure transient nor the acceptance criteria. Therefore, the PISA did not increase the
consequences of a malfunction of equipment important to safety previously

evaluated in the safety basis.

liib: POTENTIAL FOR CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE

5.  Could the PISA create the possibility of an accident of a different type than previously evaluated in the safety
basis? Yes [ No [X

Explain:

The PISA raised issues that the surge tank air volume assumed in the safety analysis did not correctly account for
the surge tank level uncertainty, that the actual location of the PPS pressure taps was different than modeled and
that the amount of inflow to the surge tank during a high pressure transient could be greater than modeled. Each of
these issues could result in a higher pressure response than predicted by the analysis. Even with combining all the
factors the transient analysis results were within the acceptance criteria. The PISA did not question the function of
the ESF used to terminate pressure transient nor the acceptance criteria. Therefore, the PISA did not create the
possibility of an accident of a different type than previously evaluated in the safety basis.
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Facility or Activity: RTC, TRA-670 Advahced Test Reactor
USQ Process No.: RTC-USQ-2006-376

Subject: Discrepancies with the high inlet pressure setpoint derivation

6.

Hie:

lild:

v.

- Could the PISA create the possibility of a malfunction of equipment important to safety of a different type than
&

previously evaluated in the safety basis? Yes [0 No
Explaln

- The PISA ralsed issues that the surge tank air volume assumed in the safety analysis did not correctly account for

the surge tank level uncertainty, that the actual location of the PPS pressure taps was different than modeled and
that the amount of inflow to the surge tank during a high pressure transient could be greater than modeled. Each of -
these issues could result in a higher pressure response than predicted by the analysis. The PISA did not question
the function of the ESF used to terminate pressure transient nor the acceptance criteria. Even with combining all
the factors the transient analysis results were within the acceptance criteria. Therefore, the PISA did not create
the possibility of a malfunction of equipment important to safety of a different type than previously evaluated in the
safety basis.,

POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY

Could the PISA reduce a margin of safety as defined in the safety basis? Yes No []
Explain:

The margin of safety presented in SAR-153 has been reduced. The maximum pressure obtained during the loss of
instrument air event when all the possible uncertainties are accounted for is closer to the acceptance criteria than
what was presented in SAR-153. The margin went from 20.4 psig to 3.8 psig. Therefore, the PISA does reduce
the margin of safety established in the safety basis.

USQ DETERMINATION CONCLUSION

Based on the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes X No []

Explain:

Part | shows that there is no potential for an increase in probability or consequence of an accident evaluated in the
safety basis, Part Il shows that there is potential for the creation of an unanalyzed accident or malfunction of a
different type, and Part lll shows that there is a reduction in the margin of safety established in the safety basis.
Therefore, this PISA does constitute a USQ.

NOTE: if USQ determmatlon result is positive, additional notification for ORPS is required per MCP-190 or
AWP-3.1.

APPROVAL/CONCURRENCE SIGNATURES
APPROVAL:

Steve thgocer St () Clos/06

valuator USQEval Date

MARTIN B, h Donovce Mﬁ ot J_ZQ_‘gstZ@)L

Nuclear Facility Manager Nuclear Facility Manager [/
Print/Type Name Signature

CONCURRENCE:
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Facility or Activity: RTC, TRA-670 Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-376
Subject:

Discrepancies with the high inlet pressure setpoint derivation

Alon P Hoskins _ﬁédi //%Z.w
independent Review Committee Chair : independent Review Committee Chair
Print/Type Name Signature

£-8-08

Date
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“Joioos POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM -
- -Use with LWP~18001 : _' (DO NOT USE FOR PROPOSED CHANGES) . : _Pageiof5

Facility or Activity: RTC TRA-670-Advanced Test Reactor

- USQ Process No.: RTCIUSQ-2006-577
Discrepancies in the Analysis of Rupture of a Heat Exchanger Tube and the Bases for the
Subject: Secondary Coolant System (SCS) Activity Level

Describe the New Informatron/Dlscovery
SAR-153, Chapter | 15.6 “Decrease in Primary Coolant Inventory] Section 15.6.3 discusses a rupture of a heat
exchanger tube; thls Condition 2 event will result in'a 200-300 gpm loss of coolant accident. TRA-ATR -905-

' “Bases for Technical Specification 3.4-Secondary Coolarit Radioactivity Control” establishes a SCS activity limit of
0.01uCi/ml for Condmon 1 (normal operation and anticipated operational transients). According to the analysis a -
secondary coolant system (SCS) radioactivity concentration.of 0.01 uCi/ml would result in exposures of no more
than 2.5 mrem/year EDE to a full time resident at the INL. nearest site boundary and no more than 500 mrem/year
EDE to the maximally exposed RTC worker. These expasure limits were based on DOE Orders and guidance in
effect at the time oflthe analyses. Discrepancies arise from the use of the results of the condition 1 analysis in ATR-

- TRA-905 for-the analysrs of the condition 2 heat exchanger tube rupture in SAR-153 Section 15.6.3. Additionally,
there are assumptions in TRA-ATR-805 that cannot be supported. Several discrepancies were noted:
. 1. The lsotoplb release rates from the SCS are based on 1900 gpm SCS blowdown (evaporation) and a SCS
" activity of 0 01uCi/mi. The release rates should have been based on the primary coolant system (PCS)
activity Ilmlt (20uCi/ml) and a combined release rate of break flow and PCS degassing flow.(~300 gpm).
Volatile radroactwe material {e.g., noble gases) that leaks from the primary coolant system (PCS) would be
_ released from the SCS to the environment at a rate higher than the evaporation rate assumed in the
analysis. Slnce these materials are not retained in the water they would be released when the coolant was
exposed to\the atmosphere.
2. The PCS normal activity source term assumed in the analysis was obtained from depressurized PCS RML
" samples, the depressurization of the PCS sample would cause the volatile gaseous isotopes to come out of
solution leavrng mostly particulates in the sample and therefore the total activity would not be appropriately
represented in the RML sample analysis.
3. The site boundary dose calculation only includes the source from the cooling tower and neglects the
release from the stack. Both sources would contribute to the site boundary dose.
4. The current method for verifying PCS and SCS activity levels remain below limits may not be appropriate.
The current depressurized PCS activity sample {RML and Deepwell) measures mostly particulates and
~ would not be a representative sample of actual water activity. The SCS sample would be degassed by the
.. action of water flow over the cooling tower leaving mostly particulates in the in-thd water sample thlS too
would be not be a representative sample. I etanfow
5. The X/Q used in the determination of the limit for normal operation is a long term average value that is
appropriate for a long term exposure calculation. The accident analysis should be based on a worst-case
(i.e., 95%) X/Q to be consistent with the accident analysis methodology described in SAR-153..
6. The time to reach the secondary coolant system (SCS) activity limit in SAR-153 chapter 15.6 is
miscalculated. It appears the time is calculated for a SCS actrvnty of 1 uCi/mi rather than the 0.01 xCi/mi
SCS activity limit.
Identlfy the applrcable safety basis document(s) (e. g., CSA, SAR BIO, TSRs, etc.):
 SAR-153, chapter 15.6-Decrease in Primary Coolant Inventory
EDF TRA-ATR-905-Bases For Technical Specification 3.4 Secondary Coolant Radioactivity Control

I.  PISA ASSESSMENT
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Facility or Activity: _RTC, TRA-670-Advanced Test Reactor

USQ Process No.: RTC-USQ-2006-577
Discrepancies in the Analysis of Rupture of a Heat Exchanger Tube and the Bases for the
Subject: Secondary Coolant System (SCS) Activity Level

a. Istherea potent;al inadequacy in the analytical methodology and/or tools used in the safety basis?

X Yes [ No

b. Istherea potentlal discrepancy between the safety basis assumptions, provisions, or conditions, in the
accident analysis and the facility operation or parameters?
X Yes [ No .

c. s the actual physical condition of the facility different than as described in the safety basis (discrepant as-
found condition)?

[J Yes [ X No
d. Has an actual or postulated operational event or incident revealed a potential inadequacy in the safety
basis?
O Yes X No
e. Isthisan actlvny or condition not analyzed in the existing safety basis?
0 Yes X No

Provide an explanation of the assessment result:

The analysis for th‘b SCS activity limit incorrectly assumes that volatile constituents will be released to the
environment based on the evaporation rate of the SCS cooling tower, likewise the PCS and SCS activity
surveillances mcorrectly assume that all activity constituents will be measured. Based on this, the answer to

questions a and b are yes.

- \’Y TN "/'} \':-}'f ' /\ > /’J'

| mrons e+t 72/ ( N D » /22
/ USQ Evaluator i ~ USQ Evaluator / Date’
Print/T: ype Name Signat )
CARTIN R A fonowt 4, 850 )we g ¢(32] 86
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature

If the answer to ALL of the assessment questions above is No, file the completed form. Do not complete Section |,
i, or IV,
If the answer to any one of the assessment questions is Yes, there is a potentially inadequate safety analysis
(PISA):
. chlear Facility Manager document actions (Section ), including interim operating restrictions,
taken to place or maintain the facility in a safe condition.
. Nuclear Facility Manager execute reporting process per MCP-180 or AWP-3.1, for PISA.
USQ evaluator proceed to Section lil.

. DOCUMENT ACTiIONS TAKEN TO PLACE OR MAINTAIN FACILITY IN A SAFE CONDITION AND PROVIDE
THE BASIS FOR THE SELECTION OF ANY INTERIM CONTROLS

Establish an interim ‘control for the SCS activity of no more than 100 cpm above background. With the radioactivity greater than
100 cpm above background Perform a 10 minute background per DOP-6.1.1 (ATR Canberra Well Counting System), take a
second, and if necessary a third sample, within 30 minute intervals. If two samples show radioactivity greater than 100 cpm
above background, boundary fault leakage is possible. Enter TSB.186-section-3-3-6—Rrimary Coolant Leakage,-and AOP 2.4 -

Primary To Secondary Leak. %la2 /6 6
57’.’equ(J” v S A > f)era— §122/0(
Safety Analfst il Safety Analyst Date

Pnnt/T ype Name Signature
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Facility or Activity: _RTC, TRA-670-Advanced Test Reactor

USQ Process No.: RTC-USQ-2006-577
Discrepancies in the Analysis of Rupture of a Heat Exchanger Tube and the Bases for the

Subject: Secondary Coolant System (SCS). Activity Level
Nuc‘ea. Facility Manager Nuclear Fagility Manager Date
PnnIIT ype Name i Signature

Is independent technical review required? Yes [] No [

Nuclear Facility Manager
Signature or Initials

independent Reviewer Independent Reviewer Date
Pnnt/T ype Name Signature
. DETERMINATION

Identify apphcable\secﬂon(s) of the safety basis document(s) (e g., DSA, SAR, BIO, TSRs, etc.).

llla: POTENTIAL FOR|AN INCREASE IN PROBABILITY OR CONSEQUENCE OF AN ACCIDENT OR
MALFUNCTION EVALUATED IN THE SAFETY BASIS

1. Could the PISA increase probability of occurrence of an accident previously evaluated in the safety basis?
Yes [1 No X

Explain:

None of the dlscussmn presented in the PISA evaluation addressed the probability of occurrence of accidents
evaluated in the safety basis. Therefore, the PISA could not increase the probability of occurrence of an accident
previously evaluat‘bd in the safety basis.

2.  Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes X No [
Explain: ‘
Several of the lssdes raised by the PISA such as the manner and timing of gaseous fission product release and
the offsite concentratmn of the radioactive plume would increase the consequences presented in the safety basis.
Therefore, this PISA could increase the consequences of an accident previously evaluated in the safety basis.

3.  Could the PISA lncrease the probability of occurrence of a malfunction of equipment important to safety
previously evaluated in the safety basis? Yes [ No [X

Explain:

The event scenario remains the same as presented in the safety basis. Therefore, this PISA dld not increase the
probability of occu\rrence of a malfunction of equipment important to safety previously evaluated in the safety basis.
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Facility or Activity: RTC, TRA-670-Advanced Test Reactor

USQ Process No.: RTC-USQ-2006-577
Dlscrepanmes in the Analysis of Rupture of a Heat Exchanger Tube and the Bases for the
Subject: Secondary Coolant System (SCS) Activity Level

4. Could the PISA i mcrease the consequences of a malfunction of equipment important to safety previously
evaluated in the safety basis? Yes D4 No [

Explain: .

The PISA identified the possibility of reaching the maximum analyzed concentration of fission products in the
secondary much quacker then thought following a failure of a heat exchanger tube. This could result in higher
exposure both onsnte and offsite than presented in the safety basis. Therefore, this PISA does increase the
consequences of a malfunction of equipment important to safety previously evaluated in the safety basis.

Hib: POTENTIAL FOR|CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE

5.  Could the PISA create the possibility of an accident of a different type than previously evaluated in the safety
basis? Yes [J No [X
Explain: .
None of the discussion presented in the PISA evaluation addressed the possibility of an accident of a different type
than previously evaluated in the safety basis. The accident scenarios would be the same. Therefore, the PISA did
not create the possibility of an accident of a different type than previously evaluated in the safety basis.

6. Could the PISA create the possibility of a malfunction of equipment important to safety of a different type than
previously evaluatbd in the safety basis? Yes [1 No [X
Explain:
None of the discussion presented in the PISA evaluation addressed the possibility of a malfunction of equipment
important to safet)V of a different type than previously evaluated in the safety basis. The malfunction of equipment
would be the same Therefore, the PISA did not create the possibility of a malfunction of equipment important to
safety of a different type than previously evaluated in the safety basis -

llic: POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY

7.  Could the PISA reduce a margin of safety as defined in ihe safety basis? Yes KA No O

Explain:
The issues ralsed in the PISA could resuit in more signif cant consequences than those presented in the safety
basis. Therefore, this PISA could reduce a margin of safety as defined in the safety basis.

lid: USQ DETERMINATION CONCLUSION
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Facility or Activity: RTC, TRA-670-Advanced Test Reactor

USQ Process No.: RTC-USQ-2006-577
Di.sfcrepancies in the Analysis of Rupture of a Heat Exchanger Tube and the Bases for the
Subject: Secondary Coolant System (SCS) Activity Level

8. Based on the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes [ No [
Explain:

Part llla shows that there is a potential for an increase in the probability or consequence of an accident evaluated
in the safety basis. Part lilb shows that there is no potential for the creation of an unanalyzed accident or
malfunction of a different type, and Part lilc shows that there is a reduction in the margin of safety established in the
safety basis. Therefore, this PISA finding does constitute a USQ.

NOTE: if USQ determination result is positive, additional notification for ORPS is required per MCP-190 or
AWP-3.1. '

IV. APPROVAL/CONCURRENCE SIGNATURES

APPROVAL: ‘
Steve Wagg, el %VJ’—« UMM S24y /0 & |
USQ Evaluator/ USQ Evaluator? Date
Print/Type Name S;gnat%
MARTIN B pfonedis  yFasfn f, 20 snn f g /[24[ 6
Nuclear Facility Manager Nuclear Facility Manager Date
Print/T ype Name Signature
CONCURRENCE:

A/an /Oﬁé:kms

independent Rewew Committee Chair Independent Revibw Committee Chair
Pnnt/T ype Name Signature

- 2-R9-0¢

Date







Lazel . INL USQ PROCESS
o 0q00° POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM

Use with LWP-18001 : (DO NOT USE FOR PROPOSED CHANGES) Page 1 of 4

Facility or Activity: RTC, TRA-670-Advanced Test Reactor

USQ Process No.: RTC-USQ-2006-578

SAR-153, Chapter 15.15 “Reflector Aging” did not analyze the seismic LOCA for early and late
Subject: margins

Describe the New Information/Discovery:

SAR-153, Chapter 15.15 “Reflector Aging” did not analyze the seismic LOCA for early and late margins.

EDF TRA-ATR-927 analyzed the bounding accidents for reflector aging, in the analysis a piece of beryllium breaks
off the reflector block and causes a partial flow blockage of flow channel 20, this EDF establishes a lobe power limit
of 48 MW in order to maintain margins for CHF and FI. The low!flow event was the only event in the reflector aging
analysis in which the margins were less than those in the full power analysis. In the seismic LOCA all AC power
(diesel & commercial) is assumed to be lost, this results in a LOCA and a low flow event. This event has not been
analyzed for reflector aging. There is a potential that the margins may be lower than reported in SAR-153.

Identify the applicable safety basis document(s) (e. g., DSA, SAR, BIO, TSRs, efc.):

SAR-153, chapter 15.15

EDF TRA-ATR-927-ATR UFSAR - Chapter 15 Plate 1€ Flow Blockage AnalyS|s For The ATR Safety AnaIySIS
- Upgrade

I PISA ASSESSMENT

a. s there a potential inadequacy in the analytical methodology and/or tools used in the safety basis?
O ves [ No

b. Is there a potential discrepancy between the safaty basis assumptions, provisions, or conditions, in the
accident analysis and the facility operation or parameters?

O Yes [X No

c. s the actual physical condition of the facility different than as described in the safety basis (discrepant as-
found condition)?

O ves X No
d. Has an actual or postulated operational event or incident revealed a potential inadequacy in the safety
basis?
] Yyes [X No
e. s this an activity or condition not analyzed in the existing safety basis?
X Yes [ No

Provide an explanation of the assessment resduit:

The seismic LOCA combined with reflector aging has not been analyzed. And therefore the answer to question e is
yes.

USQ Evaluator USQ Evaluator Date

Print/Type Name Signature
Nuclear Facility Manager Nucl;ear Facility Manager . Date
Print/Type Name Signature

|
if the answer to ALL of the assessment questlons above is No, }flle the completed form. Do not complete Section Il,
i, oriv.
if the answer to any one of the assessment questions is Yes, thHere is a potentially inadequate safety analysis
(PISA):
. Nuclear Facility Manager document actions (Section 1}, including interim operating restrictions,
taken to place or maintain the facility in a safe condition.
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1011/2005 . POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use With LWP-18001 : . (DO NOT USE FOR PROPOSED CHANGES) Page 2 of 4

Facility or Activity: RTC, TRA-670-Advanced Test Reactor

USQ Process No.: RTC-USQ-2006-578
SAR-153, Chapter 15.15 “Reflector Aging” did not analyze the seismic LOCA for early and late
Subject: margins

. Nuclear Facility Manager execute reporting process per MCP-190 or AWP-3.1, for PISA.
. USQ evaluator proceed to Section lil.

‘I.  DOCUMENT ACTIONS TAKEN TO PLACE OR MAINTAIN FACILITY IN A SAFE CONDlTION AND PROVIDE
THE BASIS FOR THE SELECTION OF ANY INTERIM CONTROLS '

. Until the seismic LOCA with an aged reflector in evaluated, reactor operation |s not allowed when <20 from Beryllium cracking,
or if cracks in the Beryllium are observed.

Safety Analyst ) » Safety Analyst v . » Date
Print/Type Name : Signature -
Nugclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature

Is independent technical review required? Yes [1 No [

Nuclear Facility Manager
Signature or Initials

Independent Reviewer Independent Reviewer Date
Print/Type Name Signature
ll. DETERMINATION

Identify applicable section(s) of the safety basis document(s) (e.g., DSA, SAR, BIO. TSRs, etc.).
SAR 153 Section 15.15

llla: POTENTIAL FOR AN INCREASE IN PROBABILITY OR CONSEQUENCE OF AN ACCIDENT OR
MALFUNCTION EVALUATED IN THE SAFETY BASIS

1. Could the PISA increase probability of occurrence of an accident previously evaluated in the safety basis?
Yes [1 No [X
-Explain:
This event was not evaluated in SAR-153. While several other events were considered concurrent with flow
blockage occurring in Channel 20, a Channel 20 flow blockage occurring with a seismic LOCA was not evaluated.
Therefore, this PISA does not increase the probability of occurrence of an accident previously evaluated in the
safety basis.

2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes [1 No ¥
Explain:
This event was not evaluated in SAR-153. While several other events were considered concurrent with flow
blockage occurring in Channel 20, a Channel 20 flow blockage occurring with a seismic LOCA was not evaluated.
Therefore, this PISA does not increase the consequences of an accident previously evaluated in the safety basis.
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- 1071112005 ~ POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 o (DO NOT USE FOR PROPOSED CHANGES) | - Page3of4

Facility or Activity: RTC, TRA-670-Advanced Test Reactor

USQ Process No.: RTC-USQ-2006-578
SAR-153, Chapter 15.15 “Reflector Aging” did not analyze the seismic LOCA for early and late
Subject: margins

3. Could the PISA increase the probability of occurrence of a malfunction of equipment important to safety
previously evaluated in the safety basis? Yes [] No. X

Explain:
This event’ was not evaluated in SAR-153. Therefore, this PISA doses not increase the probability of occurrence of a
malfunction of equipment important to safety previously evaluated in the safety basis.

4. - Could the PISA increase the consequences of a malfunction of equipment important to safety previously
 evaluated in the safety basis? ~ Yes [1 No D3

Explain:

This event was not evaluated in SAR- 153 in conjunctlon with a selsmlc LOCA. Therefore, this PISA does not’
increase the consequences of a malfunction of equipment important to safety previously evaluated in the safety
basis.

llb: POTENTIAL FOR CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE

5. Could the PISA create the possibility of an accident of a different type than previously evaluated in the safety
basis? Yes XI No []
Explain:
While several other events were considered concurrent with flow blockage occurring in Channel 20, a Channel 20
flow blockage occurring with a seismic LOCA was not evaluated. Therefore, this PISA does create the possibility of
an accident of a different type than previously evaluated in the safety.

6. Could the PISA create the possibility of a malfunction of equipment important to safety of a different type than
previously evaluated in the safety basis? Yes K No

Explain:

While several other events were considered concurrent with flow blockage in Channet 20, a Channel 20 flow
blockage occurring with a seismic LOCA was not evaluated. Therefore, this PISA does create the possibility of a
malfunction of equipment important to safety of a different type than previously evaluated in the safety Both the
reflector and the fuel elements are considered safety related in Appendix A of Chapter 3 of SAR-153.

liic: POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY

7. Could the PISA reduce a margin of safety as defined in the safety basis? Yes [ No []
Explain:
The evaluation of the seismic LOCA in SAR-153 resulted in some of the lowest documented margins in the safety
basis. If flow were reduced even more as a result of flow blockage, it would be expected that the safety margins
would be further reduced. Therefore, this PISA could reduce a margin of safety as defined in the safety basis.
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Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 4 of 4

Facility or Activity: RTC, TRA-670-Advanced Test Reactor

USQ Process No.: RTC-USQ-2006-578

SAR-153, Chapter 15.15 “Reflector Aging” did not analyze the seismic LOCA for early and late
Subject: margins

liid: USQ DETERMINATION CONCLUSION

8. Based on the responses to questions.1 — 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes [X No
Explain: '
Part llla shows that there is no potential for an increase in probability or consequence of an acc:ldent evaluated in
the safety basis. Part lllb shows that there is a potential for the creation of an unanalyzed accident or malfunction of
a different type, and Part llic shows that there is a reduction in the margin of safety established in the safety basis.
Therefore, this PISA finding does constitute a USQ.

NOTE: if USQ determlnatlon result is posmve, additional notification for ORPS is required per MCP-1 90 or
AWP-3 1.

IV. . APPROVAL/CONCURRENCE SIGNATURES

APPROVAL.:
Steve Wasguer <o MM §/2¢q /g ¢
USQ Evaluator / USQ Evaluator < Date
Print/Type Name Signature
MARTIN B M DoNoVs Mg i £, s &/24/¢6
Nuclear Facility Manager Nuclear Facility Manager ! Date
Print/Type Name Signature
CONCURRENCE:

Independent Review CB?:mlttee Chair ndependent Review Confmittee Chair Date

Print/Type Name Signature
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Ron o> POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM :
Use with LWP-18001 ' . (DO NOT USE FOR PROPOSED CHANGES) S Page 10f6 .
Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-655
Subject: . Inconsistencies in the Maximum Hypothetical Accident Analyéis

Describe the New ilnformétionlDiscovery:

The ATR Design Basis Reconstitution Program (DBRP) review of the radiological consequence analysis in Section
15.12, Severe Accident Analyses, of SAR-153 resulted in numerous observations. The observations canbe
lumped into three general categories. - e . o i -

APPLICATION OF ANALYTICAL BASES

There are issues with the way in which the analytical bases were applied in the determination of the fission product
source term available for release from the ATR confinement building. ‘

- *. . Section15.12 states that the radiological consequences are-based on 100% core melt; however, the . o
~ * analytical basis (Technical Report PG-T-92-112) is a large outlet break loss-6f-coolant acgident {LOCA) calculation
that results in melting of 30% of the core fuel in the high power quadrants. Since these are the high-power
quadrants this 30% of the core fuel contains 45% of the total core inventory. The results from the analytical basis
were not adjusted upward for the stated SAR-153 assumption of 100% core melt. '

. The analytical basls predicts about 30 grams of iodine are released from the fuel that melts. The total core
iodine inventory is 131 grams. The analysis then predicts that 3.1 grams of iodine are released to the ATR
confinement atmasphere. This represents 10.5% of the iodine released from the melted fuel. SAR-153 argues that

the basis calculations is conservative and reduces the 10.5% factor to 5.3%. Only brief qualitative arguments are
provided for the factor of 2 reduction in the release to the confinement building. These qualitative arguments do not
address all of the significant parameters that affected the release in the analytical basis calculation.

. In the SAR-153 radiological consequence analysis, the 5.3% factor is applied to the total core iodine
inventory not the iodine released from the melted fuel. This results in 7 grains of iodine available for release from
‘the confinement building. - This misinterpretation of the analytical basis results in off-setting the above issue where
no upward adjustment was made for the assumed increase in fuel melt. For a 100% core melt assumption about
67 grams of iodine would be released from the fuel (using the data from the analytical basis calculation). 7 grams
would be available for release from confinement for the 10.5% factor and 3.5 grams would be available for the 5.3%
factor. :

. In the ana{ytiw! basis calculation the pipe corridor {primary coolant piping space below the reactor vessel)
is characterized as a relatively closed volume within the confinement. This small volume is used to determine the
partition coefficient of iodine from the water into the confinement atmosphere. This makes the analysis very
dependent on break location and confinement isolation. The confinement volume containing-the large primary
coolant system piping (pipe corridor, pipe tunnel, and heat exchanger area) has a significantly larger volume than
the pipe corridor.

PRESENTATION OF THE ANALYSIS

Section 15.12 of SAR-153 presents the analysis of radiological consequences as bounding and conservative. The
resuits are porirayed as “maximum hypothetical accident” consequences. The analyses of the fission product
inventory and fission product source term available for release from the ATR confinement building are based on
- humerous nominal and best estimate assumptions. Use of nominal and best estimate analyses in a facility safety
basis is typically aécompanied by a determination and accounting for uncertainties in the analyses. There is no '
- determination and jaccounting for uncertainty in the Section 15.12 analyses.
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Rev. 01 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM

Use with LWP-18001 {DO NOT USE FOR PROPOSED CHANGES) : Page 2of 6
Facility or Activity: Advanced Test Reactor

USQ Process No.: RTC-USQ-2006-655

Subject: Inconsistencies in the Maximum Hypothetical Accident Analysis

A rigorous uncertainty analysis was not possible for this work because the computer codes used in the calculations
(ORIGENZ , CORSOR , IRATE, EQUILIBRIUM, and TRAPMELT/PULSE) have not yet been subjected to a formal
validation and verification (V&V), especially under the unique conditions represented by the ATR . For this reason,
a best-estimate analysis was performed and then sensitivity analyses were performed to determine whether the
best-estimate calculation was conservative. '

REGULATORY OBSERVATIONS

Section 15.12 pre§enm the analysis as consistent with Regulatory Guide 1.4, Assumptions Used for Evaluating the

Potential Radiological Consequences of a Loss of Coolant Accident for Pressurized Water Reactors, and states

~ that where a deviation was taken the deviation is discussed. There are deviations from Regulatory Guide 1.4 that

are not discussed. There are also deviations discussed that are not clearly identified as deviations.

10 CFR 830 specifies Regulatory Guide 1.70, Standard Format and Content of Safety Analysis Reports for Nuclear
Power Plants, as the safe harbor standard for the documented safety analysis for DOE reactors. With regard to
radiological consequences, Regulatory Guide 1.70 states, “when calculating the radiological consequences of a
loss-of-coolant accident (LOCA), it is suggested that the assumptions given in ... Regulatory Guide 1.4,
"Assumptions Used for Evaluating the Potential Radiological Consequences of a Loss-of-Coolant Accident for
Pressurized Water Reactors,” be used. This analysis should be referred to as the "design basis analysis." There
may be instances|in which the applicant will not agree with the conservative margins inherent in the design basis
approach approved by the NRC staff or the appiicant may desire to provide a "realistic analysis” for comparison
purposes. If this is the case, the applicant may provide an indication of the assumptions he believes to be

adequately wnsewative, but the known NRC assumptions should nevertheless be used in the design basis

analysis. Any "realistic analysis" provided will help quantify the margins that are inherent in the design basis
approach.” :

Section 15.12 presents a “realistic analysis” for the fission product inventory and fission source term available for
release from the donﬁnement building.

Identify the applicable safety basis document(s) (e. g., DSA, SAR, BIO, TSRs, etc.):
SAR-153, Section 15.12

PISA ASSESSMENT





43161 | INL USQ PROCESS S
10/11/2005

10112 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM |
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 3 0f 6

Facility or Activity: Advanced Test Reactor
USQ Process No.: RTb-USQ2006£55

Subject: Indonsistencies in the Maximum Hypothetical Accident Analysis

a. lIs there a potential inadequacy in the analytical methodology and/or tools used in the safety basis?
X Yes [ No

b. lIs there a potential discrepancy between the safety basis assumptions, provisions, or conditions, in the
-accident bnalysis and the facility operation or parameters?
X Yes [ No »

c. Is the actual physical condition of the facility different than as described in the safety basis (discrepant as-
found condition)?

[J ves: X No ,
d. Has an actual or postulated operational event or incident revealed a potential inadequacy in the safety
basis?

] Yes No

e. lIsthis an| activity or condition not analyzed in the existing safety basis?
] Yes No

Provide an explanation of the assessment resuit:

Section 15.12 analysis (i.e., the "maximum hypothetical accident” consequence analysis) is used to bound the
consequences of the design basis accidents. Section 15.12 analysis would have bounded the consequences of the
ATR design basis accidents. However, questions, inaccuracies, and inconsistencies in the discussion of the
analysis and assumptions used in the analysis bring into question the appropriateness of using Section 15.12

analysis.
J. C. Chapman
USQ Evaluator USQ Evaluator Date
PrintType Name Signature
M. B. McDonough
Nuclepr Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature

If the answer to ALL of the assessment questions above is No, file the completed form. Do not complete Section i,
HI, or V. }
If the answer to any one of the assessment questions is Yes, there is a potentially inadequate safety analysis
(PISA): 1
. Nuclear Facility Manager document actions (Section I}, including interim operating restrictions,
téken to place or maintain the facility in a safe condition.

. Nuclear Facility Manager execute reporting pracess per MCP-190 or AWP-3.1, for PISA.
USQ evaluator proceed to Section lIL.

. DOCUMENT ACTIONS TAKEN TO PLACE OR MAINTAIN FACILITY IN A SAFE CONDITION AND PROVIDE
THE BASIS FOR THE SELECTION OF ANY INTERIM CONTROLS

The worst case désign basis accident for offsite consequence is the Condition 4 seismic loss-of-coolant accident
sae (LOCA). The worst case accident calculated margins from critical heat flux (CHF) and flow instability (FI), the ATR
W Plant Protection Criteria, are 3.40 standard deviations and 1.64 standard deviations (EDF-5668). These margins meet

the Condition 4 plant protection criteria.

Pr e h Mrthary
Rrimary analysis ihdicates that reducing the maximum effective plate power (EPP) for the ATR fuel elements by 13%
P4 will increase the margins from CHF and Fl to 3.49 standard deviations and 3.34 standard deviations. Preliminary
19° 5 analysis results are attached. The Condition 2 ATR Plant Protection Criteria are 3 standard deviations from CHF or FI.
nbh Operations of the IATR with the 13% reduced EPP will result in the worst case Condition 4 accident meeting the
Vb6 Condition 2 plant protsction criteria, and consequently, will eliminate any credible possibility of fuel damage from the
\0\5 worst case design; basis LOCA. Other postuiated design basis ATR fuel damage events occur with an intact primary
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Use with LWP-18001 ~ {DO NOT USE FOR PROPOSED CHANGES) Page 4 of 6

Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-655

Subject: - Inconsistencies in the Maximum Hypothetical Accident Analysis

coolant system (PhS) Any fission product release will be contained in the PCS and detected by the fission break and
stack monitors resultmg in reactor scram and confinement isolation.

Reactor shall be operated with the following limits on ATR fuel element effective plate powers (EPPs)-
For greater than or equal to 2 standard deviations to reflector ligament craking,

3 primary coolant | pump (PCP) operations plate 19 EPP less than or equal to 387 MW;

3 PCP operations hnner plates EPP less than or equal to 385 MW;

2 PCP operations blate 19 EPP less than or equal to 362 MW;

2 PCP operations ;inner plates EPP less than or equal to 362 MW; and

for less than to 2 .f‘,tandard deviations to reflector lig lrent craklng, 0 é
3 PCP operations plate 19 EEP less than or equal t M 10-5
3 PCP operations inner plates EPP less than or equal to MW; e ‘VS"' o0
2 PCP operations blate 19 EPP less than or equal to 311 } o ols ' & ¢
|
2 PCP operations §nner plates EPP less than or equal t MW, s
J. C. Chapman
Safety Analyst _ Safety Analyst Date

~ Print/Type Name . Signature

M. B. McDonough

Nuclear Facility Manager Nuclear Facility Manager Date

Pnni/T ype Name Signature

Is independent technical review required? Yes [] No []

Nuclear Facility Manager
Signature or Initials

Independent Reviewer Independent Reviewer Date
Print/Type Name Signature
ll. DETERMINATION

Identify applrcable section(s) of the safety basis document(s) (e.g., DSA, SAR, BIO, TSRs, etc.).

SAR-153, Section 15.12.10, “Radiological Analysis,” Section 15.6, “Decrease in Primary Coolant Inventory,”

Section 15.8.7, Srgan icant Melting of One Entire Fuel Element {or Partial Melting in Mecre than Cne Element) Due to
Crushing to Other Accidents,”and Section 15.10.3, “Fue! Channel Blockage or Fuel Damage Due to the Failure of
Large Structural Elements Above or Within the Core”

Hla: POTENTIAL FOR AN INCREASE IN PROBABILITY OR CONSEQUENCE OF AN ACCIDENT OR
MALFUNCTION EVALUATED IN THE SAFETY BASIS

1. Could the PISA increase probablllty of occurrence of an accident previously evaluated in the safety basis?
Yes [] No X
Explain:
The PISA questioned the appropnateness of using the Section 15.12.10 large break loss-of-coolant accident
(LOCA), maxnmurn hypothetical accident,” analysis to bound the consequence to the design basis accidents.
Section 15.12, “Severe Accident Analyses,” discusses beyond design basis accidents. The PISA did not question
the probability of occurrence of any accident.
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Use with LWP-18001 : {DO NOT USE FOR PROPOSED CHANGES) Page 5 of 6

Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-655

Subject: Inconsistencies in the Maximum Hypothetical Accident Analysis

2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes X No II]

Explain:

The PISA questloned the appropriateness of using Section 15.12.10 LOCA analysis to bound the consequence of
design basis aocndents Due to concerns about assumptions, inaccuracies and inconsistencies of that analysis, the
results of the analyS\s may not be conservative when used as the bounding consequence. Although engineering
‘judgment suggests that the results of the Section 15.12.10 LOCA analysis would bound the consequences of the
design basis accrdents the possnblhty exists that when the issues with the Section 15.12.10 analysis are resolved
the consequences of the LOCA may increase which in effect will increase the consequence of the bounded
accidents.

3. Could the PISA increase the probability of occurrence of a malfunction of equipment important to safety
previously. evaluated in the safetybasis? Yes []. No X .

Explain:

The PISA questloned the appropriateness of using the Section 15.12.10 LOCA analysis to bound the consequence
to the design bas1s accidents. Section 15.12, “Severe Accident Analyses,” discusses beyond design basis
accidents. The P!SA did not question the probability of occurrence of a malfunction of any important to safety
equipment.

4.  Could the PISA increase the consequences of a matfunction of equipment important to safety previously
evaluated in the sbfety basis? Yes X} No [

Explain:

The PISA questnoned the appropriateness of using Section 15.12.10 LOCA analysis to bound the consequence of
design basis accndents Due to concerns about assumptions, inaccuracies and inconsistencies of that analysis, the
results of the analysns may not be conservative when used as the bounding consequence. The possibility exists
that when the issues with the Section 15.12.10 analysis are resolved the consequences of the LOCA may increase
which in effect wilif increase the consequence of the bounded accidents.

II‘Ib: POTENTIAL FOR; CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE

5.  Could the PISA create the possibility of an accident of a different type than previously evaluated in the safety
basis? Yes [] No
Expiain:
The PISA questlohed the appropriateness of using the Section 15.12.10 LOCA analysis to bound the consequence
to the design baS|s accidents. Section 15.12, “Severe Accident Analyses,” discusses beyond design basis
accidents. The PISA does not create the possibility of any accident of a different type.

6.  Could the PISA create the possibility of a malfunction of equipment important to safety of a different type than
previously evaluated inthe safety basis? Yes [] No

Explain:

The PISA questlohed the appropriateness of usmg the Section 15.12.10 LOCA analysis to bound the consequence
to the design basrs accidents. Section 15.12, “Severe Accident Analyses,” discusses beyond design basis
accidents. The PISA does not create the possibility of any malfunction of equipment important to safety.
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Ro71/2005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 6 of 6

Facility or Activity: Advanced Test Reactor
USQ Process No.:  RTC-USQ-2006-655

Subject: Inconsistencies in the Maximum Hypothetical Accident Anaiysis

lilc: POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY

7. . Could the PISA reduce a margin of safety as defined in the safety basis?  Yes No []
Explain; ‘
The PISA questi(‘?ned the appropriateness of using Section 15.12.10 LOCA analysis to bound the consequence of
design basis accidents. Due to concerns about assumptions, inaccuracies and inconsistencies of that analysis, the
results of the analysis may not be conservative when used as the bounding consequence. Although engineering
judgment suggests that the results of the Section 15.12.10 LOCA analysis would bound the consequences of the
design basis accidents, the possibility exists that when the issues with the Section 15.12.10 analysis are resolved
the consequencés of the LOCA may increase which in effect will decrease the margin of safety.

llid: UsQ DETERMII*]ATION CONCLUSION

8.  Based on the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes (]I  No | .
Explain:
The PISA questioned the appropriateness of using Section 15.12.10 LOCA analysis to bound the consequence of
design basis acc%dents. Although engineering judgment suggests that the results of the Section 15.12.10 LOCA
analysis would bound the consequences of the design basis accidents, the possibility exists that when the issues
with the Section 15.12.10 analysis are resolved the consequences of the LOCA may increase. Since the
consequences of some of the design basis accidents are scaled from the Section 15.12.10 LOCA consequences,
the consequence of those design basis accidents may similarly increase.

NOTE: If USQ determination result is positive, additional notification for ORPS is required per MCP-190 or
AWP-3.1. ‘ '

Iv. APPROVALICONCURRENCE SIGNATURES

APPROVAL.: .
J. C. Chapman W %@/ Yot Qoo
UsQ Evaluator / Q Evaluator Date
Print/Type Name Signature
~ M. B. MéDonough ﬁ/l IK v /n “ {@c\‘ /'}OOG
Nuclear Facility Manager Nuclear Facility Mahager Date
Print/T ybe Name Signature
CONCURRENCE:
A. P. Hoskins o -8 ue
Independent Revie}w Committee Chair independent Review Committee Chair Date

Print/Type Name Signature
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o 1621‘005 o POTENTIAL INADEQUACY IN'THE SAFETY ANALYSIS (PISA) FORM
Usewith LWP-18001 . - (DONOT USE FOR PROPOSED CHANGES) , - Page 10f5

. Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-656
Subject: Section 15.12 Maximum Hypothetical Accident Analysis Used to Bound Canal Accidents

-Describe the New Information/Discovery: -

The ATR Design Ba5|s Reconstitution Program (DBRP) review of the radiological consequence analysw in Section
15 12, Severe Acmdent Analyses of SAR—1 53 resulted in numerous observatlons

: The exposures resultmg from the radlologlcal consequence ana!yses in Sectlon 15. 12 of SAR-153 are scaled to -
‘determine exposures from fuel failure events in the ATR canal area. The analytical basis for the exposures in )
Section 15.12 is a|detailed analysis of molten fuel relocation and quenchmg in the reactor vessel, temperature and
time dependent fission product release modeis for molten fuel, fission product transport and chemistry analysis in
the primary coolant system piping, fission product partitioning in the compartmentalized confinement building, and
confinement leak rate modeling. The canal accidents occur in an entirely different environment thus the detalled
analysis in Section 15 12 is not applucable to the canal area accidents. :

Identify the appllcable safety basis document(s) (e. g., DSA SAR BIO, TSR, etc.):
SAR-153, Sectlonhs 12

. PISA ASSESSMENT
a. Istherea potentral inadequacy in the analytlcal methodology and/or toois used in the safety basis?
Xl Yes [ No

b. s there a potential discrepancy between the safety basis assumptions, provisions, or oondmons in the
accident analysis and the facility operation or parameters?

K Yes | [ No

c. Isthe actu‘al physical condition of the facuhty different than as described in the safety basis (discrepant as-
found. condltlon)? . o
0 Yes ' X No

d. Has an actual or postulated operational event or incident revealed a potential inadequacy in the safety
basis?
1 vyes X No

€. s this an activity or condition not analyzed in the existing safety basis?
£ Yes K No

Provide an explanation of the assessment result:
Section 1512 anal&sns (i.e., the “maximum hypothetical accident” consequence analysis) is inappropriately used to
- bound the consequences of crushing ATR fuel elements that are stored in the unirradiated fuel storage canat area.

J.'G. Chapman

USQ Evaluator ' USQ Evaluator Date

Print/Type Name Signature
M. B. McDonough '
Nudlear Facility Manager Nuclear Facility Manager Date

Pnni/T ype Name : Signature





43161  INLUSQ PROCESS
10/11/2005

1or11/2 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) : Page 20of 5

Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-656

Subject: Segtion 15.12 Maximum Hypothetical Accident Analysis Used to Bound Canal Accidents

If the answer to ALL of the assessment questions above is No, file the completed form. Do not complete Section H,
lif, or IV. i
If the answer to a‘ny one of the assessment questions is Yes, there is a potentially inadequate safety analysis
{PISA):

. Nudear Facility Manager document actions (Section ll), including interim operating restrictions,
taken to place or maintain the facility in a safe condition.

. I\‘luclear Facility Manager éxecute reporting process per MCP-190 or AWP 3. 1 for PISA.
. USQ evaluator proceed to Section 1.

0. DOCUMENT ACTIONS TAKEN TO PLACE OR MAINTAIN FACILITY IN A SAFE CONDITION AND PROVIDE
THE BASIS FOR THE SELECTION OF ANY INTERIM CONTROLS
No interim restriction are need. TSR-186 AC 5.7.7.2 restricts heavy load handling near fuel storage locations.

J.|C. Chapman
Safety Analyst Safety Analyst Date
Pnnt/T ype Name Signature
M. B. McDonough
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature

Is independent technical review required? Yes [ No []

Nuclear Facility Manager
Signature or Initials

Independent Reviewer Independent Reviewer Date
Print/Type Name Signature

. DETERM INATIO‘N

Identify applicablg section(s) of the safety basis document(s) (e.g., DSA, SAR, BIO, TSRs, etc.).

SAR-153, Sectno:p 15.12.10, “Radiological Analysis,” and Section 15.8.7, “Significant Melting of One Entire Element
(or Partial Meltlng in More than One Element) Due to Crushing or Other Accidents”

Ila: POTENTIAL FOI‘? AN INCREASE IN PROBABILITY OR CONSEQUENCE OF AN ACCIDENT OR
MALFUNCTION EVALUATED IN THE SAFETY BASIS

1.  Could the PISA mcrease probability of occurrence of an accident previously evaluated in the safety basis?
Yes [] No E
Explain:
The PISA concems the appropriateness of scaling the Section 15.12.10 maximum hypothetical accident analysis to
bound the consequence of melting ATR fuel elements while submerge in the ATR canal. The PISA does not affect
the probability of pccurrence any accident. Section 15.8.7 hypothesizes melting one entire ATR fuel element, or

partially melting éght elements, due to any cause and assumes the event is a Condition 4 fault.
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-656
Subject: Séction 15.12 Maximum Hypothetical Accident Analysis Used to Bound Canal Accidents

|
2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes X No |[]
Explain:
The PISA questibned the appropriateness of scaling the Section 15.12.10 maximum hypothetical accident analysis
consequence. Whe Section 15.12.10 analysis is a large loss-of-coolant accident (LOCA) in which the core melts;

- fission products are released into a mixture of the primary coolant and raw water from emergency firewater
injection. Gases and volatiles are then release from the water to the confinement. ' In the canal, the fuel melts, and
fission products are released into the canal water, which has different chemistry, and then into the canal area which

is not in the confinement. It is questionable whether the scaled Section 15.12.10 LOCA analysis bounds the
release from the‘Condition 4 canal accident.

previously evaluzj:xted in the safety basis?* Yes [] No [X

Explain: '

The equipment if‘nportant to safety is the canal structure, canal liner and equipment whose failure or misuse could
damage ATR fuel elements in the un-irradiated fuel storage area. The PISA, scaling the Section 15.12.10 LOCA
analysis conseqt}:ence,to bound the canal accidents, does not affect any equipment important to safety.

3. Could the PISA increase the probability of occurrence of a malfunction of equipment important to safety

4. Could the PISA increase the consequences of a malfunction of equipment important to safety previously
evaluated in the safety basis? Yes [XI No
Explain:
The PISA questi?ned the appropriateness of scaling the Section 15.12.10 analysis consequence. The Section
15.12.10 analysis is a LOCA in which the core melts; fission products from the melt are released into a mixture of
the primary coolént and raw water from emergency firewater injection. Gases and volatiles are then release to the
confinement. In the canal, the fuel melts and fission products are released into the canal water which has different

chemistry and th%an into the canal area which is not in the confinement. It is questionable whether the scaled
Section 15.12.10 LOCA analysis bounds the release from the Condition 4 canal accident. So the consequence of a
failure of equipm‘ nt that could result in crushing ATR fuel elements in the un-irradiated canal storage may not be

well deﬂned._

ib: POTENTIAL FOR CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE
5. Could the PISA create the possibility of an accident of a different type than previously evaluated in the safety
basis? Yes [ No :
Explain:
The PISA questioned the appropriateness of scaling the Section 15.12.10 LOCA analysis consequence to bound
the Condition 4 c?nal accident. The PISA does not create an accident of a different type.
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-656
Subject: Section 156.12 Maximum Hypothetical Accident Analysis Used to Bound Canal Accidents

6. Could the PISA clreate the possibility of a malfunction of equipment important to safety of a different type than
previously evaluated in the safety basis? Yes [1 No

Explain:
The PISA questhned the appropriateness of scaling the Section 15.12.10 LOCA analysis consequence to bound
the Condition 4 canal accudent The PISA does not create any possibility of a malfunction of equipment important

to safety. |

filc: POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY

7. Could the PISA r‘educe a margin of safety as defined in the safety basis? Yes E No [:I

Explain:-
The PISA questhned the appropriateness of scaling the Section 15.12.10 LOCA analysns consegquence to bound

the Condition 4 canal accident. The consequence of the Condition 4 canal accident in which one ATR fuel element
melts or eight fueh elements partially melt is not well defined, and therefore, the margin of safety is not well defined.
| .

lid: UusQ DETERMINV\TION CONCLUSION
8. Based on the res%nnses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes X No .

Explain:

Section 15.12. 10\LOCA analysis may have been inappropriately used to bound the consequence of crushing an
ATR fuel element or elements in the canal. Therefore, the consequence of the Condition 4 canal accident may not
be well defined.

NOTE: If USQ determination result is posmve, additional notification for ORPS is required per MCP-190 or
AWP-3.1.

IV. APPROVAL/CONCURRENCE SIGNATURES

APPROVAL.:
J. C. Chapman Maﬁ@_ M -
USQ Evaluator Q Evaluator Date
Print/Type Name Sigrature _
M. B. McDonough W? /{ fi(g 4 o i
Nuclear Facility Manager Nuclear Facility Malfi;er Date
Print/Type Name Signature
CONCURRENCE.
A. P. Hoskins , /0 - S:(K
Independent Revnew Committee Chair Independent Review Committee Chair Date

Print/T: ype Name Signature
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2007-726 Revision 1

Subject: Evaluation of Confinement Pressure Transient Capability (GAP-013-07)
Nuclear Facility Manager Nuclear Facility Manager ’ Date
Print/Type Name Signature i
If the answer to the question above is “No,” file the completed form. Do not complete Section |1, 11, or IV.
If the answer to the question above is “Yes,” complete Section |l Iil, and IV.

. pISA DECLARATION

What is the basis for concern that the safety basis may not be bounding or may be otherwise inadequate?
Provide an explanation. :

tssue 1: SAR-153 over-states the capability of the confinement to withstand an over-pressure event.

SAR-153 General Design Criterion 16, Confinement Design, requires that reactor confinement and associated systems shall be
H 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,

The confinement iritegrity analyses in TR-808, PG-T-88-020, and PG-T-88-021 evaluate various severe accidents resulting in
confinement pressurization. These analyses conclude the resulting over-pressurizations are acceptable based on a
confinement design pressure limit of 7.5 inches of water. However, there is no verification that the confinement can maintain the
safety design leak rate integrity after an over-pressure event reaching 7.5 inches.

The confinement leak rate used in the safety analysis, TRA-ATR-1543, is based on measured leak rate data at very low
pressures (i.e., less than 1 in. of water). There are no test data supporting the conclusion that the confinement leak integrity will
be maintained after an elevated pressure transient.

This issue was previously identified and evaluated in 1988. RLRO-07-88 concluded that severe structural damage to the
confinement structure was unlikely at pressures near 7.5 inches of water; however, confinement seal degradation was expected.
RLRO-07-88 concluded installation of a confinement over-pressure protection feature was preferable to performing proof testing
at elevated pressures. An over-pressure protection feature has not been installed.

Issue 2: The RMS-2 function for confinement over-pressure protection was eliminated without adequate evaluation.

One of the design functions of the Radiation Monitoring System (RMS) was to mitigate potential confinement structure over-
pressure from selected events that might involve release of radioactivity coupled with release of reactor or pressurized water
loop coolant (SAR-153 Section 12.5.2.2.1, RMS Protective Function).

The analysis supporting this function is in the 1965 Advanced Test Reactor Safety Analysis Report, IDO-17021. This analysis is
based on the performance characteristics of the RMS-2 feature. The RMS-2 feature provided this function by initiating a trip of
the ventilation supply while the exhaust was still operating.

The evaluations in IDO-17021 are flawed in that they assume there is a release coincident with the over-pressurization. For the
pressurized water loop facility cases considered, the fuel failure and radioactive material release could occur well after the
blowdown of the loop facility.

The RMS-2 function was removed in 1998. The unreviewed safety question evaluation supporting removal of the RMS-2
function (USQ-RTC-SE-98-050) argued that the over-pressure mitigation function was provided by automatic action of the HVS-
1 variable speed control feature. While this may be an adequate paosition, the functional performance of this control feature was
not evaluated, the credit taken for this control feature was not evaluated to establish the safety category of the control feature,
and SAR-153 was not updated to reflect elimination of this protective function from the RMS section.
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2007-726 Revision 1
Subject: Evaluation of Confinement Pressure Transient Capability (GAP-013-07)

Issue 3: Inappropriate extrapolation of confinement performance data.

PG-T-88-020 and SAR-153 Section 6.2.3.2, System Performance, both extrapolate confinement leak rate data far beyond the
range of measured data. PG-T-88-020 extrapolates from data measured at less than 1 inch of water to 7.5 inches of water.

- SAR-153 extrapolates from data measured at less than 0.5 inches of water to 7.5 inches of water. Also the SAR-153
extrapolatlon is'based on an upper bound fit of the measured confinement leak rate. This is inappropriate and non-conservative
for the pressure relief assessment. Pressure relief capability should be based on minimum rather than maximum measured leak
rate data.

While the confinement structural integrity should be maintained at up to 9.0 inches of water (TKB-19-87), the design basis leak
- rate integrity probably would not be maintained at this elevated pressure. Some seal materials would be expected to fail at 7.5
inches of water (RLRO-07-88). .

Issue 4: Inadequate accounting for potential confinement heat sources.

SAR-153 Section 3.1.4.9, Criterion 38, Confinement Heat Removal, requires that a system to remove heat from the reactor
containment (sic) shall be provided. The system safety function shall be to reduce rapidly, consistent with the functioning of
other associated systems, the containment (sic) pressure and temperature following any loss of coolant accident and maintain
them at acceptable low levels.

In discussing compliance with this requirement SAR-153 states, “Since the ATR is a moderate pressure, low temperature
facility, a confinement heat removal system is not needed,” (i.e., GDC 38 is not applicable).

The discussion neglects the potential for failures in the pressurized water loop experiment facilities as a potential heat source.
The effect of the loop blowdown on confinement over-pressure was evaluated in IDO-17021, however, the evaluation took credit
for the RMS-2 over-pressure protection function which has been eliminated. (See Issue 2.)

Issue 5: Confinement under pressure events have not been evaluated

Failure of the reactor building main supply fan (HVS-1) with the exhaust fan running results in-a negative pressure of the
confinement. This negative pressure has the potential to damage confinement penetration sealing materials. However,
confinement under-pressure events have not been analyzed.

A PISA exists. Complete the following actions

. Nuclear Facility Manager document actions {below) including interim operating restrictions taken to
place or maintain the facility in a safe condition.

. Nuclear Facility Manager éxecute reporting process for PISA per LWP-9301 and LWP-13830.

. Quaiified USQ evaluator proceed to Section ll.

ACTIONS TAKEN TO PLACE OR MAINTAIN FACILITY IN A SAFE CONDITION AND THE BASIS FOR THE
SELECTION OF ANY INTERIM CONTROLS.

No action was necessary to place the plant in a safe condition. The plant will continue to operate.
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Facility or Activity: Advanced Test Reactor

USQ Process No.: RTC-USQ-2007-726 Revision 1

Subject: Evaluation of Confinement Pressure Transient Capabi_lity (GAP-013-07)

A building under pressure condition may occur if the main exhaust fan HVE-17 is operating with HVS-1 secured; this condition
will require the following actions: (Exception-is during the performance of OMM-7.8.13.1.2 HVS-1 System Startup, in which HVS-
1 is- momentarily secure while HVE-17 is being started.)

The following interim controls shall be implemented:
If: Limiting Condition for Operation (LCQ) 3.8.1 is not applicable,
Then: perf?rm LCO 3.8.1 Surveiliance Requirement (SR) 4.8.1.1 prior to entering confinement applicability.

Y I LC 1']? applicable, ‘
: %"}" Then: perform a walkdown of the accessible areas of the ATR confinement to inspect for damage to confinement penetration
£ sealing material.
: If: any damage is found,
Then:
1. enterLCO 3.8.1.C
2. perform SR 4.8.1.1 prior to entering LCO 3.8.1 applicability.

The assessments of maximum confinement pressures in TR-808, PG-T-88-020, and PG-T-88-021 are based on severe or
beyond design basis accidents. The safety design basis for the ATR confinement should be that the confinement must
withstand the pressures and temperatures of the limiting design basis accident without exceeding the design leakage rate
defined in TRA-ATR-1543. This would make the ATR confinement design basis consistent with the design basis for commercial
nuclear power reattors. Commercial reactor containment over-pressure verifications are based on limiting design basis
accidents not severe accidents. ’

Current normal leak rate testing procedures of the ATR confinement include over-pressurization up to about 0.5 inches of water.
These leak rate tests monitor confinement performance to assure the design basis leak rate is maintained. Based on
engineering judgment it is unlikely that any design basis accident that may result in reactor or pressurized water loop experiment
fuel damage would result in a confinement over-pressurization that would damage the confinement such that the acceptance
criteria in TRA-ART-1543 would not be met. Confinement over-pressurization during design basis loss of coolant, loss of heat
sink-and loss of flow accidents can be characterized as a volume displacement from emergency firewater injection. The primary
coolant system bulk temperature remains below saturation during these accidents. Pressurized water loop depressurizations
would result in expansion of the high-pressure, high-temperature loop coolant into the confinement volume. The total volume of
a pressurized water loop is small (~250 gallons) compared to the confinement volume (1.64E+6 ft*) and there would be
substantial condensation of the vapor released from the loop piping. The loop piping is almost entirely within small basement
compartments inside of confinement which would tend to minimize the global over-pressure effect inside of confinement volume.

J. C. Chapman 22 May 2008,
Safety Analyst Date
rintfType Na

. ” ‘ "3‘& A o1/ U g

Nuclear Facility Manageér Nuclear Facility Managey/ ,..92. Date

Print/Type Name ) Signature $
Is independent technical review required? Yes XI No [] %
‘ Nuclear Facility Manager
Signature or Initials
A. P. Hoskins S -ra2-08
Independent Reviewer Independent Reviewer Date

Print/Type Name Signature

il. USQ DETERMINATION
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2007-726 Revision 1

Subject: Evaluation of Confinement Pressure Transient Capability (GAP-013-07)

lla:

Identify applicable section(s) of the safety basis document(s) (e.g., DSA, SAR, BIO, TSRs, etc.).

SAR-153 Revision 21 Sections 3.1.2.7,3.1.2.7.2, 3.1.4.9, 3.1.5.1.2, 3.1.5.3.2, 3.1.5.4.1, 3.8.1.3, Table 3.8-1, 621
6.2.2.1, Table 6.2-1,6.2.2.9,6.2.3.2, 125221 15.7,15.8.7,15.12,16.2.26

TSR-186 Revision 11 LCO 3.8.1

TRA-USQ SE-1998, TRA-USQ- 1998-050 TRA-ATR-1543 Rev 2, TRA-ATR-1588 Rev 1

POTENTIAL FOR AN INCREASE IN PROBABILITY OR CONSEQUENCE OF AN ACCIDENT OR

~ MALFUNCTION EVALUATED IN THE SAFETY BASIS

Could the PISA increase probability of occurrence of an accident previously evaluated in the safety basis?
Yes []  No [X
Explain:

Issue 1 .
No. Issue 1 notes that GDC 16 requires, in part, that the confinement building is required to ensure that
confinement design conditions important to safety are not exceeded for as long as postulated accident
conditions require. It then describes a concern that the confinement leak rate may change after an over-
pressurization event. It also notes that a previously recommended overpressure protection feature has not
been installed.

The system in question, the confinement building, performs its function after an accident has already
occurred. It cannot be the initiator of an accident. The concern described by Issue 1 cannot i increase the
probability of occurrence of an accident previously evaluated in the safety basis.

Issue 2
No. Issue 2 notes that the RMS-2 function, which is stated to provide some measure of confinement
overpressure protection, was removed without adequate evaluation of a replacement system for this
function.

The presence, or absence, of a confinement overpressure protection system affects only the mitigation of a
possibie accident. It cannot serve as the initiator of an accident. The concern described by Issue 2 cannot
increase the probability of occurrence of an accident previously evaluated in the safety basis.

Issue 3
No. Issue 3 notes that SAR-153, and an older accident analysis, extrapolate confinement leak rate data to
possibly inappropriate values. It also notes that the SAR discussion uses upper bound leak rate values
rather than the more appropriate minimum leak rate data. Finally, Issue 3 indicates that some seal
materials would be expected to fail at elevated confinement differential pressures. Such failure could
invalidate the extrapolated data. Seal failures due to overpressure event would exacerbate Issue 1.

The pressure retention capability of the confinement, or the capability to relieve pressure, would only be

important after an accident occurs. It cannot be the initiator of an accident. The concern described by Issue

3 cannot increase the probability of occurrence of an accident previously evaluated in the safety basis.
Issue 4

No. Issue 4 notes that GDC 38 requires the existence of a confinement heat removal system to control

confinement pressure and temperature. The ATR confinement lacks such a system. issue 4 also notes that

fallure of'a pressurized water loop experiment facility would result in a potentral heat source.

The presence or absence of a confinement heat removal source wouid be of importance only after an
accident has occurred. Absence of such a system cannot be the initiator of an accident. The concern
described by Issue 4 cannot increase the probability of occurrence of an accident previously evaluated in
the safety basis.
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Subject: Evaluation of Confinement Pressure Transient Capability (GAP-013-07)

Issue 5

' No. Issue 5 notes that a confinement building underpressure event could occur if the reactor building main
supply fan (HVS-1) fails while the exhaust fan keeps running. Such an underpressure event has not been
previously evaluated.

Confinérhent pressure, either above or below outside ambient air pressure, is not an accident initiator at the
ATR. The possibility of an underpressure event does not increase the probability of occurrence of any
previously evaluated accident in the safety basis.

é. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes X No [

Explain:

¢ . lIssue1
: No. SAR-153 discusses several radiological accidents (Sections 15.7, 15.8.7, 15.12). All of these accidents

v assume near steady-state releases of radioactive material from the confinement. These releases are driven
by emergency firewater injection system (EFIS) flow into the building via the primary coolant system (PCS),
wind-induced building differential pressure, and building-to-outside pressure and temperature equalization.
None of the accidents lead to a confinement building pressurization. Without confinement pressurization,
this concern does not exist, thus it cannot increase the consequences of an accident previously evaluated
in the safety basis.

As stated in the description for Issue 1, there are several older accident analyses that were performed, in
part, to determine if the confinement design pressure could be attained or exceeded. These analyses
involve beyond design basis accidents, which are not part of the safety basis for the ATR. While the
consequences of these hypothetical accidents could be increased by the concern described in Issue 1, -
these results of these analyses are not required to be acceptable. The PISA, however, does not
questioned the functionality of the confinement for design basis accidents.
Issue 2 ' :
No. General Design Criterion 16 requires, in part, that the confinement building is required to ensure that
confinement design conditions important to safety are not exceeded for as long as postulated accident
conditions require. A confinement overpressure protection system would be intended to keep confinement
pressure below the level that would cause a change in the building leak rate. Such a system is not required
at the ATR because no design basis events result in confinement pressurization.

As described for Issue 1 (above), none of the radiological analyses involve confinement pressurization. For
these accidents, an overpressure protection system is not necessary. Nor is it necessary for beyond design
basis accidents that might result in pressurization; the ATR confinement building is not required to, nor is it
designed to, survive such events unscathed. Thus, the absence of a confinement overpressure protection
system does not increase the consequences of an accident previously evaluated in the safety basis.
Issue 3
: No. Confinement pressure capability is only a factor in beyond design basis accidents. No accident _
analyses in the safety basis credit the capability of the confinement to retain, or relieve, pressure.
Inappropriate extrapolation of leak rate data to differential pressures greater than measured in leak rate
tests has no effect on the consequences of these accidents because the analyses do not use the
extrapolated data. Data extrapolated to 0.5 in. of water from TRA-ATR-1543, Rev. 2 indicate a
confinement leakage of greater than 6000 cfm which is greater then that required for the postulated Large
Break Loss of Coolant Accident with Emergency Firewater Injection, 5530 cfm.

In addition, SAR-153 Section 6.2.3.2 discusses the ability of the confinement to withstand the effects of a
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design basis LOCA. The simplistic calculation contained therein is extremely conservative. The peak mass
flow from the break occurs for a very short period of time at the beginning of the accident and is not
representative of the mass flow that must be relieved by the confinement building. Also, the peak mass flow
and EFIS flow do not occur at the same time. By including these conservatisms, the calculation indicates
the confinement must be able to relieve more volume displacement than necessary. .
Issue4 :
No. General Design Criterion 38 requires commercial nuclear power plants to have a containment heat
removal system because the containment building is designed to contain all the mass and energy released
, ~ from primary or secondary system breaks inside the containment building. Without a heat removal system,
v the pressure and temperature inside the containment could remain elevated for substantial periods of time,
L ~~ which mlght adversely affect contamment leakage or equipment qualification lifetimes.

At the ATR, the confmement is not designed to contaln the mass and energy released from a primary
coolant system or experiment loop break. The confinement is not designed to retain pressure. Additionally,
the water in the primary coolant system is subcooled. For primary system breaks, insufficient energy is
released to the confinement to require a heat removal system. For a pressurized water loop (PWL)
experiment facility, water temperatures are significantly higher. The total quantity of water, however, is
much less (about 250 gallons) and would condense quickly on cold confinement surfaces. Thus, after a
PWL failure, the mass-energy release to the confinement is relatively small. The large volume of the gas-
tight area of the confinement (1.64 E6 ft® ) would be expected to absorb the release with little increase in
pressure or temperature, even if all of the water were to flash to steam. A confinement heat removal
system is not needed. Thus, absence of such a system cannot increase the consequences of an accident
previously evaluated.

issue 5
Yes. An underpressure event could conceivably result in changes to confinement building seals. These
changes could result in a leak rate larger than assumed in the accident analyses. This potentially higher
leak rate would remain undetected since confinement leak rate testing is not required after an
underpressure event. Increased leak rates could increase the consequences of the radiological accidents
analyzed in the safety basis. Although the PISA does not address possible structural damage from an
underpressure event, it is very unlike that events such as exhaust fans continuing to run would cause any
structural damage of the confinement. :

Could the PISA increase the probability of occurrence of a malfunction of equipment important to safety
previously evaluated in the safety basis? Yes X No []

Expiain:

w

Issue 1
No. There is no equipment that might malfunction more frequently if the confinement leak rate increased
following a confinement pressurization event. Increased confinement leakage would not adversely affect
any equipment inside or outside the confinement building. Additionally, since the confinement building has
been determined to be able to withstand internal pressures of up to 9.0 inches of water column (in. w.c.),
pressurization events up to the design pressure of 7.5 in. w.c. are not expected to resuit in structural failure
of the building. Thus, “parts” of the building would not be expected to fall onto other equipment. In addition,
the functionality of the confinement seal system is not expected to be affected by design basis accidents.

issue 2
No. A confinement overpressure protection system would only be of value in those beyond design basis
accidents that result in building pressurization. The evaluation of these accidents is not required to be part
of the safety basis. Since the safety basis only evaluates design basis accidents, the probability of
occurrence of malfunctions of equipment important to safety in those accidents cannot be increased by the
absence of a system that would only function in beyond design basis accidents.
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2007-726 Revision 1

Subject: Evaluation of Confinement Pressure Transient Capability (GAP-013-07)

Issue 3
No. Theissue of inappropriate extrapolation of confinement leak rate data to higher differential pressures
applies only to accidents wherein the confinement building is pressurized. Although confinement seals are
expected to be damaged by high overpressure accidents, such accidents are beyond design basns for the
ATR.
Issue 4 : '
No. Prior arguments (see Question 1) indicate that a confinement heat removal system is not necessary for
the ATR. Absence of a system that is not needed cannot increase the probability of any equipment
| mailfunction.
Issue 5
Yes. Issue 5 raises the possibility that confinement building seal materials could be damaged by an .

- underpressure event. Such damage would be considered a malfunction. Examination of Drawing 120314
suggests that the confinement building penetration seals are robust structures that should be able to
withstand the same amount of differential pressure in either a forward or reverse direction. However, an
engineering analysis has not been done to support this supposition. In addition, increase confinement

' leakage would remain undetected after an underpressure accident, since testing after such an accident is
not required.

4. Could the PISA increase the consequences of a malfunction of equipment important to safety previously
evaluated in the safety basis? Yes X No []

Explain:

Issue 1 .
No. Issue 1 is concerned with the confinement building leak rate following an overpressure event. Such
events are beyond the design basis of the ATR. In addition, the functionality of the confinement seal
system is not expected to be affected by design basis accidents. However, it is possible that, should the
confinement leak rate increase, the radiological consequences to evacuating workers could be increased if
the RTC evacuation system were to malfunction. Redundant evacuation systems (voice paging systems,
security vehicles with-loudspeakers) would, however, mitigate a loss of the evacuation system at RTC.

Issue 2
No. Issue 2 is concerned with the lack of a confinement overpressure protection system at the ATR. Such
protection is not required for any analyzed radiological events in the safety basis. Absence of such a
system cannot affect previously evaluated equipment maifunctions since such protection has not been
credited in the accident analyses.

Issue 3
No. Issue 3 is concerned with inappropriate extrapolation of confinement leak rate data to higher differential
pressures. Such extrapolation could lead to erroneous conclusions about the ability of the confinement
building to withstand overpressure events. This is akin to not having an overpressure protection system.
See Issue 2 above. Although confinement seals are expected to be damaged by high overpressure
accidents, such accidents are beyond design basis for the ATR.

Issue 4
No. Prior arguments (see Question 2) indicate that a confinement heat removal system is not necessary for
the ATR. Absence of a system that is not needed cannot increase the consequences of any equipment
malfunction.

Issue 5
Yes. See Question 2.

lllb: . POTENTIAL FOR CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE





4316t ‘ INL USQ PROCESS -

Revoo" REASONABILITY DETERMINATION/POTENTIAL INADEQUACY IN
Use with LWP-18001 THE SAFETY ANALYSIS (PISA) FORM Page 9 of
: (DO NOT USE FOR PROPOSED CHANGES) 11

Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2007-726 Revision 1
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9. Could the PISA create the possibility of an accident of a different type than previously evaluated in the safety
~ basis? Yes X = No [] :

Explain:

Issue 1 4
No. As described under Question 1, Issue 1 is not an accident initiator.
Issue 2
No. As described under Question 1, Issue 2 is not an accident initiator.
Issue 3
No. As described under Question 1, Issue 3 is not an accident initiator.
~ Issue 4 o ’ : v S
v No. As described under Question 1, Issue 4 is not an accident initiator.
Issue 5 v
Yes. A confinement underpressure event would not be expected to initiate an accident of any type.
However, confinement underspressure, since the condition could go undetected, could exacerbate an
accident scenario.

5. Could the PISA create the possibility of a malfunction of equipment important to safety of a different type than
previously evaluated in the safety basis? Yes [X No [

Explain:

Issue 1
No. The safety basis already evaluates the ability of the confinement building to withstand a pressurization
event. Additionally, none of the radiological accidents evaluated in the safety basis involve confinement
pressurization. Issue 1 (change in leak rate after pressurization / lack of overpressure protection) cannot
create the possibility of a different type of malfunction of equipment important to safety (i.e. the confinement
building). The functionality of the confinement seal system is not expected to be affected by design basis
accidents.

Issue 2
No. While the lack of a confinement overpressure protection system could conceivably cause unforeseen
malfunctions of equipment, such malfunctions would only occur in beyond design basis events.

Issue 3
No. Inappropriate extrapolation of confinement leak rate data does not create the possibility of a different
type of malfunction of equipment important to safety. Nothing physical is changed. Although, confinement
seals are expected to be damaged by high overpressure accidents, such accidents are beyond design -

t basis for the ATR.

Issue 4
No. No credit has been taken for confinement heat removal. Absence of confinement heat removal system
cannot create the possibility of a different type of equipment malfunction than previously evaluated. Nothing
physical is changed.

Issue 5 v
Yes. The only equipment malfunctions that could be affected by a postulated confinement underpressure
event would involve increased seal leakage. Undetected seal leakage could exacerbate an accident
scenario. However, lose of confinement, confinement leakage greater than assumed, has not been
considered in accident scenarios.
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2007-726 Revision 1
Subject: Evaluation of Confinement Pressure Transient Capability (GAP-013-07)

- Me:
_

Hid:

POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY

. Could the PISA reduce a margin of safety as defined in the safefy basis?  Yes X No [J

Explain:

Issue 1 .
No. The potential change in confinement leak rate following a pressurization event does not reduce the
margins of safety associated with the ATR. The functionality of the confinement seal system is not
expected to be affected by design basis accidents. Data extrapolated to 0.5 in. of water from TRA-ATR-
1543, Rev. 2 indicate a confinement leakage of greater than 6000 cfm which is greater then that required -
for the postulated Large Break Loss of Coolant Accident with Emergency Firewater Injection, 5530 cfm.
Thus the confinement will be capability of relieving the postulated over-pressurization. ‘None of the
radiological accidents analyzed in the safety basis involve significant confinement pressurization. Any
events that might result in significant confinement pressurization are beyond design basis events.

‘ Issue 2

No. While SAR-153 Section 12.5.2.2.1 indicates that part of the confinement ventilation system “serves to
relieve any possible pressure buildup in the confinement area that might accompany a radioactive release,”
none of the analyses in the safety basis credit the existence or performance of a confinement overpressure
protection system. Because overpressure protection is not credited, its absence does not affect any
margins of safety in the safety basis.
Issue 3
No. Issue 3 deals with certain calculations related to confinement pressure response performance. The
margins.of safety defined for the confinement in TSR-186 relate to the leak rate under postulated design
basis events. Although, confinement seals are expected to be damaged by high overpressure accidents,
such accidents are beyond design basis for the ATR. The postulated accidents, even the scenario
postulated in TRA-ATR-1543 Rev. 2, do not predict overpressure near extrapolated differential pressures
described in Issue 3.
Issue 4
No. Issue 4 is concerned with the absence of a confinement heat removal system and the possible heat
source provided by a pressurized water loop experiment facility failure. No credit, or conservatism, has
been taken with respect to confinement heat removal. For this reason, the presence, or absence, of such a
system does not affect any margin of safety.
Issue 5 :
Yes. A postulated confinement underpressure event could, in theory, affect confinement building seal
leakage. Increases in seal leakage without detection could result in increased radiological consequences
and decreased dose margins.

USQ DETERMINATION CONCLUSION

Based on the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes X No

Explain:

The PISA constitutes an Unreviewed Safety Question on the basis that a postulated confinement underpressure
event could potentially lead to seal damage. Such undetected seal damage could increase the confinement
leakrate over that measured from the most recent leak rate test. Increased leakage could result in increased
radiological consequences following certain accident scenarios. The existing controls, as presented above, would
not detect increased leakage until after the reactor is shutdown and the confinement building tested. it is in this
interim period between the underpressure event and reactor shutdown that the potential for increased radiological
consequences exists. '
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1.

INTRODUCTION

Revision 1 of the evaluation of the safety of the situation (ESS) proposes and provides
the justification for additional revisions to the interim restrictions on canal operation
imposed by the potential inadequacy in the safety analysis (PISA), RTC-USQ-2008-451,
“Canal Bulkhead Seal Leakage with Air-Pillow Seal Deflated.” Interim restrictions of
this PISA were initially revised by TEV-284 (Revision 0)'. The PISA was reported by
Occurrence Report NE-ID-BEA-ATR-2008-0011. TEV-284 (Revision 0), approved in
September 2008, demonstrated that 1) the installation of a second isolation bulkhead,
between the cask transfer station (CTS) and the irradiated fuel storage section of the
Advanced Test Reactor (ATR) canal, supported restoration of cask handling at the CTS
and 2) the installed bulkhead, between the Advanced Test Reactor Critical (ATRC)
facility canal and the ATR canal, supported restoration of heavy-facility-load lifts in the
ATRC bay. Revision 0 demonstrated that interim controls initially established by the
PISA could be revised to allow cask handling at the CTS and heavy-facility-load lifts in
the ATRC bay, with a second isolation bulkhead, without increased risk to the worker,
public, jor environment.

This reyision of the ESS demonstrates that installation of an isolation bulkhead with dual,
independent air-pillow seals supports restoration of cask and heavy-load handling in the
ATR canal and that the interim controls can be revised to allow cask and heavy-load
handling in the ATR canal without increased risk to the worker, public, or environment.

|
This ESS briefly discusses the concern that lead to the PISA declaration and the resultant

unrevielwed safety question (USQ). Next, the ESS provides the USQ resolution plan and
status. Then, the ESS provides a justification for continued operation under the interim
controls as initially revised by Revision 0 and for operation under the proposed additional
revised|interim controls. Finally, the ESS concludes that continued operation under the
interim! controls as initially revised by Revision 0 is within the safety basis and operation
under the proposed revised interim controls (Revision 1) will also be within the safety
basis. ’Eherefore, the allowed cask and heavy-load lifts in the ATR canal pose no
additional risk to the worker, public, or the environment.

ESS P!URPOSE/OBJECTIVES

The purpose of Revision 1 to this ESS is to propose and justify additional revision of the
interim| operating controls imposed by PISA RTC-USQ-2008-451, as initially revised by
Revision 0. The intent of this revision is to replace TEV-284, Revision 0. The ESS is
being revised to support the proposed additional interim controls while preserving the
current|approved interim controls. The specific objectives of this ESS are as follows:

o Provide background information on the bulkhead seals and the potential
inadequacy

3 Present the USQ resolution plan and the current status of the USQ resolution
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. Provide the initial justification for continued operation, justification for operations

under the revised interim controls, and the justification for operation under the

proposed additional revision of the interim controls

. Present and incorporate the proposed additional interim controls in technical
safety requirement (TSR) format

. Provide statements of the safety of the situation for continued operation under the
interim controls that incorporate the proposed additional controls

o Provide the basis for revised interim controls for ATR canal operations, to be

submitted for Department of Energy (DOE) approval.
BACKGROUND

Sections of the ATR canal may be isolated by installing full-height or short
bulkheads. The irradiated fuel storage section of the canal typically is isolat

(half-height)
ed by two

short bulkheads—one on the east side of the fuel storage section, the other on the west

side (locations 2 and 7 on Figure 1). The bulkhead design includes an inflat
air-pillow seal with a passive J-seal/wedge seal. (Similar to Sections A-A ai
Figure 2 except only one air-pillow seal.) The accident analysis in the ATR
Final Safety Analysis Report postulates Conditions 3 and 4 initiating events
result in draining the canal. Administrative controls ensure that the irradiate
exposed (i.e., draining the irradiated fuel storage area of the canal is beyond

able

nd B-B on
Upgraded
that could

d fuel is not
design basis

for the initiating events). These controls restrict cask and heavy-load lifts, require

isolation of the irradiated fuel storage section, and specify the configuration

drain covers and the vessel drop chute. Combined with the capability of can

s of the canal
al makeup to

the irradiated fuel storage section, these controls ensure that exposure of irradiated fuel is

beyond design basis for the initiating events.

In June 2008, a spare full-height canal bulkhead was installed in the storage
the working canal to establish canal conditions necessary to support installa

canal west of
tion of

hydraulic shuttle irradiation system (HSIS) components and an operating stat1on in the

west end of the ATR canal. The water west of the bulkhead was lowered ab

out eight feet

to allow access for project work. Once the necessary air-pillow seal inflation pressure
was established, the bulkhead seal functioned as expected, allowing only minimal
leakage. With the canal level lowered, the pressurized air-pillow seal subsequently failed.
The resulting seal leakage, with only the passive J-seal/wedge seal, exceeded the leakage
assumed in the safety basis analyses. The excessive seal leakage was due to weaknesses
in the bulkhead design, the condition of the bulkhead seals, the installation ‘of the

bulkhead, or a combination of these factors.

A PISA was declared, interim restrictions on canal operations were imposed, and a USQ

was determined to exist.
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The interim controls stopped all handling of heavy-loads in the canal that, if dropped, had
the potential to damage the canal to the extent that the isolation bulkheads would be
required to limit leakage from the irradiated fuel storage section of the canal. ATR
Programs proposed to revise the interim controls to allow cask handling at the CTS if a
second isolation bulkhead, with the air-pillow seal pressurized, was installed between the
irradiated fuel storage section and the CTS. Cask handling at the CTS supports transfer of
loop experiments between the reactor and the working canal. ATR Programs also
proposéd to revise the interim controls to allow heavy-facility-load lifts in the ATRC bay

if the ATRC bulkhead is installed with the air-pillow seal pressurized.

Heavy-}facility—load lifts in the ATRC bay facilitate inserting new experiments in the
ATR by supporting the experiments insertion and physics measurement in the ATRC
prior to; irradiation in the ATR. These proposed changes were approved' and
implen‘lented.
Revision 1 proposes additional interim controls to support cask and heavy-load handling
in the ATR storage canal. The new control is to require dual, independent, pressurized
air-pillow seals (Sections A-A and B-B on Figure 2) on the isolation bulkhead between
the fuel storage section and the ATR storage canal (location 2 on Figure 1). The new
proposed control or the current interim controls, which require two isolation bulkheads
with pressurized air-pillow seals, will provide the necessary preventative and mitigative
provisiipns to ensure that draining the irradiated fuel storage section remains beyond
design basis.

|
USQ RESOLUTION PLAN AND CURRENT STATUS

The reg‘olution plan for RTC-USQ-2008-451 is presented and tracked by the Battelle
Energyi Alliance, LLC (BEA) issues management tracking system, ICARE, as DR 42922.
The cortrective actions were to: 1) perform a root cause analysis, 2) develop a corrective
action plan based on the root cause analysis, and 3) perform a review of prior
self-assessments to identify missed opportunities to identify this noncompliance. A
separat‘e ICARE, O 42923, tracks repair of the full-height bulkhead seal system for
isolatioln of the irradiated fuel storage area from the CTS and long term replacement of
the irraHiated fuel isolation system. ICARE, O 43080, tracks the resolution of the
recommendations presented in ECAR-343 for the installation of the second isolation
bulkhead. ICARE, O 43461 tracks the resolution of the recommendations presented in
ECAR—}41 1° for the modification to add dual, independent air-pillow seals to the short
(half-hTight) isolation bulkhead.

The cu#ent status of the USQ resolution plan, the bulkhead seal repair, and irradiated
fuel storage isolation system replacement activities are available in BEA’s ICARE

system.}

\
JUSTIFICATION FOR CONTINUED OPERATION AND FINAL
OPERABILITY DETERMINATION

Justification for Continued Operation presents the justification for the facility operation
a) unde‘} the interim controls initially imposed by PISA RTC-USQ-2008-451, b) under
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\
the approved revised interim controls’, and c) under the proposed additional|controls.
This revision incorporates the TSR format of the approved revised interim controls
(Reference 1). For clarity, the proposed additional control is incorporated 1nto the current
approved control. The final operability discusses the final resolution of the USQ

5.1  Justification for Continued Operation

5.1.1 Justification for Continued Operation Under Initial Interim
Controls ' }

All canal operations that could result in an event in which tl‘le isolation
bulkheads are required to limit leakage from the irradiated fuel storage
section have been stopped and are not permitted. By stoppiq‘lg all such
operations, the canal drain event remains incredible, which is consistent
with the safety basis analysis assumptions and with the level of risk
accepted by the DOE. The initial PISA controls are: ‘

To ensure that facility operation remains Wlthm the safety
basis analysis, no cask or heavy-load lifts with| ‘potential to
_cause a canal drain event are permitted. This 1nc1udes
heavy-load lifts in the canal area, at the canal transfer
station, and the ATRC canal area (e.g., the sechrity
enhancement device). Lifts north of the canal, over the canal
drains, are permitted with the canal drain covers installed.

5.1.2  Justification for Continued Operation Under Revised Interim
Controls

Initial revision to the PISA interim controls was proposed (Revision 0)
and approved’. The revision allows cask handling at the CTS. Installing
an isolation bulkhead in the working section of the ATR canal, which is
located between the irradiated fuel storage section and the CTS, isolates
the irradiated fuel storage area from the CTS with two bulkheads, each
with pressurized air-pillow seals. A surveillance to verify that this
second bulkhead air-pillow seal is pressurized prior to cask handling at
the CTS ensures that this seal system is functional. As demonstrated
during the aforementioned HSIS project, with pressurized a1r-p1110w
seals, the bulkhead leakage was minimal. Installing the sec‘ond isolation
bulkhead and verifying that the air-pillow seal is pressurized provides the
necessary redundancy to ensure that a canal drain event due to cask
handling at the CTS remains incredible. Ensuring that a canal drain event
remains incredible is consistent with the safety basis analysis
assumptions and with the level of risk accepted by the DO]TZ‘

ECAR-343? documents the frequency of a canal drain accic}ient from
handling a cask at the CTS. The fuel damage frequency (FDF) from any
cask handling operation was determined to be less than 1 X 107/yr.





Idaho National Laboratory

Form 412.09 (R

EVALUATION OF THE SAFETY OF THE

SITUATION

Identifier: TEV-284
Revision: 1

FOR ATR RTC-USQ-2008-451| oo \ive Date:  11/13/08 Page: 13 of 24

The probability of a cask drop combined with the failure of both
bulkhead air-pillow seals would be on the order of 107, which is beyond
design basis and remains consistent with the safety basis analysis
assumptions and with the level of risk accepted by the DOE.

The installed ATRC bulkhead isolates the irradiated fuel storage section
from the ATRC canal with two bulkheads, each with pressurized
air-pillow seals. A rapid canal drain event in the ATRC canal is treated
as a Condition 3 occurrence (107 to 10 */yr), which is the same order of
magnitude as the occurrence of a cask drop at the CTS. The ATRC full-
height bulkhead seal, which also has been submerged in the canal, has
been inflated and has not failed. Using similar arguments as used for the
cask lifts at the CTS, the probability of a heavy-load drop in ATRC
combined with the failure of both bulkhead air-pillow seals would be on
the order of 10”7, which is beyond design basis.

The revised PISA control was:

To ensure that facility operation remains within the safety
basis analysis, no cask or heavy-load lifts with potential to
cause a canal drain event, with loss of coolant to the stored
irradiated fuel, are permitted. This includes heavy-load lifts
in the canal area and the ATRC canal area (e.g., the security
enhancement device). With an isolation bulkhead installed
between the canal transfer station and the short bulkhead on
the west end of the irradiated fuel storage area, cask and
heavy-load lifts are allowed at the cask transfer station.
With the ATRC bulkhead installed, heavy-facility-load lifts
are allowed in the ATRC. Air-pillow seal pressure shall be
verified daily for the duration of the lifi evolution. Lifts
north of the canal, over the canal drains, are permitted with
the canal drain covers installed. If air pressure is lost on the
isolation bulkheads, cask and heavy-load lifts must cease.

S5.1.3  Justification for Conﬁnued Operation Under Proposed Additional
Controls

The observed leakage past the J-seal/wedge seal put into question the
adequacy of J-seal/wedge seal of the isolation bulkhead for the irradiated
fuel storage section and the adequacy of the emergency canal makeup
system capacity. These two miti§ative features, combined with cask and
heavy-load handling restrictions”, are relied upon in the ATR safety basis
to ensure that draining the irradiated fuel storage section is beyond
design basis. In other words, the FDF for any individual cask or heavy-
load handling sequence is less than 10”7/yr, and the FDF for all cask and
heavy-load handling sequences is less than 10"%/yr. The installation of a
second isolation bulkhead with a pressurized air-pillow seal allows cask
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and heavy-load handling at the CTS and in the ATRC bay; however,
other cask and heavy-load canal operations are not allowed, Additional
controls and restrictions are needed to allow cask and heavy-load
handling in the ATR storage canal.

ECAR-411 analyzes and documents the frequency of a canal drain
accident from handling casks during power operations in the ATR canal
area. The FDF from all cask handling operation sequences was
determined to be less than 1 x 10°%/yr, which is beyond design basis. The
FDF for any individual sequence was determined to be less than

1 x 107/yr, which is consistent with the ATR safety basis commitment.

The documented analysis is for the west short bulkhead adjacent to the
jrradiated fuel storage section that is modified to have dual) independent
air-pillow seals. Each seal is supplied with plant air througill an existing
isolation valve. This supply is split into two trains, each w1th the
following components: isolation valve, pressure regulator a and associated
gauge, check valve, overpressure protection, pressure gauge, bleed valve,
and air-pillow seal. ‘

The probability of a cask drop combined with the failure of both
air-pillow seals would be on the order of 10° 7 which is bey‘ond design
basis and remains consistent with the safety ba51s analysis assumptions
and with the level of risk accepted by the DOE.

The analytical model, used in ECAR-411 to estimate the FDF assumes
the plant configuration for ATR power operations. The plant
configuration, however, can be different during shutdown operatlons
e.g., Door-51 or the vessel drop chute may be open. Since any change in
plant configuration would have a similar effect on either isolation
bulkhead configuration, the difference in the FDF for irradiated fuel
stored in the ATR canal between an installed isolation bulkhead with

a) dual, independent air-pillow seals and b) a single air-pillow seal
combined with a passive J-seal/wedge seal would be minimal. Although
the ECAR-411 analytical model assumed power operations, the
conclusions of ECAR-411 can be applied to shutdown operation

A rapid draining event in the ATRC canal is described in Reference 2.
The only difference is that the full-height bulkhead descrlbed is replaced
with the dual, independent air-pillow seal half-height bulkhead The rest
of the arguments apply and conclude that the probability of a heavy-
facility-load drop in the ATRC combined w1th the failure of both dual
bulkhead seals would be on the order of 107, which is beyond design
basis.

Incorporated additional control and restrictions are:
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analysis:

. To ensure that facility operations remain within the safety basis

Heavy-facility-loads handling is allowed in the
ATRC bay a) with two bulkheads with pressurized
air seals isolating the irradiated fuel storage section
of the ATR.canal from the load handling; or b) with
one bulkhead with dual, independent pressurized air
seals isolating the irradiated fuel storage section and
implementation of the following surveillances. The
ATRC canal bulkhead can be used as one of the
isolating bulkheads.

Cask and heavy-load handling is allowed at the CTS
a) with two bulkheads with pressurized air seals
isolating the irradiated fuel storage section; or

b) with one bulkhead with dual, independent
pressurized air seals isolating the irradiated fuel
storage section and implementation of the following
surveillances.

Cask and heavy-load handling is allowed in the ATR
canal with one bulkhead with dual, independent
pressurized air seals isolating the irradiated fuel
storage section from the load handling area and
implementation of the surveillances.

1 . Dual, independent pressurized seal bulkhead surveillances:

The following initial and periodic checks of seal
performance shall be performed:

. Upon installation, verify acceptable
leakage into the gap between the dual
seals on the isolation bulkhead.

. At the beginning of lift operations and
each 24 hours thereafter during lift
operations, visually check for excessive
leakage of air from each seal (e.g.,
bubbles and other abnormal conditions,

such as the detection of excessive air
flow).

. At the beginning of lift operations and
each 24 hours thereafter during lift
operations, verify the inflation pressure
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of each seal is within normal range
using the pressure gauge installed for
that purpose. This pressure shall be
compared with the indicated pressure of
the down-stream pressure regulator
gauge for anomalous differences.

. All other seal manufacturer surveillance recommendations
(inspections, shelf and service life, etc.) are to be implemented.

- The additional controls and restrictions are incorporated into the
following table in TSR format.
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5.2 [Final Operability Determination

PISA RTC-USQ-2008-451 involves a potential discrepant as-found condition of a
system, structure or component (SSC) or nonconformmg SSC. The design limit
| for leakage of a pressunzed air-pillow seal was 5 gpm.® With the air-pillow seal
deflated and the maximum credible degradatlon of the J-seal/wedge seal, the
‘acmdent analyses assumed that the maximum leakage of the bulkhead seal system
would be 30 gpm.® The design or condition of the seals or both, however, do not
ensure seal leakage less than or equal to 30 gpm. ATR Programs intends to fully
return the canal irradiated fuel storage isolation bulkhead seal system to the
}functionality assumed in the safety analyses. This may require a significant
redesign of the bulkheads or design of an equivalent canal isolation system. The
| fundamental safety basis requirement is that the storage canal emergency makeup
system is capable of supplying enough water to maintain the irradiated fuel
| !storage submerge for at least 24 hours following a canal drain event. The
resolution of RTC-USQ-2008-451 will restore this fundamental safety basis
requirement.

6. CONCLUSIONS

The interim controls imposed by PISA RTC-USQ-2008-451 ensure that ATR operations
can continue without increased risk to the worker, public, or environment. Also the ESS
demonstrates that ATR can allow cask lifts at the CTS, cask lifts in the ATR storage

canal, and heavy-facility-load lifts in the ATRC bay under the proposed revision to the

interim|controls without increasing the risk to the worker, public, or environment.

. The ATR safety basis evaluation concludes that the canal drain event, resulting in
uncovering stored irradiated fuel, is incredible, i.e., beyond design basis. The
initial PISA interim controls did not allow any activity that could potentially
result in a canal drain event. This interim control ensures that the conclusion of
the safety basis remains valid for the unknown condition of the short bulkhead
seal systems that are used to isolate the canal irradiated fuel storage section.
Stopping all cask and heavy-load handling in the canal ensured that the canal
drain event remained incredible, which is consistent with the safety basis analyses
and with the level of risk accepted by DOE.

. iThe current interim controls (Revision 0)' allow cask and heavy-load lifts at the )
CTS and heavy-facility-load lifts in the ATRC bay, which essentially presents the
1same risk of a canal drain event as described in the ATR documented safety

analysis. In summary, the frequency of a cask drop at the CTS or of a

| heavy-facility-load drop in the ATRC that results in a canal drain event with the

second isolation bulkhead installed in the ATR canal, either in the working canal

or the ATRC bulkhead, is on the order of 107 per year, which is beyond design
basis. Ensuring that a canal drain event remains incredible is consistent with the
safety basis analysis assumptions and with the level of risk accepted by DOE.
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. The proposed revision (Revision 1) to the interim controls to allow césk and

heavy-load lifts at the CTS and in the ATR storage canal and to allow
heavy-facility-load lifts in the ATRC bay present the same risk of a canal drain
event as described in the ATR safety basis. In summary, the frequency of a cask
drop at the CTS or ATR storage canal or of a heavy-facility-load drop in the
ATRC that results in a canal drain event a) with the second isolation bulkhead
installed in the ATR canal, either in the working canal or the ATRC bulkhead, or
b) with one 1solat10n bulkhead with dual, independent a1r-p1llow seals is on the
order of 107 per year. Ensuring that a canal drain event remains incredible is
consistent with the safety basis analysis assumptions and with the level of risk
accepted by DOE. ‘

. This ESS provides the basis for the proposed revision of the interim controls
imposed by PISA RTC-USQ-2008-451. :
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Facility or Activity: ATR
USQ Process No.: RTC-USQ-2008-451
Subject: Canal Bulkhead Seal Leakage with Air-Pillow Seal Deflated

Describe the New Information/Discovery:

Sections of the ATR canal may be isolated from each other through the installation of full-height or short bulkheads.
The full-height biulkheads shown in drawing 121118 and short bulkheads shown in drawing 442927 have similar
seal designs consisting of a Presray Corporation inflatable seal with a passive J-seai / wedge-seal backup. The
ATR canal irradiated fuel storage area is isolated from other canal areas by short bulkheads. These bulkheads and
seals are required by the Technical Safety Requirements (TSR) to be operable to mitigate potential canal draining
from cask handling accidents.

Recently, a full-height canal bulkhead was installed in the storage canal just west of the working canal, and the
west end water level was lowered about eight feet to allow access for a construction project. Leakage past the
inflated bulkhead: seals was initially greater than expected, then reduced to an acceptable level by increasing the air
pressure. The maximum air pressure did not exceed the normal operating band for the air seal. While installed and
in use the inflated seal failed and the resulting leakage through the backup J-seal greatly increased to an estimated
300 gpm. The canal level behind the bulkhead was maintained through use of the normal makeup system; no
safety system actuation was required.

Continued heavy lifting in the canal area, with the air seal out of service, is allowed by the current TSR provided the
pre-established conditions are met. These include establishing makeup capability based on the J-seal leak rate.
EDF TRA-ATR-935 performs a leakage analysis for ATR canal short bulkhead J-seals, and concludes that canal
makeup of 30 gpm will maintain the canal level at the height of the short bulkhead. Based on the estimated
leakage during the recent air seal failure, the leak rate through the J-seal may be much greater than the J-seal
leakage and emergency makeup to the irradiated fuel storage area assumed in the safety basis. The leakage
through the air seal may also be greater than assumed. The canal configuration does not allow for immediate in-
place leak testing of all bulkhead or seals.

Identify the applicable safety basis document(s) (e. g., DSA, SAR, BIO, TSR, etc.):

SAR-153, Upgraded Final Safety Analysis Report for the Advanced Test Reactor Section 9.1 Fuel Storage and
Handling, Section 9.3 Compressed Air System, Section 15.8 Fuel Canal and Cask Handling Events

TSR-186 Technical Safety Requirements for the Advanced Test Reactor LCO 3/4 .5.5 Cask Handling and lrradiate
Fuel Element Storage

REASONABILITY DETERMINATION (Reasonability determinations made as part of the ATR Design Basis
‘Reconstitution effort may be documented per SP-10.2.4.9) :
Is it reasonable that the potential for an inadequate safety analysis exists based on the new information or
discovery idescribed above? Yes [] No

if“Yes,” proceed to Sections II, i, and IV.
If“No,” provide anlexplanation and basis for the reasonability determination.

Ll Ve LD Llze [ s®

USQ Evaluator | : valuator '\ ! Dite
Priptn‘ ype Name . ] S"_ nature
B heoneogr ML %gwu\»-\/f ¢ /Qc/d‘fg
Nuclear Facility Manager : NuclearFacility Manager { Dite
Print/Type Name Signature

If the answer to the question above is “No,” file the completed form. Do not complete Section i oriv.
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(DO NOT USE FOR PROPOSED CHANGES) Page 2 of 5

Facility or Activity: ATR
USQ Process No.: RTC-USQ-2008-451
Subject: ~ Canal Bulkhead'Seal Leakage with Air-Pillow Seal Deflated

- K the answer to the question above is “Yes,” complete Section I, 1L, and IV.
5. PISA DECLARATION :

'What is the basjs for concern that the safety basis may not be bounding or may be otherwise inadequate?
Provide an explanation, : '

Fuel damage in the canal irradiated fuel storage area is considered beyond design basis, in part, due to the
calculated air se?l leak rate, J-seal leak rate, and the makeup system capability. The accident analyses assumed
that the worst case canal bulkhead leakage with the air-pillow seal deflated is enveloped by 30 gpm. A lower leak
rate is assumed with the air seals inflated. The operability of the canal irradiated fuel storage area makeup

systems is based on the enveloping bulkhead leakage. If the leakage is greater than 30 gpm, the intended safety

function of the fuel storage canal makeup system may not -be accomplished. Leakage in excess of canalmakeup

flow may result in fuel damage in the irradiated fuel storage area for Condition 3 or 4 events.” Postulated fuel
damage in the irradiated fuel storage area is not within the existing ATR safety basis.

A PISA exists. Complete the following actions

e Nuclear Facility Manager document actions (below) including interim operating resfrictions taken to
place or maintain the facility in a safe condition.

. Nuclear Facility Manager execute reporting process for PISA per LWP-9301 and LWP-13830.
. Qualified USQ evaluator proceed to Section Iii. '

- ACTIONS TAKEI}I TO PLACE OR MAINTAIN FACILITY IN A SAFE CONDITION AND THE BASIS FOR THE
SELECTION OF ANY INTERIM CONTROLS. .

The canal irradiated fuel storage area bulkhead air-pillow seal was inflated at the time of discovery. There
were also no in-progress heavy lifts. Therefore, the facility was in a safe condition and no actions were
necessary at the time of discovery.

The leakage through the seals may be greater than assumed in the accident analyses. The canal
configuration also does not allow for immediate in-place leak testing of applicable bulkheads or seals.
Therefore, to ensure that facility operation remains within the safety basis analysis, no cask or heavy lifts
with potential to cause a canal drain event are permitted. This includes heavy lifts in the canal area, at the
canal transfer station, and the ATRC canal area (e.g., the security enhancement device). Lifts north of the
canal, over the c#nal drains, are permitted with the canal drain covers installed.

5l £ DMQQ«,D J,/ 25]o€

Safety Ana i Saf alyst \J Date
Print/Ty ype Nam: /7 yﬁi ture :
M. B M DeoneueH K Y] C1a6)8%
Nuclear Facility Manager Nuclear Facility Manager/  * Date
Print/Type Name Signature
Is independent technical review required? Yes [] No [X] }%t 6 ML@
Nuglear Facility Mdnager
Signature or Initials
Independent Reviewer Independent Reviewer . Date
Print/Type Name Signature

. USQ DETERMINATION
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Facility or Activity: ATR
USQ Process No.: RTC-USQ-2008-451

Subject: Canal Bulkhead Seal Leakage with Air-Pillow Seal Deflated

ldentify applicable section(s) of the safety basis document(s) (e.g., DSA, SAR, BIO, TSRs, etc.).

SAR-153 Chapters 3, 6, 9, 12, 15, and 16
TSR-186 Section 3.5.5.

lla: POTENTIAL FOR AN INCREASE IN PROBABILITY OR CONSEQUENCE OF AN ACCIDENT OR
MALFUNCTION EVALUATED IN THE SAFETY BASIS

1. Could ge PISA iplgease probability of occurrence of an accident previously evaluated in the safety basis?
Yes . No ! ) . . o o

Explain: -

Failure of a canal bulkhead seal to adequately control canal leakage (with or without the air seal pressurized) does
not initiate a canal drain accident or challenge irradiated fuel storage conditions. Hence, there is no increase in the
probability of occurrence of an accident previously evaluated in the safety basis. A

2. Could the PISA ipcrease the consequences of an accident previously evaluated in the safety basis?
Yes I No O

Explain:

The canal bulkhqads and seals (air seal and J-seal) are relied on in the accident analysis to maintain the canal
water level above the fuel in the irradiated fuel storage area. Greater than assumed leakage through the seals
could challenge the capability of the canal makeup systems resulting in damage to the stored fuel. Therefore, the

PISA could increase the consequences of an accident previously evaluated in the safety basis.

3.  Could the PISA ir?crease the probability of occurrence of a malfunction of equipment important to safety
previously evaluated in the safety basis? Yes [X] No

Explain:

The PISA challenges the ability to perform the intended safety function, which is to minimized inventory loss from
the canal irradiated fuel storage area in response to a canal drain event. The potential for the bulkhead seals to
allow leakage in excess of the leakage assumed in the accident analysis represents an increase in the probability
of occurrence of a malfunction of equipment important to safety.

4, Could the PISA increase the consequences of a malfunction of equipment important to safety previously
evaluated in the safety basis? Yes X No

Explain:

The ATR safety basis concludes that fuel damage due to uncovering the stored irradiated fuel is not credible and,
therefore, does not include an analysis for this event. The combination of the canal bulkheads (including the seals)
and canal makeup system is relied on to ensure this condition. The potential failure of the bulkhead seals to
adequately control leakage could result in fuel damage. Hence, there is a potential increase in the consequences

of a malfunction of equipment important to safety.
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Facility or Activity: ATR
USQ Process No.: RTC-USQ-2008-451
Subject: Canal Bulkhead Seal Leakage with Air-Pillow Seal Deflated

Ilb: POTENTIAL FOR CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE

5. Could the PISA create the ossibility of an accident of a different type than previously evaluated in the safety
basis? Yes [] No I%I : ,

Explain:

The bulkhead seal performance requirements are associated with canal drain accident sequences. The seal
performance does not initiate any accident, or contribute to any unique accident type.

6. Coul'd_'the PISA create the possibility of a malfunction of equi%nent im‘portént to safety df-é_different'type'than
previously evaluated in the safety basis? Yes [] No '

Explain:

Bulkhead seal performance is considered in the safety basis. Failure of the seals to perform consistent with the
safety basis assumptions does not represent a different type of failure that previously evaluated.

llic: POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY

7. Could the PISA reduce a margin of safety as defined in the safety basis?  Yes No []
Explain:

The canal bulkheads and seals (air seal and J-seal) are relied on in the accident analysis to maintain the canal
water level above the fuel in the irradiated fuel storage area. Greater than assumed leakage through the seals
could challenge the capability of the canal makeup systems resuiting in damage to the stored fuel. Therefore, the
PISA could reduce the margin of safety.

lild: USQ DETERMINATION CONCLUSION

8.  Based on the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes No

Explain:

As discussed above, the PISA potentially increases the consequences of an accident evaluated in the safety basis,
potentially increases the probability of a malfunction of equipment, potential increases the consequences of a
malfunction of equipment, and potentially reduces the margin of safety with respect to the current safety basis.
Therefore, the PISA constitutes an unreviewed safety guestion.

If “No,” is a Safety Basis document revision required at next annual update?[ ] Yes [J No
NOTE: If USQ determination result is positive, additional notification for ORPS is required per LWP-9301.
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IV. APPROVAL/CONCURRENCE SIGNATURES
APPROVAL.:

o2 A 20> blas e
MB Nh, nowouw ™. 8 /%Mm/f 6130/ 3%

Nuc!ear Fagcility Manager Nuclear Facility Manager Date -
Print/Type Name - Signature

CONCURRENCE:

A. P. Hoskins ﬁ m §-30-0%

Independent Review Committee Chair " Independent Review Committee Chair Date
Print/Type Name : Signature
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Facility or Activity: ATR
USQ Process No.: RTC-USQ-2008-622 Rev. 1
Subject: ' Essential Test Requirements for the Manual RSS Functional Test Procedure (Manual SATS)

Describe the New Information/Discovery: ‘

The ATR documented safety analysis SAR-153 implies that the manual ATR Reactor Shutdown System (RSS) functional testing
performed when the computerized Surveillance and Test System (auto SATS) of the RSS is inoperable is a complete functional
equivalent of the auto SATS. . v

Identify the'applicable safety basis document(s) (e. g., DSA, SAR, BIO, TSRs, etc.):
ATR Upgraded Final Safety Analysis Report (SAR-153) Chapter 7, ATR Technical Safety Requirements (TSR-186)
Section 3/4

REASONABILITY DETERMINATION (Reasonability determinations made as part of the ATR Design Basis
Reconstitution effort may be documented per $P-10.2.4.9) '
Is it reasonable that the potential for an inadequate safety analysis exists based on the new information or

discovery described above? [J Yes [ No

If “Yes,” proceed to Sections I, Ili, and IV.
If “No,” provide an explanation and basis for the reasonability determination.

USQ Evaluator USQ Evaluator Date
Print/Type Name Signature
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
If the answer to the question above is “No,” file the completed form. Do not complete Section 11, Iil, or IV,
if the answer to the question above is “Yes,” complete Section I, Ill, and IV.

. pISA DECLARATION

What is the basis for concern that the safety basis may not be bounding or may be otherwise inadequate?
Provide an explanation.

Background

The RSS consists of 25 subsystems, each measuring a distinct parameter inside the reactor. Parameters include are reactor
pressure (inlet, outlet, and differential), reactor temperature (inlet, outlet, and differential), coolant radioactivity, and neutron flux.
Each parameter is required to be within a certain range for normal operation. For each parameter, three sensors measure the
parameter’s value. Each sensor’s value is transmitted fo an analog comparator. Each comparator checks to see that the
parameter's analog value is within an acceptable range for normal operation. Each comparator then provides outputs to an
array of subsystem and division logic modules. The Rod Clutch Coil Controllers (RCCCs) de-energize to release safety rods
into the reactor when signaled by the logic modules.

Each subsystem of the RSS consists of all the sensors, transmitters, analog comparators, digital logic, and RCCCs necessary 1o
cause a scram should one of the parameters reach the trip setpoint. The four division logic modules and eight RCCCs are
common to all subsystems.

The auto SATS test provides real-time, online testing, surveillance, and fault diagnosis of the RSS. SATS verifies system
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Facility or Activity: ATR
USQ Process No.: RTC-USQ-2008-622 Rev. 1
Subject: Essential Test Requirements for the Manual RSS Functional Test Procedure (Manual SATS)

calibration by interchannel comparison and verifies operability of the comparators, two-out-of-three logic modules, division logic
modules, and the RCCC logic circuitry. The TSR-186 requires periodic surveillance of the RSS subsystems. The TSR Bases
states that this surveillance requirement is performed by the SATS (auto SATS). If auto SATS is inoperable, manual -
measurements and testing (manual SATS) can provide the required information. The manual SATS verifies system calibration
by interchannel comparison, verifies operability of the comparators by verifying setpoints and verifying that a manual trip of the _
comparator trips the input to the two-out-of-three logic modules, and that a trip of a two-out-of-three module will trip the division
logic module.

The original Failure Modes and Effects Analysis (FMEA) of 1975 verified a RSS subsystem unavailability of less than 1075,
Further, some subsystems are considered diverse to each other, and credit is given for this diversity. For example, outlet
tempere_xgture is considered diverse to inlet temperature. For diverse systems, the original FMEA verified an unavailability of less
than 107, : _

The FMEA analyzed three possible SATS intervals-8 hours, 24 hours, and 48 hours-and concluded that only a 24-hour (or less)
surveillance interval guaranteed satisfaction of the previously mentioned criteria. The FMEA made no distinction between safe
and unsafe failures. When a scram component fails safe, it transmits a scram signal, when in fact no condition requiring a scram
exists in the reactor. When a scram component fails unsafe, it will not transmit a scram signal when one is required. The TSR-
186 currently requires a SATS testing interval of 48 hours (interval was increased to 48 hours due to the demonstrated reliability
of the RSS). SATS testing is normally performed daily.

SAR-153 Section 7.2.2.11 Capability for Test and Calibration states that “The testing and surveillance of the RSS must meet the
applicable requirements of NE [AEC Reactor Development and Technology (RDT)] Standard C 16-1T. 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 function of SATS must be performed manually.”

SAR-153 Section 7.7.4 Surveillance and Test System describes the SATS including tests performed by SATS. The description
states that SATS “provides real-time, online testing, surveillance, and fault diagnosis of the PPS [ATR Plant Protective System]
comparator or contact-to-logic level converter (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.” Auto SATS is an operator initiated surveillance tool and does not provide continuous on-line testing. SAR-153
further states that should the auto sequence become inoperable, manual checks of the PPS can be performed.” The tests
identified reflect the testing requirements of Standard C 16-1T.

Further SAR-153 Section 7.7.4 states “The [auto] SATS testing does not inhibit the ability of the PPS to respond 1o an event that
requires reactor shutdown, nor does it contribute to the initiation of the reactor shutdown.”

SAR-153 Section 7.7.4.1 Analysis states that “The SATS is not safety-related because its essential surveillance functions can
be done manually.”

Issue
The manual SATS procedure, DOP-2.7.25 PPS Manual Checkout, does not perform all the functions that the auto SATS
performs nor does manual SATS perform all the tests identified in Standard C 16-1T, as implied in SAR-153.

Evaluation

Although SAR-153 implies the manual SATS must have the same functionality as the auto SATS, the manual SATS procedure
was not developed as a complete substitute for the auto SATS; rather, the procedures was written only to provide an acceptable
level of surveillance. The RSS predates the upgrade of the ATR SAR. The RSS including the auto SATS was installed in the
mid-1970’s, while the upgrade of the ATR Safety Analysis Report was started in the late 1980’s. The manual SATS procedure
was developed by a team that included the Vendor, ATR Operations, ATR Engineering, and ATR Nuclear Engineering. The
pracedure was developed to perform the essential surveillances to ensure operability and reliability of the RSS.! Documentation
of the development of the procedure, which may have discussed the teams approach and justification of not fully implementing
Standard C 16-1T, however, have not been found.

The descriptions of the auto SATS in SAR-153 implied additional functionality of the manual RSS testing that did not exist at the
time SAR-153 was written and that currently do not exist. SAR-153 fails to adequately identify what essential RSS testing
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consists of.
End Note - ’ ' : .
1. Based on a personal conversation with Mr. J. A. Jacobi who was in ATR Operations at the time when the RSS was

installed and when manual testing procedure was developed.

A PISA exists. Complete the following actions

. Nuclear Facility Manager document actions (below) including interim operating restrictions taken to
place or maintain the facility in a safe condition.

. Nuclear Facility Ma'nager execute reporting process for PISA per LWP-9301 and LWP-13830.
. Qualified USQ evaluator proceed to Section Iil.

ACTIONS TAKEN TO PLACE OR MAINTAIN FACILITY IN A SAFE CONDITION AND THE BASIS FOR THE
SELECTION OF ANY INTERIM CONTROLS.

Initial Operability Determination

The RSS uses two diverse subsystems for each parameter e.g., inlet primary coolant system (PCS)
pressure and outlet PCS pressure to protect the plant from high and low pressure events. The only
exception is the short period scram protection at startup, which is provided by the wide-range system. The
wide-range neutron level is confirmed operable prior to each startup. Based on a preliminary review of the
Vendor’s (Nuclear Service Corporation) final design availability and reliability calculations for the PPS
system upgrade, ATR Programs considers the probability of failure for the primary and diverse RSS
subsystem is on the order of 10"*? for a 48-hour test interval or lower. This implies that the test interval
could be extended by factor of a 1000 and the RSS would continue to meet an unavailability of 10” for
diverse subsystems. Since the auto SATS was last used to perform the RSS functional test less than a year
ago (a factor of 48 hr/ [366 days * 24 hr/day] = 1/183), the unavailability of the diverse subsystem of the RSS
is on the order of 10™"°, which meets the reliability goal of the RSS. No evidence of RSS subsystem
inoperability has been observed during the 10 months that manual SATS has been in use.

.Based the high reliability and the success of the manual SATS, No immediate actions are necessary to
place the plant in safe condition; further, no interim controls are necessary for continued operations.

J. C. Chapman ORIGINAL SIGNED 26 AUGUST 2008
Safety Analyst ' Safety Analyst Date
Print/Type Name Signature
M. B. McDonough ORIGINAL SIGNED 27 AUGUST 2008
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature

Is independent technical review required? Yes [] No []

Nuclear Facility Manager
Signature or Initials

J. A. Jacobi ORIGINAL SIGNED 27 AUGUST 2008
Independent Reviewer Independent Reviewer Date
Print/Type Name = Signature

ill. USQDETERMINATION
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Facility or Activity: ATR

USQ Process No.: RTC-USQ-2008-622 Rev. 1

Subject: Essential Test Requirements for the Manual RSS Functional Test Procedure (Manual SATS)
Identify applicable section(s) of the safety basis document(s) (e.g., ,IE)SA, SAR, BIO, TSR, efc.).

SAR-_153 Sections 3.1.3.2.1, 3.1.3.3.1, 3.1.3.5.1, 3.1.3.10.1, 3A, 6.2.4, 7.2.1.1.35, 7.2.1.1.3.6, 7.2.1.1.3.7, 7.2.2.10, 7.2.211,
7.3.13.22,73.2.13,7.3.23.15,7.3.23.1.7,7.3.23.1.8,7.3.3.2.1.5,7.3.3.2.1.7,7.3.3.2.1.11, 7.7.4, 7.7.4.1,95.1.2.2,
9.5.1.3.17,9.5.1.3.18 :

TSR-186 Surveillance Requirements (SRs) 4.1.1.11,(12), 4.2.1.3.5, 4.2.1 .3.6; SR Bases 4.1.1.1,4.1.1.7, 4.1.1.11, 4.2.1.14,
4.213.5,4.2.1.36,4221,42311,4232.1,4.23.3.1

Advanced Test Reactor Safety Evaluation Report (SER) ATR UFSAR/TSR Review Comments, February 1996. -

lila: POTENTIAL FOR AN INCREASE IN PROBABILITY OR CONSEQUENCE OF AN ACCIDENT OR
MALFUNCTION EVALUATED IN THE SAFETY BASIS

1. Could the PISA increase probability of occurrence of an accident previously evaluated in the safety basis?
Yes K No [
Explain: )
Auto SATS is used to test the functionality of the Reactor Shutdown System (RSS), which is relied upon to terminate reactor
critical operations for most postulated accident sequences. SATS also tests the two-out-of-three logic modules of the
Engineered Safety Features (ESFs), which are relied upon to mitigate the consequences of certain postulated accident
sequences. The safety basis states that [auto] SATS is used to perform the periodic function tests on the RSS and on the ESF
logic modules. The safety basis also states that when [auto] SATS is not available, the required information may be obtained by
performing manual SATS testing. The safety basis implies that performing manual SATS is an adequate substitute for the auto
SATS testing.

The accident analyses consider the following Condition 2 family of accident scenarios: a) Decrease in Reactor Primary Coolant
Flow Rate, b) Reactivity and Power Distribution Anomalies, ¢} Increase in Primary Coolant Inventory, and d) Decrease in
Primary Coolant Inventory. With the concurrent failure of the primary RSS protective function, these scenarios are considered
Condition 4 events. The safety analyses also consider one of the Condition 2 Decrease in Primary Coolant family of accident
scenarios with concurrent failure of an ESF function. This scenario is considered a Condition 3 event.

The safety basis assumes that the RSS and the ESFs are highly reliable and that manual SATS provides the required
information to verify the functionality of the RSS and the ESF logic modules. The PISA, which states that the safety basis
implies greater capability of the manual SATS procedure than actually exists. The PISA does not imply that manual SATS is
inadequate only that the description in the safety basis was inaccurate. . '

DOE guidance, DOE G 424.1-1A, Implementation Guide for use in Addressing Unreviewed Safety Question Requirements,
suggests using a “backward looking” USQD when an “as-found” condition is different than described in the safety analysis. in
this case, the manual SATS does not and can not perform ali the testing that auto SATS performs. The backward looking
USQD question is then if this were a proposed change would this change increase the probability of occurrence of an accident
previously evaluated in the safety basis? However, without a safety analysis of the proposed change this question can not be
answered. Therefore, it is assumed that this change would increase the probability of occurrence of an accident previously
evaluated.

2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes X No [
Explain: :
The backward looking USQD question is would the proposed change increase the consequence of an accident previously
evaluated in the safety basis? The PISA, which is that the safety basis implies additional functionality of manual SATS
pn'géedure than actually exists, does not imply that manual SATS is inadequate only that the description in the safety basis was
ingdequate. However, without a safety analysis of the proposed change this question can not be answered. Therefore, it is
assumed that this change would increase the consequence of an accident.
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3. . Could the PISA increase the probability of occurrence of a malfunction of equipment important to safety
previously evaluated in the safety basis?  Yes [X] - No [] :

Explain: '

The backward looking USQD question is would the proposed change increase the probability of occurrence of a malfunction of
equipment important to safety previously evaluated in the safety basis? The PISA, which is that the safety basis implies
additional functionality of manual SATS procedure than actually exists, does not imply that manual SATS is inadequate only that
the description in the safety basis was inadequate. However, without a safety analysis of the proposed change this question
can not be answered. Therefore, it is assumed that this change would increase the probability of occurrence of a malfunction of
equipment important to safety.

4. Could the PISA increaée the consequences of a malfunction of equipment important to safety previously
- evaluated in the safety basis? = Yes No [ : - : . :

Explain: .

The backward looking USQD questicn is would the proposed change increase the consequence of a malfunction of equipment
important to safety previously evaluated in the safety basis? The PISA, which is that the safety basis implies additional
functionality of manual SATS procedure than actually exists, does not imply that manual SATS is inadequate only that the
description in the safety basis was inadequate. However, without a safety analysis of the proposed change this question can
not be answered. Therefore, it is assumed that this change would increase the consequence of a malfunction of equipment
important to safety.

flib: POTENTIAL FOR CREATION OF AN-UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE

5.  Could the PISA create the possibility of an accident of a different type than previously evaluated in the safety
basis? Yes[X No[J '
Explain:
The backward looking USQD question is could the proposed change create the possibility of an accident of a different type than
previously evaluated in the safety basis? The PISA, which is that the safety basis implies additional functionality of manual
SATS procedure than actually exists, does not imply that manual SATS is inadequate only that the description in the safety
basis was inadequate. The safety basis postulates three accident sequences in which the failure of the primary RSS and one
accident sequence in which the failure of the ESF are contributing factors. However, without a safety analysis of the proposed
change this question can not be answered. Therefore, it is assumed that this change could create the possibility of an accident
of a different type. ’

6. Could the PISA create the possibility of a malfunction of equipment important to safety of a different type than
previously evaluated in the safety basis? Yes XI No [ :
Explain:

The backward looking USQD question is could the proposed change create the possibility of a malfunction of equipment
important to safety of a different type than previously evaluated in the safety basis? The PISA, which is that the safety basis
implies additional functionality of manual SATS procedure than actually exists, does not imply that manual SATS is inadequate
only that the description in the safety basis was inadequate. However, without a safety analysis of the proposed change this
question can not be answered. Therefore, it is assumed that this change could create the possibility of a malfunction of
equipment important to safety of a different type.
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lllc: POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY

7.  Could the PISA reduce a margin of safety as.defined in the safety basis? -Yes B<I No O
' Explain: . » : '
The backward looking USQD question is could the proposed change reduce the margin of safety as defined in the safety basis?
The PISA, which is that the safety basis implies additional functionality of manual SATS procedure than actually exists, does not
imply that manual SATS is inadequate only that the description in the safety basis was inadequate. However, without a safety
analysis of the proposed change this question can not be answered. Therefore, it is assumed that this change could reduce the
margin of safety.

{iid: USQ DETERMINATION CONCLUSION

8. Based on the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes I No
Explain:
The PISA is addressed as a backward looking USQD. The backward looking proposed change is to define the required
elements of the RSS and ESF logic functional testing to be consistent with the existing manual SATS procedure. This USQD
requires a safety analysis of the proposed change. Since a safety analysis of the proposed changes does not currently exist,
nor will a safety analysis be completed within the time frame expectation of DOE for USQDs following PISA declarations, the
inconsistency between the testing of the manual SATS as it actually exists and the testing that is implied in safety basis is
assumed to involve a USQ.

If “No,” is a Safety Basis document revision required at next annual update?[ ] Yes [] No

NOTE: If USQ determination result is positive, additional notification for ORPS is required per LWP-9301.
IV. APPROVAL/CONCURRENCE SIGNATURES

APPROVAL.: .
J. C. Chapman ? y{®)]
USQ Evaluator ) USQ Evaluator Date
Print/Type Name ] Signature
M. B. McDonough M(’s ‘4@»\_\/ (O SE/ 300(6
Nuclear Facility Manager Nuclear Facility Mdnager Date
Print/Type Name Signature
CONCURRENCE:

J. A. Jacobi 74 jwy/, 7/ Sgorm Zeg
Independent Review Committee Chair ’ Y Independent ew Committe Chair Date

Print/Type Name ignature
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 Fadility or Activity: Advanced Test Reactor (ATR) _ - '
USQ Evaluation No.::: SE-2003-145 : Revision No.: 0

Title of Proposed Action or New Information: ~ ATR Firewater Supply System Modeling Issues

1.  Indicate which type: ' Proposed Action: [ New Information: [X]

2.  Describe the Proposed Action or New Information: : ’ ,

' The Test Reactor Area (TRA) raw water and firewater systems supply water to various facilities including the -
emergency firewater injection system (EFIS), cooling tower, the demineralizer plant, miscellaneous cooling - _
services, fire protection, and potable water services. See Figures 9.2-1 and 9.2-2 of the Advanced Test Reactor
(ATR) Upgraded Final Safety Analysis Report (UFSAR) 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 in the UFSAR figures. [n many places
the safety-related and non-safety-related portions of the firewater system are separated by normally open valves.

Raw water is drawn from.three deepwells located along the north perimeter of the TRA by pumps that discharge
into three 500,000-gal ground-level storage tanks. Water from the three 500,000-gal tanks supplies four o
-feedwater pumps, one electric- and two diesel-powered firewater pumps, and the two A.'AI'R‘goc')li__ng tower makeup

pumps. The feedwater pumps supply the 150,000-gal overhead storage tank. -~

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
backfiow from the raw water downstream of the potable water take out is prevented by check valves.

The firewater system, normally on open supply from the 150,000 gal overhead storage tank, is supplemented by
one electric-powered and two diesel firewater pumps. The firewater pumps automatically start on low pressure.
Varied pressure setpoints and time delays are used to avoid simultaneous starting of all three pumps. The fire
loop supplies the yard irrigation systems and the EFIS for the ATR reactor, in addition to fire protection and
suppression functions. ‘

The EFIS water flow rate into reactor vessel is an important parameter in the loss-of-coolant accident analyses.
The EFIS fiow rate model used in the ATR UFSAR is described in EDF-TRA-ATR-1460. This simple model uses
input pressures from various locations in the firewater supply system along with empirically based flow
coefficients (pressure loss vs. flow rate) for the firewater supply system piping. The model determines the flow
rate into the reactor vessel as a function of reactor vessel pressure. The analysis in EDF-TRA-ATR-1 460 used
the model to predict EFIS flow rates for various steady-state conditions in the firewater supply system. The EDF
recommended using flow rate vs. reactor vessel pressure data for a case where the pressure at the firewater
pump outlet was 63 psig. This is the minimum pressure setpoint for auto start of the first firewater pump and is
the head pressure provided by the overhead tank when the tank is essentially empty (water in the stand-pipe
only). ’ : : : :

The model did not consider the normal usage flow demands on the system.  For the assumed condition, these
other demands would compete with the EFIS demand potentially lowering the flow rate to the reactor vessel.
Typical normal usage flow rates are on the order of 800 gpm. This condition could exist until a firewater pump
starts. The model thus under-predicts flow to the reactor vessel for the initial part of the EFIS actuation for the

firewater supply system specified. Once a firewater pump starts the closing of a check valve isolates the
overhead tank from the firewater system. Most of these demands are isolated from the firewater supply by the
closin? of the check valve, however, fire suppression and some yard irrigation demands still compete with reactor
vessel flow. ”

The pump-start circuits include time delays that stagger pump starts to avoid severe water hammer effects. The
first pump start is delayed 5 seconds after the low-pressure setpoint (i.e., 63 psig) is reached. The second pump
is delayed 15 seconds and the third pump is delayed 25 seconds. EFIS flow into the reactor vessel predicted
from the model is about 1800 gpm with the reactor vessel pressure at the actuation setpoint. For the condition
specified in the model analysis, the overhead tank must provide the total flow rate (EFIS flow plus normal usage

~ flow) until the pump starts and spins up to speed. Since the overhead tank could be empty when the pump start
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setpoint is reached, there is no water volume to provide this flow rate. Firewater system pressure and flow rate
would continue to drop until the pump starts and provides flow. During this pump start time, the model again
under-predicts flow to the reactor vessel for the steady-state condition specified.

This issues was previously identified in USQ screen SES-2003-460.
identify applicable section(s) of the safety basis document(s) (i.e., SAR, BIO, TSRs, OSRs):

ATR UFSAR Chapter 9, Auxilliary Systems, Revision 1 1, April 28, 2003
ATR UFSAR Chapter 6, Engineered Safety Features,Revision 11, April 28, 2003
- ATR UFSAR Chapter 15, Accident Analyses, Revision 11, April 28, 2003

Identify applicable procedural, operating, design, or technical document or criterion (including drawings, diagrams,
schematics, etc.):

S.A Atkinson, ATR EFIS and Firewater Flow vs. Vessel Upper Plenum Pressure and Firewater Supply System
State, EDF-TRA-ATR-1460, April 1999.
SE-2003-126, Emergency Firewater Injection System Time Delay, September 2003

Identify applicable safety or operating function:

The firewater supply system provides the water supply for the ATR EFIS for accident mitigation.

Identify applicable operating condition:

The firewater supply system is required to be operable for accident mitigation when there are irradiated fuel
elements in the reactor vessel. Automatic operation of the EFIS is required during the reactor operation, low
power operation, and pressurized standby operating modes.

Identify applicable hazard, failure mode, or accident or malfunction of equipment important to safety evaluated in
the safety basis, together with mitigating action or function:

USQ evaluation SE-2003-126 identified two design basis accidents sequences where delays in EFIS injection was
adverse to the consequences. These were the 3-inch LOCA with failure of the LOCA pump shutoff engineered
safety feature and the 3-inch LOCA with failure of one primary coolant check valve. The sensitivity of accident
consequences to EFIS flow rate has not been investigated. It is expected that significantly lower EFIS flow rates
would have adverse effect on consequences.

Firewater system failures are considered in Section 15.11.10 of the ATR UFSAR. These failures are not
considered in conjunction with the reactor accident sequences. The UFSAR flow model includes an assumed
failure of one of the EFIS actuation valves but does not consider failure of a firewater pump to start.

Failures in the non-safety-related portion of the firewater system could have an adverse effect on the capability of
the firewater system to provide the assumed flow rates to the EFIS.

PART I: POTENTIAL FOR AN INCREASE IN PROBABILITY OR CONSEQUENCE OF AN ACCIDENT OR

MALFUNCTION EVALUATED IN THE SAFETY BASIS

Could the Proposed Action or New Information increase the probability of occurrence of an accident previously
Evaluated in the safety basis? Yes [ No [X

Explain:

The new information concerning the potential under-prediction of emergency firewater injection into the reactor
vessel does not indicate an increase in the probability of occurence of an accident previously evaluated in the
safety basis. The firewater supply system provides a mitigation function. Failure or under-performance of the
firewater system does not initiate an accident. :
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2. Could the Proposed Action or New Information increase the consequences of an accident previously evaluated in

the safety basis? Yes XI No []
Explain:

Failure or under-performance of the firewater supply system could increase the consequences of loss of coolant
accidents analyzed in the safety basis. These accidents are mitigated by firewater injection. Low flow rates or time
delays would tend to decrease the thermal hydraulic margins particularly for the seismic LOCAs.

Could the Proposed Action or New information increase the probability of occurrence of a malfunction of equipment
Important to safety previously evaluated in the safety basis? =~ Yes [] No [X ‘ :

Explain:

The probability of the firewater system malfunctions evaluated in the safety basis is not changed by the new
information.

Could the Propbsed Action of New Information increase the consequences of a malfunction of equipfnent important
to safety previously evaluated in the safety basis? Yes [ No []

Explain:

Firewater system failures are considered in Section 15.11.10 of the ATR UFSAR. None of the failures considered
address the effects of reduced flow rate or time delay to restore flow rate when EFIS is called upon to mitigate a
LOCA. While the UFSAR flow model includes an assumed failure of one of the EFIS actuation valves, failure of a
pump to start, is not considered. Failure of the first pump to start would result in additional time delays and lower
flow rates until the second pump started. As noted above additional time delays and lower flow rates can adversely
effect the accident consequences. The consequences of failures outside of the safety-related boundary are not
addressed in the safety basis. Such a failure could reduce the firewater flow rate delivered to the EFIS.

PART IIl: POTENTIAL FOR CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT

5.

TYPE

Could the Proposed Action or New information create the possibility of an accident of a different type than
previously evaluated in the safety basis? Yes [J] No [X

Explain:

The new information concerning the potential under-prediction of emergency firewater injection into the reactor
vessel does not indicate the possibility of an accident of a different type than previously evaluated in the safety
basis. The firewater supply system provides a mitigation function. Failure or under-performance of the firewater
system does not initiate an accident.

Could the Proposed Action or New Information create the possibility of a malfunction of equipment important to
safety of a different type than previously evaluated in the safety basis? Yes [X] No [

Explain:
The new information does indicate there are performance issues and potential signifianct failure modes that are not

addressed in the safety basis. Flow reductions due to flow diversions, insufficient pressure, and pump start failures
are not adequately addressed in the safety basis.

PART lll: POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY
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7. Could the Proposed Action or New Information reduce a margin of safety as defined in thé safety basis?
Yes X No O
Explain:

The margins of safety are defined in the safety basis by the ATR plant protection criteria (e.g., 30 to critical heat
flux for Condition 2 events). The new information does not affect those definitions, however, under-performance of
the EFIS could result in a decrease in the margins of safety as evaluated in the safety basis.

PART IV: USQ EVALUATION CONCLUSION

Based on the evaluations in Part I, Part Hl, and Part lll, does the Proj

‘ posed Action or New Information involve an
Unreviewed Safety Question? Yes X No [] ’

Explain:

R. T. McCracken '///{ g 4 A [-10-O
USQ Evaluator v U%Q Evaluator - Date

(T yped Name) (Signature)
. Ly - . : N ' : . .
. G.L. Ska? ¢ I1-i%-~ 03
*Independent Review — USQ Evaluator . Date
(Optional with Facility Manager)

(Typed Name) ?
D. W. Suthers - . _L&%ég_
Approval / Facility Manager ApprOvRIT Eadility Mandger te
{Typed Name) (Signature)
A. P. Hoskins ‘ﬁ#{«&&d [ Lr0/03
Concurrence — ISRC Committee Chair rrence — ISRC Commiittee Chair 7 7 Da

(Tvoed Name) (Sianature)
* USQ Evaluator Independent Review may be performed by ISRC Chair,
PART V: NOTIFICATION FOR ORPS REPORTING (SEE M

o/

/ . . // // 2> /o
acility Manager / Plant Shift Supefvisor o Facility Man: nt Shift Supervisor Date ~
(Tvped Name) . (Signature)

CASES ONLY)
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: 'Facilfty or Activity: Advanced Test Reactor
USQ Process No.: TRA-USQ-2004-214 Revision 1
Subject: . ATR Seismic Safety Basis Deterioration

Describe the New Information/Discovery:

Recent review of long-term emergency firewater injection.raw water supplies with regard to addressing final
firewater modeling USQ resolution has prompted review of raw water inventories for response to seismic event. -
loss-of-coolant accidents (LOCAs). The original seismic PRA was developed in the early 1990’s and documerited .
in the 1991 ATR probabilistic risk assessment (PRA). Relay chatter was included in the 1994 ATR PRA. The DOE
Safety Evaluation Report (SER) from 1896 for the ATR Upgraded Final Safety Analysis Report identified
unresolved comments regarding the status of seismic qualification. The subsequent addendum from February 20,
1998 for the first annual update addressed the open SER comments and concluded the 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 and showed that the risk was acceptable.

. The 1991 seismic PRA did not .i'ni;lude the consideration of garly__ failure of emergency flow or the consideration of
small seismic-induced LOCAs. Draft interim seismic PRA models-were developed for consideration of early failure

of emergency flow in 1996, and for small seismic LOCAs in 1999.

An identified deficiency in the interim seismic PRA model is in regard to the assumption in the model that off-site
commercial power could be recovered; a review of other seismic PRAs shows that other seismic PRAs do not
assume that recovery of commercial power is possible. inadequacies in the original seismic PRA model coupled
with inadequate development of an interim seismic PRA including assumptions regarding recovery of off-site
commercial power prior to exhausting above ground emergency makeup inventories are the subject of this
Unreviewed Safety Question.

The current seismic safety basis for ATR rests on the maintenance of seismic risk at levels comparable to the
seismic PRA results provided in the ATR UFSAR. The status of seismic PRA studies for ATR does not adequately
support the safety basis. '

Identify the applicable safety basis document(s) (i.e., DSA, SAR, BIO, TSRs, OSRs):

L PISA ASSESSMENT »

a. s there a potential inadequacy in the analytical methodology and/or tools used in the safety basis?
O Yes [O No

b. Is there a potential discrepancy between the safety basis assumptions, provisions, or conditions, in the
accident analysis and the facility operation or parameters?

O Yes [ No

c. Is the actual physical condition of the facility different than as described in the safety basis (discrepantvas-
found condition)? :

[0 Yyes [ No . :

d.” Has an actual or postulated operational event or incident revealed a potential inadequacy in the safety
basis? ’ »
0 Yes [0 No

Provide an explanation of the assessment result:

Previously determined to be a positive screen per TRA-USQ-2004-214 (Revision 0).
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Facility or Activity: Advanced Test Reactor
USQ Process No.: TRA-USQ-2004-214 Revision 1
Subject: ATR Seismic Safety Basis Deterioration
Op roeasal Sercon 9;5;44“/ 15/14 1o
USQ Evaluator i USQ Evaluator Date
Print/Type Name ' Signature ,
S T . J /o’éﬂ/ﬂl
uclear Faci anager . : ) ate
Print/Type Name Signature ‘ W :

If the answer to ALL of the assessment questions above is No, file the completed form.

If the answer to any one of the assessment questions is Yés, there is a potentially inadeguate safety analysis
(PISA):
. Nuclear Facility Manager document actions (Section ll), including interim operating restrictions,
" taken to place or maintain the facility in.a safe condition. . - - : ‘
. Nuclear Facility Manager execute reporting process per MCP-190, for PISA.
USQ evaluator proceed to Section lit.

.  DOCUMENT ACTIONS TAKEN TO PLACE OR MAINTAIN FACILITY IN A SAFE CONDITION

Prohibit power operation above 20 kW until further evaluation is completed to support power operations.

. DETERMINATION _
Identify applicable section(s) of the safety basis document(s) (i.e., SAR, BIO, TSRs, OSRs).

SAR-153 ATR Upgraded Final Safety Analysis Report, Executive Summary, and Chapters 15.6 and 15.16.

lla: POTENTIAL FOR AN INCREASE IN PROBABILITY OR CONSEQUENCE OF AN ACCIDENT OR
MALFUNCTION EVALUATED IN THE SAFETY BASIS

1. Could lch|e PISA irllﬁrease probability of occurrence of an accident previously evaluated in the safety basis?
Yes No

Explain:

Seismic loss-of-coolant accident events are represented as design basis events in Chapter 15 of the ATR
Upgraded Final Safety Analysis Report (UFSAR). Seismic PRA results from the 1991 ATR PRA (and 1994 update
for relay chatter) represent residual risks and are summarized in the ATR UFSAR. When the seismic event
includes primary coolant piping (PCS) leakage, mitigation of the fuel damage requires operation of the battery-
backed emergency pump (M-11) and actuation of the emergency firewater injection system (EFIS). Adequate
firewater flow delivery to the core given non-essential flow demands and potential seismically-induced flow
demands may require two firewater pumps to operate. Firewater inventory may be depleted rapidly in less than 24
hours unless there is provision for restoring makeup from underground deepwells. Restoration of commercial
power following a seismic event is required to support deepwell pump operation. The seismic PRA results from

" 1991 (and 1994) do not accurately reflect the facility seismic safety posture, and without restoration of commercial
power prior to depleting above- ground emergency makeup inventories, the probability of seismically-induced fuel.
damage is increased. '
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Facility or Activity: Advanced Test Reactor
USQ Process No.: TRA-USQ-2004-214 Revision 1
Subject: ATR Seismic Safety Basis Deterioration

2.

lib:

llc:

Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes X No [

Explain:

Seismic loss-of-coolant accident events are represented as design basis events in Chapter 15 of the ATR -
Upgraded Final Safety Analysis Report (UFSAR). When the seismic event includes primary coolant piping (PCS)
leakage, mitigation of the fuel damage requires operation of the battery-backed emergency pump (M-11) and -

actuation of the emergency firewater injection system (EFIS). Inadequate firewater flow delivery to the core would
increase the consequences of the design basis seismic events.

Could the PISA increase the probability of occurrence of a malfunction of equipment important to safety
previously evaluated in the safety basis? = Yes XI No []

Explain:

The probability of EFIS failure, initially or long-term, may be increased. The probability of deepwell pump failure.or
non-restoration of commercial power needed to operate deepwell pumps may be increased.

Could the PISA increase the consequences of a malfunction of equipment important to safety previously
evaluated in the safety basis? Yes I No []

Explain:

The consequences of deepwell pump failure or non-restoration of commercial power needed to operate deepwell
pumps may be increased.

POTENTIAL FOR CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE

Could the PISA create the possibility of an accident of a different type than previously evaluated in the safety
basis? Yes [ No X

Explain:

The PISA does not create the possibility of an accident of a different type, not previously evaluated in the safety
basis. '

Could the PISA create the possibility of a malfunction of equipment important to safety of a different type than
previously evaluated in the safety basis? Yes O No

Explain:

The PISA does not create the possibility of a malfunction of equipment important to safety of a different type than
previously evaluated in the safety basis. .

POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY
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Facility or Activity: Advanced Test Reactor

USQ Process No.: TRA-USQ-2004-214 Revision 1

“Subject: ATR Seismic Safety Basis Deterioration

7. Could the PISA reduce a margin of safety as defined in the safety basis? Yes X No O
Explain:

lnadequéte EFIS flow, interruption of EFIS flow, or cessation of EFIS flow due to depletion of above-ground
~ emergency makeup inventories would reduce the margin of safety needed to protect ATR fuel.

lid: UsSQ DETERMINATION CONCLUSION

8. = Based E?n the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes No ’

Explain':_

Review of raw water inventories for the firewater injecﬁon system for response to seismic event loss-of-coolant
accidents (LOCAs) has identified a deficiency in the interim seismic PRA model in regard to the assumption in the

model that off-site commercial power could be recovered, a review of other seismic PRAs shows that other seismic

PRAs do not assume that recovery of commercial power is possible. Inadequacies in the original seismic PRA
model coupled with inadequate development of an interim seismic PRA including assumptions regarding recovery
of off-site commercial power prior to exhausting raw water above-ground emergency makeup inventories and
firewater pump injection adequacy pose an Unreviewed Safety Question.

NOTE: If USQ determination result is positive, additional notification for ORPS is required per MCP-180.

IV. APPROVAL/CONCURRENCE SIGNATURES

APPROVAL: _
T Tl oo 7 Ao S04
USQ Evaluator USQ Evaluator T Date /
Print/Type Name Signat, )
(\2 . \ . Mc C,fc._: \, Lo aP s / - - [
USQ Reveiwer T te
Print/Type Name i
D Sudbgnl p0/ 19 /04
Nuclear Facility Manager Date N
Print/Type Name Signature
CONCURRENCE: ‘
Ao L Haskins Mn oy
ndependent Reviéw Committee Chair Independent Review Committee Chair /  Bate

Print/Type Name - Signature





The following pages are the
original USQ screen signatures.
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Facility or Activity: Advanced Test Reactor
USQ Process No.: TRA-USQ-2004-214 Revision 1
Subject: ATR Seismic Safety Basis Deterioration

Describe the New Information/Discovery:

Recent review of long-term emergency firewater injection raw water supplies with regard to addressing final
firewater modeling USQ resolution has prompted review of raw water inventories for response to seismic event
loss-of-coolant accidents (LOCAs). The original seismic PRA was developed in'the early 1990's and documented
in the 1991 ATR probabilistic risk assessment (PRA). Relay chatter was included in the 1994 ATR PRA. The DOE
Safety Evaluation Report (SER) from 1996 for the ATR Upgraded Final Safety Analysis Report identified ‘
unresolved comments regarding the status of seismic qualification. The subsequent addendum from February 20,
1998 for the first annual update addressed the open SER comments and concluded the 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 and showed that the risk was acceptable.

The 1991 seismic PRA did not include the consideration of early failure of emergency flow or the consideration of

small seismic-induced LOCAs. Draft interim seismic PRA models were developed for-consideration of early failure
of emergency flow in 1996, and for small seismic LOCAs in 1999.

An identified deficiency in the interim seismic PRA model is in regard to the assumption in the model that off-site
commercial power could be recovered; a review of other seismic PRAs shows that other seismic PRAs do not
assume that recovery of commercial power is possible. Inadequacies in the originat seismic PRA mode! coupled
with inadequate development of an interim seismic PRA including assumptions regarding recovery of off-site
commercial power prior to exhausting above ground emergency makeup inventories are the subject of this
Unreviewed Safety Question.

The current seismic safety basis for ATR rests on the maintenance of seismic risk at levels comparable to the
seismic PRA results provided in the ATR UFSAR. The status of seismic PRA studies for ATR does not adequately
support the safety basis.

Identify the applicable safety basis document(s) (i.e., DSA, SAR, BIO, TSRs, OSRs):

SAR-153 ATR Upgraded Final Safety Analysis Report, Executive Summary, and Chapters 15.6 and 15.16.

Applicable Technical References:

S. A. Atkinson to R. T. McCracken and J. E. Dwight, “Seismic Safety Authorization Basis Per UFSAR,” Atki-03-98,
March 25, 1998.

S. A. Eide, et al., Advanced Test Reactor Probabilistic Risk Assessment, Revision 1, EGG-PRP-8823, EG&G Idaho
Inc., September 1991.

T. A. Thatcher et al., Update to the Advanced Test Reactor Probabilistic Risk Assessment (Level 1, 2 and 3)
Including Shutdown Operations), EGG-PRP-11229, May 1994.

R. G. Lange (DOE NE-40) to R. V. Furstenau (DOE-ID), Approval of Advanced Test Reactor (ATR) Safety Analysis
Report (SAR) Safety Evaluation Report Addendum, February 20, 1998, with attached Approval Authorization and
SER Addendum.

PLN-588, TRA NPH Assessment Plan, January 29, 2004.
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Facility or Activity: Advanced Test Reactor
USQ Process No.: TRA-USQ-2004-214 Revision 1

Subject: ATR Seismic Safety Basis Deterioration

PISA ASSESSMENT

a. Is there a potential inadequacy in the analytical methodology and/or tools used in the safety basis?
. Yes [ No :

" b. Isthere a potential discrepancy between the safety basis assumptions, provisions,‘ or conditions; in the
accident analysis and the facility operation or parameters? :
X Yes No o

c. ls the actual physical condition of the facility different than as described in the safety basis (discrepant as-
found condition)?

[0 Yes [ X No

d. Has an actual or postulated operational event or incident revealed a potential inadequacy in the safety
basis? . o :
[ Yes No

Provide an explanation of the assessment result:
The current seismic safety basis for ATR rests on the maintenance of seismic risk at levels comparable to the

seismic PRA results provided in the ATR UFSAR. The status of seismic PRA studies for ATR does not adequately
support the safety basis.

T T latefier T e TN [ON4/0Y

7
USQ Evaluator lua e 7 Date /
. Print/Type Name Sighat o ! o'-(
Do S fhors S/ 18/
Nuclear Facility Manager Date

Print/Type Name Signature

If the answer to ALL of the assessment questipns above is No, file the completed form.
If the answer to any one of the assessment questions is Yes, there is a potentially inadequate safety analysis
(PISA):
. Nuclear Facility Manager document actions (Section f), including interim operating restrictions,
taken to place or maintain the facility in a safe condition.
Nuclear Facility Manager execute reporting process per MCP-190, for PISA.
USQ evaluator proceed to Section Il

DOCUMENT ACTIONS TAKEN TO PLACE OR MAINTAIN FACILITY IN A SAFE CONDITION

Prohibit power operation above 20 kW until further evaluation is completed to support power operations.
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Facility or Activity: Advanced Test Reactor

USQ Process No.: TRA-USQ-2004-396

Subject: ' ATR Seismic Primary Coolant System Break Size and TRA Support Building Vulnerabilities

Describe the New lnfonnationlDisdovery:

. Recent seismic walkdowns conducted as part of an effort to provide an updated seismic probabilistic risk
- assessment (PRA) documented in the November 29, 2004 letter report from ARES Corporation “Consulting
Services for the Advanced Test Reactor Seismic PRA Final” identified several smaller PCS lines (1-in. dia or less)
~ that would be vulnerable to breakage during PC-3 or PC-4 seismic events. The seismic report also identified the
bypass demineralizer shielding block partition wall as not satisfying ATR seismic criteria for a PC4 seismic event.
Also, TRA masonry block buildings constructed in the early 1950's have not been shown to be adequately -

reinforced and block wall collapse would be expected for PC-3 and PC-4 seismic events.

The potential for seismically-induced leakage and the amount of leakage characterized in SAR-153 is based on
TRA-ATR-1490 that considered 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 walkdowns of the PCS’

" interfacing piping that had not identified piping deficiencies. The potential leakage resulting from a seismic event’
was not expected to exceed an equivalent 1-inch break for seismic events up to and including the design basis
earthquake. However, the Chapter 15 accident analysis has included 2.5-in. equivalent diameter and smaller
breaks as Condition 3 (unlikely) events, and 3.0-in. equivalent diameter breaks as Condition 4 {extremely unlikely)
events. The break locations are analyzed as follows: the 1-in. and 2-in. breaks are analyzed directly on reactor
vessel inlet piping, the 2.5-in. and 3-in. breaks were analyzed on the non-radiographed portion of the primary
coolant system between the vessel inlet line and the bypass demineralizer, downstream of the orifice. The 3-in.
break assumed a 3-in. orifice, and the 2.5-in. break used the actual orifice diameter of 2.5-in. The walkdown report
identifies approximately 2-in. of leakage that would be expected to occur for Condition 3 or 4 events that was not
previously identified. If the bypass demineralizer wall cracking and resulting displacements are sufficient to cause
failure of primary coolant system piping or valve stems on the bypass demineralizer, the break size would exceed
an equivalent diameter of 3-in. Preliminary fragility assessment provided in the report would indicate wall failure not
at Condition 3 but a concern for Condition 4 events. : :

The November 29, 2004 letter report from ARES Corporation also identified inadequate reinforcement of some TRA
_masonry block buildings, which has resulted in very low seismic capacities. The likelihood of masonry block wall -

collapse, including the TRA-619 building that contains two safety related emergency firewater injection pumps, has

been estimated to be very high (0.7 probability at the safe shutdown earthquake). Wall collapse in buildings that do

not contain safety related equipment could also degrade the emergency firewater injection system inventory and

flow capacity due to flow lost from damage to fire water risers in the buildings.

Identify the applicable safety basis document(s) (i.e., DSA, SAR, BIO, TSRs, OSRs):

SAR-153 ATR Upgraded Final Safety Analysis Report, Chapter 15.6 and SAR Addendum EDF-4334
I PISA ASSESSMENT |
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Facility or Activity: Advanced Test Reactor
USQ Process No.: TRA-USQ-2004-396

Subject: ATR Seismic PﬁmafLCoolant System Break Size and TRA Support Building Vulnerabilities

a. Is there a potential inadequacy in the analytical methodology and/or tools used in the safety basis?
[J Yes X No

b. Istherea potentlal discrepancy between the safety basis assumptlons provisions, or conditions, in the
accident analysis and the facility operation or parameters?

X Yes No

¢. |sthe actual physu:al condition of the facility different than as described in the safety basis (discrepant as-
found condition)?
K Yes [J No _

d. Has an actual or postulated operational event or incident revealed a potential inadequacy in the safety
basis?

1 Yes X No

Provide an explanation of the assessment result:

Seismic loss-of-coolant accident events are represented as design basis events in Chapter 15 of the ATR
Upgraded Final Safety Analysis Report (UFSAR). Walkdown conclusions documented in the November 29, 2004
letter report from: ARES Corporation “Consulting Services for the Advanced Test Reactor Seismic PRA Final"
identified several smaller PCS lines (1-in. diameter or less) that would be vulnerable to breakage. The seismic
report also identified the bypass demineralizer shielding block partition wall as not satisfying ATR seismic criteria.

Inadequate reinforcement of some TRA masonry block buildings has resulted in very low seismic capacities. The
likelihood of masonry block wall collapse, including the TRA-619 building that contains two safety related
emergency firewater injection pumps, has been estimated to be very high (0.7 probability at the safe shutdown
earthquake). Wall coliapse in buildings that do not contain safety related equipment could also degrade the
emergency firewater injection system inventory and flow capacity due to flow lost from damage to fire water risers in
the buildings. The screening Unreviewed Safety Question result is positive.

T. A. Thatcher Original signed on 12/23/04 »
USQ Evaluator USQ Evaluator Date
Print/Type Name Signature
D. W. Suthers Original signed on 1/17/05
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature

If the answer to ALL of the assessment questions above is No, file the completed form.

If the answer to any one of the assessment questions is Yes, there is a potentially inadequate safety analysis
(PISA):
] Nuclear Facility Manager document actions (Section Il), including interim operating restrictions,
taken to place or maintain the facility in a safe condition.
. Nuclear Facility Manager execute reporting process per MCP-190, for PISA.
. USQ evaluator proceed to Section Il

DOCUMENT ACTIONS TAKEN TO PLACE OR MAINTAIN FACILITY IN A SAFE CONDITION
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Facility or Activity: Advanced Test Reactor
USQ Process No.: TRA-USQ-2004-396
Subject: ATR Seismic Primary Coolant System Break Size and TRA Support Building Vulnerabilities

. DETERMINATION
Identify applicable section(s) of the safety basis document(s) (i.e., SAR, BIO, TSRs, OSRs).

SAR-153 ATR Upgraded Final Safety Analysis Report, Chapters 15.6 and 15.16. . , o
EDF-4334, “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 SE-2003-171, see page 20 for analysis of 2.5-in.
seismic LOCA. . . ' : o

Applicable Technical References
Atkinson, S. A., 199, Safety Basis for ATR Seismic-LOCA Scenarios, EDF TRA-ATR-1490, July 1999.
Davis, C. B.; and S. T. Polkinghorne, 1999, Analysis of Seismic SBLOCAs, EDF TRA-ATR-1489, August 1999. :

Polkinghorne, S. T., 2003, Analysis of a Seismically Initiated Rupture of the ATR’s Bypass Demineralizer Line,
EDF-3278, November 2003. » }

llla: POTENTIAL FOR AN INCREASE IN PROBABILITY OR CONSEQUENCE OF AN ACCIDENT OR
MALFUNCTION EVALUATED IN THE SAFETY BASIS

1.  Could the PISA irgease probability of occurrence of an accident previously evaluated in the safety basis?
Yes X No

Explain:

Seismic loss-of-coolant accident events are represented as design basis events in Chapter 15 of the ATR
Upgraded Final Safety Analysis Report (UFSAR). Chapter 15.6.6, Seismically-Induced PCS Leakage” includes a
characterization of the potential leakage resulting from a seismic event based on the configuration of the primary
coolant system (PCS) and interfacing piping, the potential range of seismic events, previous evaluations of seismic
fragility of piping systems at the ATR, and a walkdown of the PCS interfacing piping performed in 1999. This
characterization concluded that for seismic events up to the SSE (that is, 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. 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 Condition 3 (unlikely) earthquake. A 2.5-in. break downstream of the 2.5-in. diameter
orifice (FE-37) was also evaluated for Condition 3 events in EDF-3278 as described in SAR Addendum EDF-4334.
A 3-in, diameter break in the reactor vessel inlet piping was analyzed for a severe Condition 4 (extremely unlikely)
earthquake.

The November 29, 2004 letter report from ARES Corporation “Consulting Services for the Advanced Test Reactor
Seismic PRA Final” identified several smaller PCS lines (1-in. dia or less) that wouid be vulnerable to breakage.
The seismic report aiso identified the bypass demineralizer shielding block partition wall as not satisfying ATR
seismic criteria. Bounding estimates of the PCS line breakage could result in a combined leakage of approximately
2-in. equivalent diameter at Condition 3. Seismically-induced pipe failures from deficiencies identified for several
small diameter PCS lines or instrument lines exceed the expected line breakage characterized in the safety basis. -
The combined identified piping discrepancies and the bypass demineralizer wall not meeting PC4 seismic criteria
could result in seismic break sizes exceeding 3-in. equivalent diameter and leave little or no allowance for any

unidentified deficiency to increase the PCS leakage.
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Facility or Activity: Advanced Test Reactor
USQ Process No.: TRA-USQ-2004-396
Subject: ATR Seismic Primary Coolant System Break Size and TRA Support Building Vulnerabilities

The increased break size for Condition 3 and 4 events could increase the consequences of an accident previously
evaluated in the safety basis.

Inadequate reinforcement of some TRA masonry block buildings has resulted in very low seismic capacities. The
likelihood of masonry block wall collapse, including the TRA-619 building that contains two safety related
emergency firewater injection pumps, has been estimated to be very high (0.7 probability at the safe shutdown
earthquake). Wall collapse in buildings that do not contain safety related equipment could also degrade the
emergency firewater injection system inventory and flow capacity due to flow lost from damage to fire water risers
in the buildings. With degraded EF1S flow, the consequences of a seismically-induced small-break LOCA could be
increased.

3.  Could the PISA increase the probability of occurrence of a malfunction of equ1pment lmportant to safety
previously evaluated in the safety basis? = Yes I No []

Explain:

Identified deficiencies regarding PCS piping, the bypass demineralizer wall adjacent to PCS piping, and the
vulnerability of masonry block buildings that may resuit in damage to EFIS piping or additional firewater inventory
losses are discussed above in questions 1 and 2. The probability of occurrence of a malfunction of equipment
important to safety previously evaluated in the safety basis may be increased.

4.  Could the PISA increase the consequences of a malfunction of equipment important to safety previously
evaluated in the safety basis? Yes [ No [X

Explain:

Failures resulting in loss-of-coolant accidents such as PCS piping breakage and failure of the EFIS to provide core
cooling and makeup are analyzed, and the consequences of a malfunction of equipment important to safety
previously evaluated in the safety basis are not increased.

Ilb: POTENTIAL FOR CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE

5.  Could the PISA create the possibility of an accident of a different type than previously evaluated in the safety
basis? Yes [0 No

Explain:

Seismically-induced PCS leakage and EFIS faults have been considered in the safety basis. The PISA does not
create the possibility of an accident of a different type not previously evaluated in the safety basis. ‘

6. Could the PISA create the possibility of a malfunction of equipment important to safety of a different type than
previously evaluated in the safety basis? Yes [ No X

Exptain:
Seismically-induced PCS leakage and EFIS faults have been considered in the safety basis. The PISA does not

create the possibility of a malfunction of equipment important to safety of a different type than previously evaluated
in the safety basis.

llic; POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY
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Facility or Activity: Advanced Test Reactor
USQ Process No.: TRA-USQ-2004-396

Subject: ATR Seismic Primary Coolant System Break Size and TRA Support Building Vulnerabilities
7. Could the PISA reduce a margin of safety as defined in the safety basis? Yes X No O
Explain:

Increased PCS break size or inadequate EFIS flow would reduce the margin of safety needed to protect ATR fuel:

lild: USQ DETERMINATION CONCLUSION

8. Based IZtIm the resE'mses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes No ' ' :

Explain:

Seismically-induced pipe failures from deficiencies identified for several small diameter PCS lines or instrument
lines exceed the expected line breakage characterized in the safety basis. The combined identified piping
discrepancies and the bypass demineralizer wall not meeting PC-4 seismic criteria could result in seismic break
sizes above those analyzed and leave little or no allowance for any unidentified deficiency. The deficiencies pose
an Unreviewed Safety Question. '

The lack of reinforcement of some TRA masonry block buildings can resuit in very low seismic capacities. The
likelihood of masonry block wall collapse, including the TRA-619 building that contains two safety related
emergency firewater injection pumps, has been estimated to be very high (0.7 probability at the safe shutdown
earthquake). Wall collapse in buildings that do not contain safety related equipment could also degrade the
emergency firewater injection system inventory and flow capacity due to flow lost from damage to fire water risers in
the buildings. The identified high probability of failure of these buildings and potential for reduced EFIS flow to the
core or potential for reduced EFIS inventory poses an Unreviewed Safety Question.

NOTE: If USQ determination result is positive, additional notification for ORPS Is required per MCP-190.

V. APPROVAL/CONCURRENCE SIGNATURES

APPROVAL: '
T hatcha 7 Wb\, //27/05
" USQ Evaluator USQ Evaluator ‘ Date
Print/Type Name Signature
j:C.C,L\t»QW\H % LtLon 2 Feb zoaS
USQ Reviewer [4 0SQRe Date
Print/Type Name Si
Nuclear Facility Manager Ndclear Facility Manager * Date
Print/Type Name Signature

CONCURRENCE:

_ﬁlah_ﬁ_,éé-ﬁé‘” s W —A-3-085"
Independent Review Committee Chair ependent Review Committee Chair Date

Print/Type Name Signature
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Facility or Activity: Advanced Test Reactor
USQ Process No.: TRA-USQ-2004-413
Subject: ATR Seismic Primary Coolant System Break Size Contribution From Letdown Valves

Describe the New Information/Discovery:

The potential for the amount of seismically-induced primary coolant system (PCS) leakage characterized in SAR-
1153 may be non-conservative when the potential for PCS letdown valves to not fully close is considered. :-The -
valves are automatically controlled by the computerized distributed control system (DCS). While the valves are

. _ designed to close upon loss of control power or loss of instrument air, the control power is battery-backed and may

not fail due to a seismic event. Instrument air compressors may be likely to lose Rower; however, the air bleed off
may not occur rapidly. The DCS has not been designated as Seismic Category | e;t&?’pment and has not previously
been seismically evaluated. The PCV-1-1 valve letdown is limited by a nearby 2.5-in. diameter orifice. The LCV-1-
3C letdown valve size is 1-in. The estimated combined break size would be slightly above 2.5-in. equivalent

diameter, or approximately 2.7-in. diameter. The elevation of the PCV-1-1 valve.is 81 ft; however, the letdown flow

line routed from the vaive to the degassing tank rises to 88 ft 9 in. The elevation of valve LCV-1-3C on the bypass

~ demineralizer system is 64 ft. .

Seismically-induced primary coolant system (PCS) leakage characterized in SAR-153 is based on TRA-ATR-1490
that considered 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 walkdowns of the PCS interfacing piping. The
potential leakage resulting from a seismic event was not expected fo exceed an equivalent 1-inch break for seismic
events up to and including the design basis earthquake. However, the Chapter 15 accident analysis has included
2.6-in. equivalent diameter and smaller breaks as Condition 3 (unlikely) events, and 3.0-in. equivalent diameter
breaks as'Condition 4 (extremely unlikely) events. The break locations are analyzed as follows: the 1-in. and 2-in.
breaks are analyzed directly on reactor vessel inlet piping, the 2.5-in. and 3-in. breaks were analyzed on the non-
radiographed portion of the primary coolant system between the vessel inlet line and the bypass demineralizer,
downstream of the orifice. The 3-in. break assumed a 3-in. orifice, and the 2.5-in. break used the actual orifice
diameter of 2.5-in. No letdown flows from PCV-1-1 or LCV-1-3C were included in the analyses for evaluating
thermal margins for the postulated breaks. .

Identify the applicable safety basis document(s) (i.e., DSA, SAR, BIO, TSRs, OSRs): ‘
SAR-153 ATR Upgraded Final Safety Analysis Report, Chapter 15.6 and SAR Addendum EDF-4334

PISA ASSESSMENT
a. Is there a potential inadequacy in the analytical methodology and/or tools used in the safety basis?

O Yes K No -

b. Is there a potential discrepancy between the safety basis assumptions, provisions, or conditions, in the
- accident analysis and the facility operation or parameters? ’
Yes No '

c. Is the actual 'physical' condition of the facility different than as described in the safety basis (discrepant as-
found condition)? ’
O Yes No

d. Has an actual or postulated operational event or incident revealed a potential inadequacy in the safety
basis? .

O Yes X No

Provide an explanation of the assessment result:

Seismic loss-of-coolant accident events are represented as design basis events in Chapter 15 of the ATR
Upgraded Final Safety Analysis Report (UFSAR). No letdown flows from PCV-1-1 or LCV-1-3C were included in
the analyses for evaluating thermal margins for the postulated breaks. The omission could increase the potential
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Facility or Activity: Advanced Test Reactor
USQ Process No.: TRA-USQ-2004-413
Subject: ATR Seismic Primary Coolant System Break Size Contribution From Letdown Valves

seismically-induced leakage when combined with seismically-induced pipe breaks, and could result in larger than
previously estimated seismically-induced PCS leakage and a reduction in previously calculated thermal margins.

The screening Unreviewed Safety Question result is positive.

T. A. Thatcher Original signed on 12/23/04 . _
- USQ Evaluator ] USQ Evaluator . Date
Print/Type Name : Signature :
D. W. Suthers . Original signed on 1/17/05
Nuclear Facility Manager Nuclear Facllity Manager Date
Print/Type Name Signature

If the answer to ALL of the assessment questions above is No, file the completed form.

" If the answer to any one of the assessment questions is Yes, there is a potentially inadequate safety analysis
(PISA): ,
. Nuclear Facility Manager document actions (Section W), including interim operating restrictions,
taken to place or maintain the facility in a safe condition.
) Nuclear Facility Manager execute reporting process per MCP-1 90, for PISA.
. USQ evaluator proceed to Section IIl.

Il. DOCUMENT ACTIONS TAKEN TO PLACE OR MAINTAIN FACILITY IN A SAFE CONDITION

. DETERMINATION
Identify applicable section(s) of the safety basis document(s) (i.e., SAR, BIO, TSRs, OSRs).

SAR-153 ATR Upgraded Final Safety Analysis Report, Chapters 15.6 and 15.16.

EDF-4334, “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 SE-2003-171, see page 20 for analysis of 2.5-in.
seismic LOCA.

Appliqable Technical References

Atkinson, S. A., 199, Safety Basis for ATR Seismic-LOCA Scenarios, EDF TRA-ATR-1490, July 1999,

Davis, C. B., and S. T. Polkinghome, 1999, Analysis of Seismic SBLOCAs, EDF TRA-ATR-1489, August 1999.

Polkinghome, S. T., 2003, Analysis of a Seismically Initiated Rupture of the ATR’s Bypass Demineralizer Line,
EDF-3278, November 2003. ,

lla: POTENTIAL FOR AN INCREASE IN PROBABILITY OR CONSEQUENCE OF AN ACCIDENT OR
MALFUNCTION EVALUATED IN THE SAFETY BASIS
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Facility or Activity: Advanced Test Reactor
USQ Process No.: TRA-USQ-2004-413
Subject: ATR Seismic Primary Coolant System Break Size Contribution From Letdown Valves

1. Could the PISA increase probability of occurrence of an accident previously evaluated in the safety basis?
Yes X No O :

Explain:

Seismic loss-of-coolant accident events are represented as design basis events in Chapter 15 of the ATR
Upgraded Final Safety Analysis Report (UFSAR). Chapter 15.6.6, Seismically-Induced PCS Leakage” includes a
characterization of the potential leakage resulting from a seismic event based on the configuration of the primary
coolant system (PCS) and interfacing piping, the potential range of seismic events, previous evaluations of seismic
fragility of piping systems at the ATR, and a walkdown of the PCS interfacing piping performed in 1999. This
characterization concluded that for seismic events up to the SSE (that is, up to a Condition 4 seismic event), the
leakage would be less than that from a 1-inch diameter break in the reactor vessel inlet piping. A 2-inch diameter
break in the reactor vessel inlet piping was analyzed to provide a conservative upper bound on the leakage
-expected following a severe Condition 3 (unlikely) earthquake. A 2.5-in. break downstream of the 2.5-in. diameter
orifice (FE-37) was also evaluated for Condition 3 events in EDF-3278 as described in SAR Addendum EDF-4334.
A 3-inch diameter break in the reactor vessel inlet piping was analyzed for a severe Condition 4 (extremely unlikely)
earthquake.

Upon low pressure, PCS letdown valves, PCV-1-1 and LCV-1-3C, are designed to close. If the valves did not close
following the seismic event, the open valves may increase the PCS letdown flow. These valves are controlled by
the distributed control system (DCS) that has not been seismically qualified. Depending on the timing of DCS loss
of communication or other fault condition, the valves could fail as-is, move to an open or closed position.

Conditions during the transient and possible failure modes for the DCS make it difficult to characterize the likelihood
of the resulting valve position. The valves would close on loss of power; however, the power supply is battery-
backed and may be generally robust. The valves would close on loss of instrument air; however, the timing of loss
of instrument air and failure fragility is unknown. Furthermore, a modification had been planned to provide nitrogen
backup air for the valves.

The PCV-1-1 valve letdown is limited by a nearby 2.5-in. diameter orifice. The LCV-1-3C letdown valve size is 1-in.
The estimated combined break size would be slightly above 2.5-in. equivalent diameter, or approximately 2.7-in.
diameter. The elevation of the PCV-1-1 valve is 81 ft; however, the letdown flow line routed from the valve to the
degassing tank rises to 88 ft 9 in. The elevation of valve LCV-1-3C on the bypass demineralizer system is 64 ft.

The largest break size evaluated for Condition 3 was 2.5-in.; therefore, the 2.7-in. effective break size due to
letdown flow is not bounded by existing analysis, although the locations of the letdown valves may not be the most
limiting locations. As the fragility of the DCS system that controls the valves has not been characterized, the
likelihood of conditions resulting in PCS leakage following a seismic event may be higher than previously analyzed.

The probability of occurrence of an accident previously evaluated in the safety basis may be increased.

2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes No O

Expiain:

Seismic loss-of-coolant accident events are represented as design basis events in Chapter 15 of the ATR
Upgraded Final Safety Analysis Report (UFSAR). Chapter 15.6.6, Seismically-Induced PCS Leakage" includes a
2-inch diameter break in the reactor vessel inlet piping that was analyzed to provide a conservative upper bound on
the leakage expected following a severe Condition 3 (unlikely) earthquake. A 2.5-in. break downstream of the 2.5-
in. diameter orifice (FE-37) was also evaluated for Condition 3 events in EDF-3278 as described in SAR Addendum
EDF-4334. And, a 3-inch diameter break in the reactor vessel inlet piping was analyzed for a severe Condition 4
(extremely unlikely) earthquake.
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Facility or Activity: Advanced Test Reactor
USQ Process No.: TRA-USQ-2004-413
Subject: ATR Seismic Primary Coolant System Break Size Contribution From Letdown Valves

An earthquake was assumed to trip the reactor at 0.2 s. The first damaging seismic waves reached the ATR at 2.0
s, initiating the small-break LOCA and causing a loss of commercial and diesel power. Low flow in the M-10
emergency coolant pump recirculation line caused the DC-powered M-11 emergency coolant pump to start
automatically. EFIS flow was automatically actuated after upper plenum pressure decreased to the EFIS actuation
setpoint. Thermal limits were approached twice during the transients: the first approach to thermal limits occurred
as the primary coolant pumps (PCPs) coasted down and the flow rate through the core reached a minimum (near
the time that the PCP-check valves closed) at approximately 23 seconds after scram for the Condition 3 and 4
small-break LOCAs. Thermal margins then increased because of decreasing decay heat and increasing core flow.
The second approach to limits occurred when the DC power supply was depleted, causing the M-11 emergency
coolant pump to coast down. Temperatures increased and thermal margins decreased when the flow reversed
(from forced downflow to natural circulation upflow).

The mihimum thermal margins, both early and late, are summarized in Chapter 15.6.6 Table 15.6-4, for the 2-in.
Condition 3 and for the 3-in. Condition 4 small-break LOCAs. The 3-in. Condition 4 small-break LOCA had very low
margins to flow instability (1.16 standard deviations) early in the transient (at approximately 23 s).

The largest break size evaluated for Condition 3 2.5-in., therefore, the 2.7-in. effective break size due to
letdown flow from PCV-1-1 and LCV-1-3C may no #’}E’;‘?‘,’;by existing analysis, although the locations of the
letdown valves may not be the most limiting locations.

The increased break size for Condition 3 events could increase the consequences of an accident previously
evaluated in the safety basis. '

3.  Could the PISA increase the probability of occurrence of a malfunction of equipment important to safety
previously evaluated in the safety basis? Yes [X] No

Explain:

The potential of PCV-1-1 and LCV-1-3C to remain open rather than close as was assumed is discussed above in
questions 1 and 2. The probability of occurrence of a malfunction of equipment important to safety previously
evaluated in the safety basis may be increased.

4.  Could the PISA increase the consequences of a malfunction of equipment important to safety previously
evaluated inthe safetybasis? Yes X No [J

Explain:

The potential of PCV-1-1 and LCV-1-3C to remain open rather than close as was assumed is discussed above in

questions 1 and 2. The consequences of DCS failure had not been expected to worsen the seismic event analyzed

in the safety basis. The consequences of a malfunction of equipment important to safety previously evaluated in
‘the safety basis may be increased. .

lib: POTENTIAL FOR CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE
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Subject: ATR Seismic Primary Coolant System Break Size Contribution From Letdown Valves

5. Could the PISA create the gssibility of an accident of a different type than previously evaluated in the safety
basis? Yes [J No

Explain:

S'eismibally-induced PCS leakage has been considered in the safety basis. The PISA does not create the
possibility of an accident of a different type not previously evaluated in the safety basis. -

6.  Could the PISA create the possibility of a malfunction of equipment important to safety of a different type than
previously evaluated in the safety basis? Yes [ No X

Explain:

Seismically-induced PCS leakage has been considered in the safety basis. The PISA does not create the possibility
of a malfunction of equipment important to safety of a different type than previously evaluated in the safety basis.

lic: POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY
7. Could the PISA reduce a margin of safety as defined in the safety basis? Yes [ No []
Explain:

Increased PCS break size could reduce the margin of safety needed to protect ATR fuel, but may depend on break
(or letdown) location.

lid: USQ DETERMINATION CONCLUSION

8. Based E?n the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes No

Explain:

The largest break size evaluated for Condition 3 was 2.5-in.; therefore, the 2.7-in. effective break size due to
letdown flow may not be bounded by existing analysis. The contribution to seismic PCS leakage reduces the
accommodation of possible seismically-induced pipe breaks.

The open valves could result in an estimated 2.7-in. equivalent diameter letdown flow at Condition 3, and pose an
Unreviewed Safety Question.

NOTE: If USQ determination result is positive, additional notification for ORPS is required per MCP-190.

IV. APPROVAL/CONCURRENCE SIGNATURES

APPROVAL: . '
T ThatOhe~ 7 7/Llj—6"0/\/ ” 1'27’6
USQ Evaluator USQ Evaluator Date

Print/Type Name : Signature
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USQ Reviewer Date
Print/Type Name
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) Nuclear Facility Manager Date
Print/Type Name =
CONCURRENCE:
fns R-3-05"
Independent Review Committee Chair ndependent Review Committee Chair Date
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THE SAFETY ANALYSIS (PISA) FORM
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Advanced Test Reactor (ATR)

ATR Complex-USQ-2008-805

Experience-Based Seismic Qualification of ATR Seismic Category 1 Equipment (ARES Corporation

Report No. 060230101-002 Rev. 0 Sep. 2008)

If “No,” is a Safety Basis document revision required at next annual update?[] - Yes [X No

NOTE: If USQ determination result is positive, additional notification for ORPS is required per LWP-9301.
APPROVAL/CONCURRENCE SIGNATURES '

APPROVAL:

Alan P. Hoskins

/-Y-08

ugo Evaluator : Date

USQ Evaluator
Print/Type Name

. Martin B. McDonough -

Page 6 of 6

M fion, B0 lmonf] ) 4] b2

Nuclear Facility Manager
Print/Type Name

CONCURRENCE:

Jack A. Jacobi

Independent Review Committee Chair
Print/Type Name

Nuclear Facility Manager " Date
Signature
7 WS s £
Independent e Chair Date
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Facility or Activity: Advanced Test Reactor (ATR)
USQ Process No.: ATR Complex-USQ-2008-805

Subje

Experience-Based Seismic Qualification of ATR Seismic Category 1 Equipment (ARES Corporation
ct: Report No. 060230101-002 Rev. 0 Sep. 2008)

Describe the New Information/Discovery:

Part of the scope of the recently completed ATR seismic assessment® was an experience-based seismic qualification of ATR
Seismic Category 1 Equipment (ARES Corporation Report No. 060230101-002 Rev. 0 Sep. 2008). Seismic Category | systems,

- structures, and components (SSCs) are safety-related SSCs that are relied upon in the ATR safely basis to mitigate the effects

of the safe shuthn earthquake (SSE). The acceptance criteria for the experience-based qualification were the Department of
Energy’s Natural Phenomena Hazards Design and Evaluation Criteria (DOE-STD-1020) for Performance Category (PC) 4

SSCs. The ARES report identified several Seismic Category | SSCs that were judged to have insufficient capacity to satisfying

the PC-4 seismic criteria.

Reference: :
(a) S. R. Jensen letter to P. Henslee, [ATR] Life Extension Manager, “Seismic Assessment Project Qualification Status

Summary,” SRJ-02-08, September 30, 2008

Identify the applicable safety basis document(s) (e. g., DSA, SAR, BIO, TSRs, etc.):
SAR-153 Chapters 3A.

REASONABILlW DETERMINATION (Reasonability determinations made as part of the ATR Design Basis
Reconstitution gﬁort may be documented per SP-10.2.4.9)
Isit reasqnable that the potential for an inadequate safety analysis exists based on the new information or
discovery described above? [X] Yes [J No

If “Yes,” proceed ‘io Sections II, lll, and IV.

If “No,” provide an explanation and basis for the reasonability determination.

IJJSQ Evaluator USQ Evaluator Date

PrintType Name Signature
Nucle;ar Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
If the answer to the question above is “No,” file the completed form. Do not complete Section II, Il), or IV.
If the answer to trime question above is “Yes,” complete Section il, llI, and IV.
PISA DECLARATION

What is the basi;s for concern that the safety basis may not be bounding or may be otherwise inadequate?
Provide an explanation.

The resuits of ATR Seismic Category | experience-based seismic qualification were screened by ATR Programs personnel,
which included the ATR Operations Manager, ATR Programs Engineering managers, the Independent Management Review
Committee Chair, and ATR Programs Engineering subject matter experts.®® The team categorized the equipment that were
judged to have insuﬁdent capacity to satisfy PC-4 seismic design and evaluation criteria into those that do not meet the current
ATR safety basis, and those that meet the current safety basis but will need additional engineering efforts related to upgrading
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Facility or Activity: Advanced Test Reactor (ATR)
USQ Process No.: ATR Complex-USQ-2008-805

Experience-Based Seismic Qualification of ATR Seismic Category 1 Equipment (ARES Corporation

Subject: Report No. 060230101-002 Rev. 0 Sep. 2008)

to a more stringent PC-4 criteria. Equipment that were screened into the first group are potential discrepant SSCs that
constitute a potential inadequacies in the safety analysis (PISA). Equipment that were screened into the remaining group do not
constitute a PISA. Seven SSCs were identified as potential discrepancies: a) utility uninterruptible power supply (UPS) battery
room block wall, b)i primary coolant pump motor floor area wall, ¢) plant protection system (PPS) cabinet anchorage,

d) emergency ﬁrevyater supply diesel pumps battery racks, e) dc emergency coolant pump (ECP) starting relay, f) deepwell #3
lube oil pump mounting, and g) six-tier cable tray mounting. . . . .

References:

(b) Technical Evaluation Study, ATR Engineering Review Process of the ARES Experience-Based Seismic
Qualification Report, TEV-350, October 2008

(c) Technical Evaluation Study, Engineering Technical Authority Review of Response of ATR Programs Engineering
- to Experience-Based Seismic Qualification Report, TEV-345, October 2008 S ’

A PISA exists. Complete the following actions

. h‘luclear Facility Manager document actions (below) including interim operating restrictions taken to

place or maintain the facility in a safe condition.

] Nuclear Facility Manager execute reporting process for PISA per LWP-9301 and LWP-13830.
. Qualiﬁed USQ evaluator proceed to Section IH.

ACTIONS TAKEN TO PLACE OR MAINTAIN FACILITY IN A SAFE CONDITION AND THE BASIS FOR THE
SELECTION OF ANY INTERIM CONTROLS.

ATRwas in criti#:al operation at the time of the discovery. ATR critical operation was shut down; irradiated

fuel was removed from the core. The Reactor Operating Condition is “Reactor Defueled.”

TSR-186 equipn}ent operability requirements must be satisfied to change Reactor Operating Conditions; no

additional controls are required.
J. C. Chapman

Safety Analyst Safety Analyst Date
Print/Type Name Signature
M. B. McDonough
Nuclegr Facility Manager Nuclear Facility Manager Date
Print'Type Name Signature

Is independent technical review required? Yes [] No [J

Nuclear Facility Manager
Signature or Initials

Indeéendent Reviewer Independent Reviewer Date
Print/Type Name Signature
USQ DETERMINATION

Identify applicable section(s) of the safety basis document(s) (e.g., DSA, SAR, BIO, TSRs, etc.).
SAR-153, Chapte;r 2 Appendix A - Geology and Seismology of the INL and Region

SAR-153, Chapter 3 - Design of Structures, Components, Equipment, and Systems

SAR-153, Chapter 3 Appendix A - Master List of Safety Related Equipment

SAR-153, Chapte‘i' 6 - Engineered Safety Features

SAR-153, Chapter 7 - Instrumentation and Controls

SAR-153, Chapter 8 - Electric Power
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Facility or Activity: Advanced Test Reactor (ATR)
USQ Process No.: ATR Complex-USQ-2008-805

Experience-Based Seismic Qualification of ATR Seismic Category 1 Equipment (ARES Corporation
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SAR-153, Chapter 9 - Auxiliary Systems, Section 9.5.1 Fire Protection Systems
SAR-153, ChaptEr 15.6 - Accident Analysis Decrease in Primary Coolant Inventory
SAR-153, Cha’ptbr 15.8 - Fuel Storage Canal and Cask Handling Events

TSR-186, Section 3.4.1 - Utility Battery Backed Power Systems

TSR-1886, Section 3.3.3 - Emergency Coolant Pumps :

TSR-186, Section 3.2.1.1 — Emergency Firewater Injection Actuation System
TSR-186, Section 3.2.1.2 - Emergency Firewater Injection Supply System
TSR-186, Section 3.5.5 - Cask Handling and Irradiated Fuel Element Storage

A seismic asses#ment of seismic category 1 systems, structures and components (SSC) was performed as a part
of the Life Extension Project. An interoffice memorandum, SEISMIC ASSESSMENT PROJECT QUALIFICATION
STATUS SUMMJ‘\RY, SRJ-02-08, identified a concern with the west and south-walls of the ATR first basement '
uninterruptible power supply (UPS) battery room as having inadequate anchorage to the ceiling and therefore
seismic vulnerability to affect the operability of the M-11 emergency coolant pump SSC. The Nuclear Facility
Manager imposeh immediate actions to place the facility in a safe condition consistent with the Actions in TSR-186

LCO 3.2.1.1, 3.2l1.2, and 3.3.3 and ATR was shutdown and defueled.

ATR Engineering assembled a team to evaluate all of the issues in SRJ-02-08, in an extent of conditions review, as
noted in Section I, seven SSCs were identified as potentially not conforming to safety analysis assumptions and
are the subject of this unreviewed safety question determination. In addition, the team determined what additional
actions needed to be taken to restore the SSCs’ operability prior to resumption of ATR operations. As a result of
this review the following corrective actions have been taken to address those seismic issues involving
nonconformance with the existing ATR safety basis and therefore need to be addressed prior to startup:

. The west and south block walls for the battery room in the first basement of ATR did not have adequate
anchorage to the;ceiling. Engineering modifications documented in EJ 7.0-1 provided for design and installation of
additional metal Qraces attached to the ceiling with concrete anchors and attached to the top of the wall with
through-wall threaded anchors. Completion of this engineering modification resolves this seismic vulnerability.

. The PPS Logic and Comparator cabinet anchorage was not sufficient to handle seismic loads. Engineering
modifications assL:ciated with EJ 7.0-1 provides for design and installation of seismically qualified anchors to the
base of the cabin‘ ts to ensure secure seismically qualified bases. Completion of this engineering modification
resolves this seismic vulnerability.

. The block wall containing the power cables for the M-11 emergency pump did not have adequate capacity
in the brackets at the south end of the wall at the interface between the canal structure and Door D-323.
Engineering modifications associated with EJ 7.0-1 provide for additional brackets with concrete anchors attached
to the canal structure and attached to the motor floor area wall with through-wall bolts and backing plates. Analysis
shows that the anchor embedment in the storage canal structure will have no effect on the canal strength.
Completion of this engineering modification resolves this seismic vulnerability.

. The ATR \second basement 6-tier cable tray requires a seismically qualified anchorage. Work Order WO
122819 and Dravqing 600849 provide for installation of additional anchorage for this cable tray. Completion of this
work order resolves this seismic vulnerability.

. Additional mechanical restraint was needed to keep the starting batteries for the TRA-688 diesel firewater
pumps from tippin19 and rolling during a seismic event, which may allow contact between adjacent batteries within a
rack. Engineering modifications documented in EJ 7.0-1 and engineering calculations documented in Engineering
Calculations and Analysis Report ECAR-415, “Analysis of TRA-688 Battery Holddown Straps”, provide for
installation of additional holddown straps to prevent seismic interaction. Completion of the installation of these
straps resolves th‘ls seismic vulnerability.

. A concern was identified with the anchors for the Deep Well #3 oil coolers that the shells of the expansion
anchors were not F{ully embedded in the concrete, rather a portion is protruding into the unistrut. This embedment
may compromise the tensile capacity of these anchors. This concern was evaluated by ATR engineering and
documented in Technical Evaluation TEV-343. These anchors, as installed, provide adequate embedment to

achieve the requir}ed 124 pounds of pullout force. The oil cooler plate was subjected to a pull test on 22 October
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Expenence-Based Seismic Qualification of ATR Seismic Category 1 Equipment (ARES Corporation
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2008, with.an estlimated 250 pounds of force applied in the vertical direction, with no movement of the plate and
cooler assembly. Thus, this condition has been evaluated and does not require modification or replacement of the
existing anchors. The existing anchors are adequate.’

. - A concen? was identified with respect to the monitoring relay CR2 that must functlon properly to start the M-
11 emergency coolant pump on demand.  This concern was that a seismic event may cause the CR2 relay to
chatter, and that chatter may inhibit relay TDA1 pickup, and delay the emergency pump startup. ATR Engineering’
evaluated this concern as documented in TEV-346. This evaluation concludes that any seismically induced contact
chatter on CR2 will not impede relay TDA1 from energizing and starting the emergency coolant pump. This TEV-

346 has resolved ‘the concern for delayed start of the M-11 emergency coolant pump during a seismic event.

Each of the modxﬁcatlons identified above were reviewed using the proposed.change USQ process and were
determined to not constitute an Unreviewed Safety Question. The applicable USQ documentation’is ATR
Complex-USQ-2008-786 -794, -798, -803, and -804.

The INL Enginee ng Technical Authority assembled an mdependent team of senior engineering leadership and
performed a review of the process used by ATR engineering to perform the extent of conditions review of the ARES
report. The independent Engineering Technical Authority team agreed with both the approach and the results of

the ATR Engmeeﬁng review.

Completion of these actions and modifications resolve non-conformance issues with the existing ATR safety basis.

POTENTIAL FOR AN INCREASE IN PROBABILITY OR CONSEQUENCE OF AN ACCIDENT OR
MALFUNCTION EVALUATED IN THE SAFETY BASIS

Could the PISA increase probability of occurrence of an accident previously evaluated in the safety basis?
Yes [1 No[X

Explain:

Resolution of the seismic non-conformances with the identified equipment, and completion of the technical
evaluations has plaoed the ATR facility within the assumptions of the safety basis. Because these resolutions
restore the operablllty of the identified equipment as assumed in the safety basis, there is no increase in the
probability of occurrence of an accident previously evaluated in the safety basis.

Could the PISA increase the consequences of an accident previously evaluated in the safety basis?

Yes [1 No

Explain:

Resolution of the seismic non-conformances with the identified equipment, and completion of the technical
evaluations has placed the ATR facility within the assumptions of the safety basis. Because these resolutions
restore the operablhty of the identified equipment as assumed in the safety basis, there is no increase in the
consequences of an accident previously evaluated in the safety basis.

Could the PISA i mcrease the probability of occurrence of a malfunction of equipment important to safety
previously evaluated in the safety basis? Yes [] No [X

Explain:

Resolution of the seismic non-conformances with the identified equipment, and completion of the technical
evaluations has placed the ATR facility within the assumptions of the safety basis. Because these resolutions
restore the operability of the identified equipment as assumed in the safety basis, there is no increase in the
probability of occdrrence of a malfunction of equipment important to safety previously evaluated in the safety basis.
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4.

b:

llc:

ilid:

Could the PISA ipcrease the consequences of a malfunction of equipment important to safety previously

~evaluated in the safety basis? Yes (] No X

Explain: : ' .

The affected safety SSCs are identified in Section Il. Resolution of the seismic non-conformances with the
identified equiprﬂent, and completion of the technical evaluations has placed the ATR facility within the
assumptions of tlpe safety basis. Because these resolutions restore the operability of the identified equipment as
assumed in the safety basis, there is no increase in the consequences of a malfunction of equipment important to

safety previously|evaluated in the safety basis.

| » .
POTENTIAL FOR CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE
Could the PISA create the possibility of an accident of a different type than previousiy evaluated in the safety
basis? Yes [] - No [X ' ,
Explain: i -
All of the modifications to resolve the seismic issues were reviewed using the proposed change USQ process.
Resolution of the‘seismic non-conformances with the identified equipment, and completion of the technical
evaluations has placed the ATR facility within the assumptions of the safety basis. Because these resolutions
restore the operability of the identified equipment as assumed in the safety basis, this does not create the

possibility of an a;ccident of a different type than previously evaluated in the safety basis.

Could the PISA create the possibility of a malfunction of equipment important to safety of a different type than
previously evaluaied in the safety basis? Yes [ ] No

Explain:

All of the modifications to resolve the seismic issues were reviewed using the proposed change USQ process.
Resolution of the seismic non-conformances with the identified equipment, and completion of the technical
evaluations has piaced the ATR facility within the assumptions of the safety basis. Because these resolutions
restore the operability of the identified equipment as assumed in the safety basis, this does not create the
possibility of a malfunction of equipment important to safety of a different type than previously evaluated in the
safety basis.

POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY

Could the PISA reduce a margin of safety as defined in the safety basis? Yes [J] No [X

Explain:

Resolution of the seismic nonconformances restores the ATR facility to the margin of safety defined in the safety
basis.

USQ DETERMINATION CONCLUSION

Based on the responses to questions 1 - 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes [ ] No

Explain:

With resolution of the seismic issues identified, the facility will again be within the assumptions of the safety basis.

Thus, continued operation of the ATR does not constitute an Unreviewed Safety Question.
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If “No,” is a Safety Basis document revision required at next annual update?[] - Yes [X No

NOTE: If USQ determination result is positive, additional notification for ORPS is required per LWP-9301.
APPROVAL/CONCURRENCE SIGNATURES '

APPROVAL:

Alan P. Hoskins

/-Y-08

ugo Evaluator : Date

USQ Evaluator
Print/Type Name

. Martin B. McDonough -

Page 6 of 6

M fion, B0 lmonf] ) 4] b2

Nuclear Facility Manager
Print/Type Name

CONCURRENCE:

Jack A. Jacobi

Independent Review Committee Chair
Print/Type Name

Nuclear Facility Manager " Date
Signature
7 WS s £
Independent e Chair Date







Advanced Test Reactor Unplanned Shutdowns, Slow Setbacks, Power Reductions for _”<-Noom and FY-2010

DATE EVENT ._.__<_.m LOST SUPPORTING DOCUMENTATION
FY-2009 .
10/15/2008 | Slow Setback due to Quad 3 Water Power Alarm 18 minutes N/A
10/16/2008 | Manual Shutdown due to Seismic concerns re: 480.6 hours ORPS NE-ID—BEA-ATR-2008-0028
Utility Battery Room Cinder Block walls
11/21/2008 | Manual scram due to increased PCS activity and 118.02 hours N/A
stack noble gas activity due to leaking RERTR _
experiment
01/19/2009 | Manual scram due to Outer Shim Control 44.05 hours N/A
Cylinders issues (faulty synchro in N 3 & 4 OSCC
position indication)
03/17/2009 | Power reduction due to Regulating Rod #2 12 minutes N/A
- controller failure
05/31/2009 | Manual scram due to inconsistent changes in NN.HH hours Critique Report ATR-CR-05-31-09
neutron level power C
09/29/2009 | Reactor scram due to Breaker B-1 on diesel bus 48.95 hours ORPS NE-ID—BEA-ATR-2009-0022
670-E-9 tripped open on ground fault indication : INR
FY-2010
10/08/09 | Reactor scram due to loss of loop 2B-SE pump M- | 67.82 hours ORPS NE-ID—ATR-2009-0023

Critique Report ATR-CR-10-08-09 .

2 tripped by low NPSH (operator error)






Reactor scram due to loss of diesel power.

76.15 hours

9 10/12/2009 INR
. Started up on 10/14/09 and manually scrammed
due to E 3 & 4 Outer Shim Control Cylinder relay
failure
10 11/06/2009 | Reactor scram due to loss of diesel generator 28.72 hours Critique Report ATR-CR-10-13-2009:
power — entered scheduled 145B-1 outage early o - INR o
11 12/01/2009 | Manual scram due to error in Core Safety 74.31 hours ORPS NE-ID—BEA-ATR-2009-0025 -
Assurance Package (CSAP) _. Critique Report ATR-CR-12-01-09
: INR -
12 01/06/2010 | Slow Setback due to Water Power Calculator #1 .97 hours N/A
13 01/14/2010 | Slow Setback due to spurious inlet temperature 72 .:oE.m : N/A
up-spike g
14 02/14/2010 | Manual scram due to foss of ventilation in mm..w.m :ocqm INR
reactor building due to RMS-1 trip s
15 05/30/2010 | Manual power reduction/scram due to high RTM 145.4 :oca INR
- entered scheduled outage 147A-1 early o
16 07/13/2010 | Slow Setback due to Quad IV flow instrument 46 3523 INR
malfunction :
17 07/23/2010 | Manual shutdown due to low lubricating oil 55.53 hours NE-ID—BEA-ATR-2010-0013
pressure in M-6 Primary Coolant Pump SRR _ INR
18 07/25/2010 | Slow Setback due to Loop Thermocouple (TC-4) .48 hours INR

reached SSB setpoint
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For EHES-related events: Transmlt the approved critique report to the DOE—ID Facility Representative as soon as possible, but within 8 hours
following the critique. !

Facility/Area: ATR Compl

[ 8

X

Critique Title:  Unplanned Reactor Shutdown Due To Rod Control Relay Failure
Date & Time of Event: ~ 2/31/09 1831 hrs

Date & Time of Critique: @/1 /09 1330

Description of Event (include a detailed description of the event with times and a nonpersonalized designation of each person involved
in the event): (mandatory fo} EHES-related events):

At 1831 on 31 May 2009, th‘e Advanced Test Reactor (ATR) was shut down due to an unexplained reactor power increase. During
test reactor operations, reactor power is normally controlled at a prescribed level by means of a regulating rod. The regulating rod
control system compares actual reactor power to a set value and automatically repositions the rod in or out to maintain reactor power

at the set value. At 1830, tr‘\e ATR Senior Reactor Operator observed the controlling regulating rod moving in an outward direction and
reactor power level increasing.

A reactor slow setback (lowers the regulating rod control system set point which results in a reduction of reactor power) was manually
initiated at 1831 and power ‘Nvas reduced to 80% of full power. At 1831 the reactor was manually scrammed to shut down the reactor
after securing the slow setback. The shift supervisor reported this action was taken due to unexpected regulating rod motion,
inconsistent reactor power level indications and an experiment high temperature alarm reported from the loop operating control station
LOCS). The actual report from the LOCS was experiment temperatures approaching experiment high temperature alarms.
Categorized as: (include a brief discussion on the justification supporting the categorization)

Not reportable

Notifications Made:
To: ATR Operations Mgt- Schuebert/Crisweil Date: 5/31/09 Time: 1905
To: DOE (Denning) . - Date: 5/31/09 Time: 1911
To: 3 Date: Time:

Procedure/Reference Applicable to the Event:
E-0 Reactor Scram ‘

gy,

1 No further analysis required XI Apparent Cause Analysis / Formal Cause Analysis Warranted:

Bruce Criswell / / D 6/1/09
P

Critique Leader de%/ Date

Print/Type Name

Bruce Criswell

6/1/09
Cause Analyst Date
Print/Type Name
Ed Schuebert F» 6/4/09
Facility Manager Facility Manager : Date

Print/T ypb Name Signature
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For critique reports involvihg unplanned access to, or contact with, energized high energy systems (EHES), obtain approval of the

appropriate Associate Lab:oratory Director or Directorate Director. The approval signature shall indicate agreement that the facts
were determined and recorded as completely as possible and that decisions were made relative to securing the event and

immediate corrective actidns.

N/A
Print/Type Namle and Position . Signature l | Date j

PART 1 - EVENT RECONSTRUCTION

1. Operating conditions at time of event: (mandatory for EHES-related events):
Reactor operating normally at Nf for Cycle 144B

2. Detailed chronology of eﬁlent:
5/31/09 ‘

1828 hrs: 57 sec - Northeast Neckshim #5 begins approximate 8 minute insert into the reactor due to failed relay (This event was

unknown to watchstanders }at the time. No alarm, no position indication selected) This is estimated time based on Loss Of Control

Power alarm which has wirii’ng interface with failed relay wiring and no actual condition which would have activated alarm. Assumed

spurious alarms due to electrical transient in alarm circuit as result of overheating relay/associated wiring
— 1C-W Loop Experiment|Loss of Control Power Alarm (alarm in and clear twice in next 15 second time frame)

1831 hrs: 01 sec Channel 8 (Southwest Quadrant) Neutron Level High Alarm In and Clear 1 second later

1831 hrs: 05 sec - ATR Senior Reactor Operator observed the controlling regulating rod (#1) moving in an outward direction and
reactor power level increasing. Additionally notes 3 of 4 quadrant power indications slowly increasing (Northwest, Southwest, and

Southeast), with Northeast quadrant power constant.

— Manual Slow Setback Initiated

1831 hrs: 30 sec - Slow Sétback secured

- Loop Operating Control istation reports rising températures on experiment approaching an alarm setpoint.

1831 hrs: 32 sec — Rx Manually Scrammed

Immediate actions taken and results: (mandatory for EHES-related events):

3.

Entered E-0 (RX Scram Procedure) completed all actions required for E-0 and proceeded to DOP- 7.2.7 Rx Outage
4. Data collection: ‘

Personnel Statement;
Four statements

Physical Evidence; parts, debris, hardware:
N/A

Documentation; paper and electronic information, data shéets, logs, procedures:
Recorder Trace from Neutr?n Level Power Channels A, B, C, #8. Reg Rod #1 Trace, SER (Sequence of Events Recorder Output
NE #5 Neckshim Position vs Time Chart

Other relevant information:

Attach Form 231.05, Persomnel Statement Form and Form 231.09, Critique Attendance Sheet
PART 2 - EVENT ANALYSIS & EVALUATION
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Expected : Each of four quadrant power indications should normally track.

A.  Comparison of actual and expected response (equipment and personnel):
Expected: Regulating Rod moving out to compensate for lowering Rx Power.

Actual : Reg Rod withdrawal while Rx Power Rising

Actual : Three of four quadrant powers rising while fourth quadrant remains constant.

B. Factors affecting human performance:

Task Demands

Time pressure

High workload

Simultaneous, multiple task
Repetitive actions, monotonous
Irrecoverable acis

Interpretation of requirements
Unclear goals, roles & responsibilities
Lack of or unclear standards

Work Environment

Distractions/Interruptions
Changes/Departures from routine
Confusing displays or controls
Work-arounds/QOS instructions
Hidden systems response
Unexpected equipment conditions
Lack of alternative indications

oooooodo

individual Capabilities

[0 Unfamiliarity with task/First time
Lack of knowledge

New technique not used before
imprecise communication habits
Lack of proficiency/inexperience
Indistinct problem-solving skills
Hazardous attitude for critical task
lliness/fatigue

OxXOOO00

Human Nature

Stress

Habit patterns

Assumptions, inaccurate mental picture
Complacency/overconfidence

Mindset, "tuned” to see what you expect to see
Inaccurate risk perception

Mental shortcuts

OOoxROOOOon
OoooOooOooo

Personality conflicts Limited short term memory

Other:

The investigation which ensued following reactor shutdown identified the following causes for indications received during initiation of
event.

- A failed relay (27-MA-3) and one adjacent wire was degraded as a result of the relay failure and attendant overheating. As a result
of the relay failure, Northeast Neck Shim #5 began to automatically insert from a fully withdrawn position. There is no display available
for the respective neck shim unless the specific shim has been selected with the intent to withdraw/insert.

- The Nuclear Instrument which provides actual power sensed to the #1 Reg Rod is adjacent to the Northeast quadrant of the
Reactor. As such, the inadvertant insertion of the NE #5 Neckshim rod resulted in a negative reactivity insertion in NE quadrant. The
reg rod responded to the insertion by withdrawing of the reg rod.  The resulting response of the nuclear instruments was a stable

power trace in the NE quadrant and resulting rising power in the remaining three quadrants.

Causes: (See DOE Guide 231.1-2, Occurrences Reporting Causal Analysis, or LWP-9301
for the Cause Analysis Tree and associated Cause Codes.)

A2.B6.C04 Equipment/Component Failure - End of Lift Failure

C.  Preliminary Root Cause Analysis (mandatory for EHES-related events):

D.  Similar Event:

E. Additional Actions Nécessary for Resumption of Operations:

F. Lessons Learned:

G. Corrective Actions:

Replace failed relay and any associated damaged wiring. Perform thermography inspection of equivalent relays in rod control system
(extent of conditions). Complete 6/3/09







Entered By:

Date Entered: |15 February 2010 -
Site: JATR Complex
Responsible |ATR Operations

Organization: |

Title:

B

Radiation Mom'toriné System (RMS) Channel A Failure S -

‘Discussion of
 Event/Condition:

Summary: On 14 February 2010 at 1328 RMS Channel A failed high. Since RMS Channel
B was previously out of service and in a manually tripped condition, the failure of Channel
A satisfied the actuation logic (two out of three channels in a tripped condition) and an
RMS-1 trip was automatically initiated. An RMS-1 trip secures building ventilation fans
and shuts ventilation system dampers, isolating the ATR confinement.

|Action Taken: Technical Safety Requirement (TSR) 3.2.2 Condition B was entered. This
laction requires an RMS-1 to be actuated OR a reactor scram to be initiated within 30

minutes. Since the failure of RMS Channel A caused an RMS-1 to be automatically

|actuated, the required action was immediately met. The reactor was operating at 111 MW
for the operating cycle with two primary coolant pumps (PCP) in operation at the time of
(failure. Building ventilation is the cooling medium for the PCP motors; therefore the

decision was made to shutdown the ATR. The reactor was shut down in accordance with

‘lapproved procedure at 1357. TSR applicability for the RMS system was exited at 1427 (30

minutes after reactor scram) and building ventilation was restored to provide cooling to the
PCP motors at 1441. Notifications were made to management and DOE facility

|representative.

“Safety
. Significance:

Low, éil éctions required by the TSR were taken Weli within the allowed time frame and the
+[reactor was promptly shut down.

'Reportability:

‘ No reportability criteria were met.
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Entered By: |

Date Entered:

BOMay2010

Site  |ATRComplex . M

Respox.mb.l ¢ |ATR Operations

Organization: [
|Unplanned Shutdown Of The ATR Due To Higher Than Normal Stack Effluent Radiation

5 Title:

_[Levels

;Discussion of
'Event/Condition:

|Summary: Since the INR of 277 May 2010, “Inéfeésed Radidéc;[ivi{y in the ATR Prlmary

Coolant System (PCS) and Stack Effluent”, spikes of varying magnitude in stack effluent

|noble gas activity continued to be observed. The indications remain consistent with a minor
|defect in a fueled experiment which periodically vents buildup of fission product gases to

the primary coolant.

|As reported in the INR on 27 May, action levels for additional notification (including to
Isenior INL management) and controlled shutdown of the reactor based on the results.of

" /monitoring primary coolant activity and stack effluent activity were established. The action
|levels were: 1) notification for stack effluent total nuclide activity greater than 60 Ci/day or
|PCS water activity greater than 0.10 pCi/ml and 2) reactor shutdown for stack effluent total
[nuclide activity greater than 100 Ci/day or PCS water activity greater than 0.15 pCi/ml. At
10640 on 30 May 2010, the 0541 real time monitor (RTM) sample data became available
(one hour time delay between sample and display of results) and the stack effluent discharge
Irate for total nuclides was 105 Ci/day.

Action Taken: Notifications to management and preparations for a controlled normal
Ireactor shutdown were made. PCS water activity for a sample drawn at the same time was
.0802 pCi/ml. Reactor shutdown was completed at 0849.

“Safety T
‘Significance:

| Low. The reactor was shut down based on increasing release of fission products to the

| primary coolant and evidence of a failed experiment. Continued operations could have

| resulted in significant impact to subsequent plant maintenance and operations. This type of

| failure and the maximum stack effluent and PCS water activities observed were well within
| those established in the safety basis for the facility.

.Reportability: |

No reportability criteria were met.







#lbo

[Site:

Responsible
|Organization:

Discussion of
|Event/Condition:
: |quadrant IV of the reactor spiked high and caused the calculated power for
the reactor to momentarily exceed the SSB set point. The reactor was at full |
power of 109 MW for the operating cycle at the time of the setback and was
reduced to 94 MW. Actual reactor power never increased. ‘

[ INLINITIAL NOTIFICATION REPORT
[Entered By: [E. J. Schuebert | ‘

leate Entered:ﬂ

|14 July 2010

ATR Complex

ATR Operations

“[ATR Slow Setback Caused by Instrument Malfunction _

[Summary: At2020 on 13 July 2010 the ATR experienced a slow setback

Action Taken: Reactor control watch standers responded to the SSB in
'laccordance with approved procedures. The quadrant IV flow instrument
malfunction was confirmed and the instruments power reduction was
'manually disabled. Within 2 seconds of manually disabling the power
reduction the flow instrument indication returned to normal. Notifications
|were made to Operations management and reactor recovery to full power was
authorized. The reactor was returned to full power at 2106. Further required
|notifications were made in accordance with established policies. The flow
|instrument power reduction was left disabled pending investigation into the
|cause of the malfunction.

LWP-13815, “INL Investigation Process” was entered and no Appendix A
[criteria or appendix C criteria were met.

(SSB) caused by an instrument malfunction. The flow instrument for flow in |

Safety

|Reactor safety was not impacted. SSB power reductions are not safety
|Significance: related.

Reportability: . No reportability criteria were met.
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INL INITIAL NOTIFICATION REPORT

E“Entered By B {E J. Schuebert o B

DateEntered: _0July2010 ‘ o

‘Responsible .

Organization: _|[1R Operations _

‘Title: ElUnplanned Reactor Shutcl_own due ng_ Lpss of Prlmary Coolant Pump Lubncatmg 011 »

. Discussion of i Summary: At 0508 on 23 July 2010 the ATR reactor control room (RCR) received an alarm

'Event/Condition: |indicating low lubricating oil pressure for the M-6 primary coolant pump (PCP), one of the

: iitwo operating PCPs for the current Operating Cycle.
Action Taken: The annunciator response procedure was entered. The pre-lube (auxiliary)
|pump for M-6 PCP was started to maintain lubricating oil pressure. Operators responded to
Ithe equipment location and observed no oil in the sight glass that provides indication of oil
[level in the system and local lube oil pressure indications lower than normal. Differential
[pressure (indication of oil flow) was zero. With indications of a loss of lubricating oil to the
’ PCP, control room operators shutdown the reactor and secured the M-6 PCP. The reactor
was scrammed at 0513, scram procedures entered, and the PCP secured at 0533.
LWP-13815, “INL Investigation Process” was entered and the event met Appendix A
[criteria 3 and Appendix C criteria 32.
|'The event was categorized as ORPS reportable at 0639 and notifications to management and
[the DOE facility representative completed at 0642.

' Safety T Low Loss of all operatlng primary coolant pumps is an antlclpated event Wlth reactor ﬂow

-Significance: [maintained by emergency coolant pumps. In this event primary coolant system flow was

maintained by the unaffected operating PCP. Prompt operator action was necessary to
prevent or limit the potential for damaging the M-6 PCP, a significant plant component.

%Reportability: |Group 4 — Facility Status, Subgroup A — Safety Structure/System/Component Degradation,

Sequence Number 1- Performance degradation of any Safety Class or Safety Significant
Structure, System, or Component (SSC) that prevents satisfactory performance of its design

function when it is required to be operable. Significance category 3
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FINAL

Occurrence Report

After 2003 Redesign
Advanced Test Reactor
| o 7 | ) (Name of Facility) o
Category "A" Reactors
| o (Facili& Fﬁnct{on)

Idaho National Laboratory

Battelle Energy Alliance, LLC

(Site)

Name: SCHUEBERT, EDMOND J
Title: ATR OPERATIONS FACILITY MANAGER

(Contractor)

Telephone No.: (208) 533-4284

(Facility Manager/Designee)

Name: OWENS, MARJORIE A
Title: ATR OPERATIONS FACILITY ADMINISTRATI

Telephone No.: (208) 533-4563

(Originator/Transmitter)

Name: E. B. CRISWELL

Date: 07/26/2010

(Authorized Classifier (AC))

1. Occurrence Report Number: NE-ID--BEA-ATR-2010-0013

Unplanned Reactor Shutdown at the Advanced Test Reactor Due To Loss of M-6 Primary Coolant

Pump Lubricating Qil

2. Report Type and Date: FINAL

] Date || Time |
INotification: 07272010 | 17:05 (ETZ) |
[Initial Update: 1l 09072010 || 17:48 (BTZ) |
[Latest Update: | 10142010 | 13:04 (ETZ) |
[Final: | 10142010 || 13:04 (ETZ) |

3. Significance Category: 3

4. Division or Project: ATR PROGRAMS

https://orps.hss.doe.gov/ORPS/REPORTS/displayReport.asp?idx=127818 10/19/2010
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3. Secretarial Office: NE - Nuclear Energy, Science and Technology
6. System, Bldg., or Equipment: ADVANCED TEST REACTOR
7. UCNI?: No
8. Plant Area: PCP

9. Date and Time Discovered: 07/23/2010 05:08 (MTZ)

10. Date and Time Categorized: 07/23/2010 06:39 (MTZ)

11. DOE HQ OC Notification:

| Date |L Time ” Person Notified ” Organization—[
| NA | Na ] NA L NA ]

12. Other Notifications:

L Date || Time || Person Notified ILOrganization—|
| 07/23/2010 |06:42 (MTZ)|[D. Moorman IDOE-ID |

13. Subject or Title of Occurrence:

Unplanned Reactor Shutdown at the Advanced Test Reactor Due To Loss of M-6 Primary Coolant
Pump Lubricating Oil

14. Reporting Criteria:

4A(1) - Performance degradation of any Safety Class or Safety Significant Structure, System, or
Component (SSC) that prevents satisfactory performance of its design function when it is required to be
operable.

15. Description of Occurrence:

At 0508 on July 23, 2010, an alarm was received in the Advanced Test Reactor (ATR) control room
indicating low lubricating oil pressure for the M-6 primary coolant pump (PCP). The M-6 PCP was one
of two operating PCPs for the current operating cycle. The annunciator response procedure was entered
and the pre-lube (auxiliary) pump for M-6 PCP was started to maintain lubricating oil pressure.

Reactor operators responded to the equipment location and observed no oil in the sight glass that
provides indication of oil level in the system and local lube oil pressure indications lower than normal.
Differential pressure (indication of oil flow) was zero. With indications of a loss of lubricating oil to the
PCP, control room operators shut down the reactor and secured the M-6 PCP.

https://orps.hss.doe.gov/ORPS/REPORTS/displayReport.asp?idx=127818 10/19/2010
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16. Is Subcontractor Involved? No

17. Operating Conditions of Facility at Time of Occurrence:

The Advanced Test Reactor was operating at nominal full power for Cycle 147A-1.

18. Activity Category:

03 - Normal Operations (other than Activities specifically listed in this Category)

19. Ilﬁﬁlediéte Acfioﬁs Taken éﬁd Resﬁlts: |

Appropriate levels of BEA management and DOE-ID were notified of this event.

The annunciator response procedure was entered, the reactor was shut down, and M-6 PCP was secured.
M-6 PCP bearing temperatures were monitored and recorded at 5 minute intervals until the pump was

secured and a downward trend on temperature was observed. The highest bearing temperature observed
was 139 F, well below the limit of 175 F.

20. ISM:

6) N/A (Not applicable to ISM Core Functions as determined by management review.)

21. Cause Code(s):

A2B6C01 - Equipment/ material problem; Defective, Failed or Contaminated; Defective or failed part

22. Description of Cause:

The cause analysis was performed in accordance with LWP-13845, Cause Analysis Program, and
identified the following cause:

A2B6CO1 - Defective or failed component. A coupling that drives a lubricating oil pump for the PCP
bearings experienced an end of life failure. The ensuing loss of lubricating oil to the PCP bearings
resulted in bearing damage that will require bearing replacement. (See corrective action #1)

23. Evaluation (by Facility Manager/Designee):

The investigation into the loss of the M-6 PCP lubricating oil is more extensive than anticipated. The
final occurrence report will be delayed until the investigation is complete. The final report will be
submitted by October 14, 2010. DOE-ID has been informed.

https://orps.hss.doe.gov/ORPS/REPORTS/displayReport.asp?idx=127818 10/19/2010
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Plant operating personnel responded promptly to the low lubricating oil pressure in accordance with
approved procedures. The rapid actions to shut down the reactor and secure the M-6 PCP prevented
~ more extensive damage to the PCP components.

24. Is Further Evaluation Required?: No

25. Corrective Actions
Local Tracking System Name: ICAMS

L. IRepair/Replace the failed lubricating oil pump coupling and damaged PCP bearings. - j
lTarget Completion Date: 11/30/2010 : ”Tracking ID: I0-003606 - ] ,

26. Lessons Learned:

N/A

27. Similar Occurrence Report Numbers:

NE-ID--BEA-ATR-2008-0003

28. User-defined Field #1:
GB10

29. User-defined Field #2:

30. HQ Keyword(s):

01I--Inadequate Conduct of Operations - Safety System Actuation/Evacuation
05D--Mechanical/Structural - Mechanical Equipment Failure/Damage
05F--Mechanical/Structural - Corrosion/Material Degradation/EOL

12E--EH Categories - Equipment Degradation/Failure
14L--Quality Assurance - No QA Deficiency

31. HQ Summary:

On July 23, 2010, an alarm was received in the Advanced Test Reactor (ATR) control room indicating
low lubricating oil pressure for the M-6 primary coolant pump. The M-6 pump was one of two operating
primary coolant pumps for the current operating cycle. The annunciator response procedure was entered
and the pre-lube (auxiliary) pump for the M-6 pump was started to maintain lubricating oil pressure.
Reactor operators responded to the equipment location and observed no oil in the sight glass that
provides indication of oil level in the system and local lube oil pressure indications lower than normal.

https://orps.hss.doe.gov/ORPS/REPORTS/displayReport.asp?idx=127818 10/19/2010
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Differential pressure (indication of oil flow) was zero. With indications of a loss of lubricating oil to the
primary coolant pump, control room operators shut down the reactor and secured the M-6 pump. The
pump bearing temperatures were well below limits.

32. DOE Facility Representative Input:

33. DOE Program Manager Input:

34. Approvals:

Approved by: SCHUEBERT, EDMOND J, Facility Manager/Designee
Date: 10/14/2010
Telephone No.: (208) 533-4284

https://orps.hss.doe.gov/ORPS/REPORTS/displayReport.asp?idx=127818 10/19/2010






[Site:

Respons1ble
|Organization: [

?[Tltle o

§D15cussmn of
|Event/Condition:;

INL INITIAL NOTIFICATION REI_’ORT

[Entered By:

Bruce Criswet .~

[Date Entered:

26 July2010

ATR Complex

IATR Operations

_“;[Momentary Slow Setback from loop 2D SW

Summary: At 1327 on 25 July 2010, Whlle estabhshmg loop temperature on
loop 2D-SW experiment at the sponsor requested test conditions, a slow
setback (SSB) occurred due to loop thermocouple (TC-4) reaching the SSB
setpoint. The reactor was at full power at the time of the setback.
|Approximate duration of the SSB was 4 seconds and resulted in a 3% power |
[reduction.

|The loop was at startup temperature with temperature control being
|maintained with the temperature control valve (TCV) -31 control valve and |
line heater controller in the automatic mode. With the TCV-31 control valve
[in “AUTO”, 4-5 degree peak to peak loop temperature oscillations were
|occurring at approximately one minute intervals. As a result of the ,
temperature oscillations, the loop TCV -31 was placed in the “manual” mode
lin accordance with OMM-3.15.3.2.7, “Establishing Loop Temperature
|Conditions”. Placing the controller in manual occurred on an oscillation
{upswing which resulted in temperature increasing to the TC-4 SSB setpoint.
[The temperature overshoot resulted in an unexpected high temperature alarm
|and a momentary SSB. The experiment contains 12 themocouples (TC), one
lof which is used to control experiment operating parameters, the others

‘provide experiment data, experiment alarms, and a SSB function.

1Action Taken: When loop high temperature alarm was received, Loop _
|Operating Control Station operators lowered the control signal to TCV-31 to -
|reduce loop temperature. Once conditions stabilized loop temperature was
|raised to test conditions and the reactor returned to full power at 1356.

LWP-13815, “INL Investigation Process” was entered and no Appendix A
|criteria or appendix C criteria were met.

A formal critique of this issue will be scheduled.

Safety
|Significance:

i

|Reactor safety was not impacted. Loop temperature SSB set points are
|established to provide for experiment protection and are not required to
assure the safety of the reactor.

[Reportability:

No reportability criteria were met.







[Enterea By:

:[Date Entered: !29 September 2009 e

[site: _ATRComplex

Respons1ble . ‘

Organization: ATR Operations | -
Loss of Diesel Bus power to affected Experlment loop Operatlng Pumps

[Title:

results in automatlc shutdown of the Advanced Test Reactor

fDiscussion of
|Event/Condition::

Summary: At 0833 on 29 September breaker B-1 on Dlesel Bus 670 E 9 _
tripped open on a ground fault indication and resulted in an automatic scram
|(shutdown) of the Advanced Test Reactor. The breaker trip resulted in a loss
|of power to the operating diesel powered pumps in three of five pressurized
|water experiment operating loops and actuation of the associated pump under |
[voltage scram signals. The three affected experiment loops (1D-N, 2E-NW,
land 1C-W) each had a combination of diesel and commercial powered pumpsi
|operating to provide flow. Commercial power was uninterrupted and forced |
flow was maintained in all affected loops. No reactor systems were affected
|Operating Cycle experiments were not adversely affected.

|Action Taken: Established procedures for a reactor scram were performed
Jand the reactor was verified to be in safe shutdown condition. Management
was informed and the cause of the ground fault trip of breaker B-1 on Diesel |
|Bus 670-E-9 is under investigation.

|Preliminary investigation revealed a grounded motor for the 1C-W diesel
Ipowered pump motor M-3. The associated diesel powered loop pump
[individual breakers located on Panel 670-E-21 between breaker B-1 and the
|operating loop pump motors (e.g., 1C-W pump M-3) do not have individual
|breaker ground fault protection. Once the cause is fully determined and
lcorrected the reactor can be restarted to continue the current Operating Cycle

Safe.ty

‘ Low The reactor shutdown system and breakers w1th ground fault protectlon

|Significance: |operated as designed.
EReportability: éGroup 4 — Facility Status Subgroup B — Operations, Sequence

[Number (2), Significance Category 2. Actuation of a Safety Class SSC, or 1ts
[alarms, resulting from an actual unsafe condition. Breaker B-1 on 670-E-9 is
la safety related (safety class) Structure, System, or Component (SSC) as
|listed in Safety Analysis Report 153, chapter 3A, since it forms boundary
|between safety-related and non-safety-related portions of system.







" INL INITIAL NOTIFICATION REPORT _

E[Engered By: ’Ed Schuebert B

%lDate Entered: l 13 October 2009 B

[site: | ATR Complex e _

éResp OI.ISib.l ¢ ATR Programs Operations

|Organization: - —
; Enterprlse Dlesel Generator M-43 Under Voltage Protectlon Results In Automatlc

[Title:

Shutdown Of The Advanced Test Reactor

[Discussion of
[Event/Condition:

Summary: At 1809 on 12 October 2009, an under voltage condition on the d1ese1
|generator powered electrical distribution bus caused an automatic scram (shutdown) of’
|the Advanced Test Reactor (ATR). At 1800 an operator informed the shift supervisor
[that the instrument air pressure to the AMOT was indicating 20 psig vice the normal
140 psig. (AMOT is the brand name of the safety control device used to automatically
|shutdown the diesel engine in the event of a low lubricating oil pressure). A
maintenance mechanic was requested by the shift supervisor to adjust the regulator
|back to 40 psig. As the mechanic started adjusting the pressure up to 40 psig the
|diesel engine was noted to begin shutting down (i.e., audible indication of lowering
Jengine speed was noted). The mechanic adjusted pressure back to the original value
|and the engine speed recovered, but not before the bus voltage dropped to a value that
|caused an under voltage trip of the diesel powered pumps on the five pressurized water:
lexperiment loops. An under voltage condition on the loop pumps is an automatic '
scram signal.

All loops operate with a combination of diesel and commercial power supplied pumps.f
| The commercial powered pumps continued to provide loop flow. No reactor systems
\\were affected. Operating Cycle experiments were not adversely affected.

| This regulator adjustment had been performed once earlier in the day after a ;
|determination that it met the requirements of “tool pouch maintenance” per Laboratory
|Wide Procedure-6200, “Maintenance Integrated Work Control Process” and after it
|was included on the Plan of the Day. The mechanics have a history of performing this |
Jadjustment under similar circumstances.

|Action Taken: Established procedures for a reactor scram were performed and the
|reactor was verified to be in safe shutdown condition. Management was informed, a
Icritique was conducted and the cause of the engine speed to reduce during this
regulator adjustment has yet to be determined. A work order is being issued to govern
ithe troubleshooting necessary to determine the problem.

(Following determination and correction of the cause for the diesel engine shutdown,
|land when the xenon precluded reactor start-up time (approximately 41 hours) has
(lapsed, the reactor will be restarted to continue the current operating cycle.

1 Safety

iSignificance: Low. Diesel generators are not safety related and do not have a significant safety
f limpact. All safety related systems responded as expected to the condition.
;ilReportability:’ ;lNo reportability criteria were met.






INL INITIAL NOTIFICATION REPORT

[Entered By: _ lEd Schuebert

IS!_t_e ____ |ATRComplex L
fRespons1ble JATR Programs Operations

|Organization: o _
|T1tle~ ElManual Scram o_f the Advanced Test Reactor due to Relay F allure

Discussion of
Event/Condition:

|Summary: At 1220 on 14 October 2009, during performance of a reactor startup, one
l|of eight pairs of Outer Shim Control Cylinders (OSCC) were observed to stop moving |
|in the withdraw direction. The OSCCs remained responsive to insertion commands.
|OSCC movement failures can be caused by electrical problems in the control circuitry
lor mechanical problems with items such as the drive shaft or gears. Established |
'|Abnormal Operating Procedure (AOP)-1.2, “OSCC Movement Failure” was
performed and indicated a problem with the electrical control circuitry. Visual
linspection revealed the relay that actuates to initiate the affected OSCC movementin
lthe withdraw direction had mechanically failed. The spring clip that holds the relay
lassembly together had failed and allowed the relay assembly to come apart. :
‘ Management was consulted and concurred with the shift supervisor’s recommendat1on§
|to shutdown the reactor in order to effect repairs. The reactor was manually scrammed
‘((shutdown) at 1247, 14 October 2009.

[No reactor other systems were affected. Operating Cycle experiments were not
|adversely affected.

Action Taken: Established procedures for a reactor scram were performed and the
[reactor was verified to be in safe shutdown condition. A work order is being issued to

|repair the failed relay and to replace the spring clip in 15 other like relays in the OSCC
Icircuitry.

Following replacement of the 16 relay spring clips the reactor will be restarted to
|continue the current operating cycle.

[Safety
|Significance:

{Low. OSCCs are not safety related and do not have a significant safety impact. All
|safety related systems responded as expected to the condltlon

[Reportablllty

INo reportability criteria were met.
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_INL INITIAL NOTIFICATION REPORT _

L
E

‘Entered By ]E J Schuebert S i i )

;lDate Entered |6 November 2009 o o i

[Sit:  [ATR Complex_ ] ] . u
gisgl::ilzs;l:ilzn: ATR Operations

Title: Automatlc Shutdown Of The Advanced Test Reactor Due to Loss of D1ese1 Generator

[Power

;Dlscussmn of

", Summary At 0517 on 6 November 2009 the Advanced Test Reactor (ATR) experlenced an-

Event/Condition: lautomatic reactor scram (shutdown) due to a loss of diesel generator power. The metal bar

i |linkage that connects the engine Woodward mechanical governor speed control to the englne
ifuel rack suffered a mechanical failure, effectively disconnecting the governor from the fuel |

|racks and allowing the fuel rack to close, shutting down the engine. The governor is a

device that controls engine speed by adjusting the position of the fuel rack which in turn

\controls the fuel supply to the engine fuel injectors. The resultant diesel electrical bus under |
{|voltage condition caused an under voltage trip of the diesel powered pumps on the five
\pressurized water experiment loops. An under voltage condition on the loop pumps is an

automatic scram signal.

|All loops operate with a combination of diesel and commercial power supplied pumps. The |

commercial powered pumps continued to provide loop flow. No reactor systems or

loperating cycle experiments were adversely affected.

|Action Taken: Established procedures for a reactor scram were performed and the reactor

was verified to be in safe shutdown condition. Management was informed and the decision
was made to enter the 145B outage period that was scheduled to begin at 1000 6 November

i

2009.
Safety Low. Diesel generators are not safety related and do not have a s1gmﬁcant safety 1mpact
|Significance: 1All safety related systems responded as expected to the condition.
éReportability: [None. No reportability criteria were met.
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Use with LWP-9302 Page 1 of 3

For EHES-related events: Trahsmit the approved critique report to the DOE-ID Facility Representative as soon as possible, but within 8 hours
following the critique. :

Facility/Area: ATR

Critique Title: Rx Scram Due To Loss of Diesel Power

Date & Time of Event: 10/12/2009 @ 1809

Date & Time of Critique:  10/13/2009 @ 1000

Description of Event (include a detailed description of the event with times and a nonpersonalized designation of each person involved
in the event): (mandatory for EHES-related events):

At 1808 on 12 October 2009, an under voltage condition on the diesel generator powered electrical distribution bus caused an
automatic SCRAM (shutdown) of the Advanced Test Reactor (ATR). At 1800 an operator informed the shift supervisor that the
instrument air pressure to the AMOT was indicating 20 psig vice the normal 40 psig. (AMOT is the brand name of the safety control
device used to automatically shutdown the diesel engine in the event of a low lubricating oil pressure). As the mechanic started
adjusting the pressure up fo 40 psig the diesel engine was noted to begin shutting down (i.e., audible indication of lowering engine
speed was noted). The mechanic adjusted pressure back to the original value and the engine speed recovered, but not before the bus
voltage dropped to a value that caused an under voltage trip of the diesel powered pumps on the five pressurized water experiment
loops. An under-voltage condition on the loop pumps is an automatic SCRAM.

_|All loops operate with a combination of diesel and commercial power supplied pumps. The commercial powered pumps continued to
provide loop flow. No reactor systems were affected. Operating Cycle experiments were not adversely affected. .

This regulator adjustment had been performed once earlier in the day after a determination that it met the requirements of “tool pouch
maintenance” per Laboratory Wide Procedure-6200, “Maintenance Integrated Work Control Process” and after it was included on the
Plan of the Day. The mechanics have a history of performing this adjustment under similar circumstances.

Categorized as: (include a brief discussion on the justification supporting the categorization)

Non Reportable. No reportability criteria were met.

Notifications Made:

To: ATR Deputy Manager (ACting) . Date: 10/12/09 Time: 1837
To: ATR Operations Manager Date: 10/12/09 Time: 1839
" To: DOE Facility Manager Date: 10/12/09 Time: 1841

Procedure/Reference Applicable to the Event:

& No further analysis required ] Apparent Cause Analygis Warranted (] Formal Cause Analysis Warranted:
EJ Schuebert &I L J&Q 18/ 29/
Critique Leader — Critique Leader / Datt ™
Print/Type Name Signature ' : :
Cause Analyst Cause Analyst " Date
Print/Type Name Signahure
E J Schuebert [ /%—0—! /Y 79/08
Facility Manager ' Facility Manager - Date

Print/Type Name Signature






23210 CRITIQUE REPORT
12/21/2006

Rev. 02

Use with LWP-9302 Page 2 of 3

For critique reports involving unplanned access to, or contact-with, energized high energy systems (EHES), obtain approval of the
appropriate Associate Laboratory Director or Directorate Director. The approval signature shall indicate agreement that the facts
were determined and recorded as completely as possible and that decisions were made relative to securing the event and
immediate corrective actions. '

Print/Type Name and Position Signature T l Date 7

PART 1 — EVENT RECONSTRUCTION

1. Operating conditions at time of event: (mandatory for EHES-related events):
Rx at full power.

2. Detailed chronology of event: _

1800-Operator informed the SS that the regulator valve PI-14-43B was at 20 psig vice the expected 40 psig on M-43 AMOT safety
control device. SS instructed the operator to contact the mechanic who had adjusted the regulator earlier in the shift to have the

. fregulator adjusted again.

1809-The Mechanic started adjusting the regulator to bring PI-14-43B up to 40 psig. The diesel started to shut down (i.e.,audible
indications of engine speed lowering). The mechanic returned the regulator to the original setting and the diesel started back up. THe
Rx scrammed and established procedures for a SCRAM were performed. ‘

1837-Notified the ATR Deputy Manager (Acting)

1839-Notified ATR Operations Manager

1841-Notified DOE Facility Manager

1952 Notified Engineering, BAPL, and RML of SCRAM

Immediate actions taken and results: (mandatory for EHES-related events):
3.

Established procedures for a reactor SCRAM were performed and the reactor was verified to be in safe shutdown condition.
Management was informed, a critique was conducted and the cause of the engine speed to reduce during this regulator adjustment
has yet to be determined. A work order is being issued to govern the troubleshooting necessary to determine the problem. Following
determination and correction of the cause for the diesel engine shutdown, and when the xenon precluded reactor start-up time

(approximately 41 hours) has lapsed, the reactor will be restarted to continue the current operating cycle.
4. Data collection:

Personnel Statement:
Personnel statements were received from the Mechanic, and Operator.

Physical Evidence; parts, debris, hardware:
None

Documentation; paper and electronic information, data sheets, logs, procedures:
1Copy of log book entries for the particular shift were presented.

Other relevant information:

Attach Form 231.05, Personnel Statement Form and Form 231.09, Critique Attendance Sheet
PART 2 - EVENT ANALYSIS & EVALUATION
A.  Comparison of actual and expected response (equipment and personnel):
Actual was reduction of diesel engine speed of a magnitude sufficient to cause undervoltage trips. Expected was no effect to the
engine.

B. Factors affecting human performance:

Task Demands Individual Capabilities

X Time pressure (O unfamiliarity with task/First time
{J High workload [J Lack of knowledge
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[J Simultaneous, multiple task [0 New technique not used before
'l Repetitive actions, monotonous (0 imprecise communication habits
{1 Irrecoverable acts [0 tLackof proficiency/inexperience
O Interpretation of requirements [J Indistinct problem-solving skills
[J Unclear goals, roles & responsibilities O Hazardous attitude for critical task
[J Lack of or unclear standards 0  llinessffatigue

Work Environment Human Nature
Distractions/Interruptions
Changes/Departures from routine
Confusing displays or controls
Work-arounds/Q0S instructions
Hidden systems response
Unexpected equipment conditions
Lack of alternative indications
Personality conflicts’

Stress

Habit patterns

Assumptions, inaccurate mental picture
Complacency/overconfidence

Mindset, "tuned" to see what you expect to see
Inaccurate risk perception

Mental shortcuts

Limited short term memory

0OROO0O0O0O
uoOoooooa

Other:
The gauge used to set the regulator position was found to be indicating approximately 50 psig lower than actual air pressure.

Causes: (See DOE Guide 231.1-2, Occurrences Reporting Causal Analysis, or LWP-9301
for the Cause Analysis Tree and associated Cause Codes.)

A2B1CO1

C.  Preliminary Root-Cause Analysis (mandatory for EHES-related events):

D. . Similar Event:

E.  Additional Actions Necessary for Resumption of Operations:
'|Determine correct cause of diesel engine speed reduction.

F. Lessons Learned:

G.  Corrective Actions:
An investigation into the cause of the SCRAM is being‘ performed. The switch will be removed and exarmined for possible seal failure.
Other possible causes will be investigated.







2\

|

[Entered By:

{Lnghofn B

|Date Entered:

[site:

AWRComplex

Responsible
|Organization:

ATR Programs Nuclear Engineering

[Title:

\Incorrect Input to Cote Performance Calculation Caused Manual

_|Reactor Shutdown

|Discussion of
|Event/Condition: |Engineering informed ATR Operations Management that they had

[Summary: At1100 on I December 2009, ATR Programs

Ifound an error in the Core Safety Assurance Package (CSAP) for
|Cycle 145B-1. The error was discovered while evaluating reactor
lcore performance data and was determined to be due to an incorrect
|cross-section calculation for the Reduced Enrichment for Research
‘land Test Reactor (RERTR) ATR Full-Size Plate in Center Position
|(AFIP) backup test.

|Action Taken: Management was informed. Engineering judgment
|'was that all core safety limits were met, however, there was no
‘lanalysis to support this judgment and compliance with the ATR
Technical Safety Requirements , Limiting Condition for Operation
13.6.1 required a reactor shutdown. The reactor was manually shut
|down at 1201. A critique will be held on 2 December 2009.

‘ Safety
|Significance:

|The error discovered prompted reactor shutdown in accordance with [
|ITSR-186, LCO-3.6.1. The reactor will remain in a safe shutdown
‘lcondition until the error is corrected and calculations are re-
‘Iperformed.

[Reportability:

\Classified at 13:21 12/02/09 as: Group 3 — Nuclear Safety Basis
Subgroup A — Technical Safety Requirement Violations Sequence
{Number (2) Any violation or noncompliance of a Hazard Category 1, |
12, or 3 nuclear facility's TSR (or OSR) Limiting Control Setting, :
|Limiting Condition for Operation, Administrative Control, or
|Surveillance Requirement. Significance Category 2.






#1l

NE-ID--BEA-ATR-2009-0025 Page 1 of 7
NE-ID--BEA-ATR-2009-0025 FINAL
Occurrence Report
After 2003 Redesign

Advanced Test Reactor
(Name of Facility)

Category "A" .Reactors
- (Facility Function)

Idaho National Laboratory

Battelle Energy Alliance, LLC

(Site)

Name: SCHUEBERT, EDMOND J
Title: ATR Operations Facility Manager

(Contractor)

Telephone No.: (208) 533-4246

(Facility Manager/Designee)

Name: OWENS, MARJORIE A
Title: ATR OPERATIONS FACILITY ADMINISTRATI

Telephone No.: (208) 533-4563

(Originator/ Transmitter)

Name: C. P. Forshee

Date: 06/03/2010

(Authorized Classifier (AC))

1. Occurrence Report Number: NE-ID--BEA-ATR-2009-0025

Incorrect Input to Core Performance Calculation Caused Manual Reactor Shutdown of the Advanced

Test Reactor

2. Report Type and Date: FINAL

l Date || Time [
|Notification: [ 12/02/2009 || 19:20 (ETZ) |
[Initial Update: | 01/14/2010 | 16:05 (ETZ) |
[Latest Update: || 04072010 | 17:43 (ETZ) |
[Final: || 04/07/2010 | 18:04 (ETZ) |
' [Revision 1: | 06/03/2010 | 16:37 (ETZ) |

3. Significance Category: 2

https://orps.hss.doe.igov/ORPS/REPORTS/displayReport.asp?idx=126839 10/19/2010
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4 Divisi;)n or Projeét: ATR Programév
5. Secretarial Office: NE - Nuclear Energy, Science and Technology
6. System, Bldg., or Equipment: Advanced Test Reactor
7. UCNI?: No
8. Plant Area: ATR
9. Date and Time Discovered: 12/01/2009 12:01 (MTZ)
10. Date and Time Categorized: 12/01/2009 13:25 (MTZ)

11. DOE HQ OC Notification:

| Date ]| Time || Person Notified || Organization |
L Na | Na | NA L Na |

12. Other Notifications:

| Date | Time | Person Notified | Organization |
| 12/01/2009 [13:25 (MTZ)|[R. Denning [[DOE-ID |

13. Subject or Title of Occurrence:

Incorrect Input to Core Performance Calculation Caused Manual Reactor Shutdown of the Advanced
Test Reactor

14. Reporting Criteria:

3A(2) - Any violation or noncompliance of a Hazard Category 1, 2, or 3 nuclear facility's Technical
Safety Requirement (or Operational Safety Requirement) Limiting Control Setting, Limiting Condition
for Operation, Administrative Control, or Surveillance Requirement.

Exception: An event consisting solely of a surveillance test performed after the prescribed surveillance
period, and in which the equipment was found to be capable of performing its specified safety function.
(See separate criterion for late surveillance tests below).

15. Description of Occurrence:

At 1100 on 1 December 2009, ATR Programs Engineering informed ATR Operations Management that
they had found an error in the Core Safety Assurance Package (CSAP) for Cycle 145B-1. The error was
discovered while evaluating reactor core performance data and was determined to be due to an incorrect
cross-section calculation for the Reduced Enrichment for Research and Test Reactor (RERTR) ATR

https://orps.hss.doe.gov/ORPS/REPORTS/displayReport.asp?idx=126839 10/19/2010
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Full-Size Plate in Center Position (AFIP) backup test.

ATR Programs Engineering judgment was that all core safety limits were met; however, there was no
analysis to support this judgment and compliance with the ATR Technical Safety Requirements (TSR)-
186, Limiting Condition for Operation (LCO)-3.6.1 required a reactor shutdown. The reactor will
remain in a safe shutdown condition until the error is corrected and calculations are re-performed.

16.Is Subcontractor Involved? No

17. Operating Conditions of Facility at Time of Occurrence:

The ATR was operating at nominal full power for Cycle 145B-1

18. Activity Category:

03 - Normal Operations (other than Activities specifically listed in this Category)

19. Immediate Actions Taken and Results:

Appropriate levels of BEA management and POE-ID were notified of this event.

The reactor was manually shut down at 1201 on December 1, 2009, in accordance with TSR-186, LCO-
3.6.1.

A critique was scheduled for December 2, 2009, at 1600.

20. ISM:

6) N/A (Not applicable to ISM Core Functions as determined by management review.)

21. Cause Code(s):

A3B2C01 - Human Performance Less Than Adequate (LTA); Rule Based Error; Strong rule incorrectly
chosen over other rules

-->couplet - ASB2C08 - Communications Less Than Adequate (LTA); Written Communication Content
LTA; Incomplete / situation not covered

A4B1C04 - Management Problem; Management Methods Less Than Adequate (LTA); Management
follow-up or monitoring of activities did not identify problems

22. Description of Cause:

A Formal Cause Analysis was performed in accordance with Laboratory-Wide Procedure (LWP)-13845,
Cause Analysis Program, with the following causes identified:

https://orps.hss.doe.gov/ORPS/REPORTS/displayReport.asp?idx=126839 10/19/2010





NE-ID--BEA-ATR-2009-0025 Page 4 of 7

A3B2CO01 - Strong rule incorrectly chosen over other rules. Engineer 1 delayed verification of AFIP
BU-2 cross-sections file. The delay was not tracked and resulted in not completing the verification in
accordance with the'laboratory process LWP-10200-3 prior to use. In the past, the engineer has been
successful in verification of the files due to the verification occurring soon after development. In this
case, the cross-section file was not going to be used in the near future and he decided not to perform the
verification 1mmed1ately When it came time to use the file, two years later, the engineer did not
remember nor did he take positive measures to ensure the file used had been verified. (See corrective
action #1) This cause is coupled with the following cause:

A5B2C08 - Incomplete/situation not covered. SP-10.6.2.3 does not contain the details necessary to
provide the rigor in the development of the cross-section files that would ensure that configuration
control is in place to ensure non-verified cross-section files are not used during the physics calculations.
(See corrective action #2)

A4B1C04 - Management follow-up or monitoring of activities did not identify problem. In March 2003,
a Formal Cause Analysis was performed due to a CSAP preparation error event. The identified
corrective actions were completed. In December 2006 to February 2007, assessment (IAS061157) was
performed to assess the CSAP process and resulted in several corrective actions and recommendations to
add rigor to the CSAP process. The corrective actions and recommendations completed significantly
improved the process and corrected the specific problems that were occurring at the time, including
achieving a successful transition of the Management Control Procedure (MCP) for calculanon and
analysis to the new LWP and 1mp1ement1ng a new Quality Level Determination process. The remaining
recommendations were to continue improving the CSAP process, because not all aspects of the process
had been revised. Nuclear engineering management has not forgotten the need to continue improving the
rest of the process, but it has not been a priority that rated higher than other initiatives and requirements
for the available resources. A method for monitoring the success of the performance improvement
initiatives for the CSAP process has not been established to assist in ensuring the improvement initiative
is completed. (See corrective action #3)

23. Evaluation (by Facility Manager/Designee):
This occurrence report has been determined to be NTS reportable and will require a Formal Cause
Analysis. Due to the time involved to perform a formal analysis, the final occurrence report will not be

submitted within the normal 45 days, but will be submitted no later than March 16, 2010. DOE Facility
Representative concurs.

Technical Evaluation (TEV)-765, which supports Engineering's judgment that all safety limits were met,
has been drafted and is currently going through the approval process.

While this event did not have safety significance, it did have the potential for significance, had the error
involved a higher magmtude of i impact to the analysis calculations. It hlghllghts the importance to have
established processes for engineering tasks, especially those on a recurring basis, and for the application
of human performance tools for such tasks.

24. Is Further Evaluation Required?: No

25. Corrective Actibns

https://orps.hss.doe.gov/ORPS/REPORTS/displayReport.asp?idx=126839 10/19/2010
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Local Tracking System Name: ICAMS

1.

Schedule and complete TGTRA612, Human Performance Fundamentals for engineers for all
ATR Programs nuclear engineering department personnel.

[Target Completion Date: 05/27/2010 |[Tracking ID: ICARE DR 45432, Action 47231]

Revise SP-10.6.2.3 or create a new procedure to require verification that cross-section files have
been independently verified and validated prior to use and provide a method for configuration
control of cross-section files stored to prevent use prior to verification.

[Target Completion Date: 08/26/2010 |Tracking ID: ICARE DR 45432, Action 47232]

Benchmark the ATR CSAP process against commercial industry standards. Benchmarking

should include a review against INPO standards such as SOER 96-2 and one or two commercial
plant procedures.

[Target Completion Date: 06/15/2010 "Tracking ID: ICARE DR 45432, Action 47465 |

IComplete a process map of the CSAP process identifying major steps. |
[Target Completion Date: 08/12/2010 |[Tracking ID: ICARE DR 45432, Action 47466

|Based on process mapping and benchmarking, develop a CSAP guidance procedure. |
[Target Completion Date: 11/15/2010 [Tracking ID: ICARE DR 45432, Action 47467 |

|Develop a core physics procedure based on process mapping and benchmarking. |
[Target Completion Date: 01/13/2011 | Tracking ID: ICARE DR 45432, Action 47468|

Identify changes necessary to subtier procedures (GDE) and establish a schedule to change the
procedures if necessary.

[Target Completion Date: 01/13/2011 | Tracking ID: ICARE DR 45432, Action 47469

Develop an implementation plan that includes resource requirements and due dates for
completion of recommendations to further improve the CSAP process. As part of the plan,
include an independent verification that procedures are followed, documented, and inputs are
independently verified for the CSAP process.

[Target Completion Date: 07/01/2010 [Tracking ID: ICARE DR 45432, Action 47233|

26. Lessons Learned:

Established engineering processes and application of human performance fundamentals are essential to
detect errors before they have consequence.

27. Similar Occurrence Report Numbers:

NE-ID--BBWI-ATR-2003-0002

https://orps.hss.doe,gov/ORPS/REPORTS/displayReport.asp?idx=126839 10/ 9{20 10
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28. User-defined Field #1:
GB10

29. User-defined Field #2:

30. HQ Keyword(s):

01A--Inadequate Conduct of Operations - Inadequate Conduct of Operations (miscellaneous)
01B--Inadequate Conduct of Operations - Loss of Configuration Management/Control
01G--Inadequate Conduct of Operations - Inadequate Procedure

01H--Inadequate Conduct of Operations - Inadequate Safety Analysis/USQs
01Q--Inadequate Conduct of Operations - Personnel error

01R--Inadequate Conduct of Operations - Management issues

12A--EH Categories - Authorization Basis

14D--Quality Assurance - Documents and Records Deficiency

14E--Quality Assurance - Work Process Deficiency

14H--Quality Assurance - Inspection and Acceptance Testing Deficiency

31. HQ Summary:

On December 1, 2009, ATR Programs Engineering informed ATR Operations Management that they
had found an error in the Core Safety Assurance Package for Cycle 145B-1. The error was discovered
while evaluating reactor core performance data and was determined to be due to an incorrect cross-
section calculation for the Reduced Enrichment for Research and Test Reactor ATR Full-Size Plate in
Center Position backup test. The ATR Programs Engineering judgment was that all core safety limits
were met; however, there was no analysis to support this judgment. Compliance with the ATR Technical
Safety Requirements (TSR)-186, Limiting Condition for Operation (LCO)-3.6.1 required a reactor
shutdown. The reactor will remain in a safe shutdown condition until the error is corrected and
calculations are re-performed. A critique was scheduled.

32. DOE Facility Representative Input:

33. DOE Program Manager Input:

34. Approvals:

Approved by: SCHUEBERT, EDMOND J, Facility Manager/Designee
Date: 04/07/2010
Telephone No.: (208) 533-4246

Approved by: DENNING, RICHARD W, Facility Representative/Designee
Date: 04/07/2010
Telephone No.: (208) 526-5015

https://orps.hss.doe.gov/ORPS/REPORTS/displayReport.asp?idx=126839 10/19/2010
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For EHES-relafed events: Transmit the approved critique report to the DOE-ID Facility Representative as soon as possible, but within 8 hours
following the critique.
Facility/Area: ATR Complex
Critique Title: Incorrect Input To Core Performance Calculations

Date & Time of Event: 1100 on 1 December 2009

‘ Date & Time of Critique: 0800 on 3 December 2009
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Description of Event (include a detailed description of the event with times and a nonpersonalized designation of each person involved
in the event): (mandatory for EHES-related events):

At 1100 on 1 December 2009, ATR Programs Engineering informed ATR Operations Management that they had found an error in the
Core Safety Assurance.' Package (CSAP) for Cycle 145B-1. The error was discovered while evaluating reactdr core performance data
and was determined to be due to an incotrect cress-section calculation for the Reduced Enrichment for Research and Test Reactor
(RERTR) ATR Full-Size Plate in Center Position (AFIP) backup test.

Time line.

» SCAMP analysis performed for AFIP Backup test approximately 2 years earlier as part of initial AFIP program. AFIP and backup
measured in ATRC showing a < 3 cent difference

» SCAMP mentoring done for Reactor Engineering in May 2009

= September 3, CFT Experiment Loading for- Cycle 145B-1, Backup test to be used at the discretion of Nuclear Safety, (DJU-14-09).
« September 21, Preliminary Experiment Requirements Letter (DLR-17-09), from Rowsell stating AFIP Backup in center.

* September 28, Preliminary Experiment Requirements Letter Revision 1 (DLR-17-09, Rev1), from Rowsell stating AFIP Backup in’
center.

» September 30, Preliminary Experiment Requirements Letter Revision 2 (DLR—17—09,‘ Rev2), from Rowsell stating AFIP Backup in
center. :

* October 1, Reactor Loading Record Revision 0, stating AFIP Backup in center.

« Approximately October 1 — November 1, PDQ analysis performed 'using Scamp for AFIP backup for first time _

* October 15, Preliminary Experiment Requirements Letter Revision 3 (DLR-17-09, Rev3), from Rowsell stating AFIP Backup in
center.

» November 2, Preliminary Experiment Requirements Letter Revision 4 {DLR-17-09, Rev4), from Rowseli stating AFIP-BU-2 (AFIP
Backup) in center. . ' S

'« November 2, comment made during review on use of AFIP BU1 or BU2

. Ndvémber 3, Reactor Loading Record Revision 2, stating AFIP BU-Z in center.

» November 3, Results of Reactor Physics Safety Analysis for Advanced Test Reactor Cycle 145B, ECAR-807, stating AFIP-BU-2
(AFIP Backup) in center. '

» November 10, Preliminary Experiment Requirements Letter Revision 5 (DL'R-1 7-09, Rev 5), from Rowsell stating AFIP-BU-2 (AFIP
Backup) in center.

» November 10, Reactor Loading Record Revision 3, stating AFIP BU-2 in center.

» November 10, CSAP submitted to SORC for review

* November 17, CSAP exported to DOE, BETTIS, KAPL

* November 22, Reactor Critical. (Startup shim prediction was early but within allowed procedural tolerances.)

» November 22/23, Physics Testing Performed

« November 30, 1st core monitoring data point taken

» December 1, 2nd core manitoring data point taken

- December 1, Started investigation started as to why the deviation existed

» December 1, Determined that the scamp cross section model of the AFIP backup test deviated from expected by ~ 80 cents

« December 2, Determined that the scamp model of AFIP backup test used a %2 inch radius versus a % inch diameter. Problem
Identification through routine core performance trending

1= December 2, The reactor was manually shut down at 1201
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Categorized as: (include a brief discussion on the justification supporting the categorization) _
Classified at 13:21 12/01/09 as: Group 3 — Nuclear Safety Basis Subgroup A - Technical Safety Requirement Violations Sequence

Number (2) Any violation or noncompliance of a Hazard Category 1, 2, or 3 nuclear facility’s TSR (or OSR) Limiting Control Setting,
Limiting Condition for Operation, Administrative Control, or Surveillance Requirement. Significance Category 2.

Notifications Made:

To: DOEFR . Date: 12/01/2009 Time: 1325
To: ‘ Date: Time:
To: Date: Time:

Procedure/Reference Applicable to the Event:
PR-00778A ATR - CYCLE PHYSICS ANALYSIS CHECKLIST

CORE SAFETY ASSURANCE PACKAGE (CSAP) FOR CYCLE 145B-1
TEM-10200-1 RESULTS OF REACTOR PHYSICS SAFETY ANALYSIS FOR ATR CYCLE 145B/ INDEX CODES

No further analysis required 1 Apparent Cause Apalysis Warranted [1 Formal Cause Analysis Warranted:
LY

Loran Kinghom , & ‘ /Ll, oA — 12/03/2009
Critique Leader Critique Leader Date
Print/Type Name ) Signature -~ N
Loran Kinghorn NN 12/03/2008
Cause Analyst e Cause Analyst - _ Date
Print/Type Name e ' Signature

Edmond Schuebert e~ e B~ 12/03/2009
Facility Mlanager 4 Facility Manager 7 s.4obc— Date
Print/Type Name Signature y2e o~ fef oo/

For critique reports involving unplanned access to, or contact with, energized high energy systems (EHES), obtain approval of the
appropriate Associate Laboratory Director or Directorate Director. The approval signature shall indicate agreement that the facts
were determined and recorded as completely as possible and that decisions were made relative to securing the event and
immediate corrective actions.

Print/Type Name and Position Signature . —l ] Date

PART 1 — EVENT RECONSTRUCTION

1. Operating conditions at time of event: (mandatory for EHES-related events):
Reactor was running at full power for 145B-1.
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2. Detailed chronology of event:

SCAMP analysis performed for AFIP Backup test approximétely 2 years earlier as part of initial AFIP program. AFIP and backup
measured in ATRC showing a < 3 cent difference

4, * SCAMP mentoring done for Reactor Engineering in May 2009

5. * September 3, CFT Experiment Loading for Cycle 1458-1, Backup test to be used at the discretion of Nuclear Safety, (DJU-
14-09). -

6. * September 21, Preliminary Experiment Requirements Letter (DLR-17-09), from Rowsell stating AFIP Backup in center.

7. * September 28, Preliminary Experiment Requirements Letter Revision 1 (DLR-17-09, Rev1), from Rowsell stating AFIP
Backup in center. '

8. » September 30, Preliminary Experiment Requirements Letter Revision 2 (DLR-17-09, Rev2), from Rowsell stating AFIP
Backup in center. ' _

9. * October 1 Reactor Loading Record Revision 0, stating AFIP Backup in center.

10. * Approximately October 1 — November 1 PDQ analysis performed using Scamp for AFIP backup for first time

1. * October 15 Preliminary Experiment Requirements Letter Revision 3 (DLR-17-09, Rev3), from Rowsell stating AFIP Backup
in center. :

12. * November 2, Preliminary Experiment Requirements Letter Revision 4 (DLR-17-09, Rev4), from Rowsell stating AFIP-BU-2
(AFIP Backup) in center. :

13. * November 2 comment made during review on use of AFIP BU1 or BU2

14. * November 3, Reactor Loading Record Revision 2, stating AFIP BU-2 in center.

15. » November 3, Results of Reactor Physics Safety Analysis for Advanced Test Reactor Cycle 1458, ECAR-807, stating AFIP- .
BU-2 (AFIP Backup) in center.

16. « November 10 Preliminary Experiment Requirements Letter Revision 5 (DLR-17-09, Rev5), from Rowsell stating AFIP-BU-2
(AFIP Backup) in center.

17. *» November 10, Reactor Loading Record Revision 3, stating AFIP BU-2 in center.

18. * November 10, CSAP submitted to SORC for review

19. * November 17, CSAP exported to DOE, BETTIS, KAPL

20. * November 22, Reactor Critical. (Startup shim prediction was early but within allowed procedural tolerances.)

21 * Physics Testing Performed November 22/23

22. * November 30: 1st core monitoring data point taken

23. * December 1, 2nd core monitoring data point taken

24. * December 1, Started investigation started as to why the deviation existed

25. * December 1, Determined that the scamp cross section model of the AFIP backup test deviated from expected by ~ 80 cents
26. * December 2, Determined that the scamp model of AFIP backup test used a % inch radius versus a % inch diameter.

Problem Identification through routine core performance trending

Immediate actions taken and results: (mandatory for EHES-related events):
3.

The reactor was manually, shut down.

4. Data collection:
TEM-10200-1 RESULTS OF REACTOR PHYSICS SAFETY ANALYSIS FOR ATR CYCLE 145B/ INDEX CODES

PR-00778A ATR - CYCLE PHYSIICS ANALYSIS CHECLIST

Personnel Statement: . _
Nuclear engineer will be providing a personnel statement.

Phyéical Evidence; parts, debris, hardware:
None ‘

Documentatioh; paper and electronic information, data sheets, logs, procedures:
TEM-10200-1 RESULTS OF REACTOR PHYSICS SAFETY ANALYSIS FOR ATR CYCLE 145B/ INDEX CODES

PR-00778A ATR - CYCLE PHYSICS ANALYSIS CHECLIST '

Other relevant information:

Attendance Roster

Critique Checklist ,

Attach Form 231.05, Personnel Statement Form and Form 231 .09, Critique Attendance Sheet

PART 2 - EVENT ANALYSIS & EVALUATION
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A.  Comparison of actual and expected response (equipment and personnel):

Actual response: A second check was not performed of AFIP backup test cross-sectional data prior to the data being inputted into the
SCAMP program. .

Expected response: The L’\TR - Cycle Physics Analysis checklist did not require a seécond check of data even though that is the

" |management's expectati(?ns - from Nuclear Engineering - that all data is second checked prior to inputting into the SCAMP progam.

B. Factors affecting human performance:
Task Demands Individual Capabilities
[J Time pressure O Unfamiliarity with task/First time
X High workload [J Lack of knowledge
O Simultaneous, multiple task [0 New technique not used before
[ Repetitive actions, monotonous [0 Imprecise communication habits
[J trecoverable acts [J Lackof proficiency/inexperience
[ Interpretation of requirements [J Indistinct problem-solving skills
[0 Unclear goals, roles & responsibilities [0 Hazardous attitude for critical task
[0 Lack of or unclear standards [ lliness/fatigue
Work Environment _ Human Nature
[] Distractions/interruptions [d stress
[0 Changes/Departures from routine [0 Habit patterns _
O Confusing displays or controls X Assumptions, inaccurate mental picture
[0 Work-arounds/OOS instructions [0 Complacency/overconfidence
[0 Hidden systems response X Mindset, "tuned" to see what you expect to see
] Unexpected equipment conditions O Inaccurate risk perception
[1 Lack of alternative indications [0 Mental shortcuts _
[ Personality conflicts ] Limited short term memory
Other:
None'

Causes: (See DOE Guide 231.1-2, Occurrences Reporting Causal Analysis, or LWP-9301
for the Cause Analysis Tree and associated Cause Codes.)

A3B1C01- Check of Work Less Than Adequate

Nuclear engineering believed that the data had been second-checked two years ago when the cross-sectional data for the AFIP-BU
test was completed. When this data was entered into the SCAMP Program, no second check was completed which was the

main cause of the CSAP not being correct.
C.  Preliminary Root Cause Analysis (mandatory for EHES-related events):

D.  Similar Event:
None

E.  Additional Actions Necessary for Resumption of Operations:
Issue a revised CSAP for Cycle 145B-1 _ '

F. Lessons Learned:
Relying upon exper-based knowledge can lead to human performance induced errors when not proceduralized.

G. Corrective Actions:
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1. Validate that SCAMP computer code is verified for correct input into PDQ program. - Actionee: McDaniel Due Date:
12/3/2009 |
2. Engineering needs to add second check of SCAMP calculations onto form RP-0078A (ATR — CYCLE PHYSICS ANALYSIS
CHECKLIST). Actionee: McDaniel Due Date: 01/5/2010

3.

Engineering needs to map and develop the procedural process of building the CSAP for ATR . Actionee: McDaniel Due
Date:
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NE-ID--BEA-ATR-2008-0028 FINAL
Occurrence Report
After 2003 Redesign

Advanced Test Reactor
(Name of Facility)

Category "A" Reactors
| - (Facility Function)

Idaho National Laboratory

Battelle Energy Alliance, LLC

(Site)

Name: MCDONOUGH, MARTIN B
Title: ATR OPERATIONS FACILITY MANAGER

(Contractor)

Telephone No.: (208) 533-4321

Name: OWENS, MARJORIE A

(Facility Manager/Designee)

Title: ATR OPERATIONS FACILITY ADMINISTRATI

Telephone No.: (208) 533-4563

Name: BROOKS P. CLEMENTS

(Originator/ Transmitter)

Date: 12/11/2008

1. Occurrence Report Number: NE-ID--BEA-ATR-2008-0028

(Authorized Classifier (AC))

Seismic Concerns Result in ATR Shutdown and Potential Inadequacy in the Safety Analysis (PISA)

2. Report Type and Date: FINAL

3. Significance Category: 3

| Date ” Time |
[Notification: | 11/04/2008 | 17:33 (ETZ) |
Initial Update: | 11/042008 | 18:51 (ETZ) |
[Latest Update: [ 127102008 || 18:40 (ETZ) |
[Final: | 127102008 | 18:40 (ETZ) |
IRevision 1: | 127112008 | 10:07 (ETZ) |

https://orps.hss.doe.gov/ORPS/REPORTS/displayReport.asp?idx=122940 10/19/2010
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4. Division or Projéctﬁ ATR Programé |
5. Secretarial Office: NE - Nuclear Energy, Science and Technology
6. System, Bldg., or Equipment: Advanced Test Reactor, TRA-670
7. UCNI?: No
8. Plant Area: Utility Battery Room

9. Date and Time Discovered: 10/16/2008 11:45 (MTZ)

10. Date and Time Categorized: 10/30/2008 17:05 (MTZ)

11. DOE HQ OC Notification:

| Date |L Time ” Person Notified jl Organizationl
| NA || NA ] NA L NA ]

12. Other Notifications:

| Date || Time ” Person Notified ” Organization I
| 10/30/2008 ||17:05 (MTZ)||R. Denning IDOE-ID ]

13. Subject or Title of Occurrence:

Seismic Concerns Result in ATR Shutdown and Potential Inadequacy in the Safety Analysis (PISA)

14. Reporting Criteria:

3B(2) - Declaration of a potential inadequacy of the documented safety analysis (a potential positive
USQ), per 10 CFR 830.203(g).

15. Description of Occurrence:

On October 16, 2008, at 1233 the ATR was shut down due to seismic concerns that were raised as a
result of the Life Extension Program (LEP) Seismic Upgrade report. ARES Corporation Report No.
060230101-002, Rev. 0, is the product of an experience-based seismic qualification of ATR seismic
Category 1 equipment. Seismic Category 1 equipment are safety-related systems, structures, and
components (SSC) relied upon in the ATR safety basis to mitigate the effects of the safe shutdown
earthquake (SSE).

The decision to shut down the ATR was based on indication that the performance of the cinder block

wall adjacent to the utility battery 670-E-58, could not be demonstrated to keep the seismically induced
complete loss of flow event beyond design basis as described in the Upgraded Final Safety Analysis

https://orps.hss.doe.gov/ORPS/REPORTS/displayReport.asp?idx=122940 10/19/2010
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Report (UFSAR). The ATR was shut down and moved to a defueled mode, while a team of ATR facility
management and engineering personnel performed a screening of the seismic qualification report for the
potential of systems to not have sufficient capacity to satisfy Performance Category (PC)-4 seismic
design and evaluation criteria and not meet the current safety basis. The team screening of the seismic
qualification report resulted in the declaration of a potential inadequacy in the safety analysis (PISA),
ATR Complex-USQ-2008-805, on October 30, 2008, and DOE-ID was notified.

The delay between the initial action to shut down and defuel the ATR and the declaration of the PISA
was due to this team screening and extent of conditions review. Seven SSCs were identified as having
nonconforming conditions relating to the ATR safety basis assumptions, and the discrepancies would be
required to be resolved prior to declaring the SSCs operable: 1) Utility uninterruptible power supply
(UPS) battery room block wall, 2) primary coolant pump motor floor area wall, 3) plant protection
system (PPS) cabinet anchorage, 4) emergency firewater supply diesel pumps battery racks, 5)DC
emergency coolant pump (ECP) starting relay, 6) deepwell #3 lube oil pump mounting, and 7) six-tier
cable tray.

16. Is Subcontractor Involved? No

17. Operating Conditions of Facility at Time of Occurrence:

The ATR was operating at nominal full power for Cycle 143A-1

18. Activity Category:

03 - Normal Operations (other than Activities specifically listed in this Category)

19. Immediate Actions Taken and Results:
Appropriate levels of BEA management and DOE-ID personnel were notified of this event.
The ATR critical operation was shut down and irradiated fuel was removed from the reactor core.

Technical Safety Requirements (TSR)-186 equipment operability requirements must be satisfied to
change Reactor Operating Conditions; no additional controls are required.

20. ISM:

2) Analyze the Hazards
3) Develop and Implement Hazard Controls

21. Cause Code(s):

AIB1CO02 - Design/Engineering Problem; Design input Less Than Adequate (LTA).; Design input
obsolete

https://orps.hss.doe.gov/ORPS/REPORTS/displayReport.asp?idx=122940 10/19/2010
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A1B3C02 - Design/Engineering Problem; Design / documentation LTA; Design/documentation not up-
to-date

A4B5C04 - Management Problem; Change Management LTA; Risks / consequences associated with
change not adequately reviewed / assessed

22. Description of Cause:

Apparent cause analysis was performed per LWP-13845, Cause Analysis Program. The following cause
codes are associated with the seismic issues identified by the review team. Note that two of the potential
issues identified were actually deemed to not be discrepancies and therefore no causes or corrective
actions are discussed.

A4B5C04 - Risks/consequences associated with change not adequately reviewed or assessed. This cause
code is appropriate for issues associated with the cinder block wall adjacent to the utility battery 670-E-
58. The review of the potential effect on the plant resulting from the modifications associated with the
structures was not effective in assessing the risk. The modifications and the processes which controlled
them are legacy issues. Current engineering and review processes are now more robust and it is not
likely that this same type of error would be repeated, therefore no actions, other than correcting the
specific discrepancy will be taken.

A1B1CO02 - Design input obsolete. This cause code is appropriate for the issues involving the diesel
firewater pump batteries, the wall between the primary coolant pump motor area and the electrical
switchgear room, and the 6-tier cable tray. The original designs for the firewater pump starting battery
racks, the wall between the primary coolant pump motor area, and the 6-tier cable tray met
specifications, however subsequent changes to seismic requirements made these designs not compliant
with the new standards.

A1B3C02 - Design/documentation not up-to-date. Drawings for the attachment and anchorage of the
PPS cabinets to the building structure (floor) did not fully detail the anchorage design. Attempts to
determine the adequacy of the existing anchorage would involve some actual destruction of the in place
cabinets, therefore additional bracing and anchorage was installed.

The discrepancies on the #3 deepwell pump and emergency coolant pump starting relay were
determined to not be issues.

The seismic vulnerabilities identified by the team screening and extent of conditions review and
associated resolutions are summarized as follows:

The west and south block walls for the battery room in the first basement of ATR did not have adequate
anchorage to the ceiling. Engineering modifications documented in EJ 7.0-1 element #1 provided for
design and installation of additional metal braces attached to the ceiling with concrete anchors and
attached to the top of the wall with through-wall threaded anchors. Completion of this engineering
modification resolves this seismic vulnerability. An independent review of this engineering design was
performed by an outside contractor who is highly respected for seismic related analyses. The contractor
concluded that the design was adequate.

The PPS logic and comparator cabinet anchorage may not have been sufficient to handle seismic loads.
Engineering modifications associated with EJ 7.0-1 element #2 provides for design and installation of
seismically qualified anchors to the base of the cabinets to ensure secure seismically qualified bases.
Completion of this engineering modification resolves this potential seismic vulnerability.
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A block wall containing the power cables for the M-11 emergency pump may not have had adequate
capacity in the brackets at the south end of the wall at the interface between the canal structure and door
D-323. Engineering modifications associated with EJ 7.0-1 element #5 provide for an additional bracket
with concrete anchors attached to the canal structure and welded to the heavy structural channel framing
in the motor floor area wall. Completion of this engineering modification resolved this seismic
vulnerability.

The ATR second basement 6-tier cable tray requires seismically qualified anchorage. Work Order (WO)
122819 and Drawing 600849 provide for installation of additional anchorage for this cable tray. This
work order has been completed which resolves this seismic vulnerability.

Additional mechanical restraint was needed to keep the starting batteries for the TRA-688 diesel
firewater pumps from tipping and rolling during a seismic event, which may allow contact between
adjacent batteries within a rack. Engineering modifications documented in EJ 7.0-1 element #3 and
engineering calculations documented in Engineering Calculations and Analysis Report ECAR-415,
"Analysis of TRA-688 Battery hold-down Straps," provide for installation of additional hold-down
straps to prevent seismic interaction. Completion of the installation of these straps resolved this seismic
vulnerability.

A concern was identified with anchors for the Deep Well #3 oil cooler plate that the sleeves of the
expansion anchors were not fully embedded in the concrete, rather a portion is protruding into the
unistrut. This embedment may compromise the tensile capacity of these anchors. This concern was
evaluated by ATR engineering and documented in Technical Evaluation TEV-343, Deep Well #3 Oil
Cooler Anchorage. These anchors, as installed, provide adequate embedment to achieve the small
required pullout force.

A concern was identified with respect to the monitoring relay CR2 that must function properly to start
the M-11 emergency coolant pump on demand. This concern was that a seismic event may cause the
CR2 relay to chatter, and that chatter may inhibit relay TDA1 pickup, and delay the emergency pump
startup. ATR Engineering evaluated this concern as documented in TEV-346, ATR DC Emergency
Coolant Pump Controller Relays Operation. This evaluation concludes that the seismically induced
contact chatter on CR2 will not impede relay TDA1 from energizing and starting the emergency coolant
pump. This TEV-346 has resolved the concern for delayed start of the M-11 emergency coolant pump
during a seismic event.

An independent review of the ATR engineering extent of conditions review process was performed by
the Site Technical Authority. Three senior engineering leadership personnel performed the independent
review and concluded that both the approach and the results were adequate. This independent review is
documented in TEV-345, Engineering Technical Authority Review Of Response Of ATR Programs
Engineering To Experience-Based Seismic Qualification Report.

23. Evaluation (by Facility Manager/Designee):

These seismic concerns resulted in a programmatic impact of 480.6 hours of lost reactor operating time.
Unreviewed safety question (USQ) determination for PISA ATR-Complex-2008-805 is negative. The
operability of the seven SSCs that were identified by the PISA as nonconforming to the ATR safety

basis assumptions has been restored or adequately documented. The restoration activities are described
in the description of cause above. Restoring the operability of these seven nonconforming SSCs ensures
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that the ATR operates within its safety basis analysis. Operation of the ATR poses no additional risk to
the workers, public or environment. The ATR TSRs provide the necessary controls for safety plant
operation as documented in the ATR safety basis. No interim controls were imposed by the PISA.

The paragraph above serves as the required evaluation of the safety of the situation (ESS).

24. Is Further Evaluation Required?: No

25. Corrective Actions
Local Tracking System Name: I[CAMS

* | Actions already taken are listed in the "Corrective Actions" section of the ICARE. There are no
further actions necessary associated with this ORPS report.

[Target Completion Date: 12/09/2008 | Tracking ID: ICARE 43477

26. Lessons Learned:

A program review is required to ensure changes in requirements, such as seismic standards, are
adequately evaluated against safety basis assumptions on plant design and accident analysis.

27. Similar Occurrence Report Numbers:

None

28. User-defined Field #1:
GB10

29. User-defined Field #2:

30. HQ Keyword(s):

01B--Inadequate Conduct of Operations - Loss of Configuration Management/Control
01H--Inadequate Conduct of Operations - Inadequate Safety Analysis/USQs
01N--Inadequate Conduct of Operations - Inadequate Job Planning (Other)
05B--Mechanical/Structural - Seismic Qualification Deficiency

11F--Other - Inadequate Design

12A--EH Categories - Authorization Basis

14D--Quality Assurance - Documents and Records Deficiency

14F--Quality Assurance - Design Deficiency

31. HQ Summary:

https://orps.hss.doe.gov/ORPS/REPORTS/displayReport.asp?idx=122940 10/19/2010
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The ATR was shutdown, defueled, and a PISA declared after investigative efforts identified seismic
concerns. Specifically, concerns with the anchorage of a cinder block wall adjacent to the utility battery
670-E-58 indicate that performance during a seismic event may not be as described in the ATR safety
basis, and that a seismically induced complete loss of flow accident may not be beyond design basis as
described in the UFSAR. A USQD was negative.

32. DOE Facility Representative Input:

33. DOE Program Manager Input:

34. Approvals:

Approved by: MCDONOUGH, MARTIN B, Facility Manager/Designee
Date: 12/10/2008
Telephone No.: (208) 533-4321

https://orps.hss.doe.gov/ORPS/REPORTS/displayReport.asp?idx=122940 10/19/2010
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NE-ID--BEA-ATR-2009-0022

Occurrence Report
After 2003 Redesign

Advanced Test Reactor

Page 1 of 5

FINAL

(Name of Facility)

Category "A" Reactors

(Facility Function)

Idaho Nationail Laboratory

Battelle Energy Alliance, LLC

(Site)

Name: SCHUEBERT, EDMOND J
Title: ATR Operations Facility Manager

(Contractor)

Telephone No.: (208) 533-4246

(Facility Manager/Designee)

Name: OWENS, MARJORIE A
Title: ATR OPERATIONS FACILITY ADMINISTRATI

Telephone No.: (208) 533-4563

(Originator/ Transmitter)

Name: E. Bruce Criswell

Date: 09/30/2009

(Authorized Classifier (AC))

1. Occurrence Report Number: NE-ID--BEA-ATR-2009-0022

Loss of Diesel Bus Power to Affected Experiment Loop Operating Pumps Results in Automatic

Shutdown of the Advanced Test Reactor (ATR)

2. Report Type and Date: FINAL

[ Date | Time |
INotification: | 09302009 | 12:02 (ETZ) |
[Initial Update: | 11/12/2009 || 18:59 (ETZ) |
[Latest Update: | 117122009 | 19:02 (ETZ) |
[Final: | 11302009 | 13:17 (ETZ) |

3. Significance Category: 2

4. Division or Project: ATR Programs

https://orps.hss.doe.gov/ORPS/REPORTS/displayReport.asp?idx=126478 10/19/2010
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5. Secretarial Office: NE - Nuclear Energy, Science a.nd Technology
6. System, Bldg., or Equipment: Advanced Test Reactor (ATR)
7. UCNI?: No
8. Plant Area: Diesel
9. Date and Time Discovered:  09/29/2009 08:33 (MTZ)
10. Date and Time Categorized: 09/29/2009 12:40 (MTZ)

11. DOE HQ OC Notification:

I Date || Time || Person Notified ” Organization I
| Na || NA | NA L NA |

12. Other Notifications:

| Date || Time H Person Notified || Organization |
| 09/29/2009 |[12:47 (MTZ)||R. Denning |IDOE-ID |

13. Subject or Title of Occurrence:

Loss of Diesel Bus Power to Affected Experiment Loop Operating Pumps Results in Automatic
Shutdown of the Advanced Test Reactor (ATR)

14. Reporting Criteria:

4B(2) - Actuation of a Safety Class Structure, System, or Component (SSC), or its alarms, resulting
from an actual unsafe condition. Spurious alarms (e.g., due to electronic noise, radon/thoron decay)
should not be reported.

15. Description of Occurrence:

On September 29, 2009, at approximately 0833, breaker B-1 on Diesel Bus 670-E-9 tripped open on a
ground fault indication and resulted in an automatic scram (shutdown) of the ATR. The breaker trip
resulted in a loss of power to the diesel generator powered pumps in three of the five experiment and
actuation of the associated pump breaker under-voltage scram signals. The three affected experiment
loops (1D-N, 2E-NW, and 1C-W) each had a combination of diesel and commercial powered pumps
operating to provide flow. Commercial power was uninterrupted and forced flow was maintained in all
affected loops. No reactor systems were affected. Operating cycle experiments were not adversely
affected.

Further investigation revealed a grounded motor stator for the 1C-W diesel powered pump motor M-3.
The associated diesel powered loop pump individual breakers located on Panel 670-E-21 between
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breaker B-1 and the operating loop pump motors (e.g., 1C-W pump M-3) do not have individual breaker
ground fault protection selective tripping setpoints established. Once the cause is fully determined and
corrected, the reactor can be restarted to continue the current operating cycle.

16. Is Subcontractor Involved? No

17. Operating Conditions of Facility at Time of Occurrence:

The ATR was operating at nominal full power for Cycle 145A-1.

18. Activity Category:

03 - Normal Operations (other than Activities specifically listed in this Category)

19. Immediate Actions Taken and Results:
Appropriate levels of BEA management and DOE-ID were notified of this event.

Established procedures for a reactor scram were performed and the reactor was verified to be in safe
shutdown condition.

Investigation into the cause of the ground fault trip of breaker B-1 on Diesel Bus 670-E-9 was initiated
which revealed a grounded motor stator for the 1C-W diesel powered pump motor M-3.

20. ISM:

6) N/A (Not applicable to ISM Core Functions as determined by management review.)

21. Cause Code(s):

A2B6C01 - Equipment/ material problem; Defective, Failed or Contaminated; Defective or failed part

22. Description of Cause:

The cause of this event was determined to be A2B6C01 - Defective or failed part. A grounded motor
stator for the 1C-W diesel powered pump motor M-3 caused a ground fault trip of breaker B-1 on Diesel
Bus 670-E-9, resulting in a reactor shutdown. As this pump is in a high radiation area, it is necessary for
the reactor to be shut down in order to adequately investigate/repair/replace the motor. Investigation will
occur during Cycle 145B-1 outage and motor repair/replacement will occur in a future outage as
priorities and resources allow. (See corrective action #1)

23. Evaluation (by Facility Manager/Designee):

https://orps.hss.doe.gov/ORPS/REPORTS/displayReport.asp?idx=126478 10/19/2010





NE-ID--BEA-ATR-2009-0022 Page 4 of 5

The only impact as a result of this event is programmatic. This motor is Sponsor-owned equipment.

24. Is Further Evaluation Required?: No

25. Corrective Actions
Local Tracking System Name: ICAMS

L. IRepair/replace 1C-W M-3 diesel powered pump motor. |

[Target Completion Date: 12/29/2010 | Tracking ID: ICARE 45175 |

26. Lessons Learned:

There are no lessons learned as this event is a result of equipment failure.

27. Similar Occurrence Report Numbers:

None

28. User-defined Field #1:
GB10

29. User-defined Field #2:

30. HQ Keyword(s):

011--Inadequate Conduct of Operations - Safety System Actuation/Evacuation
07C--Electrical Systems - Power Outage

07E--Electrical Systems - Electrical Equipment Failure

12E--EH Categories - Equipment Degradation/Failure

14L--Quality Assurance - No QA Deficiency

31. HQ Summary:

On September 29, 2009, an automatic scram (shutdown) of the Advanced Test Reactor (ATR) occurred
when circuit breaker B-1 on Diesel Bus 670-E-9 tripped open on a ground fault indication. The circuit
breaker trip resulted in a loss of power to the diesel generator powered pumps in three of the five
experiment loops and actuation of the associated pump circuit breaker under-voltage scram signals. The
three affected experiment loops (1D-N, 2E-NW, and 1C-W) each had a combination of diesel and
commercial powered pumps operating to provide flow. Commercial power was uninterrupted and forced
flow was maintained in all affected loops. Investigation into the cause of the ground fault trip of circuit
breaker B-1 revealed a grounded motor stator for the 1C-W diesel powered pump motor M-3. The
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reactor is in a safe condition and once the cause is fully determined and corrected, the reactor can be
restarted to continue the current operating cycle.

32. DOE Facility Representative Input:
report is clearly written and accurrate

Entered by: DENNING, RICHARD W Date: 11/30/2009

33. DOE Program Manager Input:

34. Approvals:

Approved by: SCHUEBERT, EDMOND ], Facility Manager/Designee
Date: 11/12/2009
Telephone No.: (208) 533-4246

Approved by: DENNING, RICHARD W, Facility Representative/Designee
Date: 11/30/2009
Telephone No.: (208) 526-5015

https://orps.hss.doe.gov/ORPS/REPORTS/displayReport.asp?idx=126478 10/19/2010
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~ |of the Advanced Test Reactor

[Entered By: _ [LoranKinghom

[DateEntered:|_[8 October2009 _
[Site:  [ATRComplex

ResPOI.ISib.I € ATR Programs Operations

(Organization: | [~~~ 7 e
Title: . |Lossofan Experiment Loop Operating Pump results in automatic shutdown

Discussion of
|Event/Condition:

Summary:

At 0147 on 8 October 2009 one of the two operating pumps in loop 2B-SE

|tripped on a zero net positive suction head (NPSH) signal from the Loop
'|Operating Control Station (LOCS) Distributed Control System (DCS). The
‘resulting pump M-2 breaker undervoltage condition resulted in an automatic
|scram (shutdown) of the Advanced Test Reactor (ATR). The zero NPSH
|signal was caused when the Experiment Operator placed the LOCS DCS for
loop 2B-SE in simulator mode to insert a loop conductivity parameter. There
'was no operational reason for entering the simulator mode and the operator |
|was acting without the use of an approved procedure and without supervisor |
knowledge. The experiment operator was unaware that when the :
|conductivity parameter was inserted there were other associated fields in this |
|simulator mode which default to zero. As a result, the actual 2B-SE
|pressurizer pressure signal went to zero which caused the NPSH signal to

momentarily go to zero which resulted in tripping the M-2 pump motor

, breaker.

|The other 2B-SE loop pump, M-3 (run-to-destruct pump) continued to
provide loop flow. No reactor systems were affected. Operating Cycle
lexperiments were not adversely affected.

|Action Taken: Established procedures for a reactor scram were performed
and the reactor was verified to be in safe shutdown condition. Management
|was informed, a critique was conducted and the cause of the scram was
determined to have been Operator error.

'[Following necessary actions and verification, the cause of the scram has been -
|corrected and the estimated Xenon precluded reactor start-up time »
|((approximately 36 to 38 hours) has lapsed and the reactor will be restarted to

|continue the current Operating Cycle. "

[Safety

|Significance: Low. The reactor loop action did not have a significant safety impact.
gReportability: | Gf(;up 4, Subgroup B, Sequence (5), "Signiﬁcance Category k4 -A facility

|operational event caused by deviating from a written procedure or using an
|inadequate procedure resulting in an adverse effect on safety, such as: an ‘
{inadvertent facility or operations shutdown (i.e., a change of operational
imode or curtailment of work or processes), facility or operations shutdown
{due to alarm response procedures, inadvertent process liquid transfer, or

‘linadvertent release of hazardous material from its engineered containment.






NE-ID--BEA-ATR-2009-0023 ~ Page 1of4
NE-IDQ-BEA-ATR-2009-0023 - . NOTIFICATION/FINAL _
Occurrence Report
After 2003 Redesign

Advanced Test Reactor
(Name of Facility)
Category "A" Reactors

(Facility Function)

Idaho National Laboratory .

Battelle Energy Alliance, LLC

(Laboratory, Site, or Organization)

- Name: SCHUEBERT, EDMOND J

Title: ATR OPERATIONS FACILITY MANAGER

Telephone No.: (208) 533-4246 - .

(Facility Manager/Designee)

Name: OWENS, MARJORIE A
Title: ATR OPERATIONS FACILITY ADMINISTRATI

Telephone No.: (208) 533-4563

(Originator/Transmitter)

Name: E. BRUCE [CRISWELL

Date: 10/08/2009

(Authorized Classifier (AC))

1. Occurrence Report Number: NE-ID--BEA-ATR-2009-0023

Loss of an Experiment Loop Operating Pump Results in Automatic Shutdown of the Advanced Test

Reactor (ATR)

2. Report Type al‘.;ld Date: NOTIFICATION/FINAL

| Date | Time |
[[Notification: Il 1011272000 | 1535 (ETZ) |
|nitial Update: || 10/12/2009 ][ 15:35 (ETZ) |
' [ILatest Update: | 10122009 | 1535 (ETZ) |
[Final: L 10/12/2009 ][ 1535 (ETZ) |
3. Significance Category: 4

4. Division or Proﬁwt: ATR Programs
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S. Secretaﬁal‘Oﬁﬁce: NE - Nuclear Energy, Science and Technology
6. System, Bldg;,j or Equipmenf: Advanced Test Reactor
7. UCNI?: No
8. Plant Area: LOCS
9. Date and Time Discovered:  10/08/2009 01:47 MTZ)
10. Date and Time Categorized:  10/08/2009 08:40 MTZ)

11. DOE HQ OC Notification:

| Date | Time | Person Notified || Organization |

[ Na [ Na ] NA Jl_ Na ]
- 12. Other Notifications: ,

| Date || Time || Person Notified || Organization |

| 10/08/2009 [[02:12 (MTZ)||R. Denning |DOE-ID ]

13. Subject or Title of Occurrence:

Loss of an Experiment Loop Operating Pump Results in Automatic Shutdown of the Advanced Test
Reactor (ATR)

14. Reporting Criteria:

4B(5) - A facility operational event caused by deviating from a written procedure or using an
inadequate procedure resulting in an adverse effect on safety, such as: an inadvertent facility or
operations shutdown (i.e., a change of operational mode or curtailment of work or processes), facility
or operations shutdown due to alarm response procedures, inadvertent process liquid transfer, or
inadvertent release!of hazardous material from its engineered containment.

15. Description of Occurrence:

At 0147 on October 8, 2009, one of the two operating pumps in loop 2B-SE tripped on a zero net
positive suction head (NPSH) signal from the Loop Operating Control Station (LOCS) Distributed
Control System (DCS). The resulting pump M-2 breaker undervoltage condition resulted in an
automatic scram (shutdown) of the Advanced Test Reactor (ATR). The zero NPSH signal was caused
when the Experiment Operator placed the LOCS DCS for loop 2B-SE in simulator mode to insert a loop
conductivity parameter. There was no operational reason for entering the simulator mode and the
operator was acting without the use of an approved procedure and without supervisor knowledge. The
experiment operator was unaware that when the conductivity parameter was inserted there were other
associated fields in this simulator mode which default to zero. As a result, the actual 2B-SE pressurizer
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* pressure signal went to zero causing the NPSH 51gnal to momentarily go to zero which resulted in-

. tmppmg the M-2- pump motor breaker.

The other 2B-SE loop pump, M-3 (run-to-destruct pump) continued to provide loop flow. No reactor
systems were affected. Operating Cycle experiments were not adversely affected.

Reportability of this event was not determined until the critique was held, therefore, the categorization
did not fall within the two-hour criteria.

16.1s Subcontractpr Involved? No

17. Operating Confditionsl of Facility at Time of Occurrence:

The Advanced Test|Reactor was operating at nominal full power for Cycle 145A-1.

18. Activity Category:

03 - Normal Opg¢rations (other than Activities specifically listed in this Category)

19. Immediate Actions Taken and Results:

Established procedures for a reactor scram were performed and the reactor was verified to be in safe
shutdown condition: Management was informed, a critique was conducted and the cause of the scram
was determined to have been Operator error.

Following necessary actions and verification, the cause of the scram has been corrected and the
estimated Xenon precluded reactor startup time (approximately 36 to 38 hours) has lapsed; the reactor
will be restarted to continue the current Operating Cycle.

20. ISM:

4) Perform Work Within Controls

21. Cause Code(s):i

22. Description of Cause:

23. Evaluation (by Facility Manager/Designee):

24. Is Further Eval}uation Required?: No

https ://omspublic.hgs.doe. gov/orps/reports/displayReport2.asp?crypt=2%87%C3%95%9Ba...  11/2/2010
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25. Corr'ective Actions
Local Tracking System Name: ICAMS

26. Lessons Learﬁed:

27. Similar Occurrence Report Numbers:

NE-ID--BEA-ATR-2008-0009

28. User-defined Field #1:
GB10

29. User-defined Field #2:

30. HQ Keyword(s):

14E--Quality Assurance - Work Process Deficiency

01I--Inadequate Conduct of Operations - Safety System Actuation/Evacuation
01N--Inadequate Conduct of Operations - Inadequate Job Planning (Other)

12B--EH Categoriés - Conduct of Operations

13A--Management Concerns - HQ Significant (High-lighted for Management attention)
01E--Inadequate Conduct of Operations - Operations Procedure Noncompliance

31. HQ Summary:

On October 8, 2009, one of the two operating pumps in loop 2B-SE tripped on a zero net positive
suction head (NPSH) signal from the Loop Operating Control Station (LOCS) Distributed Control
System (DCS). The]resulting pump M-2 circuit breaker undervoltage condition resulted in an automatic
scram of the Advanced Test Reactor. The zero NPSH signal was caused when the Experiment Operator
placed the LOCS DCS for loop 2B-SE in simulator mode to insert a loop conductivity parameter. There
was no operational reason for entering the simulator mode and the operator was acting without the use
of an approved procedure and without supervisor knowledge. The experiment operator was unaware that
when the conductivity parameter was inserted there were other associated fields in this simulator mode
which default to zero. As a result, the actual 2B-SE pressurizer pressure signal went to zero causing the
NPSH signal to momentarily go to zero which resulted in tripping the M-2 pump motor circuit breaker.
Reactor scram procedures were performed and the reactor was verified to be in safe shutdown condition.
A critique was conducted and the cause of the scram was determined to have been operator error.

https://orpspublic.hs;s.doe.gov/orps/reports/displayReport2.asp‘?crypt=%87%C3%95%9Ba... 11/2/2010
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For EHES-related events: Transmlt the approved critique report to the DOE-ID Facility Representative as soon as possible, but within 8 hours
following the critique. 1

Facility/Area: ATR

Critique Title: Reactor Sjcram Due To Operator Error

Date & Time of Event: ' 10/08/2009 @ 0147 -

Date & Time of Critique: : 10/08/2009 @ 0740

Descnptlon of Event (lnclude a detailed description of the event with times and a nonpersonalized designation of each person involved
in the event): (mandatory for EHES—related events):

On 10/08/2009 @ 0147 a\ reactor SCRAM was experienced due to an operator error. An Experiment Operator (EO) decided to enter
the "Simulate” mode on tﬁe Loop Distributed Control System (DCS) in order to "round” conductivity numbers within the test loops.
There are no procedures br training on the simulate mode. The EO did not check with the Senior Experiment Operator (SEO) prior to
making this decision. The EO was successful in adjustments to Loops 1C and 1D. When the EO made the adjustment on Loop 2B a
scram signal was mmated due to a 0 psig signal on pressurizer pressure causing a low Net Positive Suction Head (NPSH) which
secured the Loop pump cgusmg the reactor to SCRAM. The I/O (Input/Output) modules are set different between the East and West

Loops. The EO was unaMare that changing fhis value would affect multiple values with this 1/0 module. This is the first time this EO
has attempted this action.,
Categorized as: (include a;l brief discussion on the justification supporting the categorization)

Reportable per LWP-9301' Goup 4 Facility Status,Sub Group B Operations, Seq 5, Sig Cat 4.

"A facility operational event caused by deviating from a written procedure or using an inadequate procedure resulting in an adverse

effect on safety, such as: an inadvertent facility or operations shutdown (i.e., a change of operational mode or curtailment of work or
' processes) facmty or operatlons shutdown due to alarm response procedures, inadvertent process liquid transfer, or inadvertent
release of hazardous matenal from its englneered containment.”

Notifications Made:

To: Operations Manager Date: 10/08/2009 Time: 0157
To: DOE Facility Manager _ Date: 10/08/2009 Time: 0158
To: Engineering Manager Date: 10/08/2009 Time: 0235

Procedure/Reference Appiicable to the Event:

[ No further analysis required 1 Apparent Cagse?lnalysis Warrar}ted [ Formal Cause Analysis Warranted:
L. W. Kinghorn N 10/08/2009
Critique Leader ) Critique Leader Date
Print/Type Name Signature ‘
|

Cause Analyst Cause Analyst Date
Print/Type Name Signatur \ ‘

L.W. Kinghom = 2 e o~ 10/08/2009
Facility Manager / Facility Manager Date

Print/Type Name . Signature
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For critique reports involving unplanned access to, or contact with, energized high energy systems (EHES), obtain approval of the
appropriate Associate Léboratow Director or Directorate Director. The approval signature shall indicate agreement that the facts
were determined and recorded as completely as possible and that decisions were made relative to securing the event and
immediate corrective actions.

Print/Type Name and Position ' -Signature —l | Date —I

PART 1 — EVENT RECONSTRUCTION

1. Operaﬁng conditions ati time of event: (mandatory for EHES-related events):
Full Power Nf , ’

2. Detailed chronology of xievent: _

0147-Reactor (Rx) SCRAM entered E-O. Rx SCRAM is from 2B-SE M-2 pump trip. The pump tripped on low NPSH but no Loop
pressures or temperatures lowered which would cause NPSH to lower. '

0157-Contacted the Operajtions Manager L. Kinghorn and informed him of the SCRAM. »

0158-Exited E-0. Entered Rx Outage per DOP-7.2.7

0212 Notified DOE Facility Manager R. Denning of the SCRAM.

0217-Notified M. Stengel of the SCRAM.

0235-Notified Engineeringi Manager S.K. Penny of the SCRAM.

0340-The EO réported he caused the SCRAM by using a Simulator Function on the LOCS to manually input a conductivity value and
not understanding he also}would change PZR Channel B pressure to 0.0 psig which is an input to the NPSH calculator. Notified
Operations Manager. |

|0640-Reviewed logbook for the previous 24 hours. Shift #1 0700-1900 10/08/2009

10658-SS M. Trumblee relitjaved the watch, conditions as before.

Immediate actions taken and results: (mandatory for EHES-related events):’
3

E.-O completed. Plant in stable shut down condtion.
EO has been removed from watch.

4. Data collection:

Personnel Statemenjt:
Personnel Statements rec(aived from SS, SEQ, and EO.

Physical Evidence; éarts, debris, hardware:

Documentation; papjer and electronic information, data sheets, logs, procedures:
Logbook entry :

Other relevant information:
Critique Attendance Roster

Critique Minutes’
Attach Form 231.05, Personnel Statement Form and Form 231.09, Critique Attendance Sheet

PART 2 — EVENT ANALYSIS & EVALUATION
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A.  Comparison of actual and expected response (equipment and personnel):
Expected Response: ?
1. Certified Operatbrs use approved procedures.
2. First time events Inform SEO and or SS and brief.
3. If no procedure is written, Stop and inform management before going forward.
4. Operator tralned to perform evolution.
Actual Response:

1. No procedure was used because it was never intended to be used in Simulator Mode by the Operators to run the plant.

2. Loop Operator s‘tated this was a first time event, but did not inform SEO or SS.

3. No training for the Operator to use the Simulator Mode on Loop DCS was given, but it was somethmg he learned during
system operatlonal testing (SOT).

4. No brief from SEO because EQ never informed him of intended deviation from conductivity OMM procedure

5. Trouble shootlng after R« SCRAM. EO did not inform SEO of reproducing the events by gomg in to Simulator Mode. There
was no brief, no|permission, and no procedure to direct these activities.

B.  Factors affecting huhan performance:

Confusing di‘:splays or controls
Work-arounds/O0S instructions
Hidden systems response
Unexpected |equipment conditions
Lack of alternative indications

Personality conflicts

Assumptions, inaccurate mental picture
Complacency/overconfidence

Mindset, "tuned” to see what you expect to see
Inaccurate risk perception

Mental shortcuts

Limited short term memory

Task Demands Individual Capabilities
] Time pressure X] Unfamiliarity with task/First time
[0 High workioad O Lack of knowledge
O Simultaneous, multiple task New technique not used before
[J Repetitive actions, monotonous [1 Imprecise communication habits
O Irrecoverable acts (]  Lack of proficiency/inexperience
L1 Interpretation of requirements [1 Indistinct problem-solving skills
[ Unclear goals, roles & responsibilities Hazardous attitude for critical task
[0 Lackofor uhclear standards O liness/fatigue
Work Environment ‘ Huma Nature
Distractions/Interruptions [ stress
Changes/De:partures from routine [0 Habit patterns
X
J
X
U
0

Hininninininin

Other:

Causes: (See DOE Guide 231.1-2, Occurrences Reporting Causal Analysis, or LWP-9301
for the Cause Aﬁalysis Tree and associated Cause Codes.) A3B3C05: Wrong assumptions were made based on the belief

that two or more facts are related to each other and incorrect actions were taken based on the assumption. NOTE: This also

covers the case where there is an incorrect assumption that two or more facts do not correlate when they do.
C.  Preliminary Root Cause Analysis (mandatory for EHES-related events):

D.  Similar Event: :
ORPS NE-ID-BEA-ATR-2008-0009 ICARE DR #42786 & Action #43207 (BIT Toggle 1C-W Event)

E.  Additional Actions Necessary for Resumption of Operations:

F.  Lessons Learned: ‘ .
The Training Department will make this event a case study for further training.
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G.  Corrective Actions:
1. Night orders to reflect absolutely NO use of Simulate mode.

2. Engineer George Martsjto evaluate possibility of controlling accéss to "Simulate Mode". Also, to evaluate other modes or programs
that may be useful so propeér training can be addressed.

3. Engineering to evaluate|what was done, what systems were effected and appropriate measures to correct prior to start up. A letter
from G. Marts to L. Kinghoﬁn to be composed. ‘

4. Operations Managemerit to brief all crews with Tailgate on events.

5. Station Manager to resejt Station Clock and issue a spot light on the clock reset.
'16. ATR Oversight and Assurance Manager to complete INR.
7.
8.
9.

ATR Oversight and Assurance Manager to review past corrective actions for effectiveness.
EO removed from Watch

EO to attend remedial training to requalify.

10. Training Department td make this event a case study for further training.
11. Add lessons learned to EO school.
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1. INTRODUCTION

Before the start of each Advanced Test Reactor (ATR) operating cycle, a physics analysis
is performed and documented. The primary purpose of this analysis is to ensure that the
fuel element safety basis limits are not exceeded during a specific operating cycle. The

_results of this analysis are included in the Core Safety Assurance Package (CSAP) for the
cycle. The CSAP is used by the reactor operators during the cycle.

11 Description of the Issue

Routine surveillance of the operation of Cycle 145B, including the startup critical
shim prediction and a comparison of the actual excess reactivity to the calculated
excess reactivity, raised questions with the ATR nuclear engineering staff that the
reactor performance was not consistent with historical behavior. Investigation
indicated that the cross-sections used in the physics analysis for the test in the

- center lobe of ATR were inaccurate. The reactor was shut down while the
physics analysis was redone with revised cross-sections for the center lobe test.
The CSAP was revised and reissued for use by the ATR operators.

1.2 Problem Statement

There are several questions that need to be answered. First, were inaccurate
neutron cross-sections generated and used in the physics analysis? Second, how
significant were the differences between the first and second physics calculations?
Third, if this sort of thing happens again, is it necessary to shut down the reactor
while awaiting revised physics analysis results?

2, BACKGROUND
2.1  Preparation of Cross-Sections to be Used in the Physics Analysis

Figure 1 shows a cross-section of the ATR reactor core. The fuel elements
(numbered 1 through 40) are laid out in a serpentine design which surrounds, or
partially surrounds, 9 flux traps. A variety of tests are irradiated in the 9 flux
traps and in other locations in and around the ATR core.

When a new test is proposed for inclusion in ATR, the analyst evaluates the best
way to model the geometry of the test within the 2-dimensional PDQ physics
model. Next, the analyst uses appropriate software to develop the cross-sections
necessary to represent the test in the physics model.

The specific software used to develop the cross-sections depends on the materials
and geometry of the new test. The code, S, Code for the Analysis of Multigroup
Problems (SCAMP), is often used for this purpose. SCAMP is a 1-dimensional
transport code capable of modeling rectangular, cylindrical, or spherical
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Figure 1. ATR core layout with experiment positions

geometries. The cylindrical geometry is normally used when deriving neutron
cross-sections for use by PDQ. The cylindrical models used by SCAMP must be
built using regions delineated by concentric circles centered at the center of the ,
flux trap. These concentric circles become larger and larger and ultimately reach
the fuel elements where, for most of the flux traps, the concentric circles match -
with the curvature of the fuel plates. However, for the center flux trap, the
concentric circles do not match the curvature of the surrounding fuel plates. This
mismatch of geometry could explain why, over the years, it has been observed

that SCAMP models of tests in the center flux trap often provide cross-sections
that are less accurate than the other lobes. Analysts, using engineering judgment,

| Form412.09 (Rev. 09) = - .
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have concluded that center lobe test cross-sections may not be as accurate as those

- produced for other lobes, but that the cross-sections provide sufficient accuracy to

ensure the safety of the core.
The AFIP. Test

In 2006 the ATR Full-Size Plate In Center Flux Trap Position (AFIP) experiment
was proposed to be inserted into ATR. The AFIP test was initially designed to
hold four plates. Each plate was about half the length of the ATR core. The
design allowed 2 flat plates to be stacked one on top of the other in each of two
vertical columns. When all four plates contained fuel, the test was called a 4-plate
test. When the two plates in one column contained fuel and the two plates in the
other column were unfueled, the test was called a 2-plate test. The reactivity of
these two configurations was analytically determined to be significantly different
from each other.! Thus, a backup test was developed for each configuration. One
backup test consisted of an aluminum rod having a 1-inch diameter hole in the
center (BU-1), while the other backup test consisted-of an aluminum rod with a
Ya-inch diameter hole in the center (BU-2). The reactivity of BU-1 matched fairly
well with the reactivity of the 2-plate test and the reactivity of BU-2 matched
fairly well with the reactivity of the 4-plate test.

In Jate 2007, cross-section sets were developed using SCAMP to represent the 2-
plate test, the 4-plate test, BU-1, and BU-2. In February of 2008, the first AFIP
test was inserted in ATR. It was a 2-plate test inserted in Cycle 141A. A variety
of different AFIP configurations>**>%7-8 involving either one column or two
columns of fueled plates were inserted in ATR from F ebruary 2008 through
October 2009. The first time an AFIP backup test’® was used in ATR was in
November 2009 at the start of Cycle 145B, the cycle that is the focus of this

technical evaluation. '
Historical Tracking of Excess Reactivity

In late 1994 the physics analysis software (notably PDQ) was modified to run on
a UNIX workstation instead of a mainframe computer.!® Since then, the physics
analysis software has remained essentially the same and has been used to perform
the physics analysis of nearly 100 ATR cycles. The analysis results have been
compared to actual reactor performance. Figure 2 shows the typical comparison
of calculated and observed excess reactivity during ATR Cycle 145A. No
significant deviation from this behavior would be expected and an observed
deviation from this behavior would be noteworthy.
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Figure 2. Typical plot of excess reactivity (cycle 145A).
3. Description of Cycle 145B Calculation Inaccuracy
3.1  Timeline with Comments

* January — March, 2007 - Drawings of the various AFIP experiment configurations
" began to be available. (For example, see reference 11.)

* June, 2007 - The initial MCNP physics analysis of the AFIP experiment was
documented.?

» September — December, 2007 - The AFIP experiment was measured in
ATRC." The ATRC measurements of the reactivity of the test and the

backups agreed with the reactivity predicted by the MCNP calculations to within
0.05$.

*  October — December, 2007 - SCAMP was used to generate cross-sections for two
AFTP test configurations and two AFIP backup configurations.
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These analyses were not formally documented which is consistent with normal
practice. The analyses of the two fueled test configurations were checked but the
analyses of the backup configurations were not formally checked. Normal
practice at the time would have been to formally check all four of the analyses

- soon after they were completed.

* December 2007 through December 2008 - The computer files associated with the
cross-section generation process were preserved on the workstation where the
analysis was performed (brimstone). ' -

*  December 2008 through January 2009 — The computer files associated with the
cross-section generation process were transferred to another workstation (castalia)
and the original workstation (brimstone) was retired. Nothing crucial was lost in
the transfer. The only information lost was the exact date that some of the files
were created. '

+ September 2, 2009 - The letter describing the CFT Experiment Loading for Cycle
145B-1 is issued. It states that the backup test is to be used at the discretion of
Nuclear Safety.’

*  September 21, 2009 - Preliminary Experiment Requirements Letter' stated that
an AFIP backup would be inserted in the center lobe, but did not specify which
backup was to be used. Revisions 1;2, and 3' of this letter were also non-
specific about which backup, BU-1 or BU-2, would be inserted. Revision 3 of the
letter was dated October 15, 2009.

*  October 20, 2009 — PDQ calculations were completed for cycle 145B-1. The
calculations were performed using the cross-sections generated by SCAMP in late
2007 for the AFIP BU-2 backup configuration. The entire suite of physics
calculations was completed before November 2, 2009.

"+ October 2009 - Review of ECAR-807, Results of Reactor Physics Safety Analysis
for Advanced Test Reactor Cycle 145B,17 was initiated and the reviewer noted
that Revision 3 of the Preliminary Experiment Requirements Letter'® did not state
a specific AFIP backup but that the PDQ calculations assumed the use of AFIP
backup BU-2. Reviewer initiated discussion to correct the Preliminary
Experiment Requirements Letter.

* November 2, 2009 - Preliminary Experiment Requirements Letter, Revision 4'%
stated that the AFIP backup BU-2 would be inserted in the center lobe.

* November 3, 2009 — ECAR-807,17 was issued and stated that AFIP BU-2 would
be in the center lobe

* November 10, 2009 - Preliminary Experiment Requirements Letter, Revision 5%
stated that the AFIP backup BU-2 would be inserted in the center lobe.
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November 10, 2009 — CSAP submitted to SORC fbr review.

November 22, 2009 — Reactor attained criticality. The predicted shim position for
criticality based on the PDQ calculation was 53.2°, corresponding to a worth of

-4.4418. The empirical method, which estimates critical shim position based on

previous cyele loading and performance, predicted a position of 42.8°,
corresponding to a worth of 3.146$. Thus, there was a difference of 1.30$
between the two predictions.. o :

This difference was somewhat larger than normal, but is not indicative of an error
in either the PDQ or empirical shim prediction calculation. As an example, the
difference between the PDQ and empirical shim predication for Cycle 145A was
1.263. For Cycle 145A, the difference between the actual critical shim position
and the PDQ prediction (-0.38%) was less than the difference between the actual
critical shim position and the empirical prediction (0.89%). For Cycle 145B, the

.nominal average predicted shim position was 48.1° with an upper limit of 54.0°,

and a lower limit of 39.7° which corresponds to +0.75$ and -1.0$. The reactor
actually went critical at a shim position of 42.8° which was much earlier than the
nominal predicted value. However, since it was within limits it was judged to be
acceptable.

November 30, 2009 — The first core monitoring data point was taken.

Morning of December 1, 2009 — The second core monitoring data point was
taken. The two core monitoring data points raised suspicions (compare Figure 3
to Figure 2) about the validity of the physics calculation even though they were
within normally accepted limits. An investigation into the cause of the
discrepancy began.

Morning of December 1, 2009 — Determined that the AFIP BU-2 test cross-
sections, used in the original PDQ calculation, resulted in a calculated reactivity
change that deviated by about 0.80$ from that measured in ATRC. Nuclear
Engineering staff began to evaluate the SCAMP model that had been used to
develop the cross-sections for BU-2.

Morning of December 1, 2009 — Work began to repeat the physics calculation
using cross-sections for the AFIP 4-plate test instead of AFIP BU-2. This was an
appropriate alternative because the reactivity of each, when measured in ATRC,
differed by only about 0.08$.'4%
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Figure 3. Plot of excess reactivity for cycle 145B compared to original PDQ calculation.

* Late morning of December 1, 2009 — Nuclear Engineering staff met with
operations staff to discuss the situation. Operations staff, referring to TSR-186,
3.6.1, SR 4.6.1.1, concluded that the reactor should be shut down. Nuclear ,
Engineering staff, knowing that the inaccuracy would not risk a violation of the
Effective Plate Power limits, advised that the reactor did not need to be shut
down. The decision was made to err on the side of conservatism and shut the

reactor down.

* Approximately Noon, December 1, 2009 — The reactor was shut down.

* December 2, 2009 — Nuclear Engineering determined that the AFIP BU-2
SCAMP model had used the wrong diameter hole in the center of the rod.
Nuclear Engineering found that the SCAMP model had not been checked

previously for accuracy.
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Figure 4. Plot of excess reactivity for Cycle 145B compared to revised PDQ calculation.

* December 2, 2009 - Revised physics calculations completed. A comparison of
the surveillance excess reactivity data to the new calculated excess reactivity
showed good agreement — see Figure 4.

* December 3, 2009 - Revised physics ECAR (ECAR-807, rev.1) completed.

* Approximately 5 pm, December 3, 2009 - Revised CSAP completed.

* Early December 4, 2009 - Reactor restart.
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32

33

Logic for Reactor Shut Down

SR 4.6.1.1 requires that we “Verify reactor performance calculation” prior to
REACTOR OPERATION after CORE CHANGES and “prior to planned changes
not within the existing reactor performance calculation.”

Action Statement 3.6.1 E.1 states “Reactor performance calculation not verified”
verify reactor scram immediately. : '

TSR Bases notes that the surveillance ensures that the core operates within the
safety analysis assumptions. ' »

The TSR does not allow time to analyze the consequence of an analysis déviation
prior to reactor shut down. Nor does it allow that the reactor may not need to be
shut down at all if the consequence is determined to be acceptable.

Consequence of Inaccuracy

A few specific values from the physics analysis are incorporated into the CSAP.
A review of the original and the revised CSAP has been performed to evaluate the
consequences of the use of inaccurate cross-sections in the initial physics
calculation.

On page 2 of the CSAP, reactivity values for control surfaces (i.e. safety rods and
regulating rods) were compared to the applicable SAR or TSR limits. The largest
adjustment resulted in a less than 4% change in reactivity. All reactivity values
are at least 1.00$ from the applicable limit. Thus, neither the original nor the
revised values are significantly close to exceeding the applicable limits.

On page 4 of the CSAP, the maximum center lobe power was increased due to the
direct effect of a change in the modeling of the center lobe experiment backup.
The modeling change created an increase in center lobe reactivity of significant
magnitude to cause the maximum lobe power to increase by 1 MW.

On page 6 of the CSAP, there are two Tables which reference Effective Plate
Power values that are calculated by the physics analysis. All of the values are
limited by safety considerations and must be less than 362. The maximum
calculated value in the original CSAP is 262 and in the revised CSAP is 274.
Neither the original nor the revised values are significantly close to exceeding the
limit.

On page 7 of the CSAP, the maximum fuel element power and the highest point-
to-average power density were changed. The maximum element power affects
the fuel element cooling time (discussed below). The highest point-to-average
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power density affects the element to be inspected after the cycle completes.
Although the value changed, the element with the highest power density did not.
Thus, the particular elements named remained the same.

On page 13 of the CSAP, reactivity insertions due to voiding increased by a
maximum of 1.7%. Neither the original nor the revised values are significantly
close to exceeding the applicable limits.

On page 15 of the CSAP, Table IV lists the Reference Lobe Power for Quadrant
AT Setpoints. Lower values are more limiting than higher values. All of the
values in the table changed except the value for the NW lobe. The value which -
lowered by the largest percentage was for the SE lobe. It went down from 59.9
MW to 59.4 MW which corresponds to a 0.83% change. The PDQ calculations!’
show that the SE lobe power would not exceed 36.56 MW even if the AT setpoint
for the SE lobe were incorrectly set at 59.9 MW rather than 59.4 MW.

On page 20 of the CSAP, fuel elements that are expected to no longer have
recycle potential are listed. An additional element was added to this list. The list
is only used for planning purposes. Actual element recycle potential is evaluated
once a cycle is completed. :

On page 21 of the CSAP, there is a table listing the Effective Point Powers
calculated by the physics analysis. All of the values are limited by safety
considerations and must be less than 428. The largest table value changed from
312 in the original calculation to 325 in the revised calculation. Neither the
original nor the revised values are significantly close to exceeding the limit.

On page 22 of the CSAP, the fuel element cooling time is presented. Although
the original calculation presented a maximum element power of 4.34 MW and the
revised calculation presented a value of 4.44 MW, the resulting cooling time for
both cases was 4.1 hours.

On page 28 of the CSAP, a table lists the lobe MWd exposure at the fission
density limit for each of the 5 lobes of the reactor. It also lists the corresponding
effective full power days (EFPD) which can be operated, assuming lobe
maximum power, before reaching the lobe MWd limit. The maximum power for
the center lobe is typically set high to allow for an expedited cycle startup, but for
most of the cycle, the center lobe power will be much lower. Consequently, for.
most ATR cycles, the center lobe EFPD limit shown in this table is shorter than
the cycle length. Typically this issue is addressed in the CSAP by saying,
“...exceeding the fission density limit is considered improbable. Nuclear
Engineering will track actual C Lobe MWds, to ensure fissions density limits in
the C Lobe are not exceeded during the cycle.”

The original calculation found a center lobe limit of 1630 MWd of exposure
which equated to 54.3 EFPDs. The revised calculation found a center lobe limit
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of 1578 MWd of exposure which equated to 50.9 EFPDs. Both of the EFPD
values are shorter than the planned cycle length of 56 EFPDs. In each case the
CSAP addressed that issue with the statement shown in the previous paragraph so
the difference between the two calculations made no difference in the execution
of the cycle. The power history letter, issued after the completion of cycle
145B,% indicated that the center lobe power, averaged over the full cycle length
of 57.3 EFPDs, was 23 MW. Thus the center lobe operated for 1321.4 MWd,_

. which was below the limit allowed in either of the calculations.

On Page 35 of the CSAP, maximum relative source powers were listed. The

‘largest change in source power was 2.3%. On Page 36 of the CSAP, the power

limits are listed. The largest change in absolute power limits was 3.3%. The
largest change in relative power limits was 4.1%. These limits for both the
original and the revised calculation are greater than the powers planned during
cycle operation. '

4. Evaluation

4.1

The Physics Analysis Process

The physics analysis for each ATR cycle is performed by following a guidance
document which is saved on the ATR nuclear engineering file server. Typically,
the experiments included in a new cycle are mostly the same as those loaded in a
previous cycle. Thus for most cycles the PDQ input deck includes very few new
cross-section sets. As each set of cross-sections is developed for the first time it is
labeled with descriptive text to indicate what is represented by those cross-
sections. As a part of the physics analysis process, an independent “data verifier”
completes a checklist? to help assure that the physics calculation has been
performed correctly. The checklist includes a section in which the text
descriptions are compared to the Preliminary Experiment Requirements letter (see
for example reference 19.) During the check of the original physics calculation,
the verifier found that the text describing the center lobe test said it was the AFIP
¥2” backup test. The data verifier compared this description to Revision 3 of the
Preliminary Experiment Requirements letter.!® Although that revision of the
letter was not specific about which AFIP backup test was being used, the verifier
accepted it. The next revision of the letter'® did indicate that the center lobe test
was AFIP BU-2, the %” backup test. Thus, the calculation appeared to be using
the correct cross-sections for the center lobe test.

Although there were a series of Preliminary Experiment Requirements letters that
did not clearly define which AFIP backup test was planned to be inserted in Cycle
145B, the cross-sections used in the PDQ analysis were the ones that had been
developed for the test that was included. Therefore, the uncertainty in the

- Preliminary Experiment Requirements letter did not contribute to the inaccuracy

of the calculation.
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The cross-sections for the AFIP BU-2 test were developed during late 2007. The
files related to that development process have been examined and informally
checked since the problem occurred. The files associated with the development
of the cross-sections for the 2-plate test, the 4-plate test, and the 1-inch backup
test (BU-1) all appear to be correct. The SCAMP input deck for the %” backup
test (BU-2) erroneously used a diameter of the innermost region (the water-filled
central hole) of 0.875 inches instead of 0.5 inches. It is not known how this
erroneous value came to be used, but if the model had been formally checked, this
error would have been found. In 2007, and still today, there is no formal process
in place to check the development of cross-sections for new tests planned for
'ATR. A formal procéss to check the development of cross-sections needs to be
implemented.

4.2 The Decision to Shut Down the Reactor

ATR staff referred to Technical Safety Requirements for the Advanced Test
Reactor, TSR-186-A-3/4.6, section 3.6.1, Bases SR 4.6.1.1. Specifically, the last
sentence in that section states that the 24 hour grace period provision of SR 4.0.3
does not apply because “REACTOR OPERATION without an analysis or outside
the analysis is not allowed”. Thus, the TSR provides no allowance to evaluate the
significance of the CSAP inaccuracy while the reactor remains at power, so the
reactor was shut down. If it had been possible to allow the reactor to run while
the significance was evaluated, it would have been evident that the reactor could
have remained at power without any more risk than is accepted during normal
operation.

FILE LOCATION

The files associated with this evaluation are located on workstation castalia. The files
associated with the original SCAMP calculations are located in directory
/disk4/prod/afip. The files associated with the original PDQ analysis are located in
directory /disk3/prod/atr/cy145b_error. The files associated with the revised PDQ
analysis are located in directory /disk3/prod/atr/cy145b_csap.

RECOMMENDATION

A formal process to check the development of cross-sections needs to be implemented.
TSR-186 does not currently allow the reactor to remain at power during the time that the
consequences of an inaccuracy in the physics analysis are being evaluated. Adding a
provision in TSR-186 to allow short-term continuation of operation could avoid a reactor
shut down.
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7.

CONCLUSIONS

An appropriate questioning attitude successfully identified an inaccuracy in the physics
analysis for ATR Cycle 145B. Even though the discrepancy was minor and the
consequences were insignificant, the proper course of action was followed. The reactor
was shut down quickly, the situation was corrected, and the reactor was restarted without

- any significant delay. A lesson has been learned that a formal process must be

implemented to check the development of cross-sections to be used in PDQ input models.
It may be advisable to revise TSR-186 to allow continued reactor operation while the
consequences of a physics analysis inaccuracy are being evaluated. .
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Appendixes
Appendix A — Heat Exchanger Model and Results
Appendix B — Heat Exchanger Anchorage Capacity

Scope and Structural System or Component (SSC) Description

This analysis evaluates the Advanced Test Reactor (ATR) primary coolant system (PCS) heat exchangers under loads
imposed by the recently developed in-structure seismic motions of the probabilistic soil-structure interaction analysis
(PSSI) (Ref 1). The attached piping imposes significant loads on the heat exchanger nozzles, which are accounted for by
including the piping in the model to a sufficient extent to properly develop the loads. The modeling and results are
documented in Appendix A. The structural evaluation is documented in Appendix B. '

There are five heat exchangers located in the heat exchanger pit in the primary coolant piping space of the ATR. The
heat exchangers are approximately 38 feet tall and 6 feet in diameter. Details of the heat exchangers are provided in
Appendix A.

Design Inputs and Sources
. a) Quality Level 1 is defined per QLD RTC-000550, "Seismic Analysis of ATR Seismic Category 1 SSC"
b) ATR SC-1 structures, systems and components (SSC) are analyzed for PC-4 loading, which is the project
direction of the ATR Seismic Assessment Project, per PLN-588 (Ref. 2). ,
¢) Seismic inputs are taken from the probabilistic soil-structure interaction analysis (PSSI) (Ref 1)
d) Acceptance Criteria are per DOE-STD-1020 (Ref. 3).
€) The analysis followed the provisions of ASCE 4-98 (Ref. 4)

Resuits of Literature Searches and Other Background Data

The heat exchangers were evaluated in 1975 in TR-570 (Ref. 5), which applied the site independent Housner-style
response spectrum in use at the time. Based upon the results of that evaluation, two lateral bracing systems were added.
Near the tops of the heat exchangers, seismic support rods were installed around the shell and were tied back to the heat
exchanger room north and south walls with rods anchored to plates installed in the walls with expansion bolts. The
second lateral bracing system involved the installation of struts between the reinforced concrete and steel columns
supporting the heat exchanger. The intent of these struts is to carry lateral loads to the heat exchanger pit walls, and thus
prevent bending overload of the support pillars. The bracing design is depicted in Figure 1.

In 2005, some anomalies regarding anchor bolt installation were discovered in the seismic bracing, and a structural
evaluation was undertaken to determine the acceptability of the existing design (Ref. 6). This evaluation was not done to
more modern definitions of the safe shutdown earthquake (SSE), but rather used the existing loads from Ref. 5. After
some correction to the anchor bolt installation (Ref. 7), the bracing was left in a condition adequate to support the loads
calculated in 1975.
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A new site-specific probabilistic seismic hazard analysis was completed in the 1990's and used to define a design basis
earthquake (DBE) for the ATR. The most recent update to that DBE was issued in 2002 (Ref. 8). The ATR Seismic
Assessment project (Ref. 2) was undertaken to evaluate existing ATR seismic category 1 items against this newly defined
SSE. The first step in that process was to complete a soil-structure interaction (SS1) analysis of the TRA-670 building
(Ref. 1) which is based upon the SSE. One of the key results of the soil-structure interaction analysis is the definition of
sets of seismic motions to be applied simultaneously at various building locations. These are defined in terms of 32
response motion sets, each associated with the response of the building to the same input earthquake motion appilied to
the SSI medel with different soil parameters. The soil parameters were varied in the SSI analysis to match a probabilistic
distribution of soil properties. Each of the 32 input motion sets was applied to the heat exchanger model, with the
resulting demands sorted in ascending order and the seventh from the maximum taken as the demand associated with an
80% nonexceedence probability.
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Figure 1: Heat Exchanger with Bracing
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Assumptions

it is assumed that the heat exchangers and supports are accurately represented by their drawings. While an on-site
walkdown was performed, it was not practical to field verify every parameter important to this analysis. This assumption is
justified by the walkdown, and the long operational history of the heat exchangers where design discrepancies would
likely have been noticed. Structural evaluation procedures recognize that variations of parameters as found in the field
will vary from those used in the evaluations, and take this variation into account.

It is also assumed that the material condition of the heat exchangers is like-new. The shells and steel supports are
painted, and are located indoors in a.dry and mild environment. The heat exchangers are subject to periodic inspection
and evaluation of the inspection results, which is outside the scope of this analysis. '

Computer Code Validation

Two software codes were used to create and solve FE models. The IDEAS Simulation software (Ref. 9) was used to
create the finite element models. An I-DEAS export feature was then used to create an ABAQUS input file. Minor text
edits were made to the file to incorporate features not available in I-DEAS, with.the results read into'ABAQUS Standard,
Version 8.7-5 (Ref. 10 for processing. ABAQUS Standard validated the input, performed the solution runs, and
generated post-processing results for each model. ABAQUS Standard and Explicit, version 6.7-5 have been validated
following company procedures and documented in ECAR-202 (Ref. 11).

A Precision 690 workstation, which has 4 CPUs, 8 GB RAM, and runs on dual Linux and Windows platforms, was used in
the analysis. The ABAQUS Standard and Explicit, version 6.7-5 evaluation was performed on SUSE Linux 10.1.

Some response spectra were generated with ReSpect, a software program that was validated by comparison to the

" results of a MathCad calculation (Appendix A, Section A_3.4.1 in ECAR-194 (Ref. 15)). Additional response spectra were
generated with ReSpect_var, a software program that was validated by comparison to the resuits of a MathCad
calculation (Appendix A, Section A.3.4.2 in ECAR-194 (Ref. 15)).

Calculations were also done using Microsoft Excel software (Ref. 12) and the Mathsoft Mathcad software (Ref. 13) on a
variety of platforms. This analysis software has been independently validated by visual inspection or hand calculation
during the checking process. ,

Calculations

Analysis Overview: The analysis approach uses a probabilistic time-domain nonlinear finite element model of the heat
exchangers and the major associated piping. Time history input is taken from the probabilistic soil-structure interaction
analysis of TRA-670 (Ref. 1). Appropriate inputs are selected independently for model anchor points from the locations
‘available in the S8l report. The time histories are repopulated to a 0.005 second baseline corrected to remove drift, and
otherwise conditioned as detailed in Appendix A. :

Rayleigh damping (mass and stiffriess proportional) parameters are selected to achieve a system level response that
closely matches the 5% modal damping response of a corresponding linear system. The nonlinear system model is
soived through direct integration for the 32 sets of independent time histories taken from the SSI analysis. A gravity load
was applied prior to application of the seismic loads, so weight was considered in conjunction with the seismic loading.
80% nonexceedance probability level results are reported for stresses in the heat exchanger shel, nozzles, and lugs, and
as forces and moment reactions at the heat exchanger supports. This process and the results are documented in detail in
Appendix A. ' :

Evaluation Overview: The anchor bolt connection between the heat exchanger lug and the concrete pillar i‘s identified as
a likely governing location for the structural system. Capacities for this connection are calculated based upon ACI-318-05
(Ref. 14). The capacity is compared to the demand reported in Appendix A.

R
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Results: The shear'demand in the connection between the heat exchanger lug and the concrete pillar excéeds the
capacity with a demand to‘capacity ratio of about 1.9. The controlling failure mode is side breakout of the concrete, which
is not a ductile failure mode amenable to refined analysis approaches. )

This connection is essential for the existing structural system, and the analysis cbncltjdes that some physical modification
" to the load path will be necessary before the heat exchangers satisfy modern seismic criteria for the probabilistic SSE. -

Because such a modification would affect the response of the system and the stress levels in the various.components, it
was not deemed necessary at this time to complete the structural evaluation on a system that would be altered.v '

The existing system, however, showed large loads delivered to the heat exchanger from the elevated tie bracing.. The
building motions at this level are much farger than the motions at the floor of the heat exchanger pit, as can be seen from
comparison of response spectra in Figure 2. ’ :

‘Comparisor of input Spectra

. 08 ——Floor EW
% s -10OT NS
‘s o Wall NS
gos ——Wall EW
K- .

o
&

o
N

cot : 10 100
Frequency, Hz

Figure 2: Comparison of Input Spectra

Recommendations - . o : _ R "
If @ strengthening design is undertaken, it is recommended that the heat exchanger pit level be used to provide as-much
of the lateral load path as practical, to isolate the heat exchangers from the larger motions higher in the building. In
particular, anchor points on the North wall of the heat exchanger cubicle should be avoided (See Figure 2 above). Any
future analysis will need to include a full evaluation of the heat exchanger nozzles, lugs, and supports.

Conclusions ' N A _ '

The ATR primary coolant heat exchangers do not satisfy DOE-STD-1020 seismic criteria for the newly completed in-
structure motions of the probabilistic SSE, and ‘would require some physical modification before they are qualified to that
upgraded seismic criteria. The limiting feature identified is anchorage of the heat exchangers to their concrete suppoits.
The capacity of top of these supports is 6 kips in the long direction (Appendix B) and the maximum demand for this -
situation is 11.2 kips (Appendix A). - ' S ' ' '
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1. Index Codes
Bullding/Type: 670 8SC ID: TRA-670-E-58/59 Site Area: TRA

2. ' Quality Level: 1

3. - Objective/Purpose ‘
The purpose of this calculation isto perform a structural evaluation of the bracing necessary to attach the tops af the reinforced
concrate block walls enclosing the TRA-670-ES8/E59 battery room to the ceiling above the walls. This is based upon |
recommendations in a recant seismic evaluation of these walls performed by others (Ref. 1). The block walis sre not themselves
a seismic category 1 SSC, but are.considered a potential seismic interaction hazard to the safety related, seismic category 1

batlery banks. The objective of the anchorage modification is therefore to provide adequate anchorage ta preciude adverse
interaction with the battery banks during a safe shutdown earthquake (SSE).

4.  Conclusions/Recommendations . .
The battery room walls, as modified by the proposed design, would be seismically adequate to preclude adverse interaction with
the batteries or vnth other equipme_m in the event of a safe shutdown earthquake. :
The proposed bracing design satisfied the applicable structural design codes,

It is recommended the bracing design installed consistent with the design documented in Drawing 600847.
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HDA Undercut Anchor 4.3.1

gl

4.3.1.5 Ordering information

HOAT anchor (T o= egosedl—= ———
HDA-T HOA-TF HOA-T R HOA | WDA-T Anchor Stop Orin Bt Dismond Core Bit | Sstting Tool
[t '
thorw No. oams No. exa No. Box 1 a2 i embrime Dexcription (mir}
Gabanired  |$h 318 Siinlezy | Oty | thicknees tastwnd Fary Ho. ok x or i depth Dignetsr Som Mo, Dexcriplion

332090 TE-C-B20x120 331843 TE-C-ST-M10°
237450  TE-Y-B20x120 287133 TEY-ST-MI0
332092 TE-C-B22x155 22mm (/87 331844  TE-G-ST-Mt3

237452 TE-Y-B22x158 287134 TE-Y-ST-Mi2

391545 [339361 (300351 | 12 [HOAT MIDA0U20 20mm (25/327)

331548 : 339362 1339352 8 | HDA-T MI2x125/30

331549 |339363 |339353

3 JHOATMI2a25/50 | 332003 TE-CB22i75 | 22mm (700 | 331844 TECSTMNZ
33552 339364 |339358 | 4 |HDAT M16x190/40 | 330008  TEV-B30x230 | 30mam (1-1/87 | 331846 TE-V-ST-MI5
31553 |330365 |330355 | 4 |HDA-TMIGx190/60 | 332099  TE-VBID@S0 | 30mm {11787 | 331846 TE-¥ST-Mis
39267 | - ~ | 2 [HOATM20:050550 | 339271 TEY-B3AKOD | 37mm [1-3/8°) | 339268 TEY-STM20
30268 | - T | 2 |HOATM20R50100 | 330272 TE-Y-B37x350 | O7om (1-V87) 338268 TEV-SI-M20
HDA-T Anchor (CEEL T~ veem]) m b= [ Tores
HOA-P ._B-PF HOA-P H HDA m?%w -{ Stop Dl BIL Diamond Cors Bi Smigl’wl
HemMn RemMe. | |Fem Ne. Box { diax minombimae, Owycripnion {may
318 Styiniess Qty faytered Hem ND. gla. x Ol Gopth [ fom N
332089 TE-C-B20x100 331843 TE-CST-MID
331544 |33 339346 12 HDA-P M10x100/20 2
! 9306 13399 Z [0 0020 | taae  TEvB20q00 | 0" P2) [ogrysa  TE¥SIMIO
331099 TE-CBI125 331844 TELSTMIZ
339357 a7 | 8 |HDAP M12xt25/30 22mm (7/8"
31546 39 ® e TEvBzaazs | o U Dogrima TevstMi
331547 |339356 |339348 | B |HDA.PM12x12550 | 330091 TE.C-BZ225 | 22mm (7/87) | 331844 TE-C-STMIZ
01550 |339350 1300340 | 4 |HDAP MIGxiDOAK0 | 332097  TE-Y-B30x190 | 30mm (1-1/87) | 331846 TE-Y-STM18
331551 |330360 [339350 | 4 |HDA-PMI6x190/60 | 332007  TE-VB30x190 | 30mm (1178 | 331845 TE-Y-SFMIG
339265 | - - 2 |HDAP M20X25050 | 339270  TEV-B37x250 | 37mm (1-3/87) | 339269 TE-V-STMZ0
339266 | - - 2 [FDAP M20:250100 | 339270 TE-V-B37x250 | 37mm (1-3/87 | 338269 TE-Y-SI-M20
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4.3.1 HDA Removal Tool

4.3.1.6 HDA Removal

- —— ——

The Hilti HDA ,Retﬁoval Tool is designed to remove the Hitti

Product Features

HDA Undercut Mechanical Anchor when instalied in standard v Complete removal of HDA design anchors for temporary
applications in accordance with Hiltl guidelines.

Removal Instructions

V )

g/

_g_

applications

* The removal process strips the threads to prevent reuse
of anchors for safety purposes

* Sultable for all rotary hammers with TE-C style chucks

1. Remove the nut and washer
from 1he threaded rod, (also
rernove fasiening part for
HDA-P apphcations).

2. Push back the grip iagainst
this spring pressure).

3. Allow the two drfve lugs io
engage the groove In the
ancher slgove using a sight
twisting movemnent of the
¢rip. Releaso the grip.

Removal Tool with Adapter

ne——

gl

4, lnsart the adaptes dve) im0 5. Puladapler ivgonothe 8, To sotum the tood to s stan-
the arlll chuck and lock thraaded spinche of the ing position, pul the adapier
(Tt 25 recomenanded), remaval tool and swilch {drivs) on the othar end of
Important on the drif, tha threaded spindie.

. f . B. The anchor sleeve will be 9, Switch on the hammer drif
m:n;;fem”, extracted. unt the adapter stop reach-
tool will be parmanantly 7. Disengage the drive lugs &s the remov] fool.
damaged it this step from the groova by flting
Is naglected.). up and twisting the grip.

* Usg luw spaed
(setting ¥ for the TE 25).

Asm No. Dascription Qty/PRg Anchor Sizas
333433 TE-C-HDA-RT 20-M10 1 HDA M10
333434 TE-C-HDA-RT 22-M12 1 HDA M12
333435 TE-C-HDA-RT 30-M16 1 HDA M18
336273 TE-C-HDA-RT 37-M20 1 HDA M20

TR ol

208 HIW, nc. {US) 1-B00-879-8000 1 wwwass.iithoom | an osparig! 1-800-876-5000 | Hiki {Canads) Corp. 1-800-383-4458 | wwwihitLca { Product Tachnical Guide 2008
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HDA Undercut Anchor 4.3.1

4.3.1.7 Samplie Calculations ‘

3.000 Ib shear
. PO

i

6.000 B tension

e

" l".
I

$=11"
Plan

Given:
1. = 3,500 psi, Cta_cked Concrete; No Supplementary Reinforcement

Loads:  Tension = 4,000 DL
2000bLL
No Eccentricity, Non-Seismic Loads
Shear 2,000 1b DL
1,000 b LL
No Eccentricity, Non-Seismic Loads

Caiculation per ACI 318-05 Appendix D and ESR-1548 AC1318-05 Reference

Try an HDA-T M10 Anchor h,=394in Coda Reference

Check Spacing, Edge Distence, Thickness ESR-1546

Tuble 8

Sop=41n. < 11in. OK
Cmn=3.125in. < Bln. OK
h=6T5k, < 7in. OK

Calculate Factored Loads

Use ACI 318-05 Chapter 3 Load Factory 9.2.1

N = 1.2 {4.000 ib) + 1.6 {2,000 Ib) = 8,000 Ib for anchor group

N, = 4000 ib / anchor

Vi = 1.2 (2,000 1) + 1.6 {1,000 Ib) = 4,000 Ib for anchor group

Vi = 2000 Ib / anchor

Calcutate Stesl Strength in Tension ¢ N, )
¢=0.75 D.4.4(u}) ESR-1546
Ny =) {AL,) () D.5.1.2 Tabie 5
= {2) {0.09 in") (116,000 %/in%) o-3)
= 20,880 Ib for anchor group
Ny = 10,440 Ib/anchor ESR-1546
N, = (2-anchors) (10,440 Ib/anchor) Table 5

N = 20,880 Ib for anchor group
¢ N, = (0.75)10,440 Ib/anchor) = 7830 Ib/anchor

For the anchor group: (2){¢ N,, ) = (27830 Ib/anchor)
~ ¢ N, for the anchor group = 15,660 Ib

HElt, Inc. {USY 1-800-578-8000 | www.uw.ilthoom | on espafiol 1-800-670-5000 | Bt {Canade) Gorp. 1-500-963-4458 1 wwwhiltlcn 1 Product Techrical Gulds 2008 299
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4.3.1 HDA Undercut Anchor

Calkulate Concrete Breakout Strength In Tension ¢ Ny

Category 1, Condition B é=D.65 D.4.4(cHiD ESR-1548
Table 5
A
Nag= [( ]::) (¥ oo) (¥ g (¥ o) (¥ o) (Nb)] D.§.2.1
‘ -5}
hy=384in.~ 1.5h, =591 In, ~ 3h = 11.82in. . ‘ ESR-1346
: ' Table 5

A = 9(h )" = 139.7 in* D.5.2.1(b) {D-8)

A =(5.9+11 +5.9 {59+ 59 =280.7in® = f*—:ms
Noa B
no eccentricity . D524
o-9)
Comin= 81N 1.5h, =581 n. : D525
(o104

> 1500 =
=

use K for cracked concrete to cekuiate Ny,

splitting does not govern P27 ESR-1546
. | Sect. 412
‘Pl:p.N =10

Nb= k:r ],‘ f’: (hd)u

ko=24, hy=394in. ESR-1546
Table 5
& Ny = {0.65) [{1.93)(1.0X1.0)(1.01(1.0)(11,104 Ib)] = (0.65} {21,431 It)]

SNy = 13,930 1

Calculate Pullout Strength ¢ N,
Category 1, Condition B ¢ =0.65 LR (] EBR-1548
Anchor Category 1, Condition B Table §
N = Ve N, D531
{D-14)
N, for post-instalied anchors based on testing D.5.3.2

300 Hili bna. (US) 1-800-879-8000 1 wvw.s-hifticom | en eapafiol 1-800-879-5000 1 Hiti {Canade) Corp, 1-600-363-4456 1 wwwihitLoa | Product Technical Guide 2008
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HDA Undercut Anchor 4.3.1

Nonro = Nonor LS_ for cracked concrete ESR-1548

2500 Sect 4.1.3

ESR-1546 (Table 5) Non.ee = 8892 Ib for one anchor ESR-15848
Table 5

{3500
NM,¢=[15992 ) %]

Nynre = 10,633 1b £ anchor

[ & Nore = 9.6510,639) = 8915 Ib Janchor |

Concrete side-face blowout strength of @ headed anchor in tension D54
RDS54
‘The design requirements for side-face blowout...."are applicable to headed anchors that usually
ars cast-in anchors. Splitting during installation rather than side-face blowout generally governs
post-installed anchors.......". Side-face biowout for post-installed anchors could be calculated
i the bearing area A, 18 known. A, Is given for HDA anchars In Table 1 of this sactio
Side-face blowout will not control for 1his gxample. o :

Summary for Tension

Design steel strength = ¢ N, = 7830 b/anchor
Factored senvice load = ¢ N, = 4000 B/anchor
SN>NLa— 0K

Daslgn concrete breakout strength = ¢ N, = 13,930 b for anchor group
Factored service load = N, = 8000 Ib for anchor group

$Negoy> N, =+ OK

Design puliout strength = ¢ N, = 6315 Ib/anchor

Factored service lnad = N, = 4000 Ib/anchor ¢ N, > N, ~» OK

Calculate Steel Strength in Shesr ¢ V,,

P =065 DAA{a}¥) ESR-1548
. Tebia &

V.. = 13,938 b/anchor ESR-1545

Assurme base plate thickness = 0.50 in. Table €

¢ V, = {0.65)(13,938 ib/anchor) = D058 Ib/anchor

Caiculate Concreto Breakout Strongth in Shear ¢ Vo,

Condition B $=0.70 DAAC)) ESR-1548
A Table 5
Vg = ( Avc ) (P (F o) (F o) (Vb’] 0.6.2.ifh)
Voo D-22)

',"' E 5 “‘\‘ Ca 5
P i i "\ )
}‘ 1+ ‘}[ o T - -T- -

1.5¢,,. 1" 1.5¢, ¢ »
e Plan ' 1.5¢4 ' o 1.5¢q

Section

HAlt, Inc, (US) 1-800-875-5000 | www.uahti.com | en espafiol 1-800-79-5000 | Hilll{Canada) Cocp, 1-800-363-4458 | www.hitica | Prodkct Techvicol Guide 2008 301
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4.3.1 HDA Undercut Anchor

ES TR

Ao = (4.Efcay = (45BN} = 288 In" D.621
{©-23)
Avp = {156, + 1110+ 186,07 In) = (121, + 11 In. +12 in}7 In} = 245 in®
A _oss
Aveo
no eccentricity D625
. * D-2)
G > 1.5 na edge condition perpendicular to shear load D626
: (D-21}
cracked concrete , no supplementary reinforcement D627
€5 Yoz R T I C
v& = 7(?—5—) V d" V f‘c (cul) . D622
) ) D-24)
€, = hy for HDA-TM10 ~+(, =3.94In
d, = .75 in. for RDA-T M10 anchor ESR-1546
Note: ESR-1544 only ksts do for HDA-T anchors. if HDA-P anchors Toble 5
are being used, refer to the Hilti Product Tech Gulde to obtain
values of d,,.
o, = 0.384 in, for HOA-P M10 anchor
For this example, an HDA-T anchor is being considered
soused,=0.75In.
.= 3,500 psl Cay=8in
3.94 in.\02 s
Va=7(m /OJSIn. " 3,500 in. {8in.)
- LV,, =11,308 lblanct;’
$ Vo = {0.701{(C.85)(1.0){1.0)(1.03(11,308 Ib) = 11,308 1b
= {0.70)[(9612)]
& Veog = 672810
Galculate Pryout Strength ¢V,
Condition B ¢ =070 D.4.4(c}(ii ESR-1848
Table 5
Vepa = (KN ono) D.8.3.1 ()
{0-30)
hya384In.>25M, —ke,=20 ESR-1546
Tuble §
Neg=21,43110
@ Vipg = (0.7042)(21,431 1) = 30,003 for anchor group
302 HIK, Inc. (US) 1-B00-875-8000 | wwwe.NitLcom | eq ospaliol 1-800-670-5000 1 Hiti (Ganaci) Corp. 1-B00-363-+458 | waretica | Procuct Techmies! Gukda 2008
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HDA Undercut Anchor 4.3.1

Summary for Shear

Design steel strength = ¢ V,, = 8059 Ib/anchor
factored senvice load = V,, = 2000 b/anchor
V>V = 0K

Design concrate breakout strength = ¢ V., = §728 I for anchor group
Factored service Joad = ¥, = 4000 ib for anchor group
G Vg >+ 0K

*'Design concrete pryout strength = ¢ V.., = 15,001 I/anchor
Factored sarvice load = V,, = 2000 bvanchor

Ve > Vig— OK

Check Interaction Equation

Determine controfling design loads:

Tension: # Ny, = {2-anchors) (7830 In/anchor) = 15,660 Ib for anchor group
¢ Negg = 13,930 | for anchor group

CONTROLS - ¢ N, = (2-anchors) (6915 lb/anchor) = 13,830 Ib for anchor group

Shear: ) @ V.. = (2-anchors) (3069 ib/anchor) = 18,118 b for anchor group

dONTROLS ¢ Vi, = 8728 1o for anchor group

# Vo = 30,003 Ib for anchor group

{0.2) (9 Vgg) = 134810 V,. = 4000 b Vie > (0.2) (b Ving) D.7-1

{0.2) (#N,,) = 2766 1b N, =80001b N >0.2 (N, D.7.2

N Vo

Tha  Yw 42 D73
N, eV,

¢ @V, . -39

8,000 1b 40001 _ -
98306 * GraEin = 019085 =117

1.17<12 0K

USE HDA-T M10 Anchor

S : R FI e B e R L LI W AT P
Hitl, Inc. {US) 1-800-875-8000 | www.us.hiitl.com | en sspafiol 1-800-878-5000 | Hitil {Canada) Corp. 1-B00-363-4458 | www.hikica | Proguct Techrscal Guide 2008 303






Analysis Plan for

ANALYSIS OF TRA-670 UTILITY BAT !EBY ROOM WALL ANCHORAQE
Analysis Plan

Scope: The purpose of this calculation is the evaluate the proposed bracing necessary to attach the tops of the reinforced concrete
block walls enclosmg the TRA-670-ES8/E59 battery room to the ceiling above the walls. This is based upon recommendations in a
recent seismic evaluation of these walls performed by others (Ref. 1). The block walls are not themselves a setsmic category 1 SSC,
but are considered a potential seismic interaction hazard to the safety related, seismic category 1 battery banks. The objective of the
bracing modification is therefore to provide adequate anchorage to preclude adverse interaction with the batter banks during a safe
shutdown earthquake (SSE). Scope includes the effect of the bracing on the wall, and the structural capacity of the bracing itself.

Deliverables: The deliverable shall be a checked and approved ECAR.

Assumptions: Assumptions are made as to material of construction, since the design is not fully specified during analysis. These do
not tequire verification, as they are conservative relative to the possible choices.0

Quality Level: 1 per QLD RTC-000633, "Seismic Interaction Structural Anchorage
Natural Phenomena Hazards criteria: PC-4 per PLN-588 Rev 3.

Load scenarios and acceptance criteria — bracing only supports out of plane loads, and seismic are the only such loads. Use DOE-
" STD-1020-02 load combination, where Dns=0 (for the bracing). DOE-STD-1020-02 acceptance criteria apply.

Caleulation and analysis software to be used: Mathcad will be used
Verification/validation requirements for calculation and analysis software: None — calculations will be checked by hand.
Budget: not defined

Schedule: not defined

Approvals ' ‘
bt S R bl _10/23/of
Requester — Dave Rowsell Date =
(2/¢ 3[ 0§
Date

/0{/ z 5{/0 3

Date
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Scope and Brief Description :

The purpose of this cakulation is to perform a structural evaluation of the bracing necessary fo attach the tops of the reinforced
concrete block walls enclosing the TRA-670-E58/E59 battery room to the ceiling above the walls. This is based upen recommendations
in a recent seismic evaiuation of these walls performad by cthers (Ref. 1). The block walls are not themselves a seismic category 1
SS8C, but are considered a potential seismic interaction hazard to the safety related, seismic category. 1 battery banks. The objective of

Design Inputs and Sources
a) Quality Level 1 is defined per QLD RTC-000633, "Seismic Interaction Structural Anchorage"
b) ATR SC-1 structures, systems and components (SSC) are analyzed for PC-4 loading, which is the project direction of the ATR
Seismic Assessment Project, per PLN-588 (Ref. 2).
C) Seismic inputs are taken from the probabitistic soil-structure interaction analysis (PSSI) (Ref 3), as applied in the ARES
calculation (Ref. 1).

Results of Literature Searches and Other Background Data

TRA-670-ES8/E59 battery room walls were evaluated in ARES calculation number 0602301.01-8-007 (called “group 8" walls in Ref. 1,
see page 61). This calculation recommended that the battery room walls be anchored at their tops with supplementat anchorage
having an out of piane (o the walis) capacity of at least 400 pounds per linear foot. This recommendation was based upon unceriainty
about the attachment of the vertical reinforcement to the ceiling above the walls.

A subsequent drawing search discovered an inactive drawing showing details of the battery room walls which indicated there was no
connection of the vertical reinforcement to the ceifing (Ref. 4). Field investigation with re-bar finding equipment to confirm this drawing
also revealed that in some places the tops of the vertical bars were as low as 32 inches below the ceiling, leaving the top three courses
of concrete block without vertical reinforcement.

In light of this information, it was decided that the out of plane anchorage recommended in reference 1 should take the form of lateral
bracing acting at an elevation on the wall where vertical reinforcement was present. A design for such bracing is documented in
Reference 6. Evaluation of this design is the subject of this calculation report,

Assumptions _
Except where field verification is noted, it is assumed that physical materials and configurations corform 1o the cited drawings and
specifications. _

Computer Code Validation
Mathcad version 13 is used. Validation of the calculations is by manual checking performed by the technical checker.
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Analysis

The first step in the evaluation of the wall is to analyze the impacis to the dynamic analysis of Ref. 1 crealed by the proposed bracing
modification. The unmedified wall has an effective height of ten feet, which will be lowered to seven feet by the installation of lateral
bracing acting three feet below the ceiling. This shortening of the wall is expected fo increase the frequency of the wall's responss, and
move the response closer to the peak of the in-structure response spectra. This will tend o increase the acceleration demands upon
the wall. However, a shorter affective height of the wall will also decrease the bending demand for a given acceleration level, which will
tend to counteract the frequency effect. - ) : )

Theevaluation method of Reference 1 is reproduced in Appendix A, with the wall height modified and resulting changes in the
numerical values propagated through the analysis. The result of this re-evaluation confirms the expected increase in response
[requency and acceleration demand, and an overall reduction {(improvement) in the demand to capacity ratio of the wall.

The proposed bracing design is then evaluated, with calculations as documented in Appendix A. The conclusion of the bracing design
is that the proposed design is adequate. :

Recommendations
It is-recommended the bracing design be installed consistent with the design documented in Reference 6.

Conclusions
The battery room walls, as modified by the proposed design, would be seismically adequate to preciude adverse interaction with the
batteries or with other equipment in the event of a safe shutdown earthquake. '

The proposed bracing design safisfies the applicable structural design codes.

References
1. ARES calculation number 0602301 .01-8-007, “Seismic Evaluation of Concrete Block and Shielding Walls in TRA-670,”
Revision 0, July 2008.
2. PLN-588, "ATR Seismic Assessment Plan,' Rev. 3, May 2007.

3. “Probabilistic Soil-Structure Interaction of TRA-670," Report No. CJC-INL-C-003 Revision 1, Carl J. Costantino and
Associates, Spring Valley NY, November 2007.

4. Drawing 155667, “"ATR Battery Bank Enclosure Partial Floor Plan and Details,” Revision 3, 1975.
5. AISC, Manual of Steel Construction, Allowable Stress Design, Ninth Edition, 1989.

6. Drawing 600847, “ATR First Basement Battery Area Wall Anchoring Installation and Detail,” Revision 0, Octaber 2008,
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The demand and capacity for the battery room wall are calculated in ARES calculation number
0602301.01-S-007 (referred to as "Group 8" wall in the ARES calculation). The present modifcation
to the wall will alter the effective height of the wall, by adding stiff bracing 36 inches down from the
top of the wall. This change will affect the capacity, response frequency and demand for this wall,
The magnitude and acceptability of these changes need to be evaluated.

The following calcuation is based upon ARES 0602301.01-5-007, to which the cited page numbers
will refer. Only those parts of the ARES calculation which affect the final demand to capacity
evaluation of the wall are modified here.

Wall parameters from the ARES calculation:

Height of the wall (also referred to as H) page 62,

A= 120-in ~ 36-in minus the depth of the new bracing

d:=3.8Lin : : Effective depth to centroid of reinforcement, page 63
5= 0.25-in Distance to neutral axis, page 63
M, = 10020-lbf--i£- Moment capacity, page 63
W= 52-112f Weight per unit area, page 64
ft

Calcluate permissible drift, per method of EPRI NP-6041-SL, following ARES page 65

L
F = -3
CLd—~ 30 This parameter is now less than 1.0, so take the
calculated value

] 0.005 Calculated value remains greater than 0.04 radians, sc
AmL := minj 0.04, . Ferd take as 0.04 radians

4

AmL = 0.04 Permissible drift lim, radians
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Ayi= AmL-L ' Permissible drift limit, adjusted for modified wall
height. This value has decreased, and so is
conservative relative to the clearance evaluations in th

Ay = 3.36in ARES calcutation.

- 3(¢Mn) A,
Sac= gy 5 4'? Seismic capacity, page 66. This has increased (from
w-L 1.1269) as expected for the shorter wall.
1Y 1138ac ' .
fgi= (——) - : New secant frequency, page 68. This has also
2 Ay increased as expected.
fy=3.278Hz

Determine the seismic demand associated with this frequency. Use the tables provided with the
ARES calculation, taken from the probabilistic soil-structure interaction analysis. The input will be
the north-south (y-direction) average spectral acceleration of the csiling (node 1234} and floor (node
576), interpolated for 6% damping, as was done in the ARES calculation. Conservatively take the
provided frequency of 3.286 Hz rather than interpolate to 3.275 Hz for this small difference.

SaS 334 = 0.6009-g Spectral acceleration for 5% damped

Sa101234 = 0.4333.¢ ; Spectral acceleration for 10% damped

6-5 _
Sa61p34 = (10_ 5)'(53‘01234 — Sa51934) + S25 534

Sabjgz4 = 0.567g 6% damped spectral acceleration at ceiling

Sa5546 = 0.5095-¢ Spectral acceleration for 5% damped

| lerati 9
Sallgye = 0.3700- Spectral acceleration for 10% damped

6~35
386576 = (m——-s—)-(Salos-]G - Sa5576) + Sa5575
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69 leration at fl
Sa 6576 - 0482 % damped spectral acceleration at floor

Ave_Sa:= 0‘5'(8 361234 + Sa6576) Average spectral acceleration applicable to

the wall. This has increased from the previous

Ave Sa=0524g value of 0.4335g from ARES page 66

Ave Sa
AC

= 0.213 New demand to capacity ratio

The new demand to capacity ratio is less than unity and therefore acceptable, and is lower than the
ARES calculated value of 0.39. The net affect of effectively shortining the wall is an improvement in

the demand to capacity ratio. The modified wall is acceptable. END OF WALL EVALUATION PER
ARES METHOD. , o :

The ARES calculation recommends that top anchorage with a capacity of 400 Ibf/ ft be provided
(ARES page 117). This is based upon the peak of the response spectra, and is therefore not
affected by the frequency and seismic demand changes calculated above. However, the distribution
of load between the top and the bottom was assumed in ARES to be 50/50, and that will be
affected. Calculate the hosizontal demand.

a:= 36.in height of wail above bottom bracing attachment
SATR = 0.6974-g ZPA acceleration at the top of the wall - node
1234
fio= 1638-Hz Page 68, for wall height of 10ft
L+a " : .
f7:=1f) 0‘[ 9 ) Adjust wall frequency for a 7-foot height
f7=33.429Hz Frequency for an 7-foot unbraced iength

Look up spectral acceleration values for {7 at the top and bottom of the wall. Use values for 33.24Hz
rather than Interpolating between frequencies for this small difference. Note that damping
interpolation is not required, because at this high frequency, 5% and 10% damped responses are
essentially identical. -

SAp = 0.246-g Acceleration response at bottom (node 576)

SAT:= 0717.g : _ Acceleration response at top (node 1234)
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SA, = 0481 g

w
SA 4—-L
A g

Rp =

2

Rp = 87.633 2L
| R

Rg
wl0ft

COF =

COF = 0.169

5
Rp:= s-[(SA A)-(E)-Tﬂ + SATR-3-ﬂJ

Ry = 218336 %f
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Average wall response

The lateral reaction force for the wall section below
bracing will be divided between the floor and the
bracing.

Lateral reaction at the bottom of the wall

Check the coefficient of friction that would be
required to {aterally restrain the bottom of the wall,
based upon the bottom lateral reaction and the full
wall weight, ‘ ’ o

Friction of 0.17 is easilty justified - wall does not
require anchorage at the bottom

Calculate a lateral reaction force at the bracing,
taking 5/8 of the unbraced reaction at the top
{moment end) for a moment-pinned condition, and
all of the wall above the bracing is also reacted at
the top

This evaluation-shows that the 400 pound per linear foot specified by ARES is a conservative load fo

the braced design. Use 400 ibft.

The capacity of the bracing needs to be evaluated. The bracing is shown in drawing 600847. Future
references to sheet numbers will be for this drawing unless otherwise stated,

Fr = 400"1'11{
ft

Ldoor = 3-8 + 4-in

Lspacing = 9.75%in + 12:in

Ltol = 6-in

Horizontal demand, ARES page 117

Door length from drawing 155667grid B-4

Spacing around north door frame, sheet 3

Brace location tolerance (x2 braces), note 3
sheet 1
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YA
Lioor + Lspacing + Ligt +{23 + = |in
2 8

2

Lirib =

Lygp = 3818
Pr=Frlygy

P.= 1527 x 10°Ibf

Page 10 of 32
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Bracing spacing is irregular; calculate the largest
tributary length for a single brace per the draft
drawings.

The required load on the maximally loaded brace
is the linear demand times the tributary length.

"The force in the brace diagonal will be calculated based upon the distance from the toe of the brace
to the outermost bolting hole in both the horizontal and vertical directions, yisup; xis

perpendicular to the braced wall.
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lp = 25-in length of horizontal member

I, = 37.3-in ' length of vertical member

minimum spacing between ceiling anchors, see

lanchors = 23.75in = 3.75-in - 4-in sheet 5 -2 weldment and sheet 1 note 2

lanchors = 16in
. I -
@ = atan E . angle between vertical and diagonal
o = 33.832deg
P, _ v SR , .
Pjia g= =T force in the diagonal member when maximum
sln(a) bracing force is applied at the bolt hole of the

vertical member. This may be either

mpressive or tensile.
Paiag = 2743 x 10° Ibf compressive or tensil

Calculate the allowable compressive stress in the diagonat. Neglect permissible increases in ASD
based capacities.

o .2 Area of the 2.5 x 2.5 x.0.25 angle, per AISC
Adiag = 1.19-in property table
ri=0491.in Min radius of gyration per AISC property table
£ e Pdiag
a Adiag compressive stress in the diagonal

3
f; = 2305 x 107 psi

length of the diagonal
1 2 2
AIN = lh + ]V

1=44903in
K=10 conservatively take K=1.0 (pinned-pinned)

Fy = 36000-psi assumed yield strength of steel
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E := 29000000-psi

assumed elasfic modulus of steel

ASD Eqn E2-1

ASD Eqn E2-1 (gives lower capacity than Egn

- E2-2)
Fa=1.403 x 104 psi Allowable compressive stress
fa ) .
F_ =0.164 Demand to capacity ratio for compression.
a

There is some small eccentricty of the angle due to the offset of the centroid from the plane of
loading {the outside of the angle leg) which will result in a small and negligible bending moment in
the diagonal. The compression demand is low. No need to evaluate interaction with bending due to
eccentricity or flexurai/torsional buckling. The diagonal brace is acceptable as a compression
member.

Tensile allowable ioads will be higher than compressive; therefore the diagonal brace is also
acceptable as a tensile member.

Calcluate the length of weld on the end of the diagonal. Consider only the depth of the vertical or
horizontal member (neglecting the weld on the other side of the diagonal leg and the crossing
angle ). This calculation also constitutes a bounding evaluation of the weld at the square comer.

lyeld = 2.5-in ' conservatively take length of the weld equal to
the depth of the connection
w——-.in
16

tweld = 72 fillet weld is called out as 3/16 inch
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Byeld = lweld tweld area of weld

. awe]d = 0.331 inz

Conservatively assume 80ksi ultimate strength filler metal

Pweld, 0w == 2weld SOOQO-psi-_OB Allowable shear load in the weld, ASD Table J2.5
) 3
Pweld, oy, = 5.966 x 10 Ibf
diag = 0.46 Demand to capacity ratio of weld in shear.
Pwelda”ow )

Bending in the diagaonal is negligible. Only one of two welds joining each end of the diagonal to the
brace weldment is considered — capacity is adequate based upon this conservative approximate
evaluation. '

Analyze the anchor bolt loads for the brace using an ASD approach. Conservatively assume all
forces on the brace are transmitted through the bolts {(no contact with the ceiling or wall other than
at bolts). Neglect permissible increases to adjust allowable stress design to strength design.

Hilti technical data allowable tensile and shear

Fyi= 5457-Ibf capacity for HILT) HDA-P 20 M12x125/30 in 3000
._ psi concrete. Slab is 36 inches thick, so base
Fgi= 2889-Ibf material thickness is acceptable.
M:=Pely Moment applied to the bolt pattern in the ceiling
M
f= banch, » ~ The tensile bolt could be either the nearest or
anchors farthest from the corner, depending upon direction
f loading.
f, = 3.56 % 10° Ibf oioading
f
— = 0.652 - Tensile DIC ratio
1
Pr )
&= P Shear demand, per bolt
f, = 763.542 Ibf
= 0264 Shear D/C ratio

5
FS
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£Y () |
(.l) + [-i] = 0917 interaction < 1.2 therefore acceptable
F F
t 8

Evaluate the bending moment in the top piece of the brace based upon hole locations and aliowable
stress.

Section modulus of 2.5 x 2.5 x 0.25 angle, per

» .3
= 0394in AISC property table for x-x section (assume angle
is held in plane of ceiling or wali)
Fy = Fy-0;6- 1.7 Bending allowable stress. Credit adjustment of 1.7
_ for strength design from DOE-STD-1020-02 Section
s 232
Fp, = 3.672x 10" psi
‘ Fv = Pdiag‘“’s(“) 'Calculate axial force in the vertical member

F, = 2278 x 10° Ibf

maximum distance from brace vertex to bolt hole,

Spolthole = 5-75-in ' sheet 5 -2 weldment, with +2 inches from note 2
M pax = FuBbolthole maximum moment occurs where the bolt is farthest |
from a cormer, which is at the square comer of the
brace
Mmax
b5
ap = 3325 x 104 psi maximum bending stress in the brace, based upon
' smallest bolt spacing within tolerance
p
F—b = 0.906 bending D/C ratio < 1 acceptable

The design tolerance of pius or minus 2.0 inches on bolt hole location is acceptable.

'OTHER CONSIDERATIONS

When the wall is pulling away from the brace, the bracing force will be transmitted to the wall by the
112 inch through bolted threaded rod. This rod is acceptable by inspection for the approximately 1.5
kip load. There is a 4 x 12 inch by 0.25 inch thick back plate on the wall at each anchor point. This
plate distributes the load to the reinforced block, and is acceptable by inpsection.

The relevant features of the brace have been considered. The brace is acceptable for the specified
seismic load of 400 pounds per finear foot of wall.
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Attached are page(s) from the 2008 Hilti North
American Product Technical Guide. For
complete details on this product, including data
~development, product specifications, general |
suitability, installation, corrosion, and spacing &
edge distance guidelines, please refer to the
Technical Guide, or contact Hilti.

M, inc,
5400 South 122" Eest Avenue
Tulsa, OK 74148

1-800-879-3000
www. hilth.com






PROFIS:
The World’s Most Powerful
Anchor Design Software

* Easy to Learn - Start working In
just minutes - .

+ Fast and Powerful - Produce detailed
designs quickly

* Specify with Confidence - The
largest number of approvals and
latast design codes

No charga.
Downlead now at www.us.hilti.com
or wwwihilti.ca

Firestop Systems

When it comes to Life Safety and bullding
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solutions with & wide range of products
and unmatched technicel suppoil,
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* BASIC Training
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+ Firestop Design Genter online
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HIit) Online
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« Full-iine Product Catalog

* Online Ordering
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Pipeo Support
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heavy loads without welding.
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HDA Undercut Anchor 4.3.1

4.3.1.1 Product Description

The Hitti HDA Undercut Anchoris a
heavy duty mechanical undarcut anchor
whose undercut segments incorporate
carbide tips s0 as to perform a self-
undercutting process designed to
develop a ductile stee! fallure, The HDA
‘system includes either preset (HDA-P}
or {hrough-set (HDA-T) style anchors, -
stop drill bits, setting tool, and roto-
hammer drill for four metric bolt sizes:
M0 (3/8%), M12 (1/2"), M16 (5/8*) and
M20 {3/4"). The HDA |s avaflable ina
sherardized and 316 stainless steel
varsions for outdoor environments.

Each size/style is offered in two lengths

to accommodats various material
thicknesses to be fastened (except
M10).

Product Features

¢ Undsrcut segments provide cast-
in-place like performance with
limited expansion stresses

* Bolt meets ductiity requirements
of AC1 318-05 Section D1

* Self-undercutting wedges provide
an easy, fast and reliable anchor
installation -

» Excellent performance in cracked

4.3.1.2 Material Specifications

concrate (tenslon zones, earth-
quake-resisting struciures)

= Undercut keying load tranafer
allows for reduced edge distances
and anchor spacings

* Through-set style provides

" Increased shear capacity

* Fully removable

¢ Sherardized {53 pm zinc) and
316 stainless steel for conosive.
environments

« Sherardized zinc coating has
equivalent civrosion resistance to
hot dipped galvanizing

" Guide Specifications A
Undércut Anchors Undercut snchors -

shall be of an undercut style with brazed
tungsten carbidas on the embedded
end that perform the self-undercutting
process. Undercut portion of anchor
shall have a minimum projected bearing
area equal to or greater than 2.5 times
the nominal bolt area. The bolt shali
conform to IS0 898 class 8.8 strength
requirements. Anchors dimensioned
and supplied by Hilti,

instaliation Refer t0 4.3.1.3 and 4.3.1.4.

L
HDA-T/-TF/-P/-PF carbon steel cone bolt; M10, M12, M16 and M20 (P ksl P
meets strength requirements of IS0 898, class 8.8 92.8 (B40) 116 (BOD}
HOA-T/-TF/-P/-PF carbon stegd sleeve; M10 & M12
conforms fo European Standard No. 25CiMoS4 - 123.3 (850}
HOA-T/-TF/-P/-PF carbon stael sleeve; M16
conforms to European Standard No. 25CrMie54 - 101.5{00)
HOA-T/-TF/-P/-PF carbon steel sleeve; M20
conforms to European Standard No, 25CroS4 - 73.8 (550)
HOA-TR/-PR stainless steel cona bolt; M10, M12 and M18
conforms o AISI 316 or 316 T 87 {600} 116 {800
HDA-TR/-PR stainless steel sleeve; M10 and M12
condorms o ASI 316 or 31671 - 123.3 (850
HDA-TR/-PR stalniess steel sloove; M16 conforme o AISI 318 of 316 T - 101.5 (700)

HDA-T/-TF/-P{-PF nut condorms to DIN 934, grade 8

HODA-TR/-PR mut contorms to DIN 934, grade A4-80

4313
4312
43.13
4314
4315
4318
43.17

Product Description
Material Specifications
Technicaf Data
Installation Instructions
Ordering Information
HDA Removal Tool

" Sample Calculations

Listings/Approvals

ICC-ES (International Code Council)
ESR-1546

B ute: R
Building Code Compliance

1BC 2006
UBC 1997

HOA-T/-TF/-TRJ-P/-PF/-PR washer cortformas o DIN 6795

HDA-T/-P components are electroplated min, § wm zing

HDA-TF/-PF sherardized components have average 53 um zinc

HIML, b, [US) 1-600-878-8000 | www.umhiitlcone | en eapafiol 1-800-678-5000 § Hati (Canac} 4

e TSI e ¢ e

. 1-800-383- 4458

1 v hittl.ca | Produst Technical Guide 2006 289
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4.3.1 HDA Undercut Anchor
4.3.1.3 Technical Data

Anchor Nemenclature
L A 1 Design Anchor
P-pre-sat butocs besaplate
T-through-get mrmm
3 @ o bazeplate
~ "f,_. . Blank-carbon stee! zinc plated
g F-carton stoel sherardized
" e R-A-315 siainlesa stoel
s Dril bit dlameter {mm)
=f < < 1 Metric
.:;_—."L g ‘ i Throad digmeter tmm)
5 ' e HDA-PF22M12x125/50
3
- Minimurt embedwent of umdercat
Maximum tevioning thickness
HDA-T O ce
Table 1 - HDA SpecHications . .
Achor Size HATHDAP | WIOX10070 N121 1290 MI22125%) W8 1504 M52 10080 W20 1 25050 W02 250100
h Ticknesy ol bess
walerid, k! me mEvy W12 10012 70058 po T b JtER ) R
T ) - 150590 0gds | 20y 5008y 26 {1161} W 41001614
rgthLD. cone? s j L [ ] $ ¥ [
f  Faeoing hciness
HOA-L i ma (n) 0038 w0psg 1033 BRH 15053 2078 BP9
HOAY, max " men nnig 0019 (6% 0159 0o {59 100390
HOAR . ) 20079 0015 0.9 Q0.9 0eX 56119 100354
Nom. e of bt nn 2 2 ] » F] T ]
Pndphdadke  mam) o7 (2] 58N I min WWTH | He(0an 206 (1047)
""“’Mmmm i) | EH T IBAD THRR [EIZE] ETL] HEW | AEED |
Rectmmentied dewance |
bokfnie) AT wmfn) a0y a01g A8 R R4 #0-G LI ]
HAP  mmm) 2072 1489 uas N nE 208 1Y
d, AchoDumew IAT mmp) W07 21 0E7 FY ) F TR 2030 %042 E )
AP mmi | 100398 12047 120473 18050 » 05 207 20078
0,  Weohs donel maf) | Z75008 0503 B0 5.7 #5079 504197 L
5. Wi amss s 1Y 17 1 ] U ] E] ]
Tae  Movtighioring torps® M -0 *an R 8058 12069 1089 30 22)) W)
'Eﬁ popetes
Ay Comsciodve  meid 196 [0:304) 23035 B 0G U360 450600 §1561.040) 561047
8, Dxsicsulinmodis =o'ind | 5960050 b1 1S MONTR 2100128 210 D158 XM B0
Bl preperties .
A, Boknomina e il | TSI 13017 gy > 11K 210312 G0N F160487
& - Bonssonzm ol | sapon) B3D13Y M3 130 s | 1spey S P30 5030
S,  Omicwciomodss woljed | 67pood) 170077 1700071 20017 2300070 5130003 HLIDT
Undarcul bearing eme® — seee? ) 260 403 354 0.5 364 054G 824 0.567 GA R 01108 0%
1 Bae material thickness s roquired 1o minimize spt- 3 Minimum thickness of fastened pat o6 required i 5 Torque tightning of the anchor Is not required for
ting az per the CCD design method. ensure sngagement of full slesve cross section in proper sat. Torqua tightening may reducs Intial sip
2 Length code In accordance with ICC-ES Accetance sheat, undor Ioad and can inprove tatiue pedormence.
Criterta AC193. 4 Metric stop dri¥ bit must be used. See Section 4.3.1.4 6 Recommended area for calculating maximum dearing
for use of maiched tokrance diamond cors Idts, stresg in accordance with the CCD mathod.
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HDA Undercut Anchor 4.3.1

4.3.1.3.1 Design Information -
Undercut Anchors

Undercut anchors represent the state of the art In post-
Instatied ancher tachnology. When propetly designed and
proportioned, they transfer tenslon loads 10 the concrete In
much the same way as cast-in-place headed bolts, that is, via
baaring. Since friction Is less critical in developing tension
capacity, lower expansion forces are transmitted to the
concrets. This reduces the overall stress stats In the concrate
prior to and during Ioading. The Hitti HDA Undarcut Anchor
Systam Is the result of extensive research to determine tha
optimum geometry for load transfer at the baaring surface.
Besides allowing for easy Installation, the self-undercutting
system automatically results in an excellent fit between the
anchor bearing surface and the undarcut, critical for Imiting
Initlal displacements. Maximum bearing stresses
corresponding to steel fallure are limited to approximetely 12
f., sufficiently low to preclude crushing in the bearing region.
This limits displacements at both service and ultimate loads.

The HDA is equipped with a shear sleeve machined from high
grade carbon steel, When used in the pra-set configuration
(HDA-P), shear joads are transfsmed through the threaded bolt
to the slesve and subsequently to the concrate in bearing. In
through-set applications (HDA-T), the sleeve engages the part
10 be fastenad, thus substantially increasing the ultimate
shear capacity of the anchorage. At ultimate, the skeve and
bolt act In concert to develop the full shear capacity of the
anchor.

The HDA Undercut Anchor Is proportioned to consistently
develop the bolt strength in tenslon at critical edge distances
and spacings, At spacings and edge distances less than
critical, concrete cone fallure wiil generally limit the ultimate
load, The reduction of expansion forces allows for designed
instaliations at minimum edge distances and spacings
significantty less than those typlcally used for other types of
mechanical expansion anchors. it is virlually impossible for
the HDA Undercut Anchor to fail by pullout or puli-through.,
The predictability of the failure modes associated with the
HDA Undercut Anchor allow for increasad repeatability In
determining uitimaté capacities for 8 particular design
condiltion.

The HDA Undercut Anchor was extensively tested prior to
market introduction. Testing inclued static tensfon, shear,
and oblique loading of both singls anchors and groups,
shock, seismic groups, selsmic and shock loading. Exhaustive
testing of the HDA performance in cracks confirms it's
sultabllity for instaliation in tension zones. Design data is
provided In thwee formats.
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4.3.1.3.2 Design Method

4.3.2.3.2.1 Strength Design
(LRFD)

ACI 318 Appendix D replaces the strength design provisions of
the IBC 2008 and provides a comprehensive and rational
framework for calculatinig anchor capacity. The applicability of
the method to the HDA Undercut Anchor is based ontha
similarity of performance and failurs modes established for the
HDA with those assoclated for cast-in-place headed bolts.
“This method can also be used for design in Canada according
to CSA A23.3-94 providing the appropriate f factors for steel
and concrete, Ses Section 4.1.8.

4.3.2.3.2.2 Allowable Stress
Design (ASD)

Compatible with existing Hittl design methods. Test data to -
develop the average ultimate load capacity, and evahating -
the data using the 5% fractile method to determine the
allowable working load, See ESR-1546 Section 4.2,






teoa AnThoinee Sysleris
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Tabie 2 — HDA Sirength Deslgn nformation

N sz 3 RET . Tea,
292 Hiltl, Inc. (US) 1-800-879-8000 { www.us.hiltl.com | an espadol 1-800-879-5000

Nominal anchov dismeter
Design parsmetar Symbol Units Wit Wiz Wis (7]
HOA BOA-F|  Hoa-it DA MDAF | WDAR WOA HOAF | HOA-R RDA
m i§ 21 2 3
Anchar 0.0. d ) 075 089 (.14 0.38)
» - 100 125 1% 50
1 ebedment dapiht .
Effoctie min. m deptn P i B84 52 48 Py
, mm 80 100 150 20
Minimum ecge distance e fn) B-118) @ 57 @8
) o 100 125 780 i)
anchor spach \ :
Minlmum nchar spacing Sem ) @ 8 1) B
) mm 70 190 770 30
Makmu memer cisiess fie ) 6-34) g2 (10-57% 133
AnChor CRogory? 203 - i
Sirength roduction Tacior for Tersion, N 075
stoel falurs mods3 :
| Strangth recuction factor Kr shear é j 065
stoe] fallure modes?
Strenoth roducton Tacior Tor Tsion, " Cond A 078
voncrats fallure modssd - Cond, B - .65
Strengih reduction facior & shear, . Cond A ) 0.5
concrats fallure modes® Cond. B 0.70
Yiakd strangth of anchos steel 1, Bin2 92800 | 87000 ) o2800 [ 87000 ] 92800 | 87000 | %2800
Unisuate strangth of anchor sieel T B2 116000
Tonsil SIre3S 3168 A 2 500 3] 5243 5380
Stos] streogth I fension Hy b 10440 15.1% 76,188 24,060
Effactiveness factor uncracked concrete kg - 3 K
Ffioctivansss facior Craciked conerelsd e - 74 24
5 Vo - ¥ 125
Pullout srangih cracked concrated - b B9 11240 T80 B2
Steal strenglh b shear stgtic? Y, o 5013 | 6070 | 7284 8392 | 13566 | 188t | 20772
HDA-F/PF/PR
. mm W sheai, selsmic’.3 Vs b 449% | 5620 6518 BU83 | 12140 | 15062 | 18658
Axisl Stess W 50rvice boad rangs
n eracked / uncracked concrete™0 B 1000 B/i. 807100

1 Actual Ay for HOA-T is given by e + (fu - facuu) WNEIE fy IS Given In Table ¥ and L., I the thicknass of tha part(s) belng fasienad.

2 SeeAl1 318-05D.4.4,

3 For use with the load combinations of ACY 318-05 9.2. Condiition A applies whera the potential concrete failwrs surfaces are crossed by supplementary reln-
forcament proportioned to 118 the potantial concrete fallure prism into the structural membar. Contition B appdles where Buch supplementary reinforcement ls
not provided, or where pulicet or pryout strength governs.

4 SesAlI318-06D.5.2.2.

5 Ses Al 318-050.5.26.

6 Seq ESR-1548, Saction 4.1.3.

7 For HOA-T sea Tatdg 3,

8 Sea ESR-1546, Sattion 4.1.6.

9 Spiitting falkes under extamal bbad does ot govern the resistance of the KDA. Therefore, no valuss for the critical adge distance r,, e provided since this
cakuylation is not required Sor design.

10 Minlmum axlal stifiness values, maximum valuss may be 3 times krger {e.g. due to high strength concrets)

UE A A E
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HDA Undercut Anchor 4.3.1

Table 3 - Steel Strength in Shear, HDA-T (ib}

_ Steel Strongth Stoel Strength
Anchor Desipnation Thickness of tastened part(s) Ini Shear, nShom,
Static Setsict
o . T
1<t<1d B=1<WB 13.938
HOA-T 20- M0N0 E=i<® SR = (<1716 5,737 12,163
oy W=i<i5 W=1< 58 76,63 15,082
g HDA-T 22120125 B1s50 Tet<? 76,659 15,630
) j 15=t<20 58 s1<313/16 30,574 ] 21,421
0s=t<2 136 s1<1 33,621 31,248
- g x al B
& HDAT 30-MIBN1%0 Tei<® | 1=l<1¥® 218 U
£ Bt TE6=1<23® 1,365 T
W< 3i5s1<1.38 45187 060
HOAT 37-M20x250 H=1<50 1=t<2 50,607 6.6%
50st =100 2=st<d 54,629 4&%
] 10W=1<15 Pst<5B 15512 13,
HDA-TR 20- M10x100 B=i<20 BB =t< 1916 16,186 14673
o 0=1<15 Yas1<50 For) 17,985
E _ HOATR22:Mi2n25 5<1 =50 WE1<? 73.55% 70,008
§ B=1<20 T ERst<i¥e | 35745 32948
X g 20st{<25 13M6=t< 37.768 33948
HDA-TR 30-M16x150 FH21< T =1<1316 39,565 %520
H=1=60 TH6 1< 238 516 3,850

1 The nominal steel strength ¥, ..q for the HDA-P shall be taken from Tabie 2.
Table 4 - HDA-P/T, HDA-PF/TF & HDA-PR/TR Allowable Static Tension {ASD), Normal Weight Uncracked Concrete {Ib)1.34

Concrets Conpuessive Strangih®

Nominal Embadment Fom 2500 p3i $y 3000 pai [ ﬂﬁir w5000 pai

. Ancher Depth &, Tondition | GCondfiion | Gousdition Condition | Comdition Tondiion | Gondition

Dinmetar mm A ] A B A B A B
M10 100 | 3.94 5593 4,872 5,593 5,503 5,593 5,593 5583 - 5,503
Mi2 125 14.92 7.844 6,798 8,141 8,141 8,141 8,141 8,141 8,141
M18 190 | 7.48 14,704 12743 15101 15,10t 15,101 15,101 15,101 15,101
M20 250 1984 22,185 19,227 23,514 23,548 23814 23614 23,614 23614

1 Values are for single anchoss with no adge distance or spacing reduction, For other cases, see IC0 ESR-1546, Section 4,2,
2 Values are for normal weight concrete. For sand-lightweight concrets, multiply values by 0.85. For off- Ighitwelght concrete, multiply vakses by 0.75. Sea ACI 318-05D.3.4.

3 Condition A applies where the potential concreta fallure surtaces are crassed by supplementary reinforcement propostioned to tié the potential concrate faliure prismm it the
structural member, Condition B applias where such supplementary reimtorcemant ks not provided, or where putioit of pryout strength overns. See ACI 318-05D.4.4.

4 Aliowable static tansion loads for 2,500 psi ace calculated by multiplying the concrete breaknut strength N, by the strength reduction ¢ factor of 0.65 and dividing by ana of 1.4

. acconding to 1CC ESR-1546 Section 4.2. N, is cakulated as per ACI 318-05 D.5.2.2, This lcad may be adjusted for other concrets strengths Actording o 1CC ESR-1546 Saction
4.1.3 by using the following equation,

/fc
Nyyee = N,
24 [ 2500

Table 5 - HDA-P/T, HDA-PF/TF & HDA-PR/TR Allowable Static Tenslon (ASD), Normal Weight Cracked Concrete {ibj1.34

Womined | Embocwmem A

Ancher Depth b, Concrete Compressive Strongth?

Diameter _

Wi | i = 2000 sl fem 3000 pl T 4000 pal g 600D pel

M1D 100 § 3.84 374 4,573 5,281 5,593
M12 125 | 4.92 4,668 5717 6601 8,085
M16 190 | 7.48 9,336 11434 13,203 15,101
M20 250 1984 14,003 17.150 19,804 23,614

1 Values are for single anchors with no edge distance of spacihg reduction, For oher cases, se8 XCC ESR-1546, Section 4.2,
2 Values are kor normat weight concrete. For sand-lightweight concrets, muttiply valuas by 0.85. For afi-Ightwelght concrete, mulliply vakues by 0.75. SeoACl318-05 D34,
3 AN values applicabla to sither Condition A or Concition B (pulicut or stes! faikure contro}. See ACt 318-05 D.4.4.

4 Afiowsble statl¢ tension loads for 2,500 are calculated by multiplying the pullout strangth N, by the strangth racuction ¢ fector of 0.65 and divicing by an ¢t of 1.4 according to
ICC ESR-1546 Section 4.2. Seg Table 2 for N,. This lood may be acjustad for other concrets strengths according to ICC ESR-1546 Section 4.1.3 by using the foliowing aquation.

f'c
Woare = Mo yf——

2500

R B

== 2 o L
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4.3.1 HDA Undercut Anchor

Tahle 6 - HDA-P/T, HDA-PF/TF & HDA-PR/TR Allowab’e Seismic Tension {ASD), Normal Welght Concrete (Ib)134

Nomiral | Embedment -
Anchor Depth &, Concrete Compressive Strangth?
Dismetar e

mm | I | FouZ000pet Fom 3000 pst Fow 000 pal T'on 6000 pet
M10 100 [3.94. 3564 4365 5.041 5.339
M12 126 (482 [ 445 5457 6.301 i
“M16 190 | 7.48 8811 | - 10914 12,603 14414
M0 250 {984 | 13367 16,37 18,004 2,541

1 Ve are for single anchors with no uge diStancs or gpacing reduction, For oher cases, 668 I0C ESA-1548, Sacion 4.2
2 Vakses arg for noomal waipht concrate. For sand-Bghtweighl concrets, multiply vatues by 0.85. For all-lightweight concrote, multiply valuss by 0.75. Ses A 318-05 D.3.4.
3 Al vakues appiicable to either Condition A or Gondition B (uliout or steel faliwre contral. Ses AGI 318-05D.4.4.

4 waaﬂesahﬂcmbnbadsMZﬁwpsluecatcdmdbymuﬂ!pMmmpdmmmN,..bythestmng\hmdwﬁmc}la:krn(llsﬁ.mmuuﬂpmbyao.ﬁm
tescribe In ACI 318-05 0.3.3.3, ond dwiding by an ot of 1.1 according 10 10C ESR- 1546 Section 4.2. See Table 2 for Ny, Thisicad may ba adjusied for other concrete
suanpths according to ICC ESR-1546 Section 4.1.3 by using tha folawing squation.

”Mﬂ"té Npner 2;.--—?0

Table 7 - HDA-P, HDA-PF & HDA-PR Allowable Static and Seismic Shear {ASD}, Stoel (ib)?

Howinal snchor diametor
Design parameter : Dmite M10 Mi2 M16 20
bk | FHOAR 7oA HOAH ROA | WOAR TR
mmm;;‘mk stoel capachy® b 227 | 288 3382 4175 1 6204 | 78 9,544
Fomn seismic sieel capachy’
gl b 1993 | 2401 2088 | 3567 | s | ess 8268

1 Values are tor singls anchors with no edge distance or spacing reduction due o concrsle failure.

2 Allowsble slatic shear loads are caiculated by multiplying Via by the strength reduction ¢ facter of 0.65 and divicing by an o of 1.4 according to ICC £5R-1546 Section 4.2.
Sen Tebla 2for , .

3 Aliwrable selsmic shear kads are calculated by mutiplying ¥, by the strength reduction ¢ factor of 0.65, then multiply by 0.75 as per ACI 318-05 0.3.3.3, and dividing by 8n o
of 1.1 according to ICC ESA-1546 Section 4.2. Ses Tabla 2 1or ¥, .

~ Table B - HDA-T/TF/TR Allowsble Static and Selsmis Shear (ASD), Stesl (ibj.2

Alicaable Allowable
Anchor Designation Thickness of fasiened pari(s) Slatic Stool Selsmic Steal
Cagacity Capacity
wn in ¥, [
HDA-T 20-M10x100 W=xt<i3 Ve sST<o8 6,471 5570
Bat< B <136 7.308 5,277
Ws1<15 B =1< 58 1,724 6,675
l; HDA-T22-M12x125 Bei=H =1z TS 7573
g 5=1<20 58 <1< 1316 14,195 12,155
- s W=1<25 ET 16,074 13349
3 HOA-T 30-Mtsx190 %=1<® T=1< 1316 7.4 5204
HN=1=x60 1-3/18 <1< 2-3/8 19,205 16,439
0=1<35 TAE <t<1-34 20,380 18,033
HDA-T 37 -M20:250 B=i1<5 T=1<? 23589 20.25
BD=1<100 ?%s'd 25.363 21,819
Wst<15 =1< 58 1.202 6,177
HO#A-TR 20-M10:00 Bs1<% A % 1< 1316 7,515 8478
j 10%1<15 YE=t<BE 9,394 1.971
E HDA-TR 22-M12x125 5=t 250 MB=l<? 10553 8,857
g Bei<m 58 = 1< 1916 16,59 14247
W=1<5 Wi =< 1753 15,084
‘ HDA-TR 30-M16x190 B1<0 T=1<1376 18,370 15,742
Psi=6 TA6 <1< 2308 18,596 18,340

1 Values ars for single anchors with no edge tisisnce or spacing reduction due 1o concrets falure.

2 Allowable shear loads calculsted using the Stash srengths In shear from Table 3. muttiphing by by the svvength reduction ¢ 1actor of 0.65, and dividing by 1.4 eccording to ICC
ESR-$546 Section 4.2,

LIRS P TS el SR B LA LA BT M S ST R LT R T A 5

i 2 SR co . T WO ey s o = et . + :
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HDA Undercut Anchor 4.3.1

Blerbuiitg (b mreaeg o = n

4.3.1.4 installation Instructions
Setting Operation HDA-P/-PR/-PF (Pre-Set Style)

-y

Sl TR T, (R

1. Dritf 2 hole o tha required depth using a slop drill bit
“matched to the anchor, {refer to specification table
and ordering Info). Hf rebar &5 encountered, use a Hitti
meliic matched wisrance diamond care bit to drik
through the rebar. Remove the concrate cors and
finish drfiling the hole with the stop drill bit. Aways
consult with the Englaear of Racard before cutting
rebar,

4, Tha anchor Is set with the specified
Hilti harmener drill In hammer drit mode
and i tha specifigd gear. During the setting
proveduws, both driling and impact snergy are
transferred 1o the sleeve by the setting io0f, caucing
the sleove to slide over the canical end of the anchor
bolt white fonming the undercut in the hase matarial,

On the satting tool, the red ring kndicates the progress

of the setting oparation. When this marking & fiugh
with the concrete surface, check the anchor for grop-
or setting {refer to step 5).

2. Glean hoke with compressed sir or 8 hand air pumg
- guch that driting debwls fs avacuated.

5. Tho anchor Is correctly sat and the
undescut is fully formed when thg red
mark on 1he anchos boll Is visible sbove the
fop edga of tha sleeve. The top edge of the
anchor sleave must be positioned approx. 3mm
below the concrete surface. If the anchor setting time
axcesds 5O saconds for M10, M12 or M16 anchors
of 120 secontds for M20 anchars the instaliation
falld and the anchors must not be loaded.

Setting Operation HDA-T/-TR/-TF (Through-Set Style)

e

Pk et Iviesy v,

3. Inserl the anchor into the hole by hand, so that the
cone 3its o tie botiom of the drfled hole. Do not
remove the plastic cap which protacts the threaded
fod. Using the assigned setting tool and Hi hammer
drilt, the satting tool ks gulded over the anchor rod and
engages the grooves In the sloove. R is critice to use
the specified Hith hammer drills,

"."2":

L %

8. Reraove e plastic tread protecior cap. Secure the

parl 1o bs fastenad by using the conical sprng wash-
er and nut provided. Apply a torque not 19 excead the
maximum values given in tha Specification Table.
Torque & not required 1o set the snchor.

g-—'. . - .,,-

1. Drill a hole to the required dapth using a stop drill bkt
matched 1o the anchor, (refer 1o specification table
and ondering imio.). if rebar is ancouniered, use 8 Kiti
metric maiched tolerance diamoend con bit to &R
through the rebar. Remove the concrete core and fin-
ish grifiing the hole wiith the stop drill . Always con-

2. Clean hole with compressed aw or 8 hand 3k pump
such that drilling debrls ks evacuated,

3. Insert Tho anchor indo tha hole by hand, 50 thal the

cone sits on the bottom of the drified hoe, Da ot
remove the plastic cap which protects the threaded
100. Usging the assigned setting tooi and Hilti hammer
orill, e satting tool Is quided over 1ha anchor rod
and sngages the grooves in the siseve. R ks critical

suit with the Engineer of Record before cutting rebar. 1o use the specified Hit hammer diills.
X L,
- QT""
Sp ; *
e v, B

4, The enchor s 2ot with the specified
Hizg hammer dril in hemmer ¢dd
mode and in the specified gear. During
the seting procedisrs, both dribing and
impaci enerpy Bre transferred to he sleave by
the setting tod, causing the sleeve 10 sfids over
the conlcal end of the anchor boit while forming the
undercit In the basa matarial, On the setiing took,
he red ring Indicates tha progress of the salting
oparation. Whan this marking &8 flush with the con-

nected pan, check the anchor for proper sstting (refer

o sep 5.

5. Tha anchor 15 sefand the
undercut s fully formed when the %
red marking on the anchor bolt I visible
abovs the top edga of the slesve, The top
&cdga of the snchor sieeve must be positioned
approx. 3mm below the surtace of the fidure, it
anchor setting time excesds 60 seconds for M10,
M12 or M1 anchiars or 120 seconds for M20
anchors the instaliation falled and the anchor
mugt not bo loaded.

6. Remova the plastic thread protector cap. Securs the

. part1o be festenad by using the conical spring wash-
&r and out provided. Apply B torque nat 10 exceed the
maximum valies given in the Specification Table,
Torcua is not required to set 1he anchor.

The HDA Undercut Anchor, designed to carry significant, safety-relevant loads, must be installed comrectly with the prescribed tools
to function properly. Carelully foliow all instructions located inside the box. installer training is also avallable upon request,

Hit, Inc. (US) 1-800-579-8000 | www.us.hiRk.com | an eepatiol 1-900-578-5000 | Hill (Canada} Corp. 1-800-363-4458 | wwew.hiiti.ce | Procuct Teohnical Giide 2008 295
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4.3.1 HDA Undercut Anchor

Table 9 - Equipment required for setting HDA Anchors

HDA carbon steel - galvanized
Anchor Hilti Hammer Dsil Slop bit Setting tool Single lnpact| RPM under
[ TEZE | TE3S | TE TE7S | 167 snecgyfor | load [1/min}
OB | {10t gonr) TE 56-ATC! Te-a1¢ | ESOSST=r | T Toor. setting
max impact energy
HDA-P 20-M10x100/20 - TE-G-HDA-B 20100 | TE-C-HDA-5T 20M10 R Y ] 750 - 600
- TE-V-HDA-B 20x100 | TE-Y-HDA-ST 20 M10 6.5- 7.8 280 - 500
HOA-T 20-M10x300/20 v [ TE-C-HDAB 20:120 | TE-C-H M10 3.7-4.7 250500
. - . TE-Y-HDA-B 20x120 | TE-Y-HDA-ST 20 M0 5 - 1.8 480500
HDA-P 22M12x125/30 D TE-C-HDACB 22x125 [ TE-C-HDA MI12] [ 37-47 250 - 600
‘ : - TE-Y-HDA-H 221125 | TE-Y-HDA-ST 22 M12 85-75 480~
HOA-T 22-M12x128/50 . TE-CHDA-8 22x165 | TE-C-HDAST 22 Mi2| | 37-4.7 250-500 ]
; . TE-Y-HDAB 22x155 | TE-Y-HDA-GT 22 M12 8.5-7.5 480 - 500 |
ROAF 22-M12x126/50 . TE-C-HDA B 22125 | TE-C- T 22 M12 1.7 -4.7 250 500
. TE-V-HDAB 22x128 | TE-Y-HDABT 22 M12 5-7.5 480 500
HDA-T 22-M12x125/50 . TEC-HDA-B 221175 [TEC-HDA-ST 22 M3Z] |_a7-47 250 - 500
* TE-Y-HOA-B 22x175 | TE-Y-HDA-ST 22 M12 65-7.5 480 - 500
HDA-P 30-M16x190/30 0 . TE-Y-HOA-B 30x199 |
HDAT 30-M16x190/40 . . TEV-HOA-B 30230 | .\ ) )

HDAP 30 MIEKIS0/80 . v TEVHOAS 30730] 15 V-HOA-ST S0 M16 70-9.0 150 - 350

HDA-T 30-M16x190/60 . » | TE-Y-HUA-B30x250 | - :
. [ ADAF 37-M26:E50/50 s [ TE-YHDA-BO7xzS0 :
HDA-T . TE-Y-HOA-B 372300 | v 1aoa oo o R

[HOAP 37-M20x250/106 v [ TE¥iiCA8aTxesg] & TOASTITMZ0} | 8.0-9.0 260
HDA-T 37-M20x260/100 . TE-Y-HDA-B 37x300

HDA-R carbon steel - galvanized » :

Anchor Hitti Hammer Drill Stop dviti b Setting tool Single npact| RPM under
YE2S TEXS | TESY/ 75 | TEYW/ energy for ked (1/min}
v | (151 gear) TE S6-ATC ] 76-ATC | €SS | T o setting
max impact energy )
HOA-PR 20-M10x100/20]___» . TE-C-HDAB 20x100 | TE-C-HDA-ST 20 M1¢ 74, 250 - 820
. TE-Y-HOA-B 20x100 | TE-Y-HDA-ST 20 M10 | 5.7 480 - 500
HDA-TR 20-Mitx100720]___o . TE-G-HOA-B 20x120 | TE-C-HOA-ST 20 M1C .7 -4.] 250- 620
. . TE-Y-HDA-B 20x120 | TE-Y-HDA-ST 20 M10 65-7.8 480 - 500
HDA-PR 22-M12x125/30]__ = . TE-G-HDA-B 22x125 | TE-C-HDAST 22 M12 3747 <620
v TE-Y-HDAB 222125 | TE-Y-HOA-ST 22 M12 B5-7.5 480+ 500
HOA-TR 22-M12x125/30)___= . TE-C-HDA-B 22x155 | TE-C-HOAST 22 M12 3.7-47 =)
. TE-Y.HDA-B 22x155 | TEYHDAGT 22 M12 | | 85-75 480 - 500
HDA-PR 22-M12x125/50] _ ~ . TE-G-HOA-B 22x125 | TE-C-HOA-5T 22 M12 747 250620
. TE-Y-ROA-B 223125 | TE-Y-HDA-ST 22 M1Z 5-1.6 480500
HDA-TR 22-M12x125/50| __+ . TE-C-HDAB 224175 | TE-C-HDA-ST 22 M12 747 260~ 620
. TE-Y-HOA B 22x175 | TE-Y-HDA-ST 22 M12 5-75 480 - 500
HOAPR 30-M18x190/40 . D Y-HOAB 30x190
HDATR 30-M18x190/40 . D TE-Y-HDA-B 30230 | o ; .
HDA-PR S0-M16x{90/60 . s I TEY-HDAB 30x100] 1=V HOA-STSOMIE | | 7.0-90 150 - 330
HDA-TR 30-M16x190/60 . s TE-Y-HDA-B 30250
HDA carbon sieel - sheradized . )
Anchor Hilti Hesmmer Drill Stop aell bit Setting tool Single Impact | RPM under
[TTE25 | JEIS | T TETS | TEH energyfor | load {i/min)
QR | (tat gear) TE 86-ATC 78.ATC | €30S | T Toorm- setting
max impact snergy :

HDA-PF 20-M1G*X100/20 . | | TE-C-HDA B 20°x100/

JHDA—TF 20-MITI0020 . I 1 TE-C-HDAB 20°x120] [0 O HOAST20MI0| | 35-40 §10-830

[HDAPF 22- W12 x125/30 . TE-C-HDAB 22°X12
HDATF 22 M12X125/30 . TE-G-HDA-B 22°4155 ) .

HOAPF 22-M1Zx126/50 . TEC-HDAE 22125 0 OAST22MIZ1 | 36-40 610620

HDATE 22-MIZx1 - TE-C-HDAB 22175
HDA-PT 30-M16°%x190740 v e | TE-Y-HDA-B 30°x190]

[HDA-TE 30-M16°%180/40 D v [ TE-Y-HDA-B 30" g . .
OAE 0060 - [ TEYHDAE 3190 5 HPA-ST0 M6 70-90 160 - 350
HDASTF 30-M16°x190/50 v * | TEY-HDA B 30°x250
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HDA Undercut Anchor

4.3.1

I Mechanical Anchoring Systems

4.3.1.3 Setting Details —£ ¥ 143
o Anchor Nomenclature
T L A )
MCR : Hilti Design Anchor
P-pra-set before baseplate
t' || _ T—mrolugh-sat afterthrough
1777, 7 ] bageplate
& 3 d
4 pu¥ % %7?7 5 O : Blank-carbon steei zinc plated
~:\:\ = \:& :\:\\ :\:\: F-carbon steel sherardized
\\\ °INNY ™ NN ; R-R-316 stalnless steel
1 NN AR NN \\ Metric :
1N AR NN RN Thread diameter (mr)
NN \ » IR TANNN \ _Z
NN NN LS oI NN :
\\ \\ NN S NNNNN
NN N HDA-P-F M 12 x 125/ 50
: \\\\ NN NN \\\\
NN \\\\\\\ &\\1£_._§&\\\ Mirimum embedment of undercut
NN | R Maximum fastening thickness
- HDA-T i HDA-P a
Specification Table .
Anchr Size HATHOAP | W01 10020 2312530 Mi2x125/50 M6 x 190440 M16x 150/60 M20 x 25050 M20 £ 250100
Stop i it for HDA-T TECHOAB 201120 | TECHOABZx155 | TECHABZx175 | TEFDABXxZ0 | TOHABI0X250 | TEVHOAB x X0 | TE-VIDAB 37 x50
Stop dril bt for HDAP TEHDAB0x100 | TECHDABZ2x125 | TEC-HDAB22x125 | TEV-HDAB30x190 | TE-ROAB30xIM0 | TE-VHOAB7x2%0 | TE-RDAB37 1250
Sating Tool TECHOAST 20410 | TEC-KDA-ST22-M12 | TECHDAST22.MI2 | TEVHDAST0MIG | TEV-FDASTA0MIG | TEYHDASI 37 - M2D |TEYHOAST 37 - M20
b Thickness efbese
material, min.! mm ) 140(5-113 178658 1NEH 20 8-718) 20878 380{15 360{1%
£ Toid anchor length mm fn) 15050 130748 0827 2751083 205{1161) 30 {14.17) 410 (1614
" leng LD, code? ketier 1 L ] R 3 [l W
te  Fasteningtiiciness
HDA-T, min? mm ) 10039 10039 10039 15{059) 151059 20019 0079
HDA-T, max, man o) 0079 0418 0.7 20159 602.36 50{1.97) 100399
HOAP, ma. mm fn) 2079 (.18 (1.9 401.58 501235 50197 1008.94)
dy  Nom. dia,of il bt Bn % 2 z k) BED 3 w
1, WVodphudilide ) WA #5563 3553 bl W 266{1047) 266 (1047
iy Eeciveanchoing Geph  mm ) 039 125459 563 100{74 107 H) =0 959) 250 (9.347)
4y Recommendsd clearance
hoajin)  HOAT  mm) A0 231516 BUEE) 2(1-14) 2(-14) 01916 40(1-916)
: HDAP  mem{n) 1211 141G Wi6) 18034) 18(3/4) 208 208
¢,  AnchrDianeler AT mm fn) 1900.748 210827 110.827) (1142 B(1.142 %{1.42 %6149
) HAP  mmin) 100394 120472 120472 16 {0,630 160630 207 20079
d,  Wiasher diameter mm ) 275 (108 85132 3513 4550179 455(1.79) 50{197) 5{197)
5. Widhaoussies m ) 17 i) iE] % % 30 K1)
T M igitening torgoe®  Nom 1) 5) (37) 8059 059 1205 12008 300 1221) 0 220)
Stesve properfes '
Ay  Cossseclionalara  mmd{n) 196 (0.304) 223{0.346) 23{0.346) 445 {0690} 445 [0.650) 6755 {1,047 675.6{1.047)
Sy Bastsectonmotbs  ma? ) 59 0.0364) THEMT 7900475 210 {0.1288) 2010101268 30500.241) 3950 {0.241)
Boll properties -
Ay Boltnomind siea e {i2) 50120 130475 1INA75) 210312 010312 314.160.487 31446 0.467)
A, Boltensonares nm? n) 5540.000) 8430131 3D13) 157{0:243) 15700.243 2450380 245{0.:360)
5,  Eastosectonmotvss  mm® nd §7 .0041) 117 0.0071) 117 0.0071) 2300179 29300179 541.300%) 541.3{0.033
Ay Undecutbeatrg aes®  mm? (1) 2010403 059 40545 240960 824 {0.967) 707, {1.096) 707.1 (1.056)

1 Base material thickness as required to minimize spiit-
ting as per the CCD design method.

2 Length code in accordance with ICC-ES acceptance

criteria ACO1.

Hammer Drills for Anchor Setting

3

Minimum thickness of fastened part as required to

ensure engagement of fulf sleeve cross section in

shear.

4 Mstric stop drill bit must be used. See Section 4.3.1.4

for use of matched teleranca diamond core bits.

§ Torque tightening of the anchor is not required for

proper set. Torque tightening may reduce initial slip
under Joad and can improve faligue performance.

6 Recommended area for calculating maximum bearing

stress in accordance with the CCD mathod.

Anchor Size HOA-THDA-P M10 % 100120 | M12x12530 | Mizx 12550 | MiBx 19040 l W16 % 190/60 | M0 250/50 | M20 x 2501400
Diifing System for anchor setting TE24, TE2S first gear TE75 bkax. bammering powst, TE-76 TE-76

Single impact energy Joules (i-ly 37-4707-35 10-90562-68 10-8351-61)
Speed under load {rom) 250500 150- 330 280

Visit Hilti Online

‘ US www.us.hifi.com
Canada www.ca.hilti.com

Hilti, Inc. {US) 1-800-879-8000 | Product Technical Guide 2004 | Hilti (Canada) Cnrmn“rn 1-800-363-4458 =TT i 1
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43.1 HDA Undercut Anchor

Mechanical Anchoring Systems |

4.3.1.3.2.3 Allowable Stress Design

Combined Shear and Tension Leading
N, &3 ( Y, )5&5

— + {4 £1.0

( Nﬁ:) Vru:

' HDA, HDA-R and HDA-F Undercut Anchor Allowable Tension Loads

in Normal Weight Concrete
, Concrete Capacity?

Anchor Embedment f,2 17.4 MPa (2,500 psi) Steel Capacity!

Size, mm Depth, mm {in.) Tension, kN ¢b) Tension, kN {b)

- (M0 100 (4) 154 (3,466) 20.7 {4,650)

Mz 125 (5} 233 15,235) 29.8{6.,710)
M16 190 (7.5) 40.91{9,187) 63 (11,930)
M20 250 (9.8) 88 (15,287} 83 (18,645)

HDA, HDA-R and HDA-F Undercut Anchor Ultimate Tenslon Leads

1 Provided the anchor is placed at or
In Normal Welght Concretg3 reater than critical edgs and spacing
_ Concrote Capacity? distarces, the steel capacity can be
~ Anchor - Embedment fo 2 7.4 WPa (2,500 psi) tlnsegl mzt:Iel Cﬁ%ﬂgﬁm ;ﬂs ﬂ;d
. . ninimum me 2
Size, m Depth, mm {in.) Tension, kN ) calcuiated pat ASC an:
M10 100 (4) 47 (10,560 0.334gFu.

2 ‘When edge er spacing Influence
mi2 125 5} 71 (15,954 factors are Invoived, apply them o “
M16 190 (7.5) 127 {28,821) Dfm?lﬂ capactty values. _
M20 2500.8) 204 (45.74%) 3 Aluttimale {oad valuss represent the

average values obtained in testing.

HDA, HDA-R and HDA-F Undercut Anchor Allowable2 Shear Loads in Concrete

Anchor Embedment f.217.4 MPa (2,500 psi) -
Size, mm Depth, mm (.} Shear, kN {b)
HDA-P HDA-T
o 100 {43 4.6(1,027) 28,7 (6,453)
M12 125 (5) 12.2(2,750) 31.2 (7,005)
M16 190 (7.5} 23.3(5,240) 5286 (11,835)
M20 250 (3.8} 33.2 (7.460) 81.0 (18,210)

HDA, HDA-R and HDA-F Undercut Anchor Ultimate Shear Loads in Concrete?

Anchor Embedment f. 2 17.4 MPa (2,500 psi)
Size, mm Depth, mm (in.) Shear, kN (b
HDA-P HDA-T
M1G 100 {4} 29{5,516) 96 (21,640)
M12 125 {5) 42 (9,510) 130 (29,140) 1 Al itimats loads represent the
M16 190 (7 5) 75 (16,930) 221 (49,700) average vakies abtalned in testing
2 Allowable loads detsrminad by 5%
M20 250(9.8) 120,6 (27,100} 313 (70,400) {ractte, Soo Secton 293

Visit Hitti Online
www.us, hilti.com US
www.ca.hilti.com Canada
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4.3.1

HDA Undercut Anchor

Y Mechanicat Anchoring Systems

Anchor Spacing and Edge Distance Guidelines {see Anchoring Technoiogy Section 4.1.3)

Anchor Spacing Adjustment Factors

Edge Distance Adjusiment Faciors

s = Achod Spacing ¢ = Actuat edge distance
Sor = 1.0 G = 0.8 1y HOA-T Shear
S¢ = 3Dhy Cy = 200y _
Ce = 15Ny HOA-T Tension -
W e S 35
Anchor Size hy mm (in) § :
 HDA-T Sha
M10 100 (3.94) ji Shear & Tensian 20+ = =
Mi2 1254692 he ] I3
' 10 e Pe
M16 190 {7.48) e
M20 250{9.84}
0 L T Ll 1 T
b 2 4 & _
Anchor Spacing Adjustment Factor Edga Distance Adjustment Facior
L) e i)
Load Adjustment Factor Load Adjustment Factor
Anchor Spacing, {, Edge Distance, 1,
EDA-P Tension/Shear
HDA Tenstos/Shear HDA-T Tension HOA-T Shear
Spacing Aachor Diamater go Dist, Anchor Diameter ~Edge Diat. Anchor Diameles
smmin} { 0@ [ M2 [ W20 | coomgn) § WG Wiz | W6 #0 | c,mmin) | W0 Wiz W0 20
w( 4}os ; T80 (31 0ot DR 80 { 34| 026
110 { 4-378) ] 085 90 (31U | 092 Lk o0 { 312} 0.32
125 (4-7/8)| 0.85 0.84 w100 ( 4] 084 091 5 1006{ 4} 0.38 0.28
135 (55106 ] 0.87 0.85 7110 (438 ] 0.95 ngz ¥ 3 115{ 4-172) | 0.48 0.33
150 { 57 0.83 0.85 pohar 12 (4341 096 0.93 130({ 518} } 8.57 0.4
175 ( 678 | 0.90 08487 v ewens 140 {5172 | 0.99 095 1152 @l on (.52 0.26
190 { 7-122] 091 0.88 0.84 852150 (5-7/8) | 1.00 0.9 | 180 71 0.88 0.66 0.35 :
254{8-1/8)) 084 9.90 0.85 FOgETi182 (B 0.96 St 200 ( 7-728) 1 1.00 0.76 0.42 026
260 {8-7M)} 096 | 082 0.36 094 [160 (6-14) 0.97 225( 8-78) 038 0.50 032
275 110—7@ 098 0.4 0.87 085 {188 {7-3%) 1.00 250( 97/8) 1.00 058 | 0.38
300 (12| 1.00 0.35 Q.88 0.86 {200 {7-74) 275 (10-7, (.66 0.45
325 (12-34 097 agn 086|220 (858 300 (11-7/8) 0.74 2.51
375 {[14-34) 1.00 09 088 {240 {912) | 320 (12-1/9 0.81 0.56
458 (17-3/4) 095 0.90 1260 {10-1 340 (13-34) 0.87 061
| SO0 (19-58) 097 092 1270 (10-58) 356 (1418 .94 0,66
540 22-1/2) 1.00 094 1285 {U-14) 380{ {5 148 0.71
600 (23-58) .95 {300 (11-7/8) 400 (15-3/ 0.76
650{25-9/16) 097 1325 (12-3/4 495 (16-34d) 0.82
TOR7-916) 0.58 1350 (1394 50 (17-34) 0.83
750 (29-1/2) 1.00 1375 {(4-34] 475 118-34 094
500 {19-5/8) 1.00
Som = 1.Ohg Sg=30h Crin = 0.8hy €y = 1.5hy Coin = 0.8hy Ly = 20hy
w =008 § +076 fa = 0,128 c_+0.808 faw = 062 _¢_ ~0.236
hg by hig
for 84 >8> Spa 0f G > 6> g fOr €y > € > Gy

Visit Hitti Onling
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Appendix E
MathCAD Version 14 Software Validation





B 5 mm‘gmwmﬁ&mmwmﬂmmﬁm

Refer to Engineering Calculations and Analyéis Report, "Computer Code Vaiidétion" Section for cdmputer and software
information. . :

MathCAD Version 14

All MathCAD caleulations performed in this ECAR consist of basic mathematical equations containing addition,
multiplication, and division operators. In order 10 V&V MathCAD 14, a mathematical equation, containing all the
previously mentioned operators, were taken and compared to hand calculations performed using a Texas Instruments
Voyage 200 calculator. The original MathCAD equation has been modified by inserting a "v" in the super subscript of
each variable to differentiate between the original and V&V equations. Some of the variable values have also been _
changed in the V&V equation. : :

th = B0-Ibf
apy 1= 1.0

va =2.5

ipv =15
hUhV = 1015;“
ZUhV = 121”
Fav = 1.2

Ssv :=0.386

Spsy = (Fav)(ssv)

SMSV = 0463

/2\

50va = {\g )(SMSV)

SDSV = 0.309

Fouhv = R 1174
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Title: ATR 670-D-323 Concrete Block Wall and Door Frame Seismic Upgrade Analysis

1. Index Codes

Building/Type: TRA-870 SSC ID: 670-D-323 . Site Area: ATR Complex
Quality Level: 1 } RTC-QLD-000833
3. Objective/Purpose

The purpose of this Engineering Calculations and Analysis Report (ECARY), is to perform calculations to support the insialla_tion
“of a seismic bracket per INL Drawing 601091, _ ' '

N

The DC power supply for 670-M-11 emergency coolant pump, (which is safety related per SAR-153), penetrates the concrete
“block wall above: door 670-M-323, located in the 1% Basement of ATR. This wall has been identified by the ARES Corporation,

as a potential seismic weakness. The new bracket and associated anchors will tie the 670-D-323 door frame and concrete
block wall to the ATR canal wall.

"14.  Conclusions/Recommendations

Based upon this analysis, it is recommended that the proposed seismic bracket and anchorage design be installed per INL
o Drawin9601091. ' : . . , - o - ’

In conclusion, the new bracket and associated anchars will add the required support to the ATR 670-D-323 door frame to
prevent a failure of the concrete block wall and 670-M-11 DC power supply during a PC-4 seismic event. This modification will
ensure that 670-M-11 will perform its safety function.

5. _ Review (R) and Approval (A) and Acceptance (Ac):

Typed Name/Qrganization o Signature/Date®
/ .
Performer/Author _B. L. MoonAW411 -'L’((W % / Z 2-/ farxe)
. agks ch d; . Y !
Technical Checker R R. R. WinnAW221 : LA /a}-/,- |
K 7 7
-|Independent Peer Reviewer® R S. R. Jensen/W210
Performer’s Manager A S. W. Monk/W411
Requester Ac C. W. BrooksAN221
Nuclear Safety® Ac N/R
Document Control ' B. R. Pike/GB62 B{,{ Les Q . f/:)/}; , /0_/30//)8
1 Review and Approval are required. Sea LWP-10200 for definitions and responsibilities.
2 An Electronic Change Request (ECR) indicating final review and concurrence by the listed individuals can be used in tisu of signatures.
3 .

If Required, per LWP-10200,

6.  Additional Distribution: Document Control:
{Name and Mail Stop)






* TEM-10200-1

o ENGINEERING CALCULATIONS AND ANALYSIS REPORT = " Page2ofs
Rev. 01 ] ) .
ECARNo.. ECAR-420 ECAR Rev. No.: 0 Project File' No.: Date: 10/23/08

Title: ATR 670-D-323 Concrete Block Wall and Door Frame Seismic Upgrade Analysis

Scope and Brief Description

DESIGN INPULS BN SOUITES .....ocrervserorv oot neros oo ) R 2
Background.................... cevrerei et raans

..............................................................

Appendix C...............cooveeeeern,
Appendix Do,
Appendix ..o
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Appendix A — Anchorage and Material Analysis ‘
Appendix B — Engineering Calculations and Analysis Plan (ECAP)
Appendix C - Load and Moments Diagram

Appendix D — Hilti HDA-T Undercut Anchor Vendor Data

Appendix E — MathCAD Version 14 Software Validation

Scope and Brief Description
The scope of this analysis is to analyze the new bracket and associated anchorage, as shown on INL Drawing 601081, to be installed

on the Advanced Test Reactor (ATR) 670-D-323 southeast side of the door frame and north side of the ATR concrete canal wall. The

bracket and anchorage need to be designed to prevent the doorway from collapsing during an ATR Safe Shutdown Earthquake (SSE)
seismic event.

Design Inputs and Sources

The allowable stresses for this analysis will be determined using American Institute of Steel Construction (AISC) Manual of Steel
Construction, Allowable Stress Design (Ref. 1). '

Selsmic loads applied to the concrete block and shielding walls in TRA-670 is per Referenc_e 2.

Background

identified as possible points of failure in a seismic event. The ATR Emergency Coolant Pump 670-M-11, (which is required to operate
following an ATR Safe Shutdown Earthquake (SSE)), power cable conduit runs through the concrete block wail above

670-D-323. If the wall was to collapse, the 670-M-11 power cable may be severed, which would disable the 670-M-11 emergency pump.
Assumptions

Nohe
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Computer Code Validation

. Computer type: Dell Precision 670, INL Property# 386768

Computer program name and revision: MathCAD, Version 14

Inputs: See Appendix A

Outputs: See Appendix A

Evidence of, orreference to, computer program validation: See Appendix E

Basas supporting application of the computer program to the specific physical problem: MathCAD is a mathematicai
computing software developed specifically to perform this type of calculations. ' :

oo o

Body

See Appendix A

Recommendations

Based upon this analysis, it is recommended that the propbsed bracket and anchorage design be installed per INL Drawing 60109%.

References
1. Manual of Steel Construction Allowable Stress Design, American Institute of Steel Construction {AISC), Ninth Edition

2. Seismic Evaluation of Concrete Block and Shielding Walls in TRA-670, Calculation No. 0602301.01-5-007, Rev 0, ARES
Corparation, 07/08/08. :

3. INL Drawing 121053, Rev 7, “Reactor Building First Basement Concrete SHi#2"
4. American Society of Testing and Materials (ASTM), A36 Structural Steel, 1992

5. Mechanical Engineering Design, Seventh Edition, 2004, Shigley, Mischke, Budynas
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The following calculations are divided into five sections:
Section 1, Force and Moment Calculations
Section 2, Anchor Force Calculations
Section 3, Bracket Material Stress Calculations
Section 4, Connection Plate Material Stress Calculations
Section 5, Connection Plate Weld Calculations

/{ "
/‘/ g

New Bracket

CA

$

L)

- - -
+
t

2 &7

Figure A1
New Bracket
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Section 1 - Force and Moment Calculations :
Force and moment values; M,, F,, and M, were taken from the ARES Comporation Report "Seismic Evaluation of

Concrete Block and Shielding Walls in TRA-670." {Ref. 2). These values were calculated for the existing bracket,
which is mounted along the angled, approx. 20 degrees from vertical, ATR Canal Wall, as shown in Figure 4-1 in
Appendix C. The new bracket, as shown in Figure A1, is oriented vertically, thus the given moment values

previously menticned were divided by cos 20 degrees to provide accurate values for anchorage and material
calculations.

M; := 3490Ibf -in Moment M, (see Appendix C)
Fy i= 1560Ibf ' - Force F, (see Appendix C)
M3 := 13160Ibf in Moment M, {see Appendix C)
9= 20deg Approximate Angle of Canal Wall (Ref. 3)
M1
My = —— Calculated Moment M,
" cos(6)

My, =3713.98-1bf-in

M .
Mz, = 3 Calculated Moment M.,
27 cos(9)

M3, = 14004.58-Ibf -in

PLATE B

M1a
NO CREDIT TAKEN
FOR THREADED
ROD OR BACKING

PLATE

e
e N

J ‘\ PLATE ¢
M3a
PLATE A

~ Figure A2
Force, Moments, and Plate Identification
Bracket Detail

A2 ECAR-420





Section 2 - Anchor Force Calculations ‘

The following calculations were performed to determine anchor shear and tension loads. Dimensional distances
and Moments d, - dg, M,, and M, respectively, are shown on Figure A3, correspond with the following shear
and tension equations.

A~ g @
1 2" (dﬂ L~
| / GF | ™8 13,
|1 Ny e
Lt
I
I
P 3
(7]
=z
¢ = 4 N
= |~
% 4
X
/'/
’ /
/4
\ 3
S
Figure A3
Dimensional Identification
Bracket Detzil
Shear
anchorsn =2 Number of Anchors
dy = 12in Vertical Distance Between Anchor Holes
(see Figure A3)
dy == 8in . Horizontal Distance from edge of Plate A to Center of Anchor Hole

(see Figure A3)

A3 ECAR-420





3= 12in o ' Horizontal Distance from edge to edge of Plate A
{see Figure A3)

Mla

Fy anchor = —d—l- Anchor Shear Force Induced by Moment M1 a

F| anchor = 309.5-Ibf

F ,
2 - .
F e ' Anchor Shear Force (per anchor) induced by Force F
2anchor anchors_ , , ‘ , _ 2

Faanchor = 780-1bf

F‘Tanchor e Flanchor + F2anchor Total Aﬁchor Shear Force

Tension

: Nf3a
Fension = (d3 - dz)(aﬂChO"Sn)

Anchor Pullout (Tension) Force (per anchor) induced by Moment My,

With the calculated:shear and tension loads of approx 1100 Ibf and 1750 Ibf, respectively, a Hilti M12 HDA-T
Undercut Anchor will be used. Anchor ratings taken from the Hilti vendor data are shown in Table A4. The

_ ATR canal wall is composed of 3000 psi concrete, but the Hilti vendor data for shear and tension ratings only
specifies 2500 psi concrete, thus using the ratings for 2500 psi concrete is a conservative approach. The
recommended spacing for these anchors for full capacity is 14-3/4". The spacing for this design is 12", so the
anchors will be de-rated by 0.95 (see Appendix D). With anchor design considerations above, the Hilti M12
HDA-T Undercut Anchor will be sufficient, with ample margin, for this design.

M12 HDA-T Load Rating T able
2500 psi
Concrete S(;tggl
_ (b |
Shear 7005
{Derated Value) | (6655)
Tension 5235 6710
(Derated Value) |  (4973) (6375)
Table A4

M12 HDA-T Load Rating

(Allowable Shear and Tension Loads)

A4
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SRR e SRS

Section 3 - Bracket Material Stress Calculations

Ostee] = 36000psi

T = (Usteel)co’m)

T, = 21600-psi
. d4 = ISin

dg == .750in .

L= 55 (45) (09)’

5 =364.5in"

lp = 5{4e)(45)

Ig= O.63-in4

o

.3
CAh = >

CAh =0.38in

O'A.-

(M I.a)(cAv) '

Ia

A5

Minimum Yield Stress of ASTM A36 Steel
(Ref. 4, Page 355, Table 3)

Calculated Allowable Strength
(Ref. 1, Page 5-49, Equation F3-3)

Plate A - Vertical Dimension
(see Figure A3)

Plate A - Thickness

. {see Figure A3)

Momeni of Inertia
(Plate A - Vertical Orientation)

Moment of Inertia
(Plate A - Horizontal Orientation)

Distance from outer edge to middle of plate
(Plate A - Vertical Orientation)

Distance from outer edge to middle of plate
(Plate A - Horizontal Orientation)

Bending Stress Induced by Moment My,
(Plate A - Vertical Orientation)

ECAR-420





Bending Stress Induced by Moment Ma,
(Plate A - Horizontal Orientation)

Combined Bending Stress Induced by Moments
M,, and M,

(Allowable Stress = 21,600 psi)

Plate B will not be analyzed because it will be enveloped by the Connection Plate C analysis in Section 4. Plate
B will be the same thxckness as Plate A.

AThe weld connectnon between Plates A & B will be a fuu penetratlon weld (performed in the shop); therefore, the
stress on this weld joint will be similar to C,p above. The allowable stress on the weld filler material i is 21,000 psi

{see Section 5), which is greater than 0, above. Based on this, no further analysis will be performed on this
~weld connection.

AB ECAR-420
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Section 4 - Cohnection Plate Material Stress Calculations

b= 12in Plate C - Base Dimension
hC = .75in Plate C - Thickness
1 3 .
Lo= E(bc) (hC)" Plate C - X Moment of Inertia
L= 042:in"
1 3 .
o= E(hc) (bc) Plate C - Y Moment of Inertia
Ic = 108-in*
‘ o= IxC + ch Plate C - Second Polar Moment of Area

Jg = 108.42-in”

(M]a)[%) _

o s ————— Torsional Shear Stress induced by Moment M, a’
J
C

Mp; := (F;)(6in) - Moment Induced by Force F,

Mg; = 9360-1bf in

. J e
(MF2 + M3a)(7J

Oop = Bending Stress induced by Moments Mg, and M,

IxC

Total Stress induced by Moments Mg, My, and My,

5 = Ty + :
total = "Ct T 7Ch (Allowable Stress = 21,600 psi)

OK

A7 ECAR-420






Section § - Connecting Plate Weld Calculations

The following calculations were performed to determine weld bending and shear stresses. The connecting plate
{Plate C) will consist of two identical welds, one connecting the plate to the doorway channel and the other
connecting the plate to the bracket. The connecting plate will be welded to the existing door frame, which is
made from 3/16" thick channel, using a 3/16" fillet weld. Since the welds are identical and have the same loading
characteristics, this analysis will only address the welds connecting the doorway channel and connecting plate.

Stress Due to Moment M,

by, = 1.75in"
dy, = 2in
hy, = .1875in
3 2.3 4.
L 8(by) + 6(by) (dy) + dyy by
¢ 12 2by, + dy,
. ’ . 3
J, =272.97-in

Jy= l0.7o7(1u)(hw)

L, = 3579

Weld H_orizonta! Distance’
Weld Vertical Distance

Weld Size

Weld Unit Second Polar Moment of

. Area-

A8

(Ref. 5, Page 472, Table 9-1)

Weld Second Polar Moment of Area
(Ref. 5, Page 471, Equation 8-6)

Weld Torsional Shear Stress due o Moment M,

Weld Unit Second Moment of Area
(Ref. 5, Page 478, Table 9-2)

Weld Secbnd Moment of Area
(Ref. 5, Page 475, Section 9-4¢)

ECAR-420





Xpar =02in
Cy = by, ~ Xbar
Cy = 1.55in

Stress Due to Moment M,,

(M34)(cw)
IM3a = T

70x%a "= (770x)(030)

WStotal ™= TM1a * 9F2 * TM3a

A9

T -

y

e

Weld Bending Stress due to Moment F,

Weld Bending Stress due to Moment M,

Minimum Tensile Strength - 70XX Weld Filler Material

Calculated Allowable Strength
(Ref. 1, Page 5-70, Table J2.5)

Total Combined Weld Stress
{Allowable Stress = 21,000 psi)

£CAR-~420
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Engineering Calculations and Analysis Plan

ATR 670-D-323 Concrete Block Wall and Door Frame Seismic Upgrade

4.

Analysis

SCOPE
The purpose for this Engineering Calcula’uons and Analysis Plan (ECAP) is to
document analyses to be performed, as identified in section 2 of this document, to

support the scope

The scope of the document is to analyze a new bracket and anchorage to be
installed on the Advanced Test Reactor (ATR) 670-D-323 concrete block wall
and door frame. The bracket and anchorage need to be designed to prevent the
doorway from collapsing during an ATR Safe Shutdown Earthquake (SSE)
seismic event

DELIVERABLES .
The seismic analysis of the ATR 670-D-323 concrete block wall and door frame

bracket and anchorage will be completed and an ECAR will be generated to
document the results.

ASSUMPTIONS

None

QUALITY LEVEL

The Quality Level Determination (QLD) for this analysis is covered under RTC-
000633 and is Quality Level 1.

NATURAL PHENOMENA HAZARDS (NPH) CRITERIA |

The NPH for this analysis will be PC-4 seismic per Reference 1.

LOAD SCENARIOS AND ACCEPTANCE CRITERIA

Load scenarios and acceptance criteria will be per References 1 (Appendix C) and
2, respectively.

VERIFICATION/VALIDATION REQUIREMENTS

This analysis will be technically checked by a competent engineer within the ATR
Complex engineering organization and independently peer reviewed by a

ECAR-420





10.

competent person within the perfonher’s organization not directly involved with
this analysis.

BUDGET/SCHEDULE

The estimated cost to complete this analysis is approximately $2,000. The time

- frame in which this design will be implemented will be determined by ATR

Programs management and scheduling department.
REFERENCES

1. Seismic Evaluation of Concrete Block and Shielding Walls in TRA-670,
Calculation No. 0602301.01-S-007, Rev 0, ARES Corporation, 7/8/08.

2. Manual of Steel Construction Allowable Stress Design, Amencan Institute of

Steel Constructlon Ninth Edition (AISC), 1989

SIGNATURES

Requestor: M”’%’ﬁ‘p ‘ Date: 10[28 Zog

Performer: ; Date: A/ :‘{%/Q"Q
Performe#*$ Manager: __ ‘7 < /C/ Date: /* "2,28/ /R
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' --  CALCULATION SHEET |

ProjectNo.  0602301.01 Calculation No.  0602301.01-8-007 Rev. 0 |PageNo. 1190262
Title:  Seismic Evaluation of Concrete Block and Shielding Walls in TRA-670
Prepared By:  Philip 8. Hashimoto Date: ~7/8/08 Checked By: Chip Conselman Date: 7/8/08

Mz (R “-ia

Flz {5 ¥
AEN
«Of

M= 3\{.6] \'_-:fs/_

BLACCET

ChANRP
L

Figure 23-1. Door Frame Bracket Reactions for Strengthening Design.
240 QUALITATIVE REVIEW OF FIRE WALLS
Fire walls are identified on the following drawings:
. Drawing No. 623067, TRA 670, ATR Fire Wall Designation, First Floor Plan- Elev 96-0”
. Drawing No. 623068, TRA 670, ATR Fire Wail Designation, First Basement Floor Plan- Elev 79°-0"
. Drawing No. 623069, TRA 670, ATR Fire Wall Designation, Second Basement Floor Plan- Elev 60'-0”
. Drawing No. 623070, TRA 670, ATR Fire Wall Désignatz’on, Mezzanine Floor Plans

The fire walls are shown on Figures 24-1 to 24-4. Many of these walls are constructed of concrete block.
Concrete block fire walls considered to satisfy PC-4 seismic criteria are highlighted in yellow. These walls are
either explicitly included in the seismic evaluation above, or are judged to be acceptable based on similarity to -

Calculation Sheet (02/07)
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INTRODUCTION

During recent seismic walk downs at the Advanced Test Reactor by Ares personnel, the
cable tray in the second basement adjacent to the east stairwell was identified to have
insufficient anchorage due to the bending moments applied to the 15" bolts that are
generated by the weight of the cable trays during postuiated design basis earthquake. The
pullout strength of the 14”-13 strut nuts is 2000 1bs when used in 12 Ga unistrut channels,
which is Jess than the 2538.46 Ibs force generated from the moment about the vertical
edge of the unistrut channel. The derivation of this moment can be found in the Ares.
report titled Limited Analytical Review of Cable Tray Supports with the Calc No.
0602301.01-S-006. See Appendix A.

RECOMMENDATION

The recommendation from ATR engineering is fabricate a bracket that can be inserted -
between the stairwell block wall and the vertical member of the 6 tier cable tray. This
bracket will remove the bending moment from the cable tray anchorage as it will be
constrained in all 3 orthogonal directions. The bracket will be placed at the end of the
vertical member and will need to resist 2 moment of 3637.5 in-lbs. This moment
translates in to a force of about 50 1bs in and out of the vertical wall plane.

The 50 1bs load is transferred to the bracket via a 4” grade 5 Hex Capscrew (HCS) that is
oriented in a manner that places it in a double shear condition. The bracket is bolted to
the wall via two through bolt connections in order to allow the wall to accept the force in
either direction. Plates will be utilized on both sides of the wall to ensure the though bolt
can not “blow out” the block. The bracket design can be found on DWG-600846 ATR
Second Basement 6-tier Cable Tray Anchorage Installation and Detail.

CONCLUSIONS

The recommended bracket design is robust and by inspection all of the components are
adequate to withstand the 50 Ibs of force which would be applied during the postulated
seismic event.

APPENDIXES

Appendix A, Limited Analytical Review of Cable Tray Supports
Calc No. 0602301.01-S-006 |

Appendix B, Vendor Data
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CALCULATION SHEET

ProiectNo. 060220101

| Catentation N, 0602301 .01.8-006

| Rev.

] iPage No. 344795

TiMer  Limned Aralyiical Review of Dbk Tray Supports

Figure 6-3. Support 2B-C-3.

Prepared By: R. Cushing {Date: 92408 |Checked By: R.D. Augustive  |Dae: 0724703
62  Swpport 2B-C3
This support is a cantilever bracket bype as shown ir. F igure 6-3.
boao )v ono 7
< 4 A~ 4 I - iil ~ 4
7 3oV ’K' ] 7 &Y o
4 N e
embadded channe I 1/2 inct: spring mut
. /’ : 9,
118 inch fillet weld ‘ 25% @l .
* allaround ’ . !: “srsapsvcanne PN 18'”@7“‘3}’ ‘
t l = Tier 6
10% fil .
' FlogRann o ) 18}nd1tray
r
= Tier 5
AN
: 25% i)
P1001 { sogocooomaon] 18 inct tray
L ] :
l == Tier 4
l 4
T I 10% fill X
12 in spacing |l oggaonga | 18inch tray
f R
| ' (—— === Tier 3
‘ . 0% i & inch tray
.’ .
tributary span = 10 )  — Tier 2
0% fill
l ' 12 inch tray
1 : = Tier 1
|

Caleulation Sheet (92907
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Cale. No. 0602301.01-8-006

. Rev.0  Page350f 95
A A : .
CORSQuATION SHEET
Prepared By: R. Cushing  Date: 09/24/08
Project No.: 0602301.01 Calculation Title: Limited Analytica) Review of Checked By: R.D. Augustine Date: 09/24/08
Cable Tray Supports

Dead Load Check (DOE/EH-0545 Section 9.2.1.3.1}

Determine the tray weights from DOE/EH-0545 Section 9.2.1.3.9.

b
‘Wt = 25-—1—2
ft
WG = Wt~6-in.
b
Rt

Wio = Wt124n

Wio = 25—

W g = Wt:18-in

Wig =37.5—

Weight of standard tray with 4 inches of cable fill,
from DOE/EH-0545 Section 9.2.1.39.

Weight per foot of 6 wide cable ray with 100% lL.

ft ' Weight per foot of 12" wide cable tray with 100% Bl).

Weight per foot of 18" wide cable tray with 100% fill.

Ltrib_ZIB_C_3 = 10-#t Tributary span of suppert 2B-C-3.

The lowest tray (bottom tray) is called tier 1. The tier 1 and 2 trays are empty. Use 10% fill for these trays
to cover dead load of the tray. Tier 3 has 10% fill, tier 4 has 25% fill, tier 5 has 10% fill and tier 6 has 25%

fill, v
 Wiiert = (10%)(W 2)(Ligip, 28 C 3)
Wiier] =251b

Wiier2 = (10%)(Wel{ Lisp 28 ¢ 3)

Wiierz = 12516

Tier 1 (bottom) cable tray
weight.

Tier 2 cable tray weight.’
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CEASTPYRATION S}IEET
" Prepared By: R. Cushing  Date: 09/24/08
Project No.: 060230101 Calculation Title: Limited Analytical Review of Checked By: R.D. Augustine Date: 09/24/08
Cable Tray Supports
. .= (109). . . . ' .
Wiiers = (10%) (WIS) (Ltrlb_ZB_C_fi) Tier 3 cable tray weight.

Wiier3 = 3751b

 Wriers = (25%)(W1g)(Lirip 28 ¢ 3) | Tier 4 cable tray weight,
Wiiooq = 93.751b
thierS = (10%) '(WIS)'(Ltrib_ZB_C_3) Tier 5 cable tray weight.

Wtiéri =3751b

Wiiers = (25%)(W13) (Luib 28 C 3) Tier 6 (top) cable tray weight.

Wiierg = 93.751b
Check the horizontal members supporting the trays. Each tray is supported by a standard Unistrut P2543

cantilever bracket with a P1001 member. Tier 6 governs with the largest load. The load is applied at the
center of the cable tray.

18-in .
Mpjs43 DL = wtieré'[ 5 +2'm]

| MP2543_DL = 1031.25-in-1b | Dead load reaction moment at end of tier 6.

The rated capacity of the P2543 member is 1300 Ibs. uniform load over the 18 inch length, from Unistrut
Catalog No. 12 Page 110.

18-in

Mpss43 = 11700-in1b ‘ Rated capacity of P2543 member from Unistrut
- Catalog No. 12 Page 110.

Mposas pp = 1031254inlb < Mpysys = 11700-inlb The P2543 member is adequate.
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EORPIRATION SHEET :
: Prepared By: R. Cushing  Date: 09/24/08
Project No.: 0602301.01 Calculation Title: Limited Analytical Review of Checked By: R.D. Augustine Date: 09/24/08
: Cable Tray Supports

All of the horizontal member connections are standard P2543 bolted connections that are covered by the
capacity of the P2543.

Check the vertical P1001 member for bendmg due to load eccentr1c1ty The trays are spaced 12" apart,
Take moments about the center of the P1001 member. The P1001 member is 3.25" deep.

12-in . 325in 6-in . 3.25.in
MPIOOI = (therl)(_z— +2.in+ > ) + (Wtierz)'(—2— + 2.1+ T) .

+ (Wtier_3)' -1% + 2-in;l- 3.2;411% + (Wtiel'4)_f "187]2 +2-in + 37225.in
(

18in 3.25-in

+(Wiiers)- ——+2in+ ) $in . . 3.25in

Check bending stress in the vertical P1001 member. The allowable bending moment for a P1001 section is
14,390 in-1bs from Unistrut Catalog No. 12 Page 23.

Sprog = 0.572+in° ' »
P100] = V0 /s P1001 section modulus from Unistrut Catalog

No.12 Page 25.
14390-in-1b

Fo_p1001 = —3 Derived allowable bending stress from
Plo01 Unistrut Catalog No. 12.
F T Set allowable bending stress equal to
b_DL *~ "b_P1001 derived catalog value.

Check bending stress:

Mpi001

b p1001 = Sp1001
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e A
CORPIRATION SIIEET ‘
‘ Prepared By: R. Cushing  Date: 09/24/08
Project No.: 0602301.01 Calculation Title: Limited Analytical Review of Checked By: R.D. Augustine Date: 09/24/08
Cable Tray Supporis

. . The vertical P1001 member is
fi = 27 < =2 34. )
b_P1001 6359.27-psi Fb_DL 5157.34-psi adequate for bending.

Check the vertical P1001 member for combined bending and tension stress.

Fy_DL = Wiier1 + WtierZ + WtierS + W.ticr4 ""‘wtieIS + Wiier6 ‘

Fy__DL =300l | Total dead load on the support.
Apgop = 1.112+in” Area of P1001 section from Unistrut
Catalog No. 12 Page 25.
' F}LDL
& p1oo1 =7
- P1001

The allowable bending stress in the Unistrut catalog is 0.6 times the material yield strength, from AISI Cold
Formed Design Manual Section 3.1.1. Determine the material yield strength from the allowable stress:
Fy, pL = 25157.34-psi

_FypL

F.:
y 0.6

Fy = 41928.9-psi

The allowable strength in tension is taken as 0.6 times the material yield strength, from AISC (9th
edition) Section D1.

Fi pL=F pL
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CoOREOHATION SI{EET :
. Prepared By: R, Cushing  Date: §9/24/08
Project No.: 060230101 Caleulation Title: Limited Analytica) Review of Checked By: R.D. Augnstine Date: 09/24/08
Cable Tray Supports
Check combined tension and bending stress:
Fy pp, = 25157.34-psi Fy pL = 25157.34psi

% p1o01 N f p1001

Fioo  FypL

Ratiopend tens P1001 =

Ratiobeﬁd_;tens_Pl{)m = 0.264 < 10 '\l’lcrt;(cal’PlOOI passes dead load
check.

Check the anchorage of the vertical P1001 member. The connection consists of two angle fittings welded to
each side of the P1001 and anchored to embedded Unistrut with two 1/2" bolts. From review of the
walkdown photographs, the horizontal leg of the fitting has one bolt hole, and appears to be approximately
2-1/2" long. The vertical long leg of the fitting appears to be approximately 4" long. Assume the fitting is a
P1458 member from Unistrut General Engineering Catalog No. 9. The fitting is welded on three sides with a
fillet weld. The weld size is at least 1/8". The weld does not govern since the capacity of a 1/8" fillet weld is
2.7 kips per inch from DOE/EH-0545 Section 6.3.10.1.1. The 1/2" bolts with a pullout capacity of 2000

Ibs govern the connection capacity. The embedment is assumed to be a Unistrut P3200 series continuous
insert. The moment is resisted about the edge of the vertical P1001.

Fy pL =3001b ' Total dead load on the support.
Mpipg) = 3637.5-1b-in Moment due to load eccentricity.
> i Meoos
P1001_DL =Yy pL* T
Pp1ool DL = 2538.461b Pullout force applied to the embedment.
Fp_PBZOO_cap = 2000-1b P3200 insert pullout capacity.
Pp1001_DL = 25384610 > Fy pygg e = 20001b The connection fails the

dead load check.
Conclusion: Support 2B-C-3 fails the dead load check
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UNISTRUT

NUT WITHOUT NUT WITH

SPRING NUT SPRING TOP RETAINER
P1006-1420 P30086-1420 P1006-14207
P1008 - P3008 P1008T '

P1010 P3010 P1010T

Table 17 - UNISTRUT NUT DIMENSION & DESIGN LOADS
Resistance Pull-Out
Nut fo Slip Strengih*
. _ | Thickness } 12 Ga. Channel| 12 Ga. Chaanel
Channelnut | ThreadSize | in. mm | Lbs. N ths. N
P1010
P3010 %-13 w113 1500 | 6,670 | 2000 | 8,900
P1010T
P1008 :
P3008 W-16 % 110 800 | 3,560 | 1000 | 4,450
P1008T :
P1006-1420
P3006-1420 W -20 Ve | 6 t- 300 | 1,330 600 2670
P1006-1420T
*Safety factor of 3
HEX HEAD CAP SCREWS
HHCS HE:H';‘(‘:‘TS

FLAT WASHER
& e
COUPLERNUTS  LOCK WASHER
HRCN HLKW

= = ’ Flow Control
RENEWED tyCo [Fow cs
Fixed Equipment Anchorage UNISTRUT
Office of Statewide Health Pianning and Development
35660 Clinton Street

Wayne, Michigan 48184

William Merkel ; PH: (800) 521-7730
Structural Engineer ' FAX: (734) 721-4106

Date: Page
' 6-7






