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USQ Process No.: RTC-USQ-2008-553

Subject: Error in REhP%eactor Kinetics Model
N

Describe the New Information/Discovery:

It has been discovered that there is an error in the reactor kinetics model in the RELAP5 computer code. RELAPS
is the thermal-hydraulic accident analysis code used for the safety basis accident analyses for the Advanced Test
‘Reactor (ATR) and the ATR Critical Facility. The error is in the summation of the delayed neutron terms. Also poor
coding logic was used in the switch between the steady-state and the transient solutions. This error and poor
coding logic, henceforth simply called “error,” could result in maximum core power and energy deposition being
greater than calculated in the safety basis analyses. This error is present in the ATR version of RELAP5/MOD2.5
(used for ATR and ATR Critical Facility accident analyses) and Version 3.2.1.2 of RELAP5/MOD3 (used for ATR
accident analyses).

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

SAR-192 Safety Analysis Report for the Advanced Test Reactor Critical Facility (ATRC)
TSR-192 Technical Safety Requirements for the Advanced Test Reactor Facility (ATRC)

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 ;he new information or
discovery described above? [X] Yes [ No

If “Yes,” proceed to Sections 11, l1l, and iV.
If “No,” provide an explanation and basis for the reasonability determination.

USQ Evaluator USQ Evaluator Date
PrintType 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 II, 1l, or IV.
If the answer to the question above is “Yes,” complete Section Ii, I, and IV.

Il.  pISA DECLARATION

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

Since this error in the kinetics model is present in version RELAP5/MOD2.5, which was used for both ATR
and ATR Critical Facility accident analyses, and Version 3.2.1.2 of RELAP5/MOD3, which was used for ATR
accident analyses, this error could result in maximum core power and energy deposition being greater
than calculated in the safety basis analyses.

A PISA exists. Complete the following actions
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J 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-1 3830.
. Qualified USQ evaluator proceed to Section Hl.

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

ATR was in two pump operation, Cycle 142B, at the time of discovery. The maximum effective plate power
(EPP) for this operating cycle was 253 MW. The safety basis analyses for two primary coolant pump (PCP)
‘operation assumed that the maximum EPP was 417 MW. Based on preliminary calculations using a
version of RELAP5S with this error corrected, the potential error was predicted to only have minimal effect.
Considering the large margin between the maximum EPP assumed the safety basis analyses and the actual
cycle EPP (417 MW vs 253 MW), no immediate action was need to place the ATR in a safe condition. The
ATR Critical Facility was not operating at the time of the discovery.

As noted above, the error in RELAP5 was corrected and scoping calculations were performed to assess
the effect of this error on various accidents. The bounding Condition 2, 3 and 4 reactivity insertion
accidents for ATR were recalculated using the corrected version of RELAP5. As seen in the attached
figures, the energy deposition using the corrected RELAPS version essentially overlays the results of the
safety analysis version for the Condition 2 and 4 bounding faults (Figures 1 and 3) and is less than the
results of the safety analysis version for the Condition 3 bounding fault (Figure 2). A reactivity ramp fauit,
withdrawal of all outer shims and neck shims with the failure of the Wide Range System, a bounded event,
was also recalculated using the corrected RELAP5 version. The core power response calculated using the
corrected version essentially overlays the result of the safety analysis version (Figure 4).

The effect of this error on the generic Condition 4 experiment loop voiding analyses was also evaluated.
The generic experiment loop analyses were performed to establish an envelope for loop experiments. If a
loop experiment is not within the established envelope, an experiment specific voiding analysis must be
performed to ensure that voiding of a particular loop experiment meets the ATR Plant Protection Criteria.
For both the Standard inpile tube (IPT) and the Large IPT loop experiment voiding faults, the maximum
energy depositions using the corrected RELAPS5 version remained less than the Chapter 15 safety analysis.
Thus, the generic Condition 4 analyses will remain bounded by SAR-153 safety analysis. The corrected
version calculated energy depositions, however, exceeded the previously calculated generic Condition 4
loop voiding analyses (Figures 5 and 6); but, as stated above, will remain bounded by the energy
deposition assumed in the SAR-153 accident analyses.

Of particular concern is the accident analysis for one of the experiments currently in the reactor (2E-NW-
158). The maximum void worth of the IPT during Experiment 2E-NW-158 couid potentially be greater than
that allowed in the ATR SAR. Therefore, per SAR Section 10.2.6.4.1, an analysis was performed to
demonstrate that the consequences of anh accident with this experiment inserted are acceptable. (Exhibit 1
is the cover page of ECAR-208, Inpile Tube Voiding Analysis for ATR Experiment 2E-NW-158.) The void
worth of the IPT was assumed to be 1.10$ instead of 1.00$ (i.e., the SAR limit for the Large IPT). The safety
analysis (using RELAPS5 version with the error) showed that the ATR Plant Protection Criteria are met. With
the error in RELAPS corrected, however, thermal safety margins for the limiting Condition 4 reactivity fault
(>%2-in. experiment loop pipe break) may be less than demonstrated to be acceptable in SAR Chapter 15.
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Figure 7 shows that the energy deposition calculated using the corrected RELAPS5 version exceeds that
calculated in ECAR-208. The safety analysis for Experiment 2E-NW-158, ECAR-208, however, is very
conservative. The maximum effective plate power (EPP) was 443 MW and a step reactivity insertion of
0.10$ was included in the RELAP5 calculation to conservatively bound the effect of test train failure. (NW
lobe power assumed for this analysis was 34 MW.) The Core Safety Assurance Package (CSAP) for the

" current cycle shows that the maximum EPP is 253 MW and that failure of the test train during Experiment
2E-NW-158 would not cause a reactivity insertion. Figure 7 shows the calculated integrated core power vs.
time (i.e., core energy deposition) for a >:-in. loop pipe break for Experiment 2E-NW-158, with and without
the RELAPS5 error correction and with and without a 0.10$ step insertion due to test train failure. The
calculation with the corrected RELAPS code and without a 0.10$ step is bounded by the accident analysis
in ECAR-208. In addition, the calculation assumed the NW lobe power was 34 MW. (The nominal north-
‘west (NW).lobe power for this cycle is 23 MW; the maximum NW lobe power is 26 MW.) The ATR is"
currently operating with two primary coolant pumps (PCPs) and a maximum EPP of 253 MW. The EPPs
considered in Chapter 15 safety analysis are considerably greater than 253 MW; (i.e., 417 MW for 2-PCP
operation and 443 MW for 3-PCP operation). The recalculated energy deposition using the corrected
RELAPS5 version with the assumed NW lobe of 26 MW would be bounded by the accident analysis in ECAR-
208. Based on the relatively low power at w| CE. gh the reactor is operating and several scoping calculations,
the error in RELAPS will not result in exceed the ATR Plant Protection Criteria.

we s«

The effect of the RELAPS5 error on ATR depressurized operations was evaluated by recalculating, using the
corrected version, the enveloping 0.30$/sec ramp insertion which is the basis for comparing the accident
analyses to the ATR Plant Protection Criteria. (Exhibit 2 is the cover page of the EDF TRA-ATR-1835,
Reactivity Accident Analysis for ATR Depressurized Operation.) The recalculated maximum power is
approximately 0.1 MW higher than the safety analysis calculation (Figure 8); the recalculated maximum
core power, however, is well below the safety basis limit of 7.3 MW, which was demonstrated to meet the
ATR Plant Protection Criteria.

Reactive insertion accidents for the ATR Critical Facility (SAR-192) were also recalculated using the
corrected RELAPS version. The effect on Condition 4 Large IPT Voiding and the Filler Piece Drop
accidents were evaluated. The recalculated maximum power and the energy deposition (integrated core
power) exceed the calculated safety analysis RELAPS5 version values for the Larger IPT voiding analysis
(Figures 9 and 10) and essentially overlay the Filler Piece Drop accident analysis (Figures 11 and 12). The
ATR Critical Facility accident acceptance criterion, however, is an energy disposition of less than or equal
to 15 MJ. As shown in Figures 10 and 12, the recalculated energy deposition for these Condition 4
accidents is well below the ATR Critical Facility acceptance criterion.

Although the error discovered in the RELAP5 versions used for safety analyses apparently caused the
maximum core power and energy deposition to be greater than some of the previous analyses, based on
the scoping calculations that used the corrected RELAP5 version, this error will not challenge the
conclusions of either the ATR or the ATR Critical Facility safety basis. Therefore, no interim operating
restrictions or controls are required for either ATR or ATR Critical Facility operations.
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J. C. Chapman Signed 7/24/08
Safety Analyst afety Analyst ] = Date .
Print/Type Name fg ﬂ/g Signature : : .
M. B. McDonough rh ‘e Signed 7/24/08
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 . Data
Print/Type Name Signature

USQ DETERMINATION

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

SAR-153 Section 10.1.6 “In some cases, the experiment specific initial conditions or potential reactivity insertions
may not be clearly bounded by those in Chapter 15 analysis. In these cases, the ESA [experiment safety analysis]
includes detailed analysis of the specific experiment parameters and operation to show compliance with the ATR
Plant Protection Criteria.” This analysis includes a RELAP5 analysis for the postulated Condition 2, 3, and 4
reactive insertion events.

SAR-153 Section 10.2.6.2.2 “Prior to reactor operation, the operation of each PWL [pressurized water loop] facility
that is operated at greater than 200°F or greater than 750 psig (15G0 psig for AHTL [ATR High Temperature Loop])
is compared with the IPT [inpile tube] and PWL evaluations (Section 10.2.1.3 and 10.2.2.3) and the ioop blowdown
envelope analyses to ensure that the operation is consistent with the assumptions and results of the analyses. The
table below is a compilation of these analyses with the more restrictive controlling limits listed. If the experiment
parameters are within the blowdown analyses, then operation of the experiment is within the assumptions of the
analyses in UFSAR Chapter 15 for a loop blowdown.”

“Operations of an experiment outside the limits below may be shown to be acceptable (usually by limiting other
experiment conditions) if analyses demonstrate that conducting the experiment is within the ATR Plant Protection
Criteria as discussed in Chapter 15 (Accident Analyses).

SAR-153 Section 10.2.6.4.3 “The reactivity insertion from this event is bounded by analyses used in Chapter 15
(Accident Analyses) if the reactivity insertion < 0.10$. Whenever the reactivity insertion exceeds 0.10$, additional
analyses is performed to show that the combined reactivity insertion from a loop decompression and the
experiment failure is within the ATR Plant Protection Criteria for a Condition 4 event.”

SAR-153 Section 10.3.3 “The accident analyses of the PWL facilities and experiments in Chapter 15 (Accident
Analyses) provide reactivity transients that can be used to envelop potential effects from the capsule facilities and
experiments. The PWL reactivity insertion accidents have been fully analyzed to determine the resulting power
transients and margins for fuel element performance.”

“As part of the analyses for each capsule facility ESA, potential failures are identified and bompared against the
results in Chapter 15 (Accident Analyses) for the PWL facilities. Additional analyses are completed as necessary to
demonstrate compliance with the ATR Plant Protection Criteria for all operating conditions.”

~ SAR-153 Section 10.3.5.1 “The potential reactivity addition of experiment cooled by the reactor coolant must be

evaluated relative to the accepted reactivity insertion events in Chapter 15 (Accident Analyses) and shown to be
enveloped, or specific analyses must be completed.”
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SAR-153 Section 10.3.5.1.1 “The potential reactivity insertion rate shall not exceed the reactivity insertion rate of
the limiting event in each fault category analyzed in the UFSAR without additional analyses to show aoceptable
consequences.”

SAR-153 Section 15.4.1.1 “The analysis of reactivity and power distribution anomaly events was completed by the
use of RELAPS, ATR-SINDA, and SINDA-SAMPLE. The power transients resulting from the reactivity insertions
must be generated from the RELAPS5 reactor model and input to ATR-SINDA.”

“In order to consider the effect of this cascading, an additional reactivity input is included in RELAP5.”

“The reactivity insertion rate from thermal-hydraulic upsets in the IPT was calculated with the RELAP5 models of
.- the loop facilities with an assumed total reactivity insertion for complete voiding of the IPT (0. 80$ for standard and

AHTL IPT and 1.0$ for LIPT [large inpile tube}).” ,

SAR-153 Section 15.4.2.2 “The DBR (SAR-39) contains analysis results for various ramp rates that demonstrate
the maximum reactor power which would be attained with pressurized and depressurized operation. The results for
pressurized operation are illustrated in Figure 15.4-2. The data in this figure

- were generated with a RELAP4 model, however, as discussed in Terry, there is very good agreement of results
between the newly-developed RELAP5 model and the previous models.”

SAR-153 Section 15.4.4.2.2, “The loop blowdown analyses showed that the bounding [Condition 2] reactivity
insertion occurred for the standard loop with the MUCH [Maximum Useful Capacity Holder] configuration. The
insertion rate was initially about 6$/second and reached 0.61$ total insertion in 0.2 seconds for an average rate of
about 3%/second.”

“The RELAPS results for reactor power show a maximum of 428 MW at 0.12 seconds for two-pump case and 365
MW at 0.13 seconds for the three-pump case.”

SAR-153 Section 15.4.5.1 “The 0.50% step is a hypothetical fault which is used as a bounding event for the
following several near step events: A. Limiting perched fue!l element (Condition 2), B. Loop experiment hardware
failure (Condition 3), C. Loss of reflector coolant (Condition 3), D. Reflector movement toward core (Condition 3), E.
Perched fue! drop to two fuel elements from within measurement accuracy (Condition 3), F. Cold water addition
from opening of primary pump discharge valve (Condition 3), G. Gas release into the core (Condition 3), H

Perched fue!l element (greater than the measurement uncertainty) (Condition 4), 1. Movement of two reflector blocks
{Condition 4).”

SAR-153 Section 15.4.5.2.2 “The RELAPS results [0.50$ step reactivity insertion] show a peak power of 435 MW
occurs at 0.04 seconds for the two pumps and 369 MW at 0.04 seconds for three pumps.”

SAR-153 Section 15.4.6.2.2 “The analyses show that the bounding reactivity insertion [Condition 4] occurs as a
result of the DEOS [double-ended offset shear] of the SIPT [standard inpile tube] at the pump discharge.”

“The RELAPS results for the reactor power show a maximum of 526 MW at 0.1 seconds for two-pump operations
and 451 MW at 0.1 seconds for three-pump operations.”

SAR-153 Section 15.4.7, Bounded Events — Reactivity and Power Distribution Anomalies;

Section 15.4.7.1 - Rapid Regulating Rod Withdrawal

Section 15.4.7.2 — Withdrawal of ali Outer Shims from 10-10 NF

Section 15.4.7.3 - Withdrawal of all Quter Shims and One Neck Shim from NL

Section 15.4.7.4 — Cold Water Injection

Section 15.4.7.5 — Inpile Tube Voiding Due to a Rupture Disk or Relief Valve Failure or an Open and Accessible
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Valve

Section 15.4.7.6 — Loop Flow Coastdown or Loop Loss of Temperature Control With a Loop Instrumentation

- Initiated Reactor Trip ‘

Section 15.4.7.7 — Powered Axial Locating Mechanism Drive System Failures
Section 15.4.7.8 — Withdrawal of All Outer Shims and Neck Shims from 10-10 NF
- Section 15.4.7.9 — Inpile Tube Voiding Due to Opening of a Nommally Inaccessible Valve
Section 15.4.7.10 — Pressure Tube Flow Bypass Due to a Maximum Useful Capacity Holder Test Train Failure with

Loop Scram
Section 15.4.7.11 — Loss of Loop Temperature Control Due to Heat Exchanger Failure or Line Heater Sticking on
Without Loop Scram

Section 15.4.7.12 — Slow Lobe Power Balance Shift Due to Shim, Lobe Power Indicating System or Operator
Failure with Operator Compensation o v PR .

Section 15.4.7.13 — Withdrawal of all Shims and Safety Rods from 10-10 NF : o

Section 15.4.7.14 — Withdrawal of all Outer Shims from 10-10 NF with Failure of the Wide Range Subsystem
Section 15.4.7.15 — Withdrawal of All Outer Shims and Neck Shims from 10-5 NF with Failure of the Wide Range
Subsystem

Section 15.4.7.16 — Rapid Regulating Rod Withdrawal with Failure of the Wide Range Subsystem

Section 15.4.7.17 — Withdrawal of All Outer Shims and Neck Shims from 10-5 NF Coupled with Rapid Regulating
Rod Withdrawal at 10-3 NF

Section 15.4.7.18 — Driven Test Loop Blowdown with Experiment Hardware Failure

Section 15.4.7.19 — Voiding in All Inpile Tubes Due to a Simultaneous Flow Coastdown or Loss of Temperature
Control in All Loops

Section 15.4.7.20 — Loss of Loop Temperature Control in the ATR High Temperature Loop Due to Heat Exchanger
Failure or Line Heater Stuck Without a Loop Scram

Section 15.4.7.21 — Loop Flow Coastdown Without a Loop Scram

Section 15.4.7.22 — Pressure Tube Cooling Fiow Bypass Due to a Maximum Useful Capacity Holder Test Train
Failure Without a Loop Scram.

SAR-153 Section 15.9.3 “Polkinghorne calculated a conservative overpower limit for application of depressurized
operation using the ATR version of RELAP5/MOD2.5 and ATR-SINDA Version B Revision 1 and SINDA-SAMPLE
Version B Revision 1. The thermal analysis for steady-state depressurized operation with 3,600 gpm of emergency
coolant flow and 125°F at the vessel inlet determined that depressurized operation could occur up to a power of 7.3
MW in an extreme 70/20 iobe power split while maintaining margin from CHF and F! of at least three standard
deviations. Therefore, a large margin exist for depressurized operation at a power level of 500 kW before
approaching core damage thresholds. The core power limit (7.3 MW) is applied in each of the reactivity insertion
analyses for depressurized operation listed below.”

“Table 15.9-2 provides various ramp reactivity insertion rates and the corresponding limiting initial and' maximum
core power levels. The maximum core power level as a function of the reactivity insertion ramp is also-presented in
Figure 15.9-1.”

SAR-192 Section 8.4.6.1.3 “A transient analysis was performed using RELAPS5 to quantify the transient response to
an uncontrolled withdrawal of the OSCCs [outer shim control cylinders]. The withdrawal of the OSCCs was
simulated by modeling a constant reactivity insertion rate equal to the peak reactivity insertion rate from Figure 8.5.
The maximum reactivity insertion rate for all OSCCs simultaneous withdrawal (0.077$/s) was conservatively
assumed.”

SAR-192 Section 8.4.6.2.3 “An analysis was performed using RELAPS5 to quantify the transient response to a 0.25$
reactivity step insertion.” ‘

SAR-192 Section 8.4.7.1.3 “A transient analysis was performed using RELAPS to quantify the transient response to
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a simultaneous uncontrolled withdrawal of the OSCCs and four neck shim rods. The withdrawal of the OSCCs and

- four neck shim rods was simulated by modeling a constant reactivity insertion rate equal to the combined peak
reactivity insertion rate from the OSCC pairs and four neck shim rods. The maximum reactivity insertion rate for all
OSCC pairs and four neck shim rods simultaneously withdrawing (0.11.$/s) was conservatively assumed.”

SAR-192 Section 8.4.7.2.3 “An analysis was performed using RELAP5 to quantify the transient response to a 0.75$ -
reactivity step insertion.”

SAR-192 Section 8.4.8.1.3 “A transient analysis was performed using RELAP5 to quantify the transient response to
air voiding of the LIPT [large inpile tube]. The voiding event was simulated by modeling a total reactivity of 1.548
insertion into the core at a constant rate of 0.26%/sec. This represents the maximum possible reactivity insertion,
and insertion rate, that can reasonably occur.” '

SAR-192 Section 8.4.8.2.3 “A transient analysis was performed using RELAPS5 to quantify the transient response to
an aluminum filler piece dropped into an LIPT. The filler drop event was simulated by modeling a rapid total
reactivity of 1.2§ insertion. This bounds the measured worth of 1.18$ for a filler piece.”

lla: 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
Explain:
The error in RELAPS is in the reactor kinetics model. This error could affect the calculated core power for reactivity
insertion accidents, i.e. accident scenarios in which core reactivity is increasedin an uncontrolled manner. RELAP5
is a thermal-hydraulic transient analysis computer code. RELAPS5 is used to simulate the thermal-hydraulic
response of a pressurized water reactor (PWR) system to hypothesized accident scenarios. RELAP5 is not used to
establish the probability of accident sequences. RELAPS5 is not used in any manner to control reactor operation.
RELAPS is not an initiator of any accident sequence. The error in the summation of the delayed neutron terms, or

t‘he poor logic in the transition from the steady state solution to the transient simulation, would not affect the

?ssume_d frequency or probability of occurrence of an accident.

2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes I No [J
Explain:
The error in the RELAPS5 analysis computer code could result in under predicting the maximum power and the total
energy deposition that were calculated in the accident safety analyses, and thus, under predicting the accident
consequences. The preliminary calculations, however, using a corrected version of RELAPS show that the energy
deposition of the bounding ATR Condition 2, 3 and 4 accidents is essentially unchanged or lower, and the
preliminary calculation provide assurance that ATR can operate with sufficient margin. The USQ determination,
however, can not be based on preliminary results.

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:
For reactivity insertion accident scenarios the equipment important to safety are: a) fuel element cladding (primary
barrier preventing the release of fission products) and structure (heat removal), b) the Reactor Shutdown System
(RSS) (mitigation of reactivity insertion), c) ATR primary coolant system pumps and ATRC canal water level (heat
removal), d) ATR primary coolant system pressure boundary (barrier preventing fission product release and heat
removal path), and e) ATR heat exchangers and secondary (heat removal). The error in RELAPS is in the reactor
kinetics model. RELAPS is a thermal-hydraulic transient analysis computer code and is used to simulate the





INL USQ PROCESS

431.61 . ' -

Revta . REASONABILITY DETERMINATION/POTENTIAL INADEQUAGCY IN

Use with LWP-18001 THE SAFETY ANALYSIS (PISA) FORM Page 8 of
(DO NOT USE FOR PROPOSED CHANGES) 10

Facility or Activity: ATR and ATR Critical Facility
USQ Process No.: RTC-USQ-2008-553
. - .
Subject: Error in REA%Reactor Kinetics Model
A

thermal-hydraulic response of a PWR system to hypothesized accident scenarios. This error could affect the
calculated core power for reactivity insertion accident. RELAP5 is not used to establish the probability of failure or

-malfunction of equipment. RELAPS is not used in any manner to confrol equipment. RELAPS is not an initiator of
any malfunction of equipment. The resuits of RELAPS5 simulations were not used to establish environmental
conditions for the equipment design bases. Thus, the error could not result in an error in the assumed probability of
occurrence of a malfunction of the identified 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 No [

Explain:

- The equipment important to safety are: a) fuel element cladding (primary barrier preventing the release of fission
products) and structure (heat removal), b) the Reactor Shutdown System (RSS) (mitigation of reactivity insertion),
¢) outer shim control cylinders, neck shim rods and regulating rods (reactivity control), d) ATR primary coolant
system pumps and ATRC canal water level (heat removal), e) ATR primary coolant system pressure boundary
(barrier preventing fission product release and heat removal path), and f) ATR heat exchangers and secondary
(heat removal). The error in RELAPS is in the reactor kinetics model. RELAPS is a thermal-hydraulic transient
analysis computer code and is used to simulate the thermal-hydraulic response of a PWR system to hypothesized
accident scenarios. This error could affect the calculated core power for reactivity insertion accident. The error
could result in under predicting the consequence of the malfunction of the reactivity control systems and the RSS
as currently described in the accident safety analyses.

The accident analyses are used to verify the effectiveness of RSS setpoints, the error could result in RSS setpoints that are too
high to be as effective as currently demonstrated by the safety analyses. Higher RSS setpoints would result in reductions in the
margin between the analytical results and the ATR Plant Protection Criteria and the ATRC core power Safety Limit. But as
demonstrated by the preliminary calculation with a corrected RELAP5 version, the expected magnitude of the effect of the error
is minimal; so that, the higher RSS setpoints would probably have a minimal affect on the consequences of the analyzed
accidents.

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 [] No
Explain:
RELAPS is a thermal-hydraulic computer accident analysis code used to simulate the integrated thermal-hydraulic
response for hypothesized accident scenarios in PWR. The error in RELAPS is in the reactor kinetics model. This
error could affect the calculated core power for reactivity insertion accident. Reactivity anomalies are analyzed
accidents in SAR-153 and SAR-192. RELAPS is not used in any real-time reactor control mechanisms. RELAPS is
not an initiator of any accident sequence. The error in RELAP5 accident analysis code would not create a condition
for an accident of a different kind than analyzed in the safety basis accident analyses.
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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: , .

The equipment important to safety are: a) fuel element cladding (primary barrier preventing the release of fission
products) and structure (heat removal), b) the Reactor Shutdown System (RSS) (mitigation of reactivity insertion),
c) outer shim control cylinders, neck shim rods and regulating rods (reactivity control), d) ATR primary coolant
system pumps and ATRC canal water level (heat removal), €) ATR primary coolant system pressure boundary
(barrier preventing fission product release and heat removal path), and f) ATR heat exchangers and secondary
(heat removal). RELAPS is a thermal-hydraulic computer accident analysis code used to simulate the integrated
thermal-hydraulic response for hypothesized accident scenarios in PWR. The error in RELAP5 is in the reactor
kinetics model. This error could affect the calculated core power for reactivity insertion accident. RELAPS was
used to simulate the reactivity anomaly accident sequences, such as withdrawal of reactivity controls rods or shims
and voiding of an experiment position in the core. The RELAP5 analyses were also used to verify the effectiveness
of the RSS setpoints. The RELAPS accident analyses were not used to eliminate equipment from the possible
important to safety equipment identified in the safety analyses.

ilic: 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: _
Since the accident analyses are used to verify the effectiveness of RSS setpoints, the error could result in RSS
setpoints that are too high to be as effective as currently demonstrated by the safety analyses. Higher RSS

setpoints would result in reductions in the margin between the analytical results and the ATR Plant Protection
Criteria and the ATRC core power Safety Limit.

However, for the ATR Ciitical Facility, the energy deposition acceptance criterion is 15 MJ, which is a Technical Safety
Requirement Safety Limit, SL 2.192.1, Core Energy Deposition. The energy deposition is based on the amount of energy to
raise the fuel element cladding temperature to 855 K, which is treated as the threshold clad melt temperature. The energy
deposition need to raise the fuel cladding temperature to 855 K was calculated to be 30 MJ. The aliowable energy deposition
was chosen to be half that value or 156 MJ. As shown in preliminary calculations using a corrected REALPS5 version, the results
do not approach 15 MJ. The USQ determination, however, can not be based on preliminary results.

lfid: 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:
The error discovered in the RELAPS the reactor kinetics model could affect the consequences of accidents

analyzed and of the failure or malfunction of equipment important to safety analyzed in the safety basis analyses.
This error could result in the decrease in the margin of safety for the ATR and the ATR Critical Facility.

This error does not affect the probability of occurrence of accidents or the occurrence of the malfunction of equipment important
to safety analyzed in the safety basis accident analyses. This error does not create the possibility of malfunction of equipment
or create the possibility of a failure of a different type.

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
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AHTL
ATR
ATRC
ATWS
AWIT
BEA
CHF
DOE
DR
ECAR
EDF
ESS

FI
ICARE
IPT
ISI
kW
LIPT
LOCA
LOFT
MJ
MW
MUCH
N

PCP
PISA
PPC
RELAP
RIA
RSS
RTC
SAR
SIPT
TEV
TSR

ACRONYMS
ATR high temperature loop
Advanced Test Reactor
Advanced Test Reactor Critical Facility
anticipated transient without scram
aluminum water ignition threshold
Battelle Energy Alliance
critical heat flux
Department of Energy
deficiency report
engineering calculations and analysis report
engineering design file
evaluation of the safety of the situation
flow instability
Issue Communication and Resolution Environment
Inpile Tube
Inservice Inspection
kilowatt
large inpile tube
loss-of-coolant accident
Loss of Fluid Test facility
megajoule
megawatt
Maximum Useful Capacity Holder

The reactor operating steady power level (pressurized operation, up to and including 250
MW).

For power operation and low power operation, a power level which corresponds to 1%
Nk. For depressurized operation, the maximum allowed reactor power level (500 kW)

primary coolant pump

potential inadequacy in the safety analysis
plant protection criteria

Reactor Excursion and Leak Analysis Program
reactivity insertion accident

reactor shutdown system

Reactor Technology Complex (now ATR Complex)
safety analysis report

standard inpile tube

technical evaluation study

technical safety requirements
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1. INTRODUCTION

This document provides the evaluation of the safety of the situation (ESS) for resolution of the
potential inadequacy in the safety analysis (PISA) identified in unreviewed safety question (USQ)
RTC-USQ-2008-553, “Error in RELAPS Reactor Kinetics Model” (Reference 1).

2. ESS PURPOSE/OBJECTIVES

This document provides an ESS resulting from the contractor declaration that a PISA exists. The
specific objectives of this ESS are as follows:

. Provide the background that led to the PISA declaration and resultant USQ,

. Provide the status of corrective actions to resolve the USQ,

. Provide a summary of the engineering analysis that resolves the USQ,

. Complete the USQ process,

. Provide the basis to support the request for changes to the Advanced Test Reactor (ATR)
and ATR Critical (ATRC) Facility safety basis documents, and

. Provide a draft markup of required changes to the ATR and ATRC Facility safety basis
documents.

3. BACKGROUND

The Reactor Excursion and Leak Analysis Program (RELAP5) computer code is the thermal-
hydraulic accident analysis code used for the safety basis accident analyses for the ATR and the ATRC.
Two versions of this computer code are currently used for ATR and ATRC accident analysis:
RELAP5/MOD?2.5 (for ATR and ATRC accident analyses) (Reference 2) and Version 3.2.1.2 of
RELAPS5/MOD3 (for ATR accident analyses) (Reference 3).

Two potential errors in the RELAPS reactor kinetics model were originally identified in
RTC-USQ-2008-553, the first in the calculation of terms associated with one of the six delayed neutron
groups and the second in the logic that determines when to apply a quasi-steady form of the point kinetics
equations rather than the fully transient form. The USQ identified that the errors could result in maximum
core power and energy deposition being greater than calculated in the safety basis analyses.

Although the error discovered in the RELAPS versions used for safety analyses could cause the
ATR and ATRC maximum core power and energy deposition to be greater than some of the previous
analyses, preliminary calculations performed in support of RTC-USQ-2008-553 using a corrected version
of RELAPS showed that the energy deposition of the bounding ATR Condition 2, 3, and 4 accidents were
essentially unchanged or lower. The preliminary calculations provided assurance that ATR could operate
with sufficient margin. Therefore, no interim operating restrictions or controls were required in
RTC-USQ-2008-553 for either ATR or ATRC operations.

No impact to the safety of the workers, public or environment was identified. PISA
RTC-USQ-2008-553 was declared July 24, 2008. This PISA was reported to the Department of Energy
(DOE) and is being tracked in NTS-ID-BEA-ATR-2008-0005, Occurrence Report
NE-ID-BEA-ATR-2008-0018, and the contractor’s issues management tracking system Issue
Communication and Resolution Environment (JCARE) Deficiency Report (DR) 43025.
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4. USQ RESOLUTION PLAN AND CURRENT STATUS

The following corrective actions for RTC-USQ-2008-553 were identified:
1. Evaluate the effect of the RELAPS5 error on the existing ATR and ATRC accident analyses.

Status: An analysis was conducted and documented in Engineering Calculations and Analysis
Report (ECAR)-402 (Reference 4). The results of'that analysis are summarized in Section 5.2.

2. Because of the error in the RELAPS code, previous ATR experiment-specific safety analyses may
no longer be valid and should not be referenced. Ensure that the affected analyses are identified
and cancelled.

Status: The affected safety analyses have been identified in ECAR-402. The analyses have been
cancelled in the Idaho National Laboratory Electronic Document Management System.

3. Complete an ESS, completing the USQ process.

Status: This ESS summarizes the results of ECAR-402, and provides the basis for resolution of
RTC-USQ-2008-553.

4. Prepare necessary revisions to the ATR and ATRC safety basis documentation.

Status: Appendix B provides a markup of Safety Analysis Report (SAR)-153 (Reference 5) and
Appendix C provides a markup of SAR-192 (Reference 6) to reflect the analyses and conclusions
in ECAR-402. No changes to Technical Safety Requirements (TSR)-186 (Reference 7) or
TSR-192 (Reference 8) are required.

This markup is provided for information only. The SAR changes will be incorporated into a
future annual update and submitted to DOE for review and approval.

5. RESOLUTION OF THE PISA IDENTIFIED IN RTC-USQ-2008-553
5.1 Errorin RELAP5 Reactor Kinetics Model

RELAPS5/MOD2.5 is used to simulate most of the events described in SAR-153 and all the
reactivity events described in the SAR-192, while RELAP5/MOD3 Version 3.2.1.2 is used to simulate
some of the pressurized water loop experiment voiding events described in the SAR-153.
RELAPS/MOD?3 Version 3.2.1.2 is also generally used in the experiment safety analyses that support the
irradiation of various tests.

Both versions of RELAPS contain a point reactor kinetics model that has been used to simulate
power excursion transients at the ATR and ATRC. The point kinetics model was validated against
numerous exact solutions and calculations from other computer codes as described in Reference 9. All of
the validation calculations showed excellent performance of the RELAP5 point reactor kinetics model.
However, errors in the point kinetics model were reported to the RELAPS5 code developers in 2007. The
errors were originally reported by researchers at Purdue University who were studying reactivity
transients in an Argentine reactor. The errors were reported to rarely have a significant effect on
calculated results. The first error was in the calculation of terms associated with one of the six delayed
neutron groups. The second error was related to logic that determined when to apply a quasi-steady form
of the point kinetics equation rather than the fully transient form. A detailed description of the errors is
presented in Appendix A of this ESS.





Form 412.09 (Rev. 10)

Idaho National Laboratory

EVALUATION OF THE SAFETY OF THE |ldentifier: TEV-563
SITUATION FOR RESOLUTION OF Revision: 0
RTC-USQ-2008-553, “ERROR IN RELAP5 |Effective Date: 03/18/10 . Page 13 of 74
REACTOR KINETICS MODEL”

As discussed in Appendix A, corrected versions of the RELAPS/MOD?2.5 and RELAP5/MOD3
Version 3.2.1.2 codes were developed (2007 version as described in Appendix A). The verification and
validation calculations for the original versions of RELAPS5 were repeated with the corrected codes.
Preliminary testing during this evaluation showed that the correction to the first error reported in 2007
actually caused slightly worse results for the reactivity step insertion in that the power remained constant
* during the first time step. Physically, the power should increase immediately following a step insertion of
reactivity. The original developer of the point kinetics model was consulted about this anomaly. He
re-evaluated the corrections generated in 2007 and concluded that the first reported error was not actually
an error. The contributions of the delayed neutron groups were correctly calculated in the original code,
although subtleties in the coding could easily cause one to come to the opposite conclusion following a
cursory examination. This conclusion of the original developer was confirmed by calculations performed
during this evaluation. The code version with the corrections to the second reported error but without the
corrections to the first reported error (2008 version as discussed in Appendix A) produced results that
were equivalent to or slightly better than the version with the corrections to both reported errors
(2007 version as described in Appendix A). In particular, the code version without the first “correction”
converged to the exact solution at larger time steps during the reactivity ramps. The corrected versions of
RELAP5/MOD2.5 and RELAP5/MOD3 Version 3.2.1.2 without the first “correction” were verified and
validated as documented in Reference 10 and as discussed in Appendix A.

Calculations were also performed in Reference 10 to demonstrate that the original and corrected
versions of RELAPS produced identical results for cases that did not use the point reactor kinetics model.
The simulated cases included blowdown experiments in the LOFT and Semiscale facilities (Reference 11)
and a loss-of-coolant accident in a hypothetical pressurized water reactor. Thus, the corrections to the
point kinetics model do not affect the basic hydrodynamic solution.

5.2 Evaluation of the Effects of the Error on the ATR and ATRC
Accident Analysis

5.2.1 Summary of the Analysis Conducted in ECAR-402

ECAR-402 (Reference 4) evaluates the effect of the error on existing ATR and ATRC accident
analyses. Several reactivity insertion accident (RIA) calculations discussed in SAR-153, SAR-192, and
Engineering Design File (EDF) -6937 (Reference 12) (Analysis of ATR High Temperature Loop (AHTL)
Flow Coastdown with New Pumps) were rerun with the corrected RELAPS codes. A non-RIA calculation
(ATR loss of commercial power) was also rerun. In a few cases as discussed in the following sections, the
maximum calculated core power and/or core energy deposition were higher than calculated previously
(the effect of the RELAPS error on the non-RIA calculation was negligible). However, in all cases, the
ATR and ATRC plant protection criteria were met. The RELAPS error does not change the conclusions
of SAR-153, SAR-192, or EDF-6937.

5.2.2 Analysis Cases

SAR-153, SAR-192, and EDF-6937 were reviewed in ECAR-402 to determine which RELAPS
calculations should be rerun.
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SAR-153. Section 15.4 (Reactivity and Power Distribution Anomalies)

The following RELAPS calculations were rerun:

Experiment Loop 1/2-in. Pipe Break (SAR-153, Section 15.4.4). This is the limiting
Condition 2 reactivity fault. Only 3-PCP operation was simulated since it bounds 2-PCP
operation.

0.508 Step Insertion (SAR-153, Section 15.4.5). This is a hypothetical Condition 3
reactivity fault that bounds several Condition 2, 3, and 4 faults. Only 3-PCP operation
was simulated since it bounds 2-PCP operation.

Experiment Loop Large Pipe Break (SAR-153, Section 15.4.6). This is the limiting
Condition 4 reactivity fault. Only 3-PCP operation was simulated since it bounds 2-PCP
operation.

Pressure Tube Flow Bypass Due to MUCH Test Train Failure with a Loop Scram
(SAR-153, Section 15.4.7.10). The RELAPS calculation was rerun to confirm that this
Condition 3 fault is bounded by a 0.508$ step.

Withdrawal of All Outer Shims from 10'° N with Failure of the WRS (SAR-153,
Section 15.4.7.14). The RELAPS calculation was rerun to confirm that this Condition 4
fault is bounded by a 0.30%/s ramp (i.e., maximum core power < 321.6 MW).
Withdrawal of All Outer Shims and Neck Shims from 10™ N Coupled with Rapid
Regulating Rod Withdrawal at 10° Ny (SAR-153, Section 15.4.7.17). The RELAP5
calgulation for this Condition 4 fault was rerun to confirm that the power does not reach
10 Ng.

Voiding in All IPTs Due to Simultaneous Flow Coastdown or Loss-of-Temperature
Control in all Experiment Loops (SAR-153, Section 15.4.7.19). The flow coastdown
calculation was rerun to confirm that this Condition 4 fault is bounded by a 0.30$/s ramp
(i.e., maximum core power < 321.6 MW).

SAR-153, Section 15.9 (Depressurized Operations Events)

The following RELAPS calculations were rerun:

0.30%/s Ramp Insertion. Most of the reactivity accidents discussed in SAR-153,

Section 15.9.3 are bounded by the 0.30$/s ramp in EDF TRA-ATR-1835 (Reactivity
Accident Analysis for ATR Depressurized Operation). The 0.30$/s ramp was rerun to
confirm that the maximum core power is less than 7.5 MW, which is the power limit
applied to all of the reactivity accidents in SAR-153, Section 15.9.3.

Rapid Regulating Rod Withdrawal (SAR-153, Section 15.9.3.2). The reactivity insertion
rate during this Condition 3 fault is 1.05%/s, with a total insertion of 0.57$. The maximum
core power was previously calculated to be less than that for a 0.30$/s ramp. The
RELAPS calculation was rerun to confirm this result.

Perched Fuel Element Drop from within Measurement Accuracy (One Inch) (SAR-153,
Section 15.9.3.8). This Condition 3 fault and the Condition 4 step insertions discussed in
SAR-153, Section 15.9.3.12, are bounded by a 0.10$ step. The maximum core power
following a 0.10$ step was previously calculated to be less than that for a 0.30$/s ramp.
The RELAPS calculation was rerun to confirm this result.
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SAR-153, Section 15.12 (Severe Accident Analyses)

The following RELAPS calculations were rerun:

. Anticipated Transient Without Scram (ATWS) (SAR-153, Section 15.12.5). Two ATWS
calculations are discussed in this section. They are: (a) primary pump coastdown due to a
loss of commercial power and (b) positive reactivity insertion due to an experiment loop
1/2-in. pipe break. Neither of these accidents results in core damage. The RELAPS
calculations were rerun primarily to investigate the effect of the reactor kinetics errors.

. Very Large RIA (SAR-153, Section 15.12.6). A 1.308 step was previously analyzed with
the RELAP4 code. As noted earlier, there are no errors in the RELAP4 reactor kinetics
model. A 1.30$ step was simulated with RELAPS (with and without the errors) to
investigate the effect of the errors on a very large RIA.

. Direct Damage Large RIA (SAR-153, Section 15.12.7). The RELAPS model that was
used to simulate this accident is no longer available. This accident is initiated by the
rupture of an IPT inside the core. It is described as being "nearly equivalent to a 0.90$
step." A 0.90$ step was simulated with the current RELAPS model to investigate the
effect of the reactor kinetics errors on a large RIA.

SAR-153, Section 10.2 (Pressurized Water Loop Experiment Facilities)

Numerous IPT blowdown calculations have been performed with RELAPS to establish operating
limits for pressurized water loop experiments (SAR-153, Section 10.2.6.2.2). The worst Condition 2 and
4 (i.e., small and large experiment loop pipe break) calculations were rerun for each IPT configuration
(SIPT, LIPT, Standard MUCH, and AHTL MUCH). These calculations, eight total, were compared to the
limiting Condition 2 and 4 RIA calculations in SAR-153, Section 15.4, to confirm that they are bounded.

SAR-192, Section 8.4 (Accident Analysis)

A core energy deposition limit (15 MJ) is used to demonstrate that no fuel melting occurs in
ATRC reactivity accidents. The following RIA calculations were rerun. They are Condition 4 faults and
are the only RIAs discussed in the SAR-192 that result in significant core energy deposition (> 1 MJ).

. Air Voiding of a Large Inpile Tube (SAR-192, Section 8.4.8.1).
. Aluminum Filler Piece Drop (SAR-192, Section 8.4.8.2).

EDF-6937 (Analysis of AHTL Flow Coastdown with New Pumps)

The AHTL pumps were replaced recently. The RELAPS5 calculations in EDF-6937 show that
RIAs initiated by coast down of the new AHTL pumps and by simultaneous coast down of all of the
experiment loop pumps are bounded by the limiting Condition 2 and 4 reactivity faults discussed
SAR-153, Section 15.4. This was confirmed by rerunning the two worst RIA calculations in EDF-6937.

In addition, the calculations in ECAR-402 incorporate a revised time step size of 0.0001 s to
ensure that the scram time is calculated more accurately. For fast reactivity transients, Reference 13,
recommends 0.0001 s. Reference 10 shows that more accurate solutions to the reactor kinetics equations
are obtained (with the corrected code) when the time step size is reduced. ECAR-402 therefore evaluates
the effect of the error on existing ATR and ATRC accident analyses as well as incorporating a revised
time step. Specific conclusions from ECAR-402 are summarized in the following sections.

5.2.3 Reactivity and Power Distribution Anomalies (SAR-153, Section 15.4)

Except as noted, the scram setpoint for the calculations discussed in this section was 20%
overpower (300 MW), with a response time of 0.025 s.
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5.2.3.1 Inpile Tube (IPT) Decompression Due to Experiment Loop 1/2-in. Pipe
Break (SAR-153, Section 15.4.4)

This is the limiting Condition 2 reactivity fault in SAR-153. Only the calculation with three
primary coolant pumps (PCPs) operating was updated since it bounds the 2-PCP calculation. The
decompression and subsequent voiding of an IPT as a Condition 2 event can occur as a result of operator
error or mechanical failure of components. Piping failures considered are 1/2-in. or less for this
probability classification. The evaluation envelops low pressures resulting from control system failures as
well. The analysis can be shown to envelop other failures in large diameter pipes that are isolated from
the IPT by substantial piping lengths. Such evaluations may be completed on a case basis to support other
activities (e.g., the application of the Inservice Inspection (ISI) plan to the loops).

The limiting failure is a shear of a 1/2-in. pipe in the drain manifold attached to the loop piping at
the heater legs. This event results in IPT voiding and a positive reactivity insertion. A scram occurs on
high power and is initiated by the neutron level subsystem. The dominant shutdown mechanism is
feedback from the fuel elements. The safety rod insertion provides some mitigation of the event and
ensures the reactor remains subcritical.

The original calculations in Reference 14 and discussed in SAR-153, Section 15.4.4, were
updated in ECAR-402 with and without the RELAPS code error correction. In addition, the calculation
with the corrected code incorporates a revised time step size of 0.0001 s. The original calculation was
performed with a time step size of 0.005 s. The maximum core power and core energy deposition results
from ECAR-402 are as follows:

Table 1. ECAR-402 Results for Experiment %;-in. Pipe Break.

Calculation
Parameter Original Corrected Revised Time
Step
Scram Time (s) 0.0750 0.0750 0.0690
Maximum Core Power (MW) 464.54 464.66 456.91
Maximum Energy Deposition (MJ) 27.553 27.556 25.879

As shown above in Table 1 and in Figures 1 and 2, the original and corrected calculations were
nearly identical and both calculations bounded the revised time step calculation (the most accurate of the
calculations). The maximum core power and core energy deposition decreased when the time step size
was reduced, primarily because the scram time was calculated more accurately.

The original ATR-SINDA and SINDA-SAMPLE calculations (SAR-153, Section 15.4.4) show
that the event meets the acceptance criteria for a Condition 2 event (margins to critical heat flux (CHF)
and flow instability (FI) exceed 3c). As shown in Figures 1 and 2, since the revised calculations in
ECAR-402 show that the maximum core power and core energy deposition with a time step size of
0.0001 s are bounded by the original ATR-SINDA and SINDA-SAMPLE calculations, it is concluded
that the analysis in SAR-153, Section 15.4.4, is bounding, and the ATR plant protection criteria (PPC) are
met.
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Figure 1. Core power vs. time during limiting Condition 2 RIA (experiment loop 1/2-in. pipe break).
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5.2.3.2 0.50% Step Insertion (SAR-153, Section 15.4.5)

This is the limiting Condition 3 reactivity fault in SAR-153. Only the 3-PCP calculation was
rerun since it bounds the 2-PCP calculation. The 0.50 s step is a hypothetical fault which is used as a
bounding event for several Condition 2, 3 and 4 faults. The reactivity insertion of 0.50$ was inserted at
time zero as an instantaneous step. A reactor trip occurred from the neutron level subsystem at 1.2 Ng
with a response time of 0.025 s.

The calculations in Reference 14 and discussed in SAR-153, Section 15.4.5, were updated in
ECAR-402 with and without the RELAPS5 code error correction. In addition, the calculation with the
corrected code incorporates a revised time step size of 0.0001 s. The original calculation was performed
with a time step size of 0.005 s. The maximum core power and core energy deposition results from
ECAR-402 are as follows:

Table 2. ECAR-402 Results for 0.50% Step Insertion.

Calculation
Parameter Original Corrected Revised Time
Step
Scram Time (s) 0.0400 0.0350 0.0283
Maximum Core Power (MW) 468.44 468.44 467.39
Maximum Energy Deposition (MJ) 24.448 23.611 22.823

As shown above in Table 2 and in Figures 3 and 4, the original and corrected calculations were
nearly identical and both calculations bounded the revised time step calculation (the most accurate of the
calculations). The maximum core power and core energy deposition decreased when the time step size
was reduced, primarily because the scram time was calculated more accurately.

The original ATR-SINDA and SINDA-SAMPLE calculations (SAR-153, Section 15.4.5) show
that the event meets the acceptance criteria for a Condition 3 event (20 to buckling). As shown in Figures
3 and 4, since the revised calculations in ECAR-402 show that the maximum core power and core energy
deposition with a time step size of 0.0001 s are bounded by the original ATR-SINDA and
SINDA-SAMPLE calculations, it is concluded that the analysis in SAR-153, Section 15.4.5, is bounding,
and the ATR PPC are met.
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Figure 4. Core energy deposition vs.

time during limiting Condition 3 RIA (0.508 step).
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5.2.3.3 IPT Decompression Due to Experiment Loop Large Pipe Break (SAR-153,
Section 15.4.6)

This is the limiting Condition 4 reactivity fault in SAR-153. This event is initiated by failure of
the piping in a pressurized water loop facility. Failure of the pipe with the resultant decompression is
assumed to result in failure of the experiment hardware. The load results from blowdown forces on the
test. The hardware failure results in a relocation dependent upon the distance between the bottom of the
test and the experiment stop below the test. The relocation results in a reactivity insertion in addition to
the voiding insertion. This insertion is bounded as a 0.10$ step. During the transient, temperature changes
in the other flux trap facilities result in further positive reactivity insertion as a result of cascading. This
contribution is bounded by previous analyses for cascading associated with a 0.75% step. A scram occurs
on high power and is initiated by the neutron level PPS subsystem. The event is terminated by feedback
from the fuel elements. The safety rod insertion ensures the reactor remains subcritical. Only the 3-PCP
calculation was rerun since it bounds the 2-PCP calculation. The calculations in Reference 14 and
discussed in SAR-153, Section 15.4.6, were updated in ECAR-402 with and without the RELAPS5 code
error correction. In addition, the calculation with the corrected code incorporates a revised time step size
0f 0.0001 s. The original calculation was performed with a time step size of 0.005 s. The maximum core
power and core energy deposition results from ECAR-402 are as follows:

Table 3. ECAR-402 Results for Experiment Loop Large Pipe Break.

Calculation
Parameter Original Corrected Revised Time
Step
Scram Time (s) 0.0450 0.0400 0.0390
Maximum Core Power (MW) 572.37 563.47 560.58
Maximum Energy Deposition (MJ) 37.304 35.505 35.180

As shown above in Table 3 and in Figures 5 and 6, the original and corrected calculations were
nearly identical and both calculations bounded the revised time step calculation (the most accurate of the
calculations). The maximum core power and core energy deposition decreased when the time step size
was reduced, primarily because the scram time was calculated more accurately.

The original ATR-SINDA and SINDA-SAMPLE calculations (SAR-153, Section 15.4.6) show
that the event meets the acceptance criteria for a Condition 4 event, (greater than 3¢ margin to the AWIT
temperature), thus meeting the acceptance criterion for Condition 4 faults.

As shown in Figures 5 and 6, since the revised calculations in ECAR-402 show that the
maximum core power and core energy deposition with a time step size of 0.0001 s are bounded by the
original ATR-SINDA and SINDA-SAMPLE calculations, it is concluded that the analysis in SAR-153,
Section 15.4.6, is bounding, and the ATR PPC are met.
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Figure 5. Core power vs. time during limiting Condition 4 RIA (experiment loop large pipe break).
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5.2.3.4 Pressure Tube Flow Bypass Due to a Maximum Useful Cap
(MUCH) Test Train Failure with a Loop Scram (SAR-153, Section 15.4.7.10)

This i1s a Condition 3 reactivity fault in SAR-153. The MUCH configuration uti
experiment shroud as the flow tube. A failure of the shroud or test train would result in ¢
from the inlet to the outlet. This will result in void formation and a positive reactivity in:
have shown that the peak insertion for this fault is 0.39$ (for a total IPT voiding of 0.80
experiment flow scram occurs at 1.45 s. This insertion is less than a 0.50$ step, and the
bounded by the event discussed in SAR-153, Section 15.4.5.

The calculations in Reference 15 and discussed in SAR-153, Section 15.4.7.10,
ECAR-402 with and without the RELAPS5 code error correction. In addition, the calculal
corrected code incorporates a revised time step size of 0.0001 s. The original calculation

with a time step size of 0.005 s. The maximum core power and core energy deposition r
ECAR-402 are as follows:

Table 4. ECAR-402 Results for MUCH Flow Bypass RIA.

yacity Holder

izes the

2 bypass of flow

sertion. Analyses
%) when the loop
consequences are

were updated in

tion with the
1 was performed
esults from

Calculation
Parameter Original Corrected Revised Time
Step
Scram Time (s) 0.4800 0.4850 0.4843
Maximum Core Power (MW) 307.07 306.88 306.88
Maximum Energy Deposition (MJ) 16.877 16.883 16.834

As shown above in Table 4 and in Figures 7 and 8, the original and corrected ca
nearly identical and both calculations bounded the revised time step calculation (the mo.
calculations). The maximum core power and core energy deposition decreased when the
was reduced, primarily because the scram time was calculated more accurately.

This Condition 3 fault is bounded by the limiting Condition 3 fault discussed ab
Section 5.2.3.2 (SAR-153, Section 15.4.5). The error in RELAPS does not change the cq
SAR-153, Section 15.4.7.10. It should be noted that in the original analysis, the void wo
assumed to be 1.158. The maximum void worth of a Standard IPT (SIPT) is currently lir
Also, the reactor overpower scram precedes the experiment loop scram during this accid
the reactor scrammed on high power (300 MW) rather than low experiment flow.

lculations were
st accurate of the
time step size

ove in

nclusion of

rth of the IPT was
mited to 0.80$.
ent. Therefore,
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5.2.3.5 Withdrawal of All Outer Shims from 10°'° N with Failure of the Wide

Range Subsystem (WRS) (SAR-153, Section 15.4.7.14)

This is a Condition 4 reactivity fault in SAR-153. As discussed in SAR-153, Se
maximum ramp rate for this fault is 0.053%/s. Analysis for an unlimited ramp insertion ¢
showed that the PPS neutron level subsystem with a reactor trip at 1.2 N would limit pg
which is 4% above the trip setting. As described in SAR-153, Section 15.4.2, the margix
greater than 3.0c for more than 7.2% (321.6 MW) above the trip setting. This event is a
Condition 4 event for both two and three-pump operation since CHF does not occur.

The calculations in Reference 16 and discussed in SAR-153, Section 15.4.7.14,
ECAR-402 with and without the RELAPS5 code error correction. In addition, the calcula
corrected code incorporates a revised time step size of 0.0001 s. The original calculation

with a time step size of 0.002 to 0.008 s. The maximum core power and core energy dep
from ECAR-402 are as follows:

Table 5. ECAR-402 Results for Quter Shim Withdrawal with WRS Failure.

ction 15.4.2, the
£0.079%/s

wer to 312 MW
1s to CHF are
cceptable as a

were updated in
tion with the

1 was performed
osition results

Calculation
Parameter Original Corrected Revised Time
Step
Scram Time (s) 13.9900 13.9900 13.9897
Maximum Core Power (MW) 312.76 312.69 312.45
Maximum Energy Deposition (MJ) 188.18 187.87 187.49

The results of the original calculation, the corrected calculation, and the revised
calculation are shown in Table 5 and Figures 9 and 10. The results of the three calculatic
significantly different. This is a much slower developing accident than analyzed above.
considerably longer to reach the scram setpoint (300 MW). As a result, when the calcula
stopped, the core energy deposition was higher than for the accidents analyzed above. B
deposition rate is relatively low, the energy is easily removed by heat transfer to the coo|

The maximum core power in all three cases was less than 321.6 MW. Therefore
SAR-153, Section 15.4.7.14, this Condition 4 fault meets the acceptance criteria for Con
The error in RELAPS5 does not change the conclusion of SAR-153, Section 15.4.7.14.

time step

hns were not

It therefore takes
tions were
ecause the energy
lant.

, as discussed in
dition 2 faults.
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5.2.3.6 Withdrawal of All Outer Shims and Neck Shims from 10°° Ny Coupled with
Rapid Regulating Rod Withdrawal at 10° Nr (SAR-153, Section 15.4.7.17)
This 1s a Condition 4 reactivity fault in SAR-153. This fault is a combination of|the faults
described in SAR-153, Sections 15.4.7.1 and 15.4.2, with concurrent failure of the shim|withdrawal

permit interlock when the regulating rod is below 20 in. withdrawn. The combined accident is a ramp of

0.079$/s from 10” N to 10” N, then 1.1298/s (0.0798/s from the outer shim cylinders |
the regulating rod) for 0.543 s (total regulating rod insertion is 0.57%), then an unlimited
Analysis of this event demonstrates that the WRS terminates the event before the regula
withdrawal begins. The power level does not reach 107 Np.

The calculations in Reference 16 and discussed in SAR-153, Section 15.4.7.17,
ECAR-402 with and without the RELAPS code error correction. In addition, the calculal
corrected code incorporates a revised time step size of 0.0001 s. The original calculation
with a time step size of 0.002 to 0.008 s. The maximum core power and core energy dep
from ECAR-402 are as follows:

Table 6. ECAR-402 Results for Outer Shim Withdrawal with WRS Scram.

plus 1.058/s from
ramp at 0.079%/s.
ting rod

were updated in
tion with the
was performed
osition results

Calculation
Parameter Original Corrected Revised Time
Step
Scram Time (s) 9.6920 9.6980 9.6954
Maximum Core Power (MW) 0.097223 0.097397 0.097098
Maximum Energy Deposition (MJ) 0.11640 0.11620 0.11592

The results of the original calculation, the corrected calculation, and the revised

time step

calculation are shown in Table 6 and Figures 11 and 12. The results of the three calculations are not

significantly different. The acceptance criterion for Condition 4 faults is met. The error i
not change the conclusion of SAR-153, Section 15.4.7.17.

nt RELAPS does
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5.2.3.7 Voiding in All IPTs Due to Simultaneous Flow Coastdown in All

Experiment Loops (SAR-153, Section 15.4.7.19) |

This is a Condition 4 reactivity fault in SAR-153. Failure of the commercial and
sources will result in simultaneous coastdown of all loop pumps. If the loop scrams fail,
IPTs could occur. Concurrent failure of the loop protective system is assumed, so no rea
occur until the neutron level PPS subsystems trip at 1.2 N.

The calculations in Reference 14 and discussed in SAR-153, Section 15.4.7.19,
ECAR-402 with and without the RELAPS5 code error correction. In addition, the calcula
corrected code incorporates a revised time step size of 0.005 and 0.0001 s. The original
performed with a time step size of 0.005 s. The maximum core power and core energy d
from ECAR-402 are as follows:

diesel power
voiding in all
ctor scram will

were updated in
tion with the
calculation was
eposition results

Table 7. ECAR-402 Results for Simultaneous Flow Coastdown in all Experiment
Loops.
Calculation
Parameter Original Corrected | Revised Time

| Step
Scram Time (s) 0.4450 0.4450 0.4513
Maximum Core Power (MW) 307.27 307.85 307.42
Maximum Energy Deposition (MJ) 16.051 16.418 161159

The results of the original calculation, the corrected calculation, and the revised

calculation are shown in Table 7 and Figures 13 and 14. The maximum core power in al
less than 321.6 MW. Therefore, as discussed in SAR-153, Section 15.4.7.19, this Condit

time step
| three cases was
ion 4 fault meets

the acceptance criteria for Condition 2 faults. The error in RELAPS5 does not change the
SAR-153, Section 15.4.7.19.

conclusion of
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Figure 14. Core energy deposition vs. time (simultaneous flow coast down in all experiment loops).
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5.2.4 Depressurized Operations Events (SAR-153, Section 15.9)

A core power limit is used to demonstrate that the fuel is protected in RIAs ass

during ATR depressurized operation. If the maximum core power is less than 7.3 MW,LJ
to CHF and FI are at least 3o, and the acceptance criteria for Condition 2, 3, and 4 faults
scram setpoint for the calculations in this section was 1.15 MW (2.3 Ny), with a respons

5.2.4.1 0.30%/s Ramp Insertion (SAR-153, Section 15.9.3)

Most of the reactivity accidents in SAR-153, Section 15.9.3, are bounded by the
insertion analyzed in Reference 17. The calculation was rerun with and without the erros
initial core power in the corrected calculation was somewhat lower than that in the origi
(48.1 vs. 48.8 kW). The worst starting power was determined as discussed in Reference
size in both the original and corrected calculations was 0.0001 s. The maximum core po
energy deposition results from ECAR-402 are as follows:

Table 8. ECAR-402 Results for 0.30$/s Ramp Insertion During Depressurized

med to occur
hen the margins
are met. The

e time of 0.035 s.

0.30%/s ramp
correction. The

nal calculation

17. The time step

wer and core

Operation.
Parameter Calculation
Original Corrected
Scram Time (s) 2.9006 29608
Maximum Core Power (MW) 2.1301 2.2469
Maximum Energy Peposition (MJ) 0.82124 0.87720

As shown in Table 8 and Figures 15 and 16, the maximum core power and core
were somewhat higher in the corrected calculation than in the original calculation (5.5 a
respectively). In both calculations, the maximum core power was less than the 7.3 MW |
the ATR PPC are met.

energy deposition
nd 6.8% higher,
imit. Therefore,





Form 412.09 (Rev. 10)

Idaho National Laboratory
EVALUATION OF THE SAFETY OF THE |ldentifier: TEV-563
SITUATION FOR RESOLUTION OF Revision: 0
RTC-USQ-2008-553, “ERROR IN RELAP5  |Effective Date: 03/18/10 Page 31 of 74
REACTOR KINETICS MODEL”
2.5 ‘ s T ey
i — Original ) 4
t el Corrected .. :
2.0 - E‘K !{" : ~
T ~
£15: j .
g.a ] ! l : -
% [ i@ :
z IE
& 1.0 - [ 5
It
:'j; i :
A i
05 + / | _
L P /» ‘i .
. - ."*‘_‘_“’M“( s“ V: .
] . ) . ! i,
0.0 0 1 2 3 4
Time {s)
Figure 15. Core power vs. time (0.308$/s ramp insertion, depressurized operation).
1.0 g ; T
——  Qriginat
SR Corrected
08 ST T
i(’;.'.
‘e
g Qrﬁ {xsi; .
5
2 4
] 04 - j’({
LI /// -
- —'—w?-"#,.ﬂ‘f"
00 T S L
0 1 2 3 4
Time (s}
Figure 16. Core energy deposition vs. time (0.30$/s ramp insertion, depressurized operation).
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5.2.4.2 Rapid Regulating Rod Withdrawal (SAR-153, Section 15.9.3

This is a Condition 3 reactivity fault in SAR-153. The calculations in Reference
in SAR-153, Section 15.9.3.2, were updated in ECAR-402 with and without the RELAP
correction. The time step size in both the original and corrected calculations was 0.0001
core power and core energy deposition results from ECAR-402 are as follows:

Table 9. ECAR-402 Results for Rapid Regulating Rod Withdrawal During

Depressurized Operation.

.2)

17 and discussed
5 code error
s. The maximum

Parameter Calculation
Original Carrected
Scram Time (s) 0.5378 0.5507
Maximum Core Power (MW) 1.3182 1.3176
Maximum Energy Deposition (MJ) 0.29824 0.30654

The results of the original and corrected calculations are shown in Table 9 and K
The maximum core energy deposition increased 2.8% when the error was corrected. The
power in each calculation was less than the 7.3 MW limit. Therefore, the ATR PPC are 1

igures 17 and 18.
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Figure 17. Core power vs. time (rapid regulating rod withdrawal, depressurized operatio
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5.2.4.3
Inch) (SAR-153

nergy deposition vs. time (rapid regulating rod withdrawal, depressurized operation).

Perched Fuel Element Drop from within Measurement Accuracy (One
Section 15.9.3.8)

This Condition 3 fault is bounded by the 0.10$ step analyzed in Reference 17. The calculation
was rerun with and without the error correction. The time step size in both the original and corrected

calculations was 0
energy deposition

.00002 s for the first second and 0.001 s thereafter. The maximum core power and core
results from ECAR-402 are as follows:

Table 10. ECAR-402 Results for 0.10$ step during depressurized operation.
Parameter Calculation
Original Corrected
Scram Time (s) 53.202 53.262
Maximum Core Power (MW) 1.1505 1.1505
Maximum Energy Deposition (MJ) 19.181 19.199

As shown

in Table 10 and Figures 19 and 20, the original and corrected calculations were not

significantly different. The maximum core power in each calculation was less than the 7.3 MW limit.
Therefore, the ATR PPC are met.
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Figure 19. Core power vs. time (0.10$ step, depressurized operation).
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Figure 20. Core energy deposition vs. time (0.108$ step, depressurized operation).
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5.2.5 Severe Accident Analyses (SAR-153, Section 15.12)

The scram setpoint for the step reactivity insertion calculations discussed in this section was 20%

overpower (300 v
- 5.2.5.1

Two Anti
The accidents are
coolant pump con

IW), with a response time of 0.025 s.
Anticipated Transients Without Scram (SAR-153, Section 15.12.5)

cipated Transients Without Scram (ATWS) are discussed in SAR-153, Section 15.12.5.
initiated by: (a) PCP coastdown due to a loss of commercial power (one emergency
tinues to operate) and (b) positive reactivity insertion due to an experiment loop 1/2-in.

pipe break. The original calculations, which are documented in Reference 18, were rerun with and
without the error correction.

PCP coas

tdown is a relatively slow transient. The original time step size ranged from 0.05 to

0.08 s. The revised calculation was performed with the time step size cut in half (0.025 to 0.04 s). The

time step size for

the experiment loop 1/2-in. pipe break was originally 0.005 to 0.008 s. The revised

calculation was performed with the time step size cut in half (0.0025 to 0.004 s). The maximum core
power and core energy deposition results from ECAR-402 are as follows:

Table 11. ECAR-402 results for Anticipated Transients Without Scram.

PCP coastdown Experiment loop 1/2-in. pipe break
Core Power at 150 s (MW) Maximum Core Power (MW)
Original | Corrected Revised Time Original | Corrected Revised Time
Step Step
29.518 29.517 29.518 411.37 411.42 411.38
As shown in Table 11 and Figures 21 and 22, the RELAPS error had negligible effect on the

original calculations. The conclusions of the original analysis remain valid with the revised calculations.
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Figure 21. Core pc

wer vs. time (PCP coast down without scram).
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Figure 22. Core power vs. time (experiment loop 1/2-in. pipe break without scram).

5.2.5.2 Very Large RIA (1.30$ Step) (SAR-153, Section 15.12.6)

This accident, which is documented in Reference 19, was originally simulated with the RELAP4
code. As noted in Reference 10, the reactor kinetics coding in RELAP4 and RELAPS are different. The
error in the RELAPS code was not present in the RELAP4 code. A 1.30$ step was simulated with
RELAP5/MOD3 to investigate the effect of the error on a very large RIA. The time step) size in the
original and corrected calculations was 0.0001 s; a revised calculation was performed with the time step
size reduced to 0.00005 s. The maximum core power and core energy deposition results from ECAR-402
are as follows:

Table 12. ECAR-402 results for 1.30$ step insertion.

Parameter Calculation
Original® Corrected Revised Time
Step

Scram Time (s) 0.0260 0.0260 0.0259
Maximum Core Power (MW) 4261.2 4259.9 4255.5
Maximum Energy Deposition (MJ) 174.39 174.38 175.52
Note (a) 1.308 RELLAP4 calculation reran using RELAP5/MOD3.

The maximum core power and core energy deposition in the RELAPS5 calculatig

ns were higher

than in the RELAP4 calculation. The maximum power in the RELAP4 calculation was approximately

3510 MW as shown in Figure 28 of Reference 19. Negative reactivity feedback may ha ‘

€ been greater in

the RELAP4 calculation than in the RELAPS calculations. As shown in Table 12 and Figures 23 and 24,
the RELAPS error had negligible effect on the original calculations. The conclusions of the original

analysis remain valid with the revised calculations.
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5.2.5.3 Direct Damage Large RIA (SAR-153, Section 15.12.7)

This accident is initiated by the rupture of an IPT inside the core and is describe
equivalent to a 0.90% step." A 0.90$ step was simulated with RELAPS/MODS3 to investi
the reactor kinetics error on a large RIA. The time step size in the original and corrected

0.0001 s; a revised calculation was performed with the time step size reduced to 0.00003

core power and core energy deposition results from ECAR-402 are as follows:

Table 13. ECAR-402 results for 0.90$ step insertion.

d as being "nearly
cate the effect of
calculations was
s. The maximum

Parameter Calculation
Original® Corrected Revised Time Step
Scram Time (s) 0.02640 0.02640 0.02630
Maximum Core Power 1150.9 1150.5
(MW) 1150.9
Maximum Energy 58.998 58.971
Deposition (MJ) 59-009
Note (a) 1.30$ RELLAP4 calculation reran using RELAP5/MOD3.

As shown in Table 13 and Figures 25 and 26, the three calculations were not sig
different. The conclusions of the original analysis remain valid with the revised calculati

nificantly
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Figure 25. Core power vs. time (0.90$ step).
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Figure 26. Core energy deposition vs. time (0.90$ step).

5.2.6 Pressurized Water Loop Experiment Facilities (SAR-153, Section 10.2)

Numerous IPT blowdown calculations have been performed with RELAPS to establish operating
limits for pressurized water loop experiments (SAR-153, Section 10.2.6.2.2). The worst Condition 2 and
4 calculations (i.e., small and large experiment loop pipe breaks) have been rerun, with and without the

error correction, for each IPT configuration: SIPT, LIPT, SIPT with a MUCH test train, and AHTL IPT
with a MUCH test train. The scram setpoint for these calculations was 20% overpower (300 MW), with a

response time of 0.025 s.

5.2.6.1 SIPT Small- and Large-Break RIAs

This accident, which is documented in Reference 20, was rerun with and without thel error
correction to calculate core energy deposition and maximum core energy deposition. The timje step size in

both the original and corrected calculations was 0.0001 s.
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The maximum core power and core energy deposition results from ECAR-402 are as follows:

Table 14. ECAR-402 results for SIPT experiment loop small and large pipe breaks.

Small Break Large Break
Parameter . ..
Original Corrected Original Corrected

Scram Time (s) 0.0596 0.0659 0.0471 0.0475
Maximum Core Power 376.30 377.51 550.91 546.46
(MW)

Maximum Energy 11.831 12.802 27.115 29.040
Deposition (MJ)

The maximum core powers in the original and revised calculations were comparable. The
maximum core energy depositions were higher in the revised calculations than in the original calculations
(8.2% higher ifor the small-break and 7.1% higher for the large break). The revised results as shown in
Table 14 are bounded by the SAR Envelope curves as shown in Figures 27 through 30. Therefore, the

PPC for Conc;lition 2 and 4 faults are met.
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Figure 27. Core power vs. time (SIPT small break).
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Figure 29. Core power vs. time (SIPT large break).
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Figure 30. Core energy deposition vs. time (SIPT large break).

5.2.6.2 LIPT Small- and Large-Break RIAs

0.4

The calculations in Reference 21 were rerun with and without the error correction to calculate
core energy deposition and maximum core energy deposition. The time step size in both the original and
corrected calculations was 0.0001 s. The maximum core power and core energy deposition results from

ECAR-402 are as follows:

Table 15. ECAR-402 results for LIPT experiment loop small and large pipe breaks.
Small Break Large Break
Parameter . ..
Original Corrected Original Corrected

Scram Time (s) 0.1062 0.1128 0.0444 0.0449
Maximum Core Power 324.93 329.05 581.41 577.93
MW)
Maximum Energy 9.0329 9.9038 29.476 31.723
Deposition (MJ)

The maximum core powers in the original and revised calculations were comparable. The
maximum core energy depositions were higher in the revised calculations than in the original calculations
(9.6% higher for the small-break and 7.6% higher for the large-break). The revised results as shown in

Table 15 are bounded by the SAR Envelope curves as shown in Figures 31 through 34. Therefore, the
PPC for Condition 2 and 4 faults are met.
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Figure 32. Core energy deposition vs. time (LIPT small break).
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40 s 1
[ —— Original LT
i Corrected L ~
- - - SAR Envelope N
30 - T . .
L ’j/ff"'“ —\\1 ™
q / \\ k e i %
%20 - £ \\ N -
g ] 1‘.":( &.\: h s
(244 ‘f-’ N - ~
- J N “
- /.’f \,1\,
30 - / \»’\.4-( L
- A \'A.
’ N
X ' AN
ﬂ / : H s X i : " \'\ v ”
0.0 0.1 0.2 0.3 0.4
Time {g)

Figure 34. Core energy deposition vs. time (LIPT large break).
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5.2.6.3 Standard MUCH Small- and Large-Break RIAs

The calculations in Reference 22 were updated in ECAR-402 with and without the error

correction to calculate core energy deposition and maximum core energy deposition. The original time
step of 0.001 s was revised to 0.0001 s.

maximum core power and core energy deposition results from ECAR-402 are as follows:

Table 16. ECAR-402 results for Standard MUCH experiment loo

As in Reference 22 the small-break calculation included a 0.10$ step due to test train failure. The

p small and large pipe

breaks.
Small Break Large Break
Parameter . . .
Original Corrected Original Corrected
Scram Time (s) 0.0920 0.0939 0.0900 0.0918
Maximum Core Power 417.45 421.98 510.94 511.13
MW)
Maximum Energy 20.776 21.293 30.094 30.254
Deposition (MJ)

The original and revised results as shown in Table 16 are comparable and they are bounded by

the SAR Envelope curves as shown in Figures 35 through 38. Therefore, the PPC for Condition 2 and 4

faults are met.
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Figure 35. Core power vs. time (Standard MUCH small break).
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Figure 37. Core power vs. time (Standard MUCH large break).
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Figure 38. Core energy deposition vs. time (Standard MUCH large break).

5.2.6.4 AHTL MUCH Small- and Large-Break RIAs

The calculations in Reference 22 were updated in ECAR-402 with and without the error
correction to calculate core energy deposition and maximum core energy deposition. The original time
step of 0.001 s was revised to 0.0001 s. The small-break calculation included a 0.10$ step due to test train
failure. The maximum core power and core energy deposition results from ECAR-402 are as follows:

Table 17. ECAR-402 results for AHTL MUCH experiment loop small and large pipe

breaks.
Small Break Large Break
Parameter ._ .
Original Corrected Original Corrected

Scram Time (s) 0.1030 0.0993 0.1010 0.0986
Maximum Core Power 421.53 418.93 514.91 510.31
MW)

Maximum Energy 20.808 20.874 30.256 30.331
Deposition (MJ)

The original and revised results as shown in Table 17 are comparable and they are bounded by
the SAR Envelope curves as shown in Figures 39 through 42. Therefore, the PPC for Condition 2 and 4

faults are met.
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Figure 40. Core energy deposition vs. time (AHTL MUCH small break).
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Figure 41. Core power vs. time (AHTL MUCH large break).
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Figure 42. Core energy deposition vs. time (AHTL MUCH large break).
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5.2.7 Accident Analyses (SAR-192, Section 8.4)

A core energy deposition limit (15 MJ) is used to demonstrate that no fuel melting occurs in
postulated ATRC reactivity accidents. The following Condition 4 faults are the only RIAs discussed in
the ATRC SAR that result in significant core energy deposition (> 1 MJ). The scram setpoint for these
calculations was 6 kW, with a response time of 0.035 s.

5.2.7.1 Air Voiding of an LIPT (SAR-192, Section 8.4.8.1)

Air voiding of an LIPT results in a core reactivity insertion that results in an increase in the
reactor power and a decrease in the reactor period. A scram is initiated by the neutron level subsystem or
the Log-N/period subsystem of the Reactor Shutdown System (RSS), depending on the initial power
level. The reactor power continues to increase until the negative reactivity addition due to safety rod
insertion overcomes the positive reactivity resulting from the LIPT voiding. The voiding event was
simulated by modeling a total reactivity of 1.54§ inserted into the core at a constant rate of 0.26$/s.

The calculations in Reference 23 were updated in ECAR-402 with and without the error
correction to calculate core energy deposition and maximum core energy deposition. The time step size in
both the original and corrected calculations was 0.001 s; a revised calculation was performed with the
time step size reduced to 0.0001 s. The maximum core power and core energy deposition results from
ECAR-402 are as follows:

Table 18. ECAR-402 results for air voiding of ATRC LIPT.

Calculation
Parameter Original Corrected Revised Time
Step
Scram Time (s) 4.5040 4.5050 4.5045
Maximum Core Power (MW) 30.869 31.492 30.825
Maximum Energy Deposition (MJ) 3.5460 3.6156 3.5400

As shown in Table 18 and Figures 43 and 44, the original and corrected calculations were not
appreciably different. The calculations in ECAR-402 show that the maximum core power and core energy
deposition decrease slightly for a revised time step size of 0.0001 s, and the maximum energy deposition
1s less than the 15 MJ criterion. Therefore, the original calculations are bounding.
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Figure 43. Core power vs. time (ATRC LIPT air voiding accident).
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Figure 44. Core energy deposition vs. time (ATRC LIPT air voiding accident).
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5.2.7.2 Aluminum Filler Piece Drop into an LIPT (SAR-192, Section 8.4.8.2)

Dropping an aluminum filler piece into a LIPT results in a rapid core reactivity insertion that
results in an increase in the reactor power and a decrease in the reactor period. A scram is generated by
the neutron level subsystem or the Log-N/period subsystem of the RSS, depending on the initial power
level. The period subsystem generates the first scram signal at low initial powers, while the level
subsystem generates the first signal at high initial powers. The reactor power continues to increase until
the negative reactivity addition due to safety rod insertion overcomes the positive reactivity resulting from
the drop. The filler drop event was simulated by modeling a rapid total reactivity insertion of 1.283.

The calculations in Reference 23 were updated in ECAR-402 with and without the error
correction to calculate core energy deposition and maximum core energy deposition. The time step size in
both the original and corrected calculations was 0.001 s; a revised calculation was performed with the

time step size reduced to 0.0001 s. The maximum core power and core energy deposition results from
ECAR-402 are as follows:

Table 19. ECAR-402 results for filler piece drop into ATRC LIPT.

Calculation
Parameter Original Corrected Revised Time
Step
Scram Time (s) 0.3110 0.3110 0.3102
Maximum Core Power (MW) 73.764 73.751 71.493
Maximum Energy Deposition (MJ) 8.3888 8.3876 8.1309

As shown in Table 19 and Figures 45 and 46, the original and corrected calculations were not
appreciably different. The calculations in ECAR-402 show that the maximum core power and core energy
deposition decrease slightly for a revised time step size of 0.0001 s, and the maximum energy deposition
is less than the 15 MJ criterion. Therefore, the original ATR-SINDA and SINDA-SAMPLE calculations
are bounding.
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Figure 46. Core energy deposition vs. time (ATRC filler piece drop accident).
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5.2.8 EDF-6937 (Analysis of AHTL Flow Coastdown with New Pumps)

The RELAPS calculations in Reference 12 show that RIAs initiated by coast down of the AHTL
pumps and by simultaneous coast down of all the experiment loop pumps are bounded by the limiting
Condition 2 and 4 reactivity fauits discussed in SAR-153, Section 15.4. This was confirmed by rerunning
the two worst RIA calculations in Reference 12. The scram setpoint for these calculations was 20%
overpower (300 MW), with a response time of 0.025 s.

5.2.8.1 Coast Down of AHTL Pumps (Condition 2 Fault)

The calculations in Reference 12 were updated in ECAR-402 with and without the error
correction to calculate core energy deposition and maximum core energy deposition. The time step size

in both the original and corrected calculations was 0.0002 to 0.002 s. The maximum core power and core .
energy deposition results from ECAR-402 are as follows:

Table 20. ECAR-402 results for RIA initiated by coast down of AHTL pumps.

Parameter _ Calculation
' Original Corrected
Scram Time (s) 0.3598 0.3656
Maximum Core Power (MW) 308.01 308.64
Maximum Energy Deposition (MJ) 8.7988 9.2436

As shown in Table 20 and Figures 47 and 48, the maximum core powers in the original and
corrected calculations were comparable. The maximum core energy deposition was 5.1% higher in the
corrected calculation than in the original calculation. The corrected results are bounded by the SAR
Envelope curves. Therefore, the PPC for Condition 2 faults are met.
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Figure 47. Core power vs. time (coast down of AHTL pumps).
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Figure 48. Core energy deposition vs. time (coast down of AHTL pumps).

3.2.8.2 Coast Down of All Experiment Loop Pumps (Condition 4 Fault)

The calculations in Reference 12 were updated in ECAR-402 with and without the error
correction to calculate core energy deposition and maximum core energy deposition. The time step size in

both the original and corrected calculations was 0.0002 to 0.002 s. The maximum core power and core
energy deposition results from ECAR-402 are as follows:

Table 21. ECAR-402 results for RIA initiated by coast down of all experiment loop

umps.
Parameter Calculation
Original | Corrected
Scram Time (s) 0.2196 0.2256
Maximum Core Power (MW) 501.53 521.36
Maximum Energy Deposition (MJ) 27.199 29.385

As shown in Table 21 and Figures 49 and 50, the maximum core power was 4.0% higher in the
corrected calculation than in the original calculation; the maximum core energy deposition was 8.0%
higher. The corrected results are bounded by the SAR Envelope curves. Therefore, the PPC for Condition

4 faults are met. -
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Figure 49. Core power vs. time (coast down of all experiment loop pumps).
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Figure 50. Core energy deposition vs. time (coast down of all experiment loop pumps).
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5.2.9 lLoss of Commercial Power (SAR-153, Section 15.3.1)

One of the loss-of-commercial power calculations discussed in Reference 24 was rerun to
investigate the effect of the RELAPS error on a non-RIA.

5.2.9.1 Loss of Commercial Power

This calculation was originally performed with 3-PCPs operating initially and the surge tank
initially contained 40 ft’ of air. The reactor scrammed on low vessel inlet pressure, with a response time
of 0.1 s. The original plot file is no longer available; therefore, the calculation was rerun with and without
the error correction. As indicated in Figure 51, the error had negligible effect on this calculation. At 30 s
in the original calculation, the core power was 11.1887 MW, and at 30 s in the corrected calculation, it

was 11.1888 MW. Therefore, the original ATR-SINDA and SINDA-SAMPLE calculations are
conservative.
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Figure 51. Core power vs. time (loss of commercial power).

5.2.10 Conclusions

In a few cases analyzed in ECAR-402, the maximum calculated core power and/or core energy
deposition were higher than calculated previously (the effect of the RELAPS error on the non-RIA
calculation was negligible). However, in all cases, the ATR and ATRC PPC were met. The error in the
RELAPS reactor kinetics model does not change the conclusions in the SAR-153, SAR-1 92, or
EDF-6937. That is, the ATR and ATRC PPC are met for all of the accidents discussed in these reports.
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5.3 Resolution of RTC-USQ-2008-553

The following discusses the RTC-USQ-2008-553 USQ Determination (USQD) questions
originally marked “Yes,” and provides the basis for their resolution.

5.3.1 USQD Question 2: Consequences of an Accident Previously Evaluated in the
Safety Basis

SAR-153, Table ES-5, Summary Table of Worst Case Events Resulting In a Radioactive
Consequence, provides a summary of SAR-153, Chapter 15, events that resulted in substantial fission
product release from the fuel.

As discussed above in Section 5.2, in a few analyzed cases in ECAR-402 (Reference 4), the
maximum calculated core power and/or core energy deposition were higher than calculated previously
(the effect of the RELAPS error on the non-RIA calculation was negligible). However, in all cases, the
ATR PPC were shown to be met.

SAR-192 events affected include 1) Air Voiding of an LIPT, and 2) Aluminum Filler Piece Drop
into an LIPT. As discussed in the accident analyses there will be no radiological consequeinces for these
events, because fuel melt will not occur. The calculations in ECAR-402 show that the maximum core
power and core energy deposition decrease slightly for a revised time step size of 0.0001 s for both of
these events, and the maximum energy deposition is less than the 15 MJ criterion. Therefore, the original
SAR-192 conclusions are bounding.

Therefore, there are no changes to fission product barrier performance that could lead to an
increased radiological dose consequence from an analyzed SAR-153 or SAR-192 accident. The
radiological consequences of the bounding accidents analyzed as summarized in SAR-153 and SAR-192,
are not affected by the RELAP error, and are shown to remain bounding. In the cases where the maximum
calculated core power and/or core energy deposition were higher than calculated previously, it was shown
in ECAR-402 that the maximum core energy deposition in each case was less than the safety analysis
limit. This is discussed further in Section 5.3.3, Margin of Safety.

Therefore, although this USQD question was initially answered “Yes” in RTC-USQ-2008-553,
based on the analysis provided in ECAR-402 and as discussed above, this question can be answered “No”
thereby resolving the consequences of an accident previously evaluated in the safety basis.

5.3.2 USQD Question 4: Consequences of a Malfunction of Equipment Important to
Safety Previously Evaluated in the Safety Basis

As identified in RTC-USQ-2008-553, the ATR and ATRC equipment important to safety that
could be affected are: a) fuel element cladding (primary barrier preventing the release of fission products)
and structure (heat removal), b) the Reactor Shutdown System (RSS) (mitigation of reactivity insertion),
c) outer shim control cylinders, neck shim rods and regulating rods (reactivity control), d) ATR primary
coolant system pumps and ATRC canal water level (heat removal), €) ATR primary coolant system
pressure boundary (barrier preventing fission product release and heat removal path), and f) ATR heat
exchangers and secondary (heat removal).

As discussed above, there are no changes to fission product barrier performance that could lead to
an increase in the radiological dose consequence from an analyzed SAR-153 or SAR-192 accident. The
radiological consequences of the bounding accidents analyzed as summarized in SAR-153 or SAR-192,
are not affected by the RELAP error, and are shown to remain bounding. Therefore, there are no increases
in consequences as a result of the important to safety cladding, ATR primary coolant system pumps,
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ATRC canal water level, ATR primary coolant system pressure boundary, or ATR heat exchangers and
secondary.

As identified in RTC-USQ-2008-553, the RELAPS error could affect the calculated}core power
for the RIA. The error could result in under predicting the consequence of the malfunction of the
reactivity control systems and the RSS as currently described in the accident analyses. The accident
analyses are used to verify the effectiveness of RSS setpoints, the error could result in RSS setpoints that
are too high to be as effective as currently demonstrated by the safety analyses. However, asi analyzed in
ECAR-402, with a corrected code and the analytical assumption of a neutron level subsystem initiating a

reactor trip at 1.2 Nr with a response time of 0.025 s, the ATR and ATRC PPC are met for a‘ll of the
accidents analyzed. However, as discussed in SAR-153, Section 15.4.4.2.3, as is evident from the time
scale involved, the dominant effect in terminating the event is inherent feedback. The scram does

contribute to the termination of the event and ensures the reactor remains subcritical.

Therefore, although this USQD question was initially answered “Yes” in RTC-USQT2008—553,
based on the analysis provided in ECAR-402 and as discussed above, this question can be answered “No”
thereby resolving the consequences of a malfunction of equipment important to safety previously
evaluated in the safety basis. - !

5.3.3 USQD Question 7: Potential for Reduction in a Margin of Safety

In a few cases analyzed in ECAR-402, the maximum calculated core power and/or core energy
deposition were higher than calculated previously (the effect of the RELAPS5 error on the non-RIA
calculation was negligible). Therefore, this USQD question initially answered “Yes” in \
RTC-USQ-2008-553, remains answered “Yes.” ‘

However, in all analyzed cases, the ATR and ATRC PPC were met. The error in the‘RELAPS
reactor kinetics model does not change the conclusions in the SAR-1 53, SAR-192, or EDF-6937. That is,
the ATR and ATRC PPC are met for all of the accidents discussed in these reports, thereby resolving the
potential for reduction in a margin of safety.

5.3.4 Basis for Resolution of RTC-USQ-2008-553 Without New or Revised Operational
Restrictions i

Since USQD Question 7 in RTC-USQ-2008-553 is confirmed “Yes,” the PISA rema;ins a USQ.
However, this ESS in conjunction with DOE approval and implementation of the resultant SAR-153 and
SAR-192 changes will resolve USQD Question 7 and, therefore, RTC-USQ-2008-553 will b1e resolved.
No new or revised operational restrictions are identified or required in this ESS. A JCO undeﬂ' the interim

. control identified in RTC-USQ-2008-553 is also not required.
|

6. CONCLUSION ‘

This document provides the basis for DOE approval of proposed SAR-153 and SAR:192 changes
which resolve RTC-USQ-2008-553. ECAR-402 documents that several RIA calculations discussed in
SAR-153, SAR-192, and EDF-6937 were rerun with the corrected RELAPS codes. A non—RIiA
calculation (ATR loss of commercial power) was also rerun. In a few cases, the maximum cailculated core
power and/or core energy deposition were higher than calculated previously (the effect of the RELAPS
error on the non-RIA calculation was negligible). However, in all cases, the ATR and ATRC PPC were

met. The RELAPS error does not change the conclusions of the SAR-153, SAR-1 92, or EDF-6937.

Therefore, no new or revised interim controls are identified in this ESS.

Appendix B provides a markup of SAR-153 and Appendix C provides a markup of SAR-192 to

reflect the analyses and conclusions in ECAR-402. No changes to TSR-186 or TSR-192 are r‘equired.
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Verification and Validation of Corrected Versions of RELAPS for ATR
Reactivity Analyses

Cliff B. Davis
Idaho National Laboratory
2008 RELAPS International User’s Group Meeting
Idaho Falls, ID
November 18-20, 2008

Abstract

Two versions of the RELAPS computer code, RELAPS5/MOD?2.5 and RELAP5/MOD3 Version
3.2.1.2, are used to support safety analyses of the Advanced Test Reactor (ATR). Both versions of
RELAPS contain a point reactor kinetics model that has been used to simulate power excursion transients
at the ATR. Errors in the point kinetics model were reported to the RELAPS code developers in 2007.
These errors had the potential to affect reactivity analyses that are part of the ATR’s safety basis.
Consequently, corrected versions of RELAPS were developed for analysis of the ATR. Four reactivity
transients were simulated to verify and validate the corrected codes for use in safety evaluations of the
ATR. The objectives of this paper are to describe the verification and validation of the point kinetics
model for ATR applications and to inform code users of the effects of the errors on representative
reactivity analyses.

1.0 Introduction

Two versions of the RELAPS computer code are used to support safety analyses of the ATR.
These versions are RELAPS/MOD?2.5 (Allison and Johnson, 1989) and RELAP5/MOD3 (RELAPS5
Development Team, 1995) Version 3.2.1.2. The former code was used to simulate most of the events
described in the ATR Safety Analysis Report (SAR) and all the reactivity events described in the ATR
Critical (ATRC) facility SAR, while the latter code was used to simulate some of the experiment loop
blowdown events described in the ATR SAR. RELAP5/MOD?3 Version 3.2.1.2 is also generally used in
the experiment safety analyses that support the irradiation of various tests.

Both versions of RELAPS contain a point reactor kinetics model that has been used to simulate
power excursion transients at the ATR. The point reactor kinetics model was validated against numerous
exact solutions as described in the code manual. The model was also specifically verified and validated
for ATR applications using three test cases involving reactivity insertions. These test cases included a
theoretical 0.15$ step reactivity insertion, an accident in the ATRC initiated by dropping a filler piece into
the large inpile tube, and an ATRC accident initiated by a 0.45$/s reactivity ramp. All of the validation
calculations showed excellent performance of the RELAPS point reactor kinetics model. However, errors
in the point kinetics model were reported to the RELAPS code developers in 2007. The errors were
originally reported by researchers at Purdue University who were studying reactivity transients in an
Argentine reactor.

Previous evaluations have shown that RELAP5/MOD?2.5 and RELAP5/MOD3 Version 3.2.1.2
produced identical results for reactivity transients initiated by step and ramp insertions without reactivity
feedback. Identical results were expected for these transients because the point reactor kinetics models are
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identical between versions. Consequently, this paper focuses on the verification and validation of ATR’s
version of RELAP5/MOD?2.5.

The errors and corrections to the errors are described in Section 2. The verification and validation
of the corrected version of RELAP5/MOD?2.5 are described in Section 3. Conclusions and references are
provided in Sections 4 and 5, respectively.

2.0 Error Corrections

Two errors in the point reactor kinetics model were reported to the RELAP5 code developers in
2007. The first error was in the calculation of terms associated with one of the six delayed neutron groups.
The second error was related to logic that determined when to apply a quasi-steady form of the point
kinetics equation rather than the fully transient form. The switch from the quasi-steady form to the
transient form was done to prevent a possible loss in the number of significant digits when subtracting
one from the reactivity. Recent experience has shown that the numerical value used to switch from the
quasi-steady to transient forms of the point reactor kinetics equation was too large to obtain accurate
solutions for some problems. Reducing the numerical value causes the code to generally use the fully
transient solution, which results in better solutions for some problems. Note that the user has no control
over the switch from the quasi-steady to transient forms of the point reactor kinetics equation. This switch
is not related to the szdy-st and transnt options that are entered on Card 100.

Preliminary testing during this evaluation showed that the “correction” to the first error reported
in 2007 actually caused slightly worse results for the reactivity step insertion in that the power remained
constant during the first time step. Physically, the power should increase immediately following a step
insertion of reactivity. The original developer of the reactor point kinetics model was consulted (Wagner,
2008) about this anomaly. He re-evaluated the corrections generated in 2007 and concluded that the first
reported “error” was not actually an error. The contributions of the delayed neutron groups were correctly
calculated in the original code, although subtleties in the coding could easily cause one to come to the
opposite conclusion following a cursory examination. This conclusion of the original developer was
confirmed by calculations performed during this evaluation. The code version with the corrections to the
second reported error but without the corrections to the first reported error produced results that were
equivalent to, or slightly better than, the version with corrections to both reported errors. In particular, the
code version without the first “correction” converged to the exact solution at larger time steps during the
reactivity ramps.

The point reactor kinetics equations are solved within Subroutine rkin. The differences between
Subroutines rkin in the original and the “corrected” version of RELAPS/MOD?2.5 based on the updates
generated in 2007 are shown in Table 1. This version of the code is hereafter referred to as the 2007
version. The table was created with the UNIX diff utility. The numerical value that controls the change
between the fully transient and quasi-steady equations was reduced from 0.002 to 0.000001 at five places
in the subroutine. All the other changes corrected the “error” in the evaluation of the terms associated
with one of the delayed neutron groups.
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Table 1. Differences in Subroutine rkin based on updates generated during 2007.

299,300¢299
< do 511=j,d,9
< tem = tem + rkfi(i)*rkdpvn(k)

> do 51 1=jp,jd,9

301a301

> tem = tem + rkfi(i)*rkdpvn(k)

304c304

< if (abs((rm1*rkdpvn(k) - tem)/tem) .1t. 0.002) rkdpvn(k) =

> if (abs((rm1*rkdpvn(k) - tem)/tem) .1t. 0.000001) rkdpvn(k) =
320,321¢320

< do611i=j,;d,9

< tem = tem + rkfi(i)*rkdpvn(k)

> do 61 1=jp,jd,9

322a322

> tem = tem + rkfi(i)*rkdpvn(k)

325¢325

< if (abs((rm1*rkdpvn(k) - tem)/tem) .lt. 0.002) rkdpvn(k) =

> if (abs((rm1*rkdpvn(k) - tem)/tem) .1t. 0.000001) rkdpvn(k) =
345,346¢345

< do 711=3,;4,9

< tem = tem + rkfi(i)*rkdpvn(k)

> do 71 i=jp,jd,9

347a347

> tem = tem + rkfi(i) *rkdpvn(k)

350¢350

< if (abs((rm1*rkdpvn(k) - tem)/tem) .It. 0.002) rkdpvn(k) =

> if (abs((rm1*rkdpvn(k) - tem)/tem) .It. 0.000001) rkdpvn(k) =
368,369c368

< do 811=j,d,9

< tem = tem + rkfi(i)*rkdpvn(k)

> do 81 1=jp,jd,9

3702370

> tem = tem + rkfi(i)*rkdpvn(k)

373¢373

< if (abs((rm1*rkdpvn(k) - tem)/tem) .1t. 0.002) rkdpvn(k) =

> if (abs((rm1*rkdpvn(k) - tem)/tem) .1t. 0.000001) rkdpvn(k) =
395¢395

< rept = abs((rm1*rkdpvn(k) - rksum(j))/rksum(j)) .1t. 0.002
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> rept = abs((rm1*rkdpvn(k) - rksum(j))/rksum(j)) .1t. 0.000001

The differences between the original and corrected versions of RELAP5/MOD2.5 generated
during this evaluation are shown in Table 2. This code is hereafter referred to as the 2008 version. The
changes listed in Table 2 are a subset of those listed in Table 1. The updates shown in Table 2 will be
used for future analyses of the ATR. Similar updates will be made in RELAP5-3D and are recommended
for organizations using other versions of RELAPS5. Note that the changes given in Table 2 do not
represent true error corrections. Rather, they reflect a better choice of a numerical value that has almost
no impact for most cases, but causes significantly improved results for the rare cases where the original
model did not provide an accurate solution.

Table 2. Differences between the original and 2008 versions of RELAP5/MOD?2.5.

304c304

< if (abs((rm1*rkdpvn(k) - tem)/tem) .It. 0.002) rkdpvn(k) =

> if (abs((rm1*rkdpvn(k) - tem)/tem) .1t. 0.000001) rkdpvn(k) =
325¢325

< if (abs((rm1*rkdpvn(k) - tem)/tem) .1t. 0.002) rkdpvn(k) =

> if (abs((rm1*rkdpvn(k) - tem)/tem) .1t. 0.000001) rkdpvn(k) =
350¢350

< if (abs((rm1*rkdpvn(k) - tem)/tem) .1t. 0.002) rkdpvn(k) =

> if (abs((rm1*rkdpvn(k) - tem)/tem) .1t. 0.000001) rkdpvn(k) =
373¢373

< if (abs((rm1*rkdpvn(k) - tem)/tem) .1t. 0.002) rkdpvn(k) =

> if (abs((rm1*rkdpvn(k) - tem)/tem) .1t. 0.000001) rkdpvn(k) =
395¢395

< rept = abs((rm1*rkdpvn(k) - rksum(j))/rksum(j)) .1t. 0.002

> rept = abs((rm1*rkdpvn(k) - rksum(j))/rksum(j)) .1t. 0.000001

3.0 Verification and Validation

Four cases were simulated to verify and validate the changes to the point reactor kinetics model in
the ATR version of RELAP5/MOD?2.5. The first case involved comparisons of an exact solution of a
0.10$/s reactivity ramp with calculations from the original and corrected versions of RELAP5/MOD?2.5.
This test case was obtained from Information Systems Laboratories (Mortensen, 2008) and is described in
Section 3.1.

The verification and validation calculations of the original point reactor kinetics model performed
specifically for ATR were repeated with the corrected code. These cases included an exact solution for a
theoretical 0.15$ step insertion and comparisons between the RELAP5/MOD2.5 and PTKIN3 codes for
accidents in the ATRC initiated by dropping a filler piece into the large inpile tube and a 0.45$/s ramp.
The PTKIN3 code was used to simulate reactivity accidents in earlier versions of the ATRC SAR. The
results from these repeated calculations are shown in Sections 3.2 through 3.4.
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The breadth of the verification and validation is illustrated in Figure 1, which shows the total
reactivity from each of the four transients. The transients were all initiated by insertion of positive

reactivity. Reactor scram was not simulated in the first two transients, but was simulated in the latter two.
Reactivity feedback was not simulated in any of the transients.
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Figure 1. Total reactivity for the verification and validation transients.

3.1 0.10%/s Reactivity Ramp

A calculation was performed to demonstrate the effect of the errors in the original RELAPS point
- reactor kinetics model. Van den Eynde (2006) reported a high-fidelity numerical solution to a transient
caused by a reactivity ramp of 0.1$/s in a letter to the editors of Nuclear Science and Engineering. The
high-fidelity numerical solution is hereafter referred to as the exact solution. The calculated results with a
time step of 0.0001 s are compared with the exact solution in Figure 2. Table 3 shows the effect of time
steps on the calculated power at 10 s with the original, 2007, and 2008 versions of the code.

The results with the original, 2007, and 2008 versions of RELAP5/MOD?2.5 agreed closely, and
were in excellent agreement with the exact solution, until 6 s. After § s, the calculated powers with the
original version diverged significantly from the exact solution whereas the values from the 2007 and 2008
versions remained in excellent agreement. Table 3 shows that the results with the original code were not
converged near 10 s. Although the results were in good agreement with the exact solution for a time step
of 0.01 s, the agreement worsened as the time step decreased. With the 2007 and 2008 versions, the
calculated results agreed better with the exact solution as the time step was reduced. The 2007 version of
the code gave similar results to the 2008 version except at the largest time step.
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Table 3. Results of convergence study for a 0.10$/s reactivity ramp.

Time (s)
Figure 2. A comparison of RELAPS results and the exact solution for a 0.10$/s reactivity ramp.

Calculated power / exact power at 10 s

Time step (s) Original 2007 2008
0.01000 1.0015 0.9399 0.9998
0.00100 1.0468 0.9938 1.0000
0.00010 8.2112 0.9994 1.0000

3.2 0.15% Step Reactivity Insertion

Lamarsh (1972) provides an exact solution for a 0.15$ step insertion of reactivity in an infinite

U? reactor for six groups of delayed neutrons. Short-term results from the exact solution and the original
and corrected RELAP5/MOD?2.5 codes are compared in Figure 3. The power from the 2007 version did
not change during the first time step, but otherwise, all versions gave answers in excellent agreement with
the exact solution through 50 seconds as shown in Figure 4. The original code predicted a small (0.2%)
step increase in the normalized power at 0.098 s when the code switched from the transient to steady-state
logic as shown in Figure 5. The small increase in power did not occur in the exact solution or with either
of the corrected codes.
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The results shown in Figures 3 through 5 were generated with time steps of 0.002 s before 1 s and
0.01 s afterwards. A time step convergence study was performed by multiplying these time steps by
factors of 5, 0.5, and 0.05. The results were not significantly affected by the time step size, indicating that
all codes were adequately converged. For example, Table 4 shows that the maximum variation from the
exact solution was 0.1% at 1 s. The maximum variation at 70 s was 0.3%.

Table 4. Results at 1 s of the convergence study for a 0.15$ step insertion.

Calculated power / exact power at 1 s

Time step (s) Original 2007 2008
0.01 1.0010 0.9997 0.9999
0.002 1.0012 1.0001 1.0001
0.001 1.0012 1.0001 1.0001
0.0001 1.0012 1.0001 1.0002

3.3 ATRC Drop Accident

The third verification and validation case simulated an accident in the ATRC initiated by
dropping a filler piece into the large inpile tube. The falling filler piece replaced water with metal, causing
an average reactivity insertion rate of 4.6$/s. The reactivity insertion caused the power to increase until a
scram signal was generated and the safety rods were released.

Reactor powers calculated with the three versions of RELAP5/MOD?2.5 and PTKIN3 are
compared in Figure 6 for the drop accident. All results were generated with a time step of 0.002 s. The
results from all four computer codes were similar, but the maximum power calculated with the 2007
version was about 2% higher than the peak powers from the other codes. As shown in Table 5, the 2007
and 2008 versions were in excellent agreement with PTKIN3 when the time step was reduced to 0.001 s
or less. Although the magnitude of the deviation was small, the largest difference between the original
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Figure 6. A comparison of calculated powers during the drop accident.

Table 5. Results of convergence study for the drop accident.

Maximum power (MW)
Time step (s) Original 2007 2008 PTKIN3
0.01 39.15 41.04 39.15 41.64
0.002 39.54 40.43 39.54 39.52
0.001 39.56 39.55 39.55 39.55
0.0001 39.98 39.55 39.55 39.55

3.4 ATRC Ramp Accident

The last verification and validation case simulated an accident in the ATRC initiated by a 0.45%/s
reactivity ramp. The reactivity insertion caused a reactor scram on high neutron level. Reactor powers
calculated with all four codes are compared in Figure 7 for the ATRC ramp accident. These results were
obtained with a time step size of 0.002 s. The results from all four computer codes were nearly identical,
as the peak powers differed by 0.2%.
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Table 6 shows the effect of time step size on calculated peak power. The 2008 version of
RELAP5/MOD2.5 and PTKIN3 gave nearly identical answers at all time steps. The maximum variation
in the calculated peak power was 0.3%. The calculated peak values with the corrected version of
RELAP5/MOD?2.5 and PTKIN3 changed by less than 0.04% as the time steps were reduced from 0.002 to
0.0001 s, indicating that a reasonably converged solution had been obtained. The 2007 version gave
similar results to the 2008 version, except at the largest time step where the peak powers differed by about
5%. The maximum values from the original version of RELAPS/MOD2.5 were within 1% of the values
from PTKINS3 at the three larger time steps. However, the maximum power with the original version of
RELAP5/MOD?2.5 increased by more than a factor of two when the time step was decreased from 0.001
to 0.0001 s. Although the original version of RELAP5/MOD?2.5 produced an accurate solution at
relatively large time steps, the original numerical scheme diverged at very small time steps.

Table 6. Results of convergence study for the ramp accident.

Maximum power (MW)
Time step (s) Original 2007 2008 PTKIN3
0.01 18.45 17.54 18.45 18.51
0.002 18.53 18.50 18.49 18.50
0.001 18.67 18.50 18.50 18.50
0.0001 37.64 18.50 18.50 18.49

4.0 Conclusions

The original version of RELAP5/MOD?2.5 produced results that were in excellent agreement with
the exact solution or PTKIN3 for the step insertion and ATRC drop accidents. Although the calculated
results were in good agreement with the exact solution or PTKIN3 for the reactivity ramps with large time
steps, they were in poor agreement at small time steps, indicating a lack of convergence in the original
model.
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The 2007 and 2008 versions of RELAP5/MOD2.5 converged to the correct solutions at small
time steps for all four cases evaluated. The performance of the 2008 version was better at large time steps.
RELAPS users from different organizations should use updates equivalent to those generated in 2008
rather than those generated in 2007.

The 2008 version of RELAP5/MOD2.5 should be used to perform future reactivity analyses for
the ATR and ATRC facilities.

5.0 References

Allison, C. M., and E. C. Johnson (eds.), SCDAP/RELAP5/MOD?2 Code Manual, Volumes, 1, 2, and 3,
NUREG/CR-5273, EGG-2555, September 1989.

Lamarsh, J. R., Introduction to Nuclear Reactor Theory, Addison-Wesley Publishing Company, Reading
MA, 1972, p. 427.

Mortensen, G. A., Information Systems Laboratories, Personal communication, April 2008

RELAPS5 Development Team, RELAP5/MOD3 Code Manual, Volumes 1, 2, and 4, NUREG/CR-5535,
INEL-95-0174, August 1995.

Van den Eynde, G., Comments on “A Resolution of the Stiffness Problem of Reactor Kinetics,” Nuclear
Science and Engineering, 153, 2006, pp. 200-202.

Wagner, R. J., Innovative Systems Software, Personal communication, September 2008.

6.0 Acknowledgment

Work supported by the Office of Nuclear Energy, under DOE Idaho Operations Office Contract
DE AC07 051ID14517.






INL/INT-10-17854

RERTR-10A Test:
“Overview and Breach
Assessment

Daniel M. Wachs, Ann Marie Phillips,
Eric L. Shaber, Barry H. Rabin,
Curtis R. Clark, Adam B. Robinson

February 2010





DISCLAIMER

This information was prepared as an account of work sponsored by an
agency of the U.S. Government. Neither the U.S. Government nor any
agency thereof, nor any of their employees, makes any warranty, expressed
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness, of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. References herein to any specific commercial product,
process, or service by trade name, trade mark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the U.S. Government or any agency thereof.






INL/INT-10-17854

RERTR-10A Test: Overview and Breach Assessment

Daniel M. Wachs, Ann Marie Phillips, Eric L. Shaber, Barry H. Rabin,
Curtis R. Clark, Adam B. Robinson

February 2010

Idaho National Laboratory
Idaho Falls, Idaho 83415










EXECUTIVE SUMMARY

The Reduced Enrichment for Research and Test Reactors (RERTR) program
has been working to develop a very high density nuclear fuel for research and test
reactors based on uranium-molybdenum alloys for the last decade. Over the
course of that development, the program has conducted 15 irradiation campaigns,
testing a total of 321 fuel plates in the Advanced Test Reactor (ATR), in addition
to collaborating with several foreign irradiation programs. These studies have
shown that to a high burnup uranium-molybdenum alloy monolithic fuel is
stable, exhibiting only modest swelling. As the next step, monolithic fuel
performance research is currently focused on optimization of the fuel/clad
interface. This interface may deteriorate throughout irradiation due to the
formation of undesirable U-Mo/Al reaction products.

The RERTR-10 mini-plate test was conducted to evaluate the performance of
several different modifications to this interfacial layer under irradiation. The
primary objective of the RERTR-10A was to compare the effectiveness of a
zirconium diffusion barrier to a silicon-modified fuel/clad interface. To observe
performance behaviors that differentiate these fuel designs, the fuel plates must
be irradiated to high burnup (> ~100% LEU equivalent) and the fuel/clad
interface must be subjected to tensile forces during irradiation. To achieve this,
the RERTR-10 mini-plate test was oriented perpendicular to the neutron flux
gradient so that the inner edge of the plate experiences larger fission densities
(and thus swelling) than the outer edge. A tensile load at the fuel/clad interface is
created by the differential swelling between the two edges. The RERTR-10
campaign was sub-divided into the RERTR-10A and RERTR-10B, which were
fabricated with the Hot Isostatic Press (HIP) process and friction bonding (FB)
fabrication processes, respectively.

During irradiation, a cladding breach was identified on the RERTR-10A test
during ATR Cycle 143. Failure analysis, including in-canal inspection, non-
destructive examination, and destructive examination, showed that a small blister
had formed and ruptured, releasing a small amount of fission products. The root
cause of the breach was the formation of a thick oxide layer, which increased the
surface temperature on one side of the mini-plate, leading to formation of the
blister on the fuel plate surface.

Protection of the ATR cladding material from excessive oxidation during
irradiation is currently provided by a fully aged continuous boehmite layer that is
created through autoclaving prior to irradiation. When fully aged, boehmite is a
thermally stable crystalline surface film under irradiation. Further investigation
of the RERTR-10A mini-plate concluded that it is possible that an improperly
aged boehmite layer contributed to formation of the oxide layer. The autoclaving
process used on the RERTR plates has now been modified to match the current
ATR process to ensure proper boehmite ageing, which will provide better
oxidation protection in the future.

In addition, a detailed review of the RERTR-10A fabrication process was
conducted, concluding that the fabrication process and process controls are being
conducted properly. Several good practices that were being performed were
added to the process documentation, to ensure their continuation in the future.

iii





Post-irradiation examination (PIE) of the RERTR-10A mini-plates showed
that the silicon-modified plates exhibited significantly greater swelling,
delamination, and fuel-foil cracking than the zirconium barrier plates. It is
important to highlight that the breached fuel plate in the RERTR-10A test was a
silicon-modified fuel plate. The RERTR-10A test clearly showed the excellent
performance of the zirconium diffusion barrier based design and the marginal
performance of the silicon-modified design at very severe conditions. As a result,
the silicon design will be dropped and the future testing will focus on the
zirconium design.

The fuel plate sensitivity may have been enhanced by the presence of
fuel/clad delamination near the defect, which could cause an increase in surface
temperature that could impact surface oxidation rates. Delaminations can occur
either before irradiation (as-fabricated) or during irradiation (irradiation induced).
As the fuel behavior under irradiation has been proven to be stable, an
assessment was performed to evaluate if pre-existing defects may have gone
unidentified during the pre-irradiation fuel plate scanning. This review included
examination of the blister anneal test traditionally applied to identify as-
fabricated debonds in dispersion fuels to determine if it is appropriate for use on
monolithic fuels. In the area that blistered, no debonds were observed, leading to
the conclusion that debonds were not a contributing factor in this blister.

It is unlikely that conducting a blister anneal test would have prevented the
RERTR-10A failure. First, no debonds were identified that correlated to the
blister location, making it unlikely that debonds contributed to the oxide growth
and blister formation. Second, studies conducted show that the UT scan is
conservative, and the blister anneal test does not reveal debonds that were not
indicated with the UT scan. Consequently, it can be concluded that applying the
blister anneal test to RERTR-10A would not have prevented the failure as the
plate would have passed the blister anneal test.

A generic study of delamination identification in monolithic fuel using the
blister anneal and UT scanning process was conducted, as well as a comparison
of both techniques during examination of the RERTR-12 mini-plates. These
studies showed that during the blister anneal test, blisters formed only in
locations where there were existing indications that were identifiable in the UT
scan of the as-HIPed plates. Blister annealing results in severe warping and
dimensional instability in fuel plates that significantly complicates subsequent
fabrication steps. In addition, blister annealing may introduce degradation into
otherwise acceptable fuel plates, while not detecting the presence of certain
resulting defects so introduced. The studies showed that the UT scan process is
more conservative than the blister anneal. The UT scan process should be used as
the reference process to characterize bonding in monolithic fuel plates and should
be applied formally in the fuel specifications.
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RERTR-10A Test: Overview and Breach Assessment

1. DESCRIPTION OF THE RERTR-10A TEST

The Reduced Enrichment Research and Test Reactor (RERTR) program has been working to develop
a very high density nuclear fuel for research and test reactors based on uranium-molybdenum alloys for
the last decade. Over the course of that development, the program has conducted 15 irradiation campaigns
n the Advanced Test Reactor (ATR) (in addition to collaborating with several foreign irradiation
programs). The testing sequence includes initial tests that focus on very small scale samples used to
screen materials (micro-plates), small scale samples to test specific fuel performance phenomena and to
develop fabrication techniques (mini-plates), full-size plates to demonstrate fabrication technology and
explore integrated fuel performance properties, and full elements to demonstrate performance.

1.1 Review of RERTR Mini-plate Test Design

The RERTR mini-plate test trains consist of 32 mini-plates assembled into four capsules (eight mini-
plates per capsule). Not all mini-plates contain fuel. Schematics of a plate and capsule are shown in
Figures 1 and 2. The capsules are stacked vertically in a basket, which is inserted into an ATR Large B
position in the reflector region. To achieve the desired test conditions, the capsules are cooled by direct
contact with ATR primary coolant. Each mini-plate fuel meat contains approximately 6 grams of
uranium. Currently, 321 fuel plates have been tested in the ATR as part of the RERTR program.

1.2 Description of the RERTR-10 Test

The RERTR program has worked over the last decade to develop an understanding of how uranium-
molybdenum alloys behave under irradiation. It is clear from these studies that the fuel behaves in a
stable, predictable manner with modest swelling to very high burnup. Breakaway swelling in the fuel
phase is extremely unlikely to occur under typical Materials Test Reactor (MTR) conditions. Monolithic
fuel performance research is currently focused on optimization of the fuel/clad interface. This interface
may deteriorate throughout irradiation due to the formation of undesirable U-Mo/Al reaction products.
The RERTR-10 mini-plate test was designed to evaluate the performance of several different
modifications to this interfacial layer.
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Figure 1. RERTR mini-plate.





Figure 2. RERTR mini-plate capsule.

To observe performance behaviors that differentiate these fuel designs, the fuel plates must be
irradiated to high burnup (> ~100% LEU equivalent) and the fuel/clad interface must be subjected to
tensile forces during irradiation. The RERTR-10 mini-plate test was consequently oriented perpendicular
to the neutron flux gradient such that the inner edge of the plate experiences larger fission densities (and
thus swelling) than the outer edge. At the end of irradiation the differential swelling that occurs between
the two edges results in a tensile load at the fuel/clad interface. The force is maximized locally at the
location shown in Figure 3.

Figure 3. Cross section of irradiated mini-plate. The arrows indicate the area of maximum fuel/clad
interfacial stress due to large edge swelling and the type of interfacial phenomena of interest.





The RERTR-10 test was split into two campaigns: RERTR-10A and RERTR-10B. The RERTR-10A
test was fabricated by hot isostatic pressing (HIP) and utilized the A and C capsules in the RERTR-10
irradiation basket. The RERTR-10A test matrix is shown in Table 1. The RERTR-10B test was fabricated
by friction bonding (FB) and utilized the B and D capsules of the RERTR-10 irradiation basket. The
RERTR-10B test matrix is shown in Table 2. The RERTR-10A test was completed first and began
irradiation in ATR Cycle 142B. The RERTR-10B positions in the irradiation basket were filled with non-
fueled ‘blank’ capsules during Cycle 142B. The RERTR-10B capsules were inserted for ATR

Cycle 143A.

A cladding breach was identified on the RERTR-10A test during Cycle 143A and was subsequently
removed from the reactor. The RERTR-10B test was reinserted to complete the irradiation cycle.

Although an additional cycle of irradiation was planned, the RERTR-1

point.

0B test was terminated at this

Table 1. Description of RERTR-10A test design. Each entry describes the material added to modify the

fuel/clad interface chemistry. The A and C capsule compositions were identical.

Al (L1P30Z)/ A2 (L1P256)/ A3 (L2P15Z)/ A4(LIP135)/
RERTR-10A | Cl14L1P1227) C2 (L1P266) C3 (L2P167) C4(L1P145) .
First side Zirconium Al-12 Si alloy Zirconium Al-2 Si alloy
Second side | Zirconium Al-12 Si alloy Zirconium Al-2 Si alloy

AS(L1P234)y/ A6.(L1P213)/ AT(L1P192) A8(L1P171)

C5 (L1P244) C6 (L1P223) C7(L1P202) C8(L1P181)
First side Al-3.5 Si blend Al+1.5 Si blend Al+0 Si blend Thin Si
Second side | Al+5 Si blend Al+2 Si blend Al+1 Si blend Thick St

Table 2. Description of RERTR-10B test design. Each entry describes the material added to modify the
fuel/clad interface chemistry. The B and D capsule compositions were identical except that the niobium
barrier is replaced with a second Zr barrier plate in the D capsule.

B1 (Dummy)/ B2 (L1F401y B4 (Dummy)/
RERTR-10B D1 (Dummy) D2:(L.1F381) B3 (L1F417) | D3 (L1F427) | D4 (Dummy)
First side - Thin Si Thin Si Thin Si —
Second side - ; Thick Si Thick Si Thick Si —

B5 (Dummy). | B6 (L2F46Z)/ B8 (Dummy)/

D5 (Dummy) D6 (1.2F457) B7 (L1F44N) | D7(L2F47Z) | D8 (Dummy)
First side - Zirconium Niobium Zirconium —
Second side - Zirconium Niobium Zirconium -

1.3 Results

Post irradiation examination (PIE) was conducted on the plates irradiated in the RERTR-10A fuel test
to compare the relative performance of the Zr and silicon-modified interface monolithic fuel designs. It
was previously demonstrated that the U-Mo fuel phase had performed exceptionally well in all tests to
very high burnup (INL/EXT-07-13271, “RERTR-7 PIE Letter Report™). Therefore, the examination was
focused on evaluation of the fuel/clad interface layer performance.






Non-destructive examination of the fuel plates clearly showed that the fuel plates with a silicon-
modified interface experienced significantly greater swelling than the Zr barrier fuel plates. In some cases
the degree of swelling indicated a delamination inside the fuel plate (Figure 4).
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Figure 4. RERTR-10A average fuel plate swelling.

Several fuel plates were sectioned for metallographic examination of the fuel/clad interface. These
cross sections clearly showed the difference in mechanical stability between the Zr barrier interface and
the silicon-modified interface. Photographs of fuel plates from the RERTR-10A test are shown in Figures
5, 6, and 7. All of the silicon-modified fuel plates were either delaminated prior to cutting or delaminated
during cutting. Conversely, no delaminations were observed in the Zr barrier fuel plates. There are no
indications that the material in the fuel/clad layer of the Zr barrier system is being meaningfully degraded
by irradiation to very high burnup. It is also significant that while all the plates examined contained fuel
foil cracking due to the extreme mechanical stresses applied to the fuel plate during operation or during
cutting of the plate, the nature and extent of cracking in the Zr fuel plates was significantly less severe
than in the silicon-modified plates.

It is important to highlight that the breached fuel plate in the RERTR-10A test was a silicon-modified
fuel plate. This fuel plate will be discussed in greater detail in Section 2.

Based on these observations, the Zr barrier-based fuel design has been selected for future testing. The
silicon-modified design has been dropped from further testing.





(b)

(c)

Figure 5. Photographs of the several fuel plates from the RERTR-10A test. (a) L1P145 — silicon-modified
(note discoloration on lower edge of plate over the delamination, note blister at bottom of plate),

(b) L1P202 - silicon-modified (note discoloration on lower edge of plate over the delamination), and
(c) L1P12Z — Zr barrier.





(b)

Figure 6. Metallographic cross sections taken from the mid-plane of the (a) L1P145 — silicon-modified
and (b) L1P12Z — Zr barrier fuel plates. The images show the cracking and delamination that occurred in
the silicon-modified plate compared to the Zr barrier plate.

o
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Figure 7. Higher magnification image of the metallographic cross section of the L1P12Z — Zr barrier fuel
plate.





2. RERTR-10A PLATE L1P145 FAILURE ANALYSIS

Additional study of the breached fuel plate was conducted to evaluate the failure mode and to make
informed updates to the fuel design and/or fuel specifications. The failure mode was identified and
process modifications were recommended. Considerations to augment the assessment of a second
potential failure mode were also proposed.

2.1 In-Canal Examination

The RERTR-10A test capsules were examined in the ATR canal December 8, 2008 in an effort to
identify the source of fission product release observed during irradiation in ATR Cycle 143A. The
capsules were back-lit through the coolant channels in an effort to identify any abnormal plate growth.
This information is, at best, qualitative but can give indications of non-typical behavior. As expected, fuel
plates in Capsule A showed very little swelling (due to the low burnup) while fuel plates in Capsule C
showed visible swelling consistent with previous experience. However, one plate in Capsule C did appear
to have developed a blister on one side of the fuel plate.

2.2 Non-Destructive Examination of Breached Plate

Following transport to the Hot Fuel Examination Facility (HFEF), the capsules were dismantled and
all 16 plates were visually examined. Plate L1P145, located in Position C4, showed the presence of a
surface blister on the front of the plate (as was observed during in-canal observation) with a clear rupture
point. The remaining 15 plates showed no abnormal features. Photographs of fuel plate L1P145 before
and after irradiation are shown in Figures 8 and 9, respectively.

A higher magnification image of the blister is shown in Figure 10. The blister size is roughly % inch
by % inch in size (approximately half the size of a dime).

Figure 8. Front and back side photographs of the RERTR-10A fuel plate L1P145 before irradiation.





Figure 9. Front and back side photographs of the RERTR-10A fuel plate L1P145 after irradiation.
Coolant flow was from the left to right during irradiation.

Figure 10. Fuel plate image showing the blister, rupture point, and surface oxide irregularity

Additional examination was performed (gamma scanning, neutron radiography, and thickness
measurement) and the only other anomaly identified was a crack inside the fuel foil revealed in the
neutron radiograph. Both the gamma scanning and neutron radiography showed that very little fuel or
fission product inventory was lost through the blister.





2.3 Destructive Examination

Two sections were taken from the blistered region for metallographic examination, as shown in
Figure 11. The images from these two mounts are shown in Figures 12 and 13.

Figure 11. Fuel plate sectioning diagram.

Figure 12. Transverse cross section of blister.

Figure 13. Axial cross section of blister.

Both cross sections show the presence of a very thick (~300 pm) layer of Al oxide over the top of the
blistered area. Typical oxide layer thicknesses are in the range of 10 pm. The extremely low thermal
conductivity of the oxide material results in a substantial increase in cladding temperature underneath the
oxide. The presence of this oxide layer would reduce the mechanical strength of the cladding, encourage
clad buckling through thermal expansion, and enhance fission gas release from the fuel region under the
oxide layer. Ultimately, these three phenomena combined to cause the fuel plate blister. Formation of
cracks in the cladding material, due to the mechanical deformation experienced during blistering, would
result in fission gas release from the fuel plate.

It is clear that the root cause of the breach is the formation of the thick oxide layer, which led to
formation of the blister on the fuel plate surface.





2.4 Oxide Formation

Oxide formation on the surface of Al clad fuel plates is a well known phenomenon. It has been
demonstrated that the rate of corrosion is strongly dependent on the Al surface temperature and the
composition of the oxide layer. It has been observed many times in the ATR that cladding corrosion can
lead to breaches under typical operating conditions.

Protection of the ATR cladding material from excessive oxidation during irradiation is currently
provided by a fully aged continuous boehmite layer that is created through autoclaving prior to
irradiation. When fully aged, boehmite is a thermally stable crystalline surface film under irradiation.
Proper application of this layer during fabrication and its protection during subsequent handling are
critical prior to irradiation in order for it to perform its function. The integrity of the boehmite layer can
be affected by its processing history, damage and/or contamination, or defective cladding.

241 Boehmite Layer Formation

Aluminum metal in contact with water initially forms an amorphous ionic-ring gelatinous solid with
an approximate chemical form of:

Alg(OH),* 12H,0°

Through deprotonation and condensation reactions, hexagonal chains or rings of polynuclear
complexes form, which continue their deprotonation and condensation sequence to first become a
gelatinous boehmite.

The gelatinous boehmite then continues to age to a fully crystalline solid (see simplified Figure 14)
on the basis of the temperature, pressure, and pH of the system.” This sequence on the surface of Al at
room temperature takes many hours, with gelatinous boehmite forming within about four hours, and a
fully crystalline solid hydroxide being present after more than 16 hours of exposure. “Aging” is the
generalized term to summarize the polycondensation of a gelatinous precipitate to become a structurally
ordered and thermodynamically defined compound (i.e., crystalline boehmite).

lonic Ring Gelatinous Crystalline
Complexes Boehmite Boehmite

e = AHO)" |

Figure 14. Boehmite formation.

a.  Wefers, K. and Misra, C., “Oxides and Hydroxides of Aluminum,” Alcoa Technical Paper No. 19, Revised, Alcoa
Laboratories, 1987. ‘
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Formation of crystalline boehmite requires a pH above 4.8, an autoclave temperature above 105°C
and sufficient time to age the structure. Historically, shorter processes (typically 4 hours at 185°C) have
been used on the basis that aging will occur more rapidly at the higher temperature, if the water is not
contaminated with carbonates or other ionic species that retard the aging process.

Boehmite aging is essential for achieving full layer passivation in reactor service. Boehmite will not
passivate under exposure to high radiation fields, so it is essential to have the layer fully aged and passive
before insertion in the reactor.

Physical damage of boehmite is always a possibility during plate assembly. The probability of layer
damage, however, increases rapidly for boehmite that is not completely aged. Such boehmite coatings
will be much softer and more easily scratched than fully aged material.

Non-uniformity in the boehmite layer thickness typically results from two causes, only one of which
1s preventable with this specific alloy (AA6061-0). The preventable cause is attempted autoclaving of the
Al at the low pH end of the boehmite passivation region (at a pH around 4.8). At this pH the boehmite is
trying to form at the same time some Al is going into solution as Al" jon so the pH of the autoclave is
very difficult to control and as the pH fluctuates to the high side, the A" will tend to precipitate out in
. various locations as gelatinous boehmite on fuel surfaces. This issue results in a spotty or sometimes
layered boehmite that is typically not fully aged since it was being formed, dissolved, and re-formed
throughout the autoclaving process.

The non-preventable non-uniformity in boehmite applied to AA6061-O fuel cladding is from the
growth of boehmite around surface connected second phase particles in the alloy. This alloy contains Si,
Mg, Fe, and Cu that form a variety of relatively large interstitial particles during fuel annealing steps.
When the hydroxide grows around these particles, micropits are effectively formed along the surface of
the cladding many times the thickness of the nominal boehmite surface layer, often dissolving or
redistributing the second phase particle depending on composition (see Figure 15).

#0oBA

Figure 15. Micropitting in boehmite fuel cladding.

11





24.2 Boehmite Layer Defect Mechanisms

Several different potential cladding oxidation defect modes were examined. The probability of each
defect type and potential mitigations for each were considered.

2.4.2.1  Autoclaving to Achieve the Boehmite Layer

A successful, science-based autoclaving process was developed for the ATR fuel when the process
was moved to the fuel manufacturer (Babcock and Wilcox [B&W]) in the mid 1990s. This process
requires autoclaving for a minimum of 18 hours at 185°C and a pH above 5.0 to achieve a specified
hydroxide layer thickness on ATR fuel elements. Shortcuts to this proven process should be undertaken
only by those fully familiar with the formation chemistry and aging behavior involved. Non-uniformity
due to hydroxide dissolution and re-formation sequences will not occur if an appropriate autoclave
process is used.

However, during review of the RERTR autoclaving process it was identified that the program was
implementing a process supplied by ATR early in the program that was based on the Hydraulic Test
Facility (HTF) process. (Soak at 185°C in deionized water for 4 hours). It is believed that following this
process would not provide the same level of protection as the B&W process (soak at 185°C in deionized
water with pH of 8.0 for 18 hours). This process was previously demonstrated for the Boosted Fast Flux
Loop (BFFL) Experiment in ATR and will be implemented in future RERTR tests.

2.4.2.2  Micro-Pitting Non-Uniformity in Layer Thickness

Micro-pitting behavior has been accepted in ATR fuel cladding since usage of Al-6061 alloy began
and could only be prevented by changing back to a pure Al. Usage of the Al-6061alloy was started to
provide additional structural strength in the fuel element assembly (especially for the crimped joint
between fuel plates and frame), and to have the entire assembly constructed from the same material.

2.4.2.3 Defective Cladding Material

Fuel cladding sheet is the result of alloying Al with the required alloying elements in the molten state,
casting, and forming to the required final gage thickness. The casting and forming processes, which
typically include a minimum of one cross rolling step, are expected to break up and fully disperse alloying
elements that are not already in solid solution in the alloy. Defective cladding material could be caused by
an incomplete break up or dispersion of alloying elements, or by the presence of some other localized
contaminant. However, correction of this type of rare defect would require basic changes to the casting
and forming schedule for the parent material, which could only be done at great expense.

2.4.2.4  Contamination or Damage of the External Cladding Surface

A review of fabrication processes was conducted, including the cladding procurement, the cleaning,
handling, and inspection processes, and a comparison with industry standard practices. The review
showed that the Al (Al-6061 alloy) was procured at Quality Level 2 from an approved supplier with
material certifications. In addition, the material was sent to an approved laboratory for independent
certification. The next step of the review showed that proper handling, cleaning, and inspection was
performed in the Fuels and Applied Science Building (FASB) fuel plate fabrication, especially in the
critical steps before the HIP. The procedures and activity sheets used to track fabrication are comparable
to those used at B&W in fabricating dispersion fuel plates, and match industry standard practices. During
the review, several best practices were noticed, which were not required or documented in the procedure.
To ensure their continuation, the procedure and activity sheets were updated to emphasize these best
practices.
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2.4.2.5 Accelerated Oxide Growth

ATR conditions can result in significant corrosion even at low temperature. Oxide growth rate under
irradiation is well-known to be tightly coupled to the surface temperature of the cladding. It has been
observed that typical ATR coolant conditions are sufficient to cause pitting corrosion without a complete
boehmite layer. Defects similar to the 10A were also seen in the RERTR-1 and 2 tests (see Figure 16)
before pre-filming was implemented. This sensitivity would be enhanced further by high operating
temperature.

Figure 16. Pitting corrosion observed in RERTR-1 fuel plate. Fuel plates were not pre-filmed prior to
irradiation.

24.26 Summary of Corrosion Observations

Review of the failure mechanism for plate L1P145 showed that the root cause of failure was
excessive surface corrosion in a localized area. Examination of several root causes suggests that the defect
can be attributed to incomplete aging of the boehmite applied prior to irradiation. This process has been
modified to ensure proper boehmite aging, which will provide better oxide protection for future
experiments.
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3. FUEL PLATE DELAMINATIONS

It can be postulated that an increase in surface temperature is possible due to delamination between
the fuel and cladding that could impact surface oxidation rates. A delamination would affect the heat
flow, resulting in a non-uniform heat distribution. The gas gap created by the delamination would reduce
the heat transfer from that side of the plate, resulting in higher surface clad temperatures on one side of
the plate than the other (approximately a 40°C difference). Delaminations can occur either before
irradiation (as-fabricated) or during irradiation (irradiation induced). Observations and studies conducted
to examine and mitigate the impact of those features in future experiments are outlined in the following
sections.

3.1 As-Fabricated Delaminations (Fuel/Clad Debonds)

An assessment was performed to evaluate if pre-existing defects may have gone unidentified during
the pre-irradiation fuel plate scanning. This review included examination of traditional techniques applied
to identify as-fabricated debonds (blister anneal) to determine if they are appropriate for the monolithic
fuel design. A generic study of delamination identification in monolithic fuel using the blister anneal and
UT scanning process and a summary of observations made during the examma‘uon of mini-plates
manufactured for the RERTR-12 test are presented.

3.1.1 Behavior of Design Debonds in HIP Mini-plates

3.1.1.1 Introduction

In order to further characterize the effect of debonds and the different analysis methods that are
currently used on finished fuel plates, a test was conducted where debonding agents were deliberately
introduced into surrogate plates as part of a HIP run.

3.1.1.2 Current Debond Testing

Currently, a total of three types of tests are done on the finished fuel plates to measure debonding as
part of qualification for reactor insertion: (1) ultrasonic, (2) blister, (3) bend. Of the three, only UT is a
true “nondestructive” test.” UT uses transmitted sound waves to measure attenuation of sound transmitted
through the plates. Blister annealing subjects the plates to elevated temperatures (typically 475-500°C)
for a length of time. Any contaminants that outgas at the blistering temperature or air pockets where the
trapped gas can expand can cause the surface of the plate to form an elevated region, called a “blister.”
The heating cycle comprising of a blister anneal is part of the thermal history of a fabricated plate, and at
a minimum, changes the microstructure of a processed plate. Bend testing is a destructive analysis, but for
the purposes of fuel qualification it does not alter the final fuel plate as the test is conducted on the
adjacent material removed from the plate during processing. The samples are bent back and forth and the
interface is examined for signs of delamination, which indicates a failure.

3.1.1.3 Test Description

Over the course of the RERTR monolithic testing, the HIP process has shown to be a robust
fabrication method with very few defects detected by the testing methods mentioned above. In order to
have quantifiable debond regions, a series of contaminants were introduced. The tests were conducted in
HIP Run 63 comprised of Plates 63-1-63-6 (Table 3).

b.  Non destructive testing is defined here as a test that does not destroy or permanently alter the material being tested
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Table 3. Design debond HIP run.

ID Contaminant Debond Method Applied to Cleaning
63-1 Hydrocarbon Polyimide film On interface surface during Chemical
layup
63-2 Carbon— Cut foils On interface surface during Chemical
Grafoil® , layup
63-3 Metal Foil—Ta Cut foils (double thickness) On interface surface during Chemical
layup
63-4 Oxide Anodized over whole plate On cover plate Selective wire
brush
63-5 Yttria—aerosol Mask (blue painter’s tape) On cover plate Chemical
and paint
63-6 None—Control N/A N/A Chemical

Of six plates in Run 63, one plate was introduced as an unaltered control, and four plates had regions
of differing “inert” material introduced at the interface: graphite, tantalum, yttrium oxide, and Al oxide
selected to simulate a range of defect types (graphite—contamination, tantalum—folds in foil, yttrium—
disposed porous material, Al oxide-incomplete cleaning, polymeric film—outgassing). The final plate used
a polymeric material designed to break down and outgas during the process. Each inert material used is
described in further detail below.

The graphite was in the form of a flexible graphite foil Grafoi

1®’C

which is currently used in the HIP

process as a barrier to keep the plates from bonding with the HIP can, the strongbacks, or each other. This
grade of Grafoil contains a high percentage (99.8%) of carbon and does have some inherent porosity. This
material was cut from a 0.005-in.-thick sheet in the shape of small squares. The materials used in the HIP

run measured (nominally, on the square) 1 cm, 0.75 ¢m, 0.5 cm, 0.25 cm, 0.125 cm, and .0125 ¢m. The
squares were placed both under the foil and on the interface between the two Al cladding sheets (Figure
17).

()

(b)

Figure 17. Layup of Grafoil, (a) beneath U-Mo foil and (b) in Al-Al interface.

Tantalum is a refractory metal (melting point ~3000°C) that can be procured as a thin foil. The
0.0005-in. foil was cut into small strips and folded over on itself to form squares (sizes used measured
nominally, on the square 1 cm, 0.5 cm, 0.25 cm and 0.125 c¢m). The double thickness was introduced to
provide an interface that was less likely to bond (Ta to Ta) than the tantalum to Al. Five pieces of the
tantalum foil were introduced underneath the U-Mo foil and a single (not pictured) square was placed at
the edge of the plate (Figure 18).

c. PRODUCT DISCLAIMER—References herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, do not necessarily constitute or imply its endorsement, recommendation, or favoring
by the U.S. Government, any agency thereof, or any company affiliated with Idaho National Laboratory.
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Figure 18. Layup of Ta foil (all are double thickness).

Yttrium oxide (Y,O; or yttria) is used as a refractory coating both for its high temperature stability
and its chemical stability. The yttria used “Type Y™ aerosol that is composed of yttria, several volatile
components and a small amount of binder. The material was applied to the Al cover plate by masking the
plate with blue painter’s masking tape and cutting out several holes (nominally sized, on the square 1 ¢cm,
0.75 cm, 0.5 cm, 0.25 cm and 0.125 cm). The yttria was then spray painted on in three light coats (total
thickness unknown) and allowed to dry prior to moving the tape mask. Examination of the yitria under
slight magnification showed a porous layer. The yttria regions were applied in three rows: one to be over
the foil, one to be in the clad to clad region, and another along the edge of the plate (Figure 19).

Figure 19. Yttria applied to cover plate.

Aluminum oxide is readily formed on the surface of Al and is inherently stable, but it typically has a
thickness measured in nanometers. Anodizing, a process where a much thicker and more stable oxide is
forced onto the plate through specialized electroetching was used to place a barrier of oxide onto the
cover plate. The anodizing was performed in sulfuric acid under an electrical potential of 30 volts DC.
The ideal process temperature of 0—5°C was not achieved (only ~15°C could be reached). The process
was conducted for 60 minutes. After anodizing the plate was further processed for 5 minutes in boiling
water (known as “sealing” the oxide coat, which forms as a porous cellular layer). The thickness (and
quality) of the applied anodized coat were unknown. As the entire plate was anodized the plate was
selectively cleaned using a rotating brush. Areas of oxide were left measuring (nominally) on the square 1
cm, 0.75 cm, 0.5 cm, 0.25 cm, and 0.125 cm. The back side of the plate was left uncleaned. Like the yttria
plate, the anodized regions were done in three rows: over the foil, in the clad to clad region, and on the
edge of the plate (Figure 20).
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Figure 20. Oxide regions on cover plate.

A polymeric film was used to produce a debond both by interrupting the bonding between the layers
and by producing gas during the HIP process. Polyimide was chosen because it is commonly found in
thin film form and because of its thermal stability (ideally to have the contaminant survive the initial
bakeout (315°C), but be decomposed during subsequent processing). DuPont™ Kapton® 50HN film was
used. This material is 0.0005 in. thick and is stable to ~400°C. The material was cut into small squares.
The total material used for this plate was kept low in an attempt to avoid cross contamination of the other
plates in the HIP run. The materials used measured, nominally, on the square 0.25 cm and 0.125 cm. The
film was placed to be underneath the U-Mo foil, in the cladding to cladding interface and at the edge of
the bonded plate (Figure 21).

[
Figure 21. Polyimide film on Al plate.

3.1.1.4 HIP Process

The HIP run proceeded in the standard fashion for the production of mini-plates. The assembled
plates were welded inside a stainless steel can, helium leak checked, evacuated at 315°C for 3 hours prior
to closure welding. The completed can was placed in the HIP and processed at 560°C for 90 minutes (not
counting temperature ramp up and down) and a pressure of ~100 MPa. Following the cool down the can
was removed from the HIP and cut open. The plates were stamped and surface sanded (to allow a cleaner
UT transmission and achieve an acceptable surface finish).

3.1.1.5  Analysis

The as-HIPed plates were analyzed in the UT scanner using the standard process for mini-plates, then
the mini-plates were blister annealed at 485°C for 30 minutes. To prevent severe warping during the
annealing, the plates were placed in constraint fixtures—two steel plates on either face of the Al fuel plate
bolted together. After cooling to room temperature, blisters were noted and indicated with a marker
(raised areas are difficult to photograph) and the plates were again examined in the UT scanner. Despite
the constraint fixture, noticeable warping was readily visible in every plate after the blister anneal.
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3.1.1.6 Results

The control plate (63-6) showed no debond indications during the first UT analysis, no blisters were
noted after the blister anneal, and only a minute indication of a debond in a region near the foil

(Figure 22).
3.1.1.7 Yttria Layer Defects

The yttria layer defects were designed to simulate porous layers applied to the final/clad interface
prior to HIPing. It was postulated that these layers may include disposal gases that may coalesce during
heat treatment.

The yttria-coated plate (63-5) showed no debonds in the as-HIPed condition, though the regions
where the Y,0; was applied were apparent as darker than the baseline transmission. Only two blisters
were noted after blister annealing, which corresponded with the two largest regions in the clad-to-clad
region. The final UT showed that the transmission had markedly degraded in the clad-to-clad region, had
slightly degraded in the foil region, and had improved slightly along the edge (partially obscured in both
scans by the fixturing) (Figure 23).
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Figure 22. Control plate. (a) as-HIPed, (b) blister annealed (no blisters noted), (¢) UT scan of annealed
plate.
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Figure 23. Yttria coated plate. (a) as-HIPed,
annealed plate.
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(b) blister annealed (two blisters noted), (c) UT scan of
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3.1.1.8 Anodized Surface Defect

The anodized defect plates were designed to simulate areas of incomplete surface cleaning. These
plates (63-4) showed no indication of debonds in any of the examinations (Figure 24). This indicates that
those types of defects have a limited affect on as-fabricated bond strength.

Figure 24. Anodized plate. (a) as-HIPed, (b) blister annealed (no blisters noted), (¢) UT scan of annealed
plate.
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3.1.1.9 Tantalum Foil Defects

The plate containing the tantalum foil (63-3) showed only one region of debond in the as-HIPed
condition although the faint outline of the foils can be found in this scan (particularly in the foil region).
The debond region lies at the edge of the plate underneath the stamp. The blister annealing revealed no
raised blisters. The post blister annealing UT scan showed additional debond regions at the edges of the
tantalum foil that were likely caused by differences in thermal expansion between the U-Mo, Ta, and Al

(Figure 25).

Figure 25. Tantalum foil plate. (a) as-HIPed, (b) blister annealed (no blisters noted), (¢) UT scan of
annealed plate
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3.1.1.10 Grafoil Defects

The Grafoil defects were designed to simulate areas contaminated with stray material during the
fabrication process.

The Grafoil plate showed debonds over all the regions where the foil had been placed (the smallest
foil region [0.005 in.] can barely be seen). The blister annealed plate showed blisters over all, except the
smaller foil regions. It is noted that the blisters only appear on the side nearest the cladding surface—the
region under the U-Mo foil is nearer to the unstamped face of the plate. The UT scan of the blister
annealed plate reveals no new debond regions, but the existing debonds have somewhat clarified
(Figure 26).

(b)

(@

Figure 26. Grafoil foil plate. (a) as-HIPed, (b) blister annealed (blisters marked), (c) blister annealed
(obverse—blisters noted), (d) UT scan of annealed plate.
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3.1.1.11 Polyimide Film Defect

The polyimide film defect was designed to simulate a defect caused by gas entrapped in the fuel plate.
The polyimide film plate (63-1) showed clear debonds over all five locations were the film was placed.
The blister anneal showed clearly defined blisters over all, except the region at the edge of the plate.
Unlike the other plates, some blisters (in the clad-to-clad region) were visible on both faces of the plates.
The post blister annealed UT scan is virtually identical to the as-HIPed scan (Figure 27).

(d)
Figure 27. Polyimide film plate. (a) as-HIPed, (b) blister annealed (blisters marked), (c) blister annealed
(obverse—blisters noted), and (d) UT scan of annealed plate.
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3.1.1.12 Discussion

In every case in this HIP experiment the blisters that were manifested by the blister annealing were
shown previously in the as-HIPed UT scan of the plate. There were, however, several instances where
debonds were noted in the as-HIPed UT scan, but blisters failed to materialize in several locations where
debonds were noted in the as-HIPed scans (Table 4).

Table 4. Comparison of debond test results.

Method First UT Blisters Second UT
Control No debonds or indications® | No blisters Small debond no indications
Y,0, Several indications, no 2 blisters on largest of clad- | 4 debonds in clad-to-clad

debonds to-clad bonding region, “indications” in
other regions
Anodized | No debonds or indications No blisters No debonds or indications
Ta Foil Debond on edge foil, faint No blisters Debond on edge foil, thin
indication on other foils debonds on some edges of
other foils
Grafoil Debonds on all foils Blisters on all but smaller. | Debonds on all foil
locations foils locations
Polyimide | Debonds on all film Blisters on all but the film | Debonds on all film
locations located at the plate edge locations

In general, blisters were only formed over regions with larger debonds. The exception was the
polyimide film where all the film locations (except where the film was located on the edge of the plate—
see below) formed clearly defined blisters. The polyimide film was the only method to produce blisters
that were noted on both sides of the plate. Since all of the interfaces in the plate are closer to one of the
surfaces, the blisters tend to deform the material where the overlaying material is thinner—and inherently
weaker. The only blisters in the polyimide plate that appeared on a single side were placed beneath the U-
Mo foil where the added rigidity of the fuel material is judged to have constrained the blisters to a single
side.

No blisters were formed along an edge of one of the plates. There were strong debond indications at
the edges of the plates in both the tantalum and the polyimide plates. Assuming that the blisters are
remnants of gas pocket expansion (either by gas generation or by thermal expansion) the expanding gas
must be fully contained in order to exert the pressure to deform the surface of the plate and form a blister.
In the regions where a suitable contaminant or gas pocket intersects a free surface, the expanding gas
escapes from the plate without forming a blister (although still leaving a debonded area that is readily
visible with a UT scan.

The yttria plate is of some note as there were some interesting changes resulting from the blister
annealing step. Prior to the blister anneal the UT scan only showed “indications,” but nothing that would
be interpreted as a debond. The blister anneal test yielded only two blisters over the larger of the two
regions in the clad-to-clad region. These two blisters showed clear debonds in the UT scan, but other
debonds were found in this UT scan that did not appear as blisters on the plate surface. The other two
regions where defects were introduced (the fuel foil and along the edge) did not form blisters and did not
show as debonds in either the blister anneal test or the subsequent UT scan. In either case, any entrapped

d. A “debond” is any area that appears black on the UT scan, and “indication” is an area that appears as grey. For reference,
the fuel phase (either dispersion or monolithic) appears as an indication due to sound wave attenuation through the higher
density interfaces.
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gas would have an escape avenue. The regions along the edge would have a clear path out of the plate
while the region over the foil were in contact with the Zr layer, which is a good “getter” and may have
tied up any evolved gases.

3.1.1.13 Summary of Engineered Defect Studies

Blisters formed only in locations where there were existing indications that were identifiable in the
UT scan of the as-HIPed plates.

Not all indications resulted in blisters (especially in smaller debond regions), demonstrating that there
is some debond threshold below where a blister will not form, yet it still shows debond indications visible
to UT. This suggests that high resolution UT scanning is a conservative substitute for the blister anneal
treatment and subsequent visual exam for blisters.

It was also evident that blisters will not form unless there is gas trapped inside the plate. The gas may
come from either residual voids remaining from the assembly process or from outgassing of an included
contaminant. All of the blisters can be traced back to materials that either decomposed during the thermal
history of the plate or had probable porosity. Gas pockets that are externally vented (see the debond
located at the edge of the polyimide plate in Figure 27) will not form blisters. This suggests that fuel
designs requiring consolidation of powders during fabrication be subjected to a blister anneal prior to UT
scanning to ensure that diffuse gases coalesce into a recognizable indication.

It was also observed that the blister annealing introduces warping in monolithic fuel plates. Therefore,
the blister annealing thermal treatment can introduce degradation into a fuel plate that may take it from an
acceptable to an unacceptable condition. Based on these observations it is recommended that UT scanning
be used to characterize bonding as the reference process monolithic fuel plate design.

3.1.2 RERTR-12 Blister Anneal Summary

Prior to RERTR-12, blister annealing has not been routinely performed on monolithic U-Mo fuel
plates. Therefore, the blister annealing results presented here provide new insight into the potential
advantages and disadvantages of performing blister annealing on this type of fuel as part of the
fabrication/inspection process.

The RERTR-12 test involves 56 fuel mini-plates, all produced by HIP Al-6061 alloy cladding of Zr
co-rolled U-10Mo fuel foils. The first insertion will involve four capsules and 32 mini-plates. Fabrication
is in progress. Blister annealing was carried out on all of the RERTR-12 mini-plates after the plates had
been machined to final thickness and undergone an initial UT debond scan.

The first set of mini-plates were blister annealed unconstrained and exhibited no-blisters; however,
the originally flat plates became severely warped, with significant two-dimensional out-of-plane bending
observed (e.g., >0.5 in. of bending was observed across the ~5 in. length of the as-HIPed fuel plate). Such
deformation results from a combination of redistribution of residual stresses contained within the fuel
foils and the thermal expansion mismatch between the cladding and the fuel, which are unique to the
monolithic fuel (i.e., this is significantly different from the situation in the case of dispersion fuels). In
any case, such dimensional instability makes the subsequent final plate fabrication steps extremely
difficult and 1s therefore highly undesirable.

Blister annealing on subsequent plates was performed using custom-designed retaining fixtures to
constrain the plates in effort to keep them flat; however, significant plate warping and dimensional
instability was still observed, albeit less severe than in the case of unconstrained blister annealing.
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Of the blister annealed plates in this study, three plates produced visible blisters and were rejected.
These particular plates each showed pre-existing debonded regions in the as-HIPed condition, identified
clearly by the ultrasonic testing (UT) scan. The defects observed in these particular fuel plates result from
the fuel foil not remaining properly aligned within the machined pocket of the Al cladding during HIP,
leaving behind remnant voids that do not fully collapse during HIP. This type of defect has been observed
occasionally in the UT scans of HIP plates, and is a cause for rejecting the plates based upon UT. It is
important to note that no blisters have been observed in fuel plates that did not contain pre-existing
debonds readily identified in the initial UT scan.

In a few cases, the post-blister annealing UT scans on plates that did not contain any visible blisters
(and would therefore pass the blister anneal test) reveal that it is likely that some degradation was
introduced into the otherwise acceptable fuel plates during blister annealing, as evidenced by the
appearance of small debonds or debond indications that were not previously observed in the initial UT
scan. Therefore, not only can blister annealing degrade acceptable fuel plates, but the blister inspection
itself would not necessarily reveal the presence of any such damage introduced.

In summary, it is apparent that UT scanning is a more sensitive, acceptable method of detecting the
presence of defects in HIPed monolithic fuel plates, including identification of the types of defects that
can give rise to visible blisters in the blister annealing test. Blister annealing results in severe warping and
dimensional instability in fuel plates that significantly complicates subsequent fabrication steps. In
addition, blister annealing may introduce degradation into otherwise acceptable fuel plates, while not
detecting the presence of certain resulting defects so introduced. For these reasons, in the case of HIPed
monolithic fuel plates, blister annealing does not add value to the fuel plate fabrication and inspection
process.

3.2 Delaminations Due to Fuel Performance

The second pathway that can lead to a delaminated fuel plate is through breakdowns in fuel
performance. Identification of the fuel system characteristics that may lead to these types of behavior is
often the primary purpose of the fuel testing. An irradiation-induced delamination is possible when the
fuel/clad interface is subjected to mechanical stress due to thermal stresses or fuel meat swelling, for
example. While the effort described in the previous sections is applied to demonstrate that the
as-fabricated fuel/clad bond strength is adequate, in some fuel designs the fuel/clad bond strength may
degrade during irradiation due to fission product migration and other metallurgical processes. When the
stresses exceed the bond strength a delamination may develop between the fuel and cladding.
Optimization of the as-fabricated fuel/clad bond strength and its irradiation stability is a primary research
and development (R&D) focus of the RERTR program. The fuel designs being tested in the RERTR-10
test were specifically oriented toward evaluation of the silicon-modified and Zr barrier interface designs.
As was described in an earlier section, the Zr barrier system performed exceptionally well (i.e., no
delaminations) and the silicon-modified system exhibited irregular behavior (i.€., some delaminations).

Delaminations have been observed in fuel plate tests other than L1P145 without providing any
indication of abnormal surface oxidation behavior. Two Si-modified interface fuel plates and one Zr
barrier fuel plate are shown in Figure 28. The two Si-modified plates behaved very similarly during
irradiation in that both plates had significant areas of delamination (Figure 29). Both fuel plates were
fabricated using the same process and were subjected to similar irradiation conditions. The post
irradiation neutron radiographs taken of the fuel plates show the presence of internal cracks in the fuel foil
in the regions underneath the delaminations. It is not clear if the cracks formed before or after the
delamination. It is clear from the photographs of the fuel plates that minor surface oxidation variations
occur over the delaminated sections due to temperature variations that occur due to delamination.
However, the RERTR-10A L1P145 fuel plate blister did not form over one of these areas or seem to have
any correlation with the delaminated areas (Figure 30).
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From this examination it is concluded that while delamination may be a contributing factor to the
formation of abnormal oxidation behavior (by increasing the local surface temperature), it does not act as
an initiator for the formation of blister defects like that observed in the RERTR-10A fuel plate.

(b)

(c)
Figure 28. Photographs of the several fuel plates from the RERTR-10A test. (a) L1P145 — silicon-
modified (note discoloration on lower edge of plate over the delamination, note blister at bottom of plate),

(b) L1P202 — silicon-modified (note discoloration on lower edge of plate over the delamination), and
(c) L1P12Z — Zr barrier.
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Figure 29. Neutron radiographs of the three fuel plates shown in Figure 28. Note that for the silicon-
modified plates, the internal cracks in the foil coincide with the delaminations and surface discoloration
observed on the surface. It is also significant that cracking is not observed in the Zr barrier fuel plate.
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Figure 30. Metallographic cross sections taken from the mid-plane of the three fuel plates shown in
Figure 28. The images show a significant difference in the extent of cracking that occurred in the silicon
modified plates compared to the Zr barrier plate.

3.3 Mitigations for Fuel/Clad Bond Defects

The studies conducted to evaluate debond identification and formation show that the presence of a
pre-irradiation debond defect was very unlikely. However, to further limit the potential for the formation
of an abnormally oxidized area in a fuel plate, several mitigations for as-fabricated debonds have been
proposed. These mitigations are aimed at reducing the potential that a fuel plate with an as-fabricated
fuel/clad defect is inserted into ATR.

The specifications used to screen the fuel/clad interface for regions of debond using UT scanning
(rather than the blister anneal) will be enhanced by including accept/reject criteria for acceptance. The
size of allowable as-fabricated defect will be established for each test based on the specific thermal
hydraulic conditions of that test.

The blister anneal test has been applied to the RERTR-12 test while the UT scan based on allowable
debond criteria is more completely developed. Because the RERTR-12 test uses mini-plates, blister
anneal could be performed. The UT scan criteria will be concurrently refined so that it screens for

debonds that may result in a blister, and does not unnecessarily reject parts with non-detrimental/minor
debonds.

The blister anneal test will continue to be used for screening of all dispersion fuel plates.
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4. SUMMARY

The RERTR-10A test was conducted to evaluate the performance of a modified fuel/clad interface
design under irradiation. The test clearly showed the excellent performance of the Zr diffusion barrier
based design and the marginal performance of the silicon design at very severe conditions. As a result, the
silicon design will be dropped and the future testing will focus on the Zr design.

Formation of a blister on the surface of one plate during this test was observed. Root cause analysis
suggests that the blister was caused by excessive local surface corrosion that occurred due to inadequate
formation of a protective boehmite layer.

The fuel plate sensitivity may have been enhanced by the presence of fuel/clad delamination near the
defect. An evaluation conducted to identify if an as-fabricated defect may have been a contributing factor
to the breach. The studies showed that the UT scan process is more conservative than the blister anneal
and should be applied formally in the fuel specifications.
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431.61 USQ PROCESS
%4 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM' 0
(DO NOT USE FOR PROPOSED CHANGES) Page 1 of/

Facility or Activity: Advanced Test Reactor (ATR)
USQ Process No.: RTC-USQ-2005-248
Subject; GAP-005-05 — Radiation Manitoring and Seal System Setpoint Derivation

Describe the New information/Discovery:

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 radioiogical
consequence analyses. The derivations are based on limits that are not consistent with the ATR piant 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 set such that in the
event of any accidental release of airborne radioactive material within the gas-tight area, an individual iocated on
the nearest site boundary for a period of two hours wouid not contract a radiological dose in excess of those
specified in 10 CFR 100."

The analysis in TRA-ATR-1022 starts with a 300-rem thyroid exposure at the nearest site boundary and back-
calculates a radioactive material discharge rate and concentration for the ATR stack. The direct radiation field at
the bottom of the stack is then calcuiated for this concentration of radioactive material. The RMSS detector is
located at the bottom of the ATR stack. This direct radiation field (mR/hr) is the basis for the analyticai limit setpoint
(350 mR/hr) for the detector.

This basis is not consistent with the radiological conseguence analyses presented in SAR-153 Sections 15.7,
Radicactive Release from a Subsystem or Component, and 15.12, Severe Accident Analyses, for personnel
located off of the Reactor Technology Camplex (RTC) site. These anailyses (TRA-ATR-1562, Radiological Analysis
Supporting an ATR UFSAR Revision) assume the confinement seal function has occurred prior to 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 levet 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 Condition 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 Tabhle 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 vaiue ... ), the time
delay value for the ATR shouid 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 result was a 30-rem thyroid exposure at 400 m for a 3-

minute exposure time.

This basis is alsc not consistent with radiclogical consequence analyses presented in SAR-153 Section 15.7 and
15.12. These analyses (TRA-ATR-1562) assume the confinement seai 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
warkers can aveid resident exposure because there are two separate evacuation staging areas and because piume

' Note that the calculations 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 pasition as the GM-34 detector so the analysis can be applied to the RMSS detectors.
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s 0ot POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM b
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Facility or Activity: Advanced Test Reactor (ATR)
USAQ Process No.: RTC-USQ-2005-248
Subject: GAP-005-05 — Radiation Monitoring and Seal System Setpoint Derivation

dispersion should be insufficient to centaminate 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 time derivation does not correlate directly to the
exposure limits for workers defined in the ATR plant protection criteria.

The radiological consequence results in TRA-ATR-1562 are scaled to present resuits 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.

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

ATR Technical Safety Requirements, Revision 8, April 7, 2005, TSR-1886, LCO 3.2.2, Radiation Monitoring and Seal System,
Table 3.2.2-1

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

ATR Upgraded Final Safety Analysis Report, Revision 18, April 7, 2008, 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., 1895, Update of ATR RMS GM-34 Gamma Source/Shield Calculations, EDF TRA-ATR-1022, LMITCO,
February 28, 1995.

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

Wagner, W. D., 1995, ATR Airborne Effluent Limits, EDF TRA-ATR-837, LMITCO, March 27, 1995

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

X Yes [J No

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

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

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

M vYes X No
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Facility or Activity: Advanced Test Reactor (ATR)
USQ Process No.: RTC-USQ-2005-248
Subject: GAP-005-0S — Radiation Monitoring and Seal System Setpoint Derivation

Provide an explanation of the assessment resuit:

The derivation of the analytical 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 doses than predicted by the radiological consequence analyses.
Since these radiological consequence analyses are the basis upon which DOE approved operation of the ATR, the
discrepancy represents a potentiaily inadequate safety analysis.

R. T. McCracken ///,// % /Z_, 5-4-05

USQ Evaluator USQ Evaluator Date
Print/Type Name %gnamre
Al ) A (-
Nuclear Facility Manager Nuciear 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 H), 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.

e  USQ evaluator proceed to Section (M.

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

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

Procedurally, the in-plant setting for the RMSS is required to be s45 mR/hr. The instrument uncertainty is required to be <35
mR/hr. Thus the maximum in-plant setting allowed by operating procedures is 80 mR/Mr. 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, Radialogical Protection, annual off-site doses were caiculated for each radioisotopic category (i.e., noble gases,
iadines, and particulates) in typical ATR stack effluents, An exposure of 2.5 mrem/yr effective dose equivalent is reached with an
average refease of 450 Ci/day of noble gases or 24 Ci/day of iodine or 620 Ci/day of particulates for a recaptor located at the
nearest site boundary for 365 days per year (Wagner 1995). Thus the noble gas discharge wouid have to increase by a factor
of 75 (450/6) before the limits for routine discharge would be exceeded. Nabie 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 mR/hr) point would clearly exceed the setpoint. —

With the current in-piant 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 controi process is sufficient to ensure this setting is maintained during evaiuation of this issue.
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2005-248
Subject: GAP-005-05 — Radiation Monitoring and Seal System Setpoint Derivation

lll. 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. '
TSR-186, 3/4 .8

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 [ No [X
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.

2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes X No [J
Explain:
Several issues were raised in Section 1of 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 through 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. Therefore, 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. §(>\<
/’//\T
The other major concern was the derivation of the setting used to trigger confinement isolation. As described SN

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. It is
imperative that the Tﬁplant 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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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2005-248
Subject: GAP-005-05 — Radiation Monitoring and Seal System Setpoint Derivation

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 address or was concerned with equipment malfunction. Therefore, the PISA does 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 [ No [X
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.

llib: 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: S
The only possible accident of a different type discussed in the PISA was for the release of some amount of fission &5
products up the stack before the ventilation system is isolated. Stacks releases allow better dispersion of pollutants 7o
than ground level releases. If some of the fission products were released up the stack before ccmfinement 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: [P P A &
The malfunction of equipment was not an issue ae@egsé'?in this PISA Therefore, there is no possibility of a $§<9
[/

malfunction of equipment important to safety of a different type than previously evaluated in the safety basis, ’/o\“

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 d(§fr10t &‘/i(?
change, the margin of safety identified in the in the UFSAR will remain the same. /"’s

llid: USQ DETERMINATION CONCLUSION
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2005-248
Subject: GAP-005-05 — Radiation Monitoring and Seal System Setpoint Derivation

8.

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 a potential for an increase in probability or consequence of an accident evaluated in the

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

basis. Therefore, the pmposf-ehaage does constitute a USQ.
Hew iwtormodinm

1/o5
NOTE: If USQ determination result is positive, additional notification for ORPS is required per MCP-190.
IV. APPROVAL/CONCURRENCE SIGNATURES
s =lnles
APPROVAL:
STeve L{ja g g0 7 g( R CJ XY > d('//(//f >
USQ Evaluatdr USQ Evaluator ¢ Date

— Print/Type Name ) Signature
LA L W/ 6 N oNodsy /O/L’WL | Wi&ﬂ\m\ 4;{[ | ( €3}

Nuclear Facifity Manager Nuclear Facility Manager v Date
Print/Type Name Signature

CONCURRENCE: (ﬁmtJ % TRC hr comcuromce on 8/)7/65)

_A[an__ﬁ_fé_zémiﬁ M &-/7-05
Independent Review Committee Chair ndependent Review Committee Chair Date

Print/Type Name Signature
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2005-685

Subject: Frequency of Primary Coolant System Butterfly Valve (BF-A-1-14) Closure Accidents

Describe the New Information/Discovery:

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

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

0 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?
[J Yes [ No
e. Is this an activity or condition not analyzed in the existing safety basis?
(] Yes [ No

Provide an explanation of the assessment result:

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 I,

i, or V.
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 ll), including interim operating restrictions,

taken to place or maintain the facility in a safe condition.

) Nuclear Facility Manager execute reporiing process per MCP-190 or AWP-3.1, for PISA.
o USQ evaluator proceed to Section lll.
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Facility or Activity: Advanced Test Reactor

USQ Process No.: RTC-USQ-2005-685

Subject: Frequency of Primary Coolant System Butterfly Valve (BF-A-1-14) Closure Accidents

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

Safety Analyst Safety Analyst Date
Print/Type Name Signature

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

s independent technical review required? Yes [] No [

Nuclear Facility Manager
Signature or Initials

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 15.3.4.
SAR-153, Chapter 15.13.2

lla: 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 4 No [
Explain:

SAR-153, Chapter 15.3.4 assumed that a mechanical failure of the primary coolant system (PCS) butterfly valve
(BF-A-1-14) leading to rapid closure is a Condition 4 (extremely unlikely) fault. SAR-39 (ATR Design Basis Report)
and EDF TRA-ATR-779, Revision 2 concluded that closure of this valve to the stop due to operator error, valve
controller error, or valve mechanical failure is a Condition 3 (unlikely) fault. Also, Section | of this PISA stated that
the supporting documentation did not address other possible failure mechanisms of the valve, such as fatigue.
Review of NRC data bases and the operation history of the ATR secondary coolant system butterfly valves
indicates that the failure of the valve is a least a Condition 3 fault. Based on the contradictory information found in
various SAR-153 supporting references, this PISA could increase the probability of an accident previously
evaluated in the safety basis (from a Condition 4 to a Condition 3 fauit).
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L/ 1112005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 3 of 5

Facility or Activity: Advanced Test Reactor

USQ Process No.: RTC-USQ-2005-685

Subject: Frequency of Primary Coolant System Butterfly Valve (BF-A-1-14) Closure Accidents
2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes [] No
Explain:

The thermal margins resulting from rapid closure of this butterfly valve are presented in Chapter 15.3.4, SAR-153.
The thermal margins still meet Condition 2 acceptance criteria. The primary coolant system (PCS) pressure
response resulting from rapid closure of this butterfly valve is presented in Chapter 15.13.2, SAR-153. The
pressure response is shown to meet Condition 3 acceptance criteria. The consequences are not affected by its
classification as either a Condition 3 or a Condition 4 fault and therefore, the new information does not increase the
consequences of an accident previously evaluated in the safety basis. (As discussed above in Question 1, review
of NRC data bases and operation history of the ATR secondary coolant system butterfly valves indicate that the
failure is a Condition 3 fault.)

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;

The probability of closure of the flow control vaive to the stop due to operator error, valve controller error, or vaive
mechanical failure is reported as a Condition 3 fault in SAR-39 and EDF TRA-ATR-779, Revision 2 and as a
Condition 4 fault in SAR-153, Chapter 15.3.4. Review of NRC data bases and a review of the operation history of
the ATR secondary coolant system butterfly valves indicates that valve failure of this butterfly valve is a Condition 3
event. Without further analysis to reconcile the probabil ty of failure of the valve, the new information could
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 [ No [X

Explain;

The thermal margins resulting from rapid closure of the valve is presented in SAR-153, Chapter 15.3.4 and the
effect of the high system pressure resulting from rapid ciosure of the valve is presented in SAR-153, Chapter
15.13.2. The new information did not raise issues associated with the calculation of consequences due to valve
malfunction. The valve failure has still been shown to meet Condition 2 acceptance criteria for thermal margins
(SAR-153 Chapter 15.3.4) and Condition 3 acceptance criteria margins for the pressure increase (SAR-153
Chapter 15.13.2). Therefore, the consequences are not affected by its classification as either a Condition 3 or a
Condition 4 fault. Thus, this PISA does not increase the consequences of a malfunction of equipment important to
safety previously evaluated in the safety basis. (As discussed above in Question 1, review of NRC data bases and
operation history of the secondary coolant system butterfly valves indicates that the failure is a Condition 3 fault.)

lilb: 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 accident nor the accident progression has not changed. If the valve shaft were to fail due to fatigue as
discussed in Section | of the PISA, the result would be rapid closure of the valve, which has been analyzed in SAR-
153, Sections 15.3.4 and Section 15.13.2. Therefore, the new information presented in Section | of this 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: Advanced Test Reactor

USQ Process No.: RTC-USQ-2005-685

Subject: Frequency of Primary Coolant System Butterfly Valve (BF-A-1-14) Closure Accidents

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 [0 No

Explain:

The PISA noted that the supporting documentation did not discuss fatigue failures as a possible failure mechanism
for the valve. While the reason for valve failure is not discussed, the consequences of the failure from whatever the
cause are bounded by analysis resulting from of a rapid closure case. The NRC data bases reviewed, only
established the failure rate from all causes and did not differentiate between types of valve failures. Since all
failures are grouped together, 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

7. Could the PISA reduce a margin of safety as defined in the safety basis? VYes XK No [
Explain:

The results of this event as presented in SAR-153 have not changed. However based on the References presented
in SAR-153 the event could be a Condition 3 or a Condition 4 event. If it were concluded by further analysis to be a
Condition 3 event, the new information presented in Section | of this PISA could reduce the margin of safety as
defined in the safety basis.

lild: USQ DETERMINATION CONCLUSION
8. Based on the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?

Yes X No [JJ

Explain:

Based on the “Yes” responses to questions 1, 3 and 7. This PISA does constitute an Unreviewed Safety Question.

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.:
Steven Wagoner %M Wagpner 2 /20 /06
USQ Evaluator UsQ gfaluator Date
Print/Type Name Signature ;
‘ — . . .. 5. , ! / -
MART IV NCDONCUT M‘sz(w\ ULUQ4/¢MWL7A;f”\ ‘L/n / d;(
Nuclear Facility Manager Nuclear Facility Madager Date
Print/Type Name Signature
CONCURRENCE:
Alan P toskins 2-33-06
Independent Review Committee Chair ndependent Review Committee Chair Date

Print/Type Name Signature
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2005-685

Subject: Frequency of Primary Coolant System Butterfly Valve (BF-A-1-14) Closure Accidents

Describe the New Information/Discovery:

The Advanced Test Reactor (ATR) Primary Coolant System (PCS) flow control valve FCV or butterfly valve (BF-A-1-14) is
designed to provide fine adjustment of the primary coolant flow. The FCV is a rotating disk inside the inlet piping. The valve is
designed with an external stop (on the valve body rather than internal to the valve) to limit the amount of closure. Since there is
not an internal stop, certain failures downstream of the external stop, would allow the valve to rotate freely. The valve disk has 6
noles in it and is smaller than the valve throat; therefore, a complete stoppage of flow cannot occur should the flow stop fail and
the valve close completely. Operating data indicate that the flow induced forces on the disk over the normal operating range are
in the direction to close the valve. The impact of flow reduction on the core heat removal in the event of FCV closure or failure is
addressed in SAR-153 Section 15.3.4, Complete Closure of the Flow Control Butterfly Valve. The effect of the closure or failure
on the pressure transient within the piping is considered in SAR-153 Section 15.13.2, The Flow Control Valve (Butterfly) Fails.

Closure of the flow contral valve to the stop due to operator error, valve controller failure, or valve mechanical failure was
considered an unlikely fault in the Advanced Test Reactor (ATR) Design Basis Report (DBR) (SAR-39). The DBR was the
predessor to the accident analysis in SAR-153. Rapid and complete closure of the flow control valve due to valve shaft failure
{which bypasses the stap) or closure of the flow control valve with caincident failure of the stop was also considered an unlikely
fault in the DBR. The unlikely fault category in the ATR DBR corresponds to the Condition 3 fault category in SAR-153.

A quantitative analysis of the potential for an operator error resulting in closing the valve to the stop was performed to support
the process control system upgrade project (TRA-ATR-779 Revision 2 and TRA-ATR-786). These analyses conclude the
frequency of an operator error resulting in inadvertent closure of the flow valve to the stop was 7E-03/year which is consistent
with an unikely or Condition 3 category. The event is considered as a Condition 4 event in SAR-153. Condition 4 events have
a lower frequency of occurrence than Condition 3.

SAR-153 Section 15.3.4 does not refer to the analyses in TRA-ATR-779 and TRA-ATR-786 that are the design basis of the
existing ATR process control system. TRA-ATR-786is a reference to Section 15.5, 15.5, Increase in Primary Coolant Inventory.
SAR-153 does not justify lowering the frequency for inadvertent closure of the valve due to operator error from Condition 3
determined in TRA-ATR-786 to Condition 4.

SAR-153 does refer to an analysis (TRA-ATR-839) that supports classifying mechanical failure of the flow control valve as
Condition 4. The analysis in TRA-ATR-839 determines stressas in various components resulting from the expected maximum
differential pressure to estimate the likelihood of valve failure. The analysis does not address fatigue failure which would be a
credible failure mode for the valve. Also the analysis did not look at the industry experience of faiiures of similar components in

evaluating the failure frequency. The typical approach in assessing component failure frequency is to use an industry
experience failure database.

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

SAR-153 Revision 16 Effective on 07-APR-05, Section 15.3.4, Complete Closure of the Flow Control Butterfly
Valve

SAR-153 Revision 16 Effective on 07-APR-05, Section 15.13.2, The Flow Control Valve (Butterfly) Fails
Brower, J. O., BF-1-A-14 ATR PCS Flow Control Valve Failure Analysis, TRA-ATR-839, October 26, 1993

Durney, J. L., Evaluation of Pressure Transients Associated With Failure of The Flow Control Valve, TRA-ATR-898, February 3,
1994

Durney, J. L., Safety Analysis Review for Process Control System Upgrade, TRA-ATR-779, Revision 2, August 1993
Galyean, W. J., Probability of Inadvertent Ciosure of Butterfly Valve BF-A-14, TRA-ATR-786, April 18, 1993

Pafford, D. J., RELAP5 Analysis of the Butterfly Valve Closure Transient for the Advanced Test Reactor Updated Final Safety
Analysis Report, TRA-ATR-847, June 29, 1994

Pafford, D. J., RELAPS Analysis of the Butterfly Valve Closure Transient During two-Pump Operation for the Advanced Test
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2005-685

Subject: Frequency of Primary Coolant System Butterfly Valve (BF-A-1-14) Closure Accidents
Reactor Updated Final Safety Analysis Report, TRA ATR 920, June 23, 1994

I PISA ASSESSMENT
a. Is there a potential inadequacy in the analytical rnethodology and/or tools used in the safety basis?
X ves [J 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?

[0 Yes [X No

c. s 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 [X No
e. Is this an activity or condition not analyzed in the existing safety basis?
] Yyes [ No

Provide an explanation of the assessment result:

The determinations of the frequency of occurrence of inadvertent closure and failure of the ATR PCS FCV are
potentially inadequate. The frequency of inadvertent closure in SAR-153 is not consistent with the process control
system design basis documentation. The determination of frequency of valve failure is not consistent with
probabilistic methods used elsewhere in SAR-153 and does not consider all cradibie failure modes.

R. T. McCracken zfé ///4/’/ -/~/— - -17~0s"

USQ Evaluator T USQ Evaldator’ Date
Print/Type Name

M. B. McDonough WYP} ,;;Zamgmﬂ‘ IH=-\1- © Y

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 Il

I, or V.
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 I}, 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 il

. DOCUMENT ACTIONS TAKEN TO PLACE OR MAINTAIN FACILITY IN A SAFE CONDITION AND PROVIDE
THE BASIS FOR THE SELECTION OF ANY INTERIM CONTROLS
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2005-685
Subject: Frequency of Primary Coolant System Butierfly Valve (BF-A-1-14) Closure Accidents

In SAR-153 Section 15.13, PCS High Pressure Anomalies, the acceptance criteria for events that result in an increase in
pressure is that the pressure not exceed 110% of design pressure for high-probability events (Condition 2) and to not exceed
120% of design pressure for low-probability events (Condition G and 4). The analysis in TRA-ATR-898 determines that the
maximum over-pressure for failure of the butterfly valve is 114% of design which is within the acceptance criterion for Condition
3 events. This maximum over-pressure occurs as the valve passes through zero degrees and opens. The pressure transient
occurs downstream of the valve. The over-pressure upstream of the valve is less than 105% of design.

SAR-153 Section 15.3, Decrease in Reactor Primary Coolant Flow Rate, refers to analyses in TRA-ATR-847 and TRA ATR 920
which show butterfly valve closure the results in minimum margins that are greater than 30 to critical heat flux which is the
acceptance criterion for a Condition 2 fault. Since the Condition 2 acceptance criterion is met, the consequences meet the less
restrictive Condition 3 acceptance criterion.

Since analyses in SAR-153 Sections 15.3.4 and 15.13.2 show the consequences of FCV inadvertent closure or failure meet the
acceptance criteria for a Condition 3 event, no actions or interim controls are necessary to maintain the plant in a safe condition.

. / 4 e
R. T. McCracken / yaa / ”11/ , -1 7=
Safety Analyst [ Safety Analyst ' "Date
Print/Type Name Signature
M. B. McDonough mB, {TnAD \-11-08
Nuclear Facility Manager Nuclear Facility Manager ¥ Date
Print/Type Name Signature

Is independent technical review required? Yes 0 No [

Nuclear Facility Manager
Signature or [nitials

Independent Reviewer Independent Reviewer Date
Print/Type Name Signature

IIl. DETERMINATION
Identify applicable section(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 [ No [

Explain:
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2005-685
Subject: Frequency of Primary Coolant System Butterfly Valve {BF-A-1-14) Closure Accidents

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

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

Explain:

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

Explain:

illb: 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 [J

Explain:

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 0 No [

Explain:

lilc: POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2005-685

Subject: Frequency of Primary Coolant System Butterfly Valve (BF-A-1-14) Closure Accidents
7. Could the PISA reduce a margin of safety as defined in the safety basis? Yes [ ] No []
Explain:

liid: USQ DETERMINATION CONCLUSION

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

Explain:

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:
UsQ Evaluator Usaq Evaluator Date
Print/Type Name Signature
Nuciear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
CONCURRENCE:
independent Review Committee Chair Independent Review Committee Chair Date

Print/ Type Name Signature





has six holes in it and is smaller than the valve throat; therefore, a complete stoppage of
flow cannot occur should the flow stop fail and the valve close completely. Operating
data indicate that the flow induced forces on the disk over the normal operating range are
in the direction to close the valve. The impact of flow reduction on the core heat removal
in the event of FCV closure or failure is addressed in SAR-153, Section 15.3.4, Complete
Closure of the Flow Control Butterfly Valve. The effect of the closure or failure on the
pressure transient within the piping is considered in SAR-153, Section 15.13.2, The Flow
Control Valve (Butterfly) Fails.

Closure of the flow control valve to the stop due to operator error, valve controller
failure, or valve mechanical failure was considered an unlikely fault in the ATR Design
Basis Report (DBR) (SAR-39). The DBR was the predecessor to the accident analysis in
SAR-153. Rapid and complete closure of the flow control valve due to valve shaft failure
(which bypasses the stop) or closure of the flow control valve with coincident failure of
the stop was also considered an unlikely fault in the DBR. The unlikely fault category in
the ATR DBR corresponds to the Condition 3 fault category in SAR-153.

A quantitative analysis of the potential for an operator error resulting in closing the valve
to the stop was performed to support the process control system upgrade project (TRA-
ATR-779, Revision 2 and TRA-ATR-786). These analyses conclude the frequency of an
operator error resulting in inadvertent closure of the flow valve to the stop was 7E-
03/year which is consistent with an unlikely or Condition 3 category. The event is
considered as a Condition 4 event in SAR-153. Condition 4 events have a lower
frequency of occurrence than Condition 3.

SAR-153, Section 15.3.4 does not refer to the analyses in TRA-ATR-779 and TRA-ATR-
786 that are the design basis of the existing ATR process control system. TRA-ATR-786
is a reference to Section 15.5, Increase in Primary Coolant Inventory. SAR-153 does not

justify lowering the frequency for inadvertent closure of the valve due to operator error
from Condition 3 determined in TRA-ATR-786 to Condition 4.

SAR-153 does refer to an analysis (TRA-ATR-839) that supports classifying mechanical
failure of the flow control valve as Condition 4. The analysis in TRA-ATR-839
determines stresses in various components resulting from the expected maximum
differential pressure to estimate the likelihood of valve failure. The analysis does not
address fatigue failure which would be a credible failure mode for the valve. Adse-the—
W&Wﬁﬁhmr#%rmmompm
~evatuating-the-fatturefrequency. The typical approach in assessing component failure

frequency is to use an industry experience failure database.
Hew eve r, ( Tn,v.f_)

16. Is Subcontractors Involved? No

17. Operating Conditions of Facility at Time of Occurrence:

The Advanced Test Reactor was at nominal full power for the Cycle 132C-1.





The ATR SINDA-SAMPLE code models the variation in flow rate in the hot fuel plate
analysis. The model development did not explicitly address some pertinent sources of
uncertainty and therefore may not be conservative. Acceptance criteria in safety basis
surveillance procedures and in-service testing of the emergency pump have been based
on the values derived in the safety basis.

Occurrence Report No. 14

USQ No.: RTC-USQ-2005-248
Discovered: May 4, 2005, 1630
Categorized: May 4, 2005, 1630

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 derivation of the analytical 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 doses than predicted by the radiological consequence analyses.
Since these radiological consequence analyses are the basis upon which DOE approved
operation of the ATR, the descrepancy represents a potentially inadequate safety analysis.

The current in-plant setting ensure RMSS actuation and confinement isolation prior to the
stack discharge rate exceeding the limits for normal operation. The in-plant setting is
consistent with the system functional performance assumed in the radiological
consequence analyses for accidental releases. The facility is in a safe condition provided
the RMSS setting is not raised above the current procedural value.

The current in-plant setting of less than or equal to 45 mR/hr will be maintained as the
TSR limit until the next annual SAR update is issued and the applicable TSR and TSR
bases are revised. The in-plant setting will be controlled using existing procedure change
control and USQ processes.

Occurrence Report No. 15

USQ No.: RTC-USQ-2005-685
Discovered: February 9, 2006, 0936
Categorized: February 9, 2006, 0936

The Advanced Test Reactor (ATR) Primary Coolant System (PCS) flow control valve
(FCV) or butterfly valve (BF-A-1-14) is designed to provide fine adjustment of the
primary coolant flow. The FCV is a rotating disk inside the inlet piping. The valve is
designed with an external stop (on the valve body rather than internal to the valve) to
limit the amount of closure. Since there is not an internal stop, certain failures
downstream of the external stop would allow the valve to rotate freely. The valve disk





Insert

Hewever, review of NRC data bases and the operation history of the ATR secondary
coolant system butterfly valves indicates that the failure of the BF-A-1-14 valve is a least
a Condition 3 fault.
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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 (5 0ft’) 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 RELAPS5 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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Ro/1172005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
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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
I PISA ASSESSMENT
a. s 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. Isthe actual physical condition of the facility different than as described in the safety basis (discrepant as-
found condition)?

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

Provide an explanation of the assessment result:

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

VeRyL i RKPATLICI Vg Dw ——

UsQ Evaluator %J USQ Evaluator Date

Print/Type Name - Signature
MWART 1N B, A ONOUCH  YVhanfi o/ 9'3)/&»6
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. Do not complete Section |,

I, or V.
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 1ll.

. 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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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 ft

Tap elevation assumed in RELAP4 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 ft° 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 in
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 ft* (22.44 ft>-0.047 ft*)the
resulting pressure change would be

(285 psia * 22.44 ft*/ 22.39 ) - 285 psia = 0.6 psi
Combining the errors the worst case pressure 408.6 + 7.1 +8.6 + 0.6 = 425.2 psig
Acceptance criteria for condition 2 events is 110% of design pressure (SAR-153) = 429 psig

Protective Margin 429 -4252 = 3.8 psig
Safety limit (TSR-186) 468 psig

Prétective 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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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
Steve UWugsuer Sl g )] [0
Safety Analyst Safety Analyst 7" Date
rin Name ature
e IS Zrrt5n
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
Is independent technical review required? Yes [] No JE é
Nuclear Facility Manager
Signature or Initials
Independent Reviewer Independent Reviewer Date
Print/Type Name Signature

lll. 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

lla: 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 [

Explain:

2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes [1] No []
Explain:

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:
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;g;_gﬁoos POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM

Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 5 of 6

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

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

Explain:

llib: 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:

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:

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:

liid: USQ DETERMINATION CONCLUSION

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

Explain:
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;‘Z\jﬁéﬁ""f’ 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: RTC, TRA-670 Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-376

Subject: Discrepancies with the high inlet pressure setpoint derivation

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.:
USQ Evaluator USQ Evaluator Date
Print/Type Name Signature
Nuciear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
CONCURRENCE:
Independent Review Committee Chair Independent Review Committee Chair Date

Print/Type Name Signature
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10/11/2005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 10of 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

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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L POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 2 of 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
I PISA ASSESSMENT :
a. Is there a potential inadequacy in the analytical methodology and/or tools used in the safety basis?
X Yes [J 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)?

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

Provide an explanation of the assessment result:

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

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 I,
iil, or IV.
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 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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1071112005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 3 of 7

Facility or Acﬁvity: 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 ft

Tap elevation assumed in RELAP4 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 f

Response time error due to 31.9 ft* (TR-752)
for conservatism 25 ft° 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 in
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 ft* (22.44 £°-0.047 ft)the
resulting pressure change would be

(285 psia * 22.44 f*/ 22.39 ft’) - 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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1071112005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 4 of 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
Print/Type Name Signature

llla:

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

Nuclear Facility Manager
Signature or Initials

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 [1] No ¥

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 [ 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 resuits 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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Row o2 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 [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 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.

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 [] No

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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12005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 6 of 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

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:

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. 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,

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 [X] 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.

llid: 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 | shows that there is no potential for an increase in probability or consequence of an accident evaluated in the
safety basis, Part || shows that there is potential for the creation of an unanalyzed accident or malfunction of a
different type, and Part Hll 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 determination result is positive, additional notification for ORPS is required per MCP-190 or
AWP-3.1.

IV. APPROVAL/CONCURRENCE SIGNATURES

APPROVAL.:
Steve lagouer CJlox /06
USQ/Evaluator Date
Print/Type Name
MARTIN Bk Donodcy aof  cletlps
Nuclear Facility Manager Nuclear Facility Manager [ Date
Print/Type Name Signature

CONCURRENCE:
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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 7 of 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

Alan P ﬁ/o:/n'ns ‘ﬁé&, M/ZM
Independent Review Committee Chair
Print/Type Name

£-8-08

Date

Independent Review Committee Chair
Signature
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1o/i1/2005 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-2006-445

Subject: -

Discrepancy with the ATR Primary System Overpraessure Protection Report

Describe the New Information/Discovery:

From PG-T-88-005 “ATR Primary Coolant System Overpressure Protection Report”, the second most
demanding transient for PCS relief valve capacity is the complete loss of heat sink (LOHS) without a
reactor scram. Upon a loss of heat sink the PCS water will heat up, expand, and cause a pressure increase.
The maximum PCS relief valve flow rate for this transient is stated as 622 gpm. The additional flow of 68
gpm from the gland seal water (GSW) pump was not considered in the analysis. The SAR requires the
PCS relief valves to have a total relief capacity of >688 gpm; this will assure that the PCS maximum
pressure does not exceed 120% of the design pressure. Combining the GSW flow with the LOHS
transient flow would result in a total flow of 690 gpm; this would exceed the capacity of the SAR
minimum required relief valve flow. The currently installed PCS relief valves have a combined certified
relief capacity of 700 gpm this would provide adequate protection for this transient.

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,
PG-T-88-005 - ATR Primary Coolant System Overpressure Protection Report

I PISA ASSESSMENT

a.

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

K Yes [ No

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

d Yes [ No

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

1 Yes [ No

Has an actual or postulated operational event or incident revealed a potential inadequacy in the safety
basis?

O vYes X No

Is this an activity or condition not analyzed in the existing safety basis?
[d Yes [X No

Provide an explanation of the assessment resuilt:

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

a PISA
Veryl Kirkpatrick \K; P, DL 6/21/06
USQ Evaluator USQ Evaluatpr - Dat
Print/Type Name C‘&JC\FJ Signaturé | p . o
il AT Mo Ao 0y MK 1) e o 7) c / o /GC.
Nuclear Facitity Manager Nuclear Facility Manager J Date

Print/Type Name Signature
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171112005 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-2006-445

Subject: Discrepancy with the ATR Primary System Overpressure Protection Report

If the answer to ALL of the assessment questions above is No, file the completed form. Do not complete Section II,
i, or V.
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 Il

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

EDF-5522 “Update Complete Loss of Flow and Complete Loss of Heat Sink Analyses for the Advanced
Test Reactor” performed the loss of heat sink analysis for the SAR chapter 15.2 “Decrease In Heat
Removal By the Secondary”, this analysis assumed a loss of heat sink and the failure of the reactor to
scram from high pressure, the same as in PG-T-88-005. PG-T-88-005 was last revised in 1990, and used
hand calculations to determine the PCS expansion, some of the assumptions used in the analysis were
very conservative, for example inlet temperature of 150 °F, outlet temperature of 200 °F, and a PCS flow
of 34,000 gpm, EDF-5522 was performed in 2005 and used RELAPS to perform the analysis, RELAP5
calculated a worst case PCS expansion of 600 gpm. The RELAPS5 does not model the GSW inflow,
combining the two flows result in a total relief valve flow of 668 gpm. This value is below the SAR
minimum required flow of >688 gpm. Therefore continued operation with no restriction is justified.

G.L., Shoel> w gol
Safety Analyt afety Analyst Date

Print/Type Name ?)alure
’ ’ ” /l ' . . ~
MO, M NONOYGL B Nl na— p(n,/w.u,‘u
Nuclear Facility Manager Nuclear Facility Manager’ ‘ Date
Print/Type Name Signature
- 7
Is independent technical review required? Yes [] No [X] ' .45 i [

Nuclear Facifty/Manager
Signature or Initials

Independent Reviewer Independent Reviewer Date
Print/Type Name Signature

Il. DETERMINATION
Identify applicable section(s) of the safety basis document(s) (e.g., DSA, SAR, BIO, TSRs, etc.).
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o R00s POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use.with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 3 of 4

Facility or Activity: RTC, TRA-670 Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-445
Subject: Discrepancy with the ATR Primary System Overpressure Protection Report

lla: 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 []

Explain:

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

Explain:

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:

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

Explain:

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

Explain:
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r/1172005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
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-2006-445
Subject: Discrepancy with the ATR Primary System Overpressure Protection Report

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 0 No

Explain:

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:

Ild: USQ DETERMINATION CONCLUSION

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

Explain:

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

IV. APPROVAL/CONCURRENCE SIGNATURES

APPROVAL.:
USQ Evaluator USQ Evaluator Date
Print/Type Name Signature
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
CONCURRENCE:
Independent Review Committee Chair Independent Review Committee Chair Date

Print/Type Name Signature
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1071112005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 1 0of 5

Facility or Activity: RTC
USQ Process No.: RTC-USQ-2006-445
Subject: Discrepancy with the ATR Primary System Overpressure Protection Report

Describe the New Information/Discovery:

From PG-T-88-005 “ATR Primary Coolant System Overpressure Protection Report”, the second most
demanding transient for PCS relief valve capacity is the complete loss of heat sink (LOHS) without a
reactor scram. Upon a loss of heat sink the PCS water will heat up, expand, and cause a pressure increase.
The maximum PCS relief valve flow rate for this transient is stated as 622 gpm. The additional flow of 68
gpm from the gland seal water (GSW) pump was not considered in the analysis. The SAR requires the
PCS relief valves to have a total relief capacity of >588 gpm; this will assure that the PCS maximum
pressure does not exceed 120% of the design pressure. Combining the GSW flow with the LOHS
transient flow would result in a total flow of 690 gpm; this would exceed the capacity of the SAR
minimum required relief valve flow. The currently installed PCS relief valves have a combined certified
relief capacity of 700 gpm this would provide adequate protection for this transient.

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,
PG-T-88-005 - ATR Primary Coolant System Overpressure Protection Report

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

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?
1 Yes X No
e. s this an activity or condition not analyzed in the existing safety basis?
[ Yes X No

Provide an explanation of the assessment result: : ,
There is reason to believe that the safety analysis for the SAR might be in error. Therefore this constitutes
a PISA

USQ Evaluator USQ Evaluator Date
Print/Type Name Signature
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o 2005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 2of 5

Facility or Activity: RTC
USQ Process No.: RTC-USQ-2006-445

Subject: Discrepancy with the ATR Primary System Overpressure Protection Report
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 |,
lll, or IV.
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 & safe condition.
. Nuclear Facility Manager execute reporting process per MCP-190 or AWP-3.1, for PISA.
. USQ evaluator proceed to Section Iil.

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

EDF-5522 “Update Complete Loss of Flow and Complete Loss of Heat Sink Analyses for the Advanced
Test Reactor” performed the loss of heat sink analysis for the SAR chapter 15.2 “Decrease In Heat
Removal By the Secondary”, this analysis assumed a loss of heat sink and the failure of the reactor to
scram from high pressure, the same as in PG-T-88-005. PG-T-88-005 was last revised in 1990, and used
hand calculations to determine the PCS expansion, some of the assumptions used in the analysis were
very conservative, for example inlet temperature of 150 °F, outlet temperature of 200 °F, and a PCS flow
of 34,000 gpm, EDF-5522 was performed in 2005 and used RELAPS to perform the analysis, RELAP5
calculated a worst case PCS expansion of 600 gpm. The RELAPS does not model the GSW inflow,
combining the two flows result in a total relief valve flow of 668 gpm. This value is below the SAR
minimum required flow of >688 gpm. Therefore continued operation with no restriction is justified.

Safety Analyst Safety Analyst Date
Print/Type Name Signature

Nuclear Facility Manager Nuctear Facility Manager Date
Print/Type Name Signature

Is independent technical review required? Yes [J No [

Nuclear Facility Manager
Signature or Initials

Independent Reviewer Independent Reviewer Date
Print/Type Name Signature

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

SAR-153, Chapter 15.5 - Accident Analysis Increase In Primary Coolant Inventory,
SAR-153, Chapter 15.2 - Decrease in Heat Removal by the Secondary.
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10r11/2005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 3 of 5

Facility or Activity: RTC
USQ Process No.: RTC-USQ-2006-445
Subject: Discrepancy with the ATR Primary System Overpressure Protection Report

INla: 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
Explain:

The PISA only questioned the maximum relief capacity of the PCS relief valves, SF-A-71 and SF-A-72. The probability of failure
of the valves was not an issue. Therefore, 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 X No []
Explain:
This PISA raised an issue on the maximum relief capacity of the PCS relief valves, SF-A-71 and SF-A-72. SAR-153
documented a maximum required flow of 622 gpm due to thermal expansion but did not account for additional flow from the
gland seal system. Between coolant expansion and additions by the gland seal pumps the flow could be as high as 690 gpm.
The SAR requires the PCS relief valves to have a total relief capacity of 2688 gpm; this will assure that the PCS maximum
pressure does not exceed 120% of the design pressure. In actuality the relief valves have been certified to relieve at 700 gpm
and would relieve either flow value. The difference of 2 gpm (688 gpm versus 690 gpm) is expected to have only a minor impact
on the system pressure upstream of the relief valves. However, a slightly higher pressure could be viewed as increasing the
consequences of an accident previously evaluated in the safety basis. With this pressure increase the maximum
pressure may exceed 120% of the design pressure. Therefore, this PISA does 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 only questioned the capacity of the relief valves, SF-A-71 and SF-A-72. The probability of occurrence of a
malfunction of equipment important to safety previously evaluated in the safety basis was not an issue. Therefore, the PISA
does not increase the probability of occurrence of 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;
The PISA only questioned the capacity of the relief valves, SF-A-71 and SF-A-72. The difference between the reported relief
value flow rates was 2 gpm, 688 gpm versus 630 gpm. This difference of 2 gpm is expected to have only a minor impact on the
plant pressure response, but might result in the PCS system reaching a slightly higher pressure value than presented in SAR-
153. This increase may mean that the PCS maximum pressure may not remain within 120% of the design pressure.
Therefore, this PISA does increase consequences of an accident previously evaiuated in the safety basis.

lib: POTENTIAL FOR CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE
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Facility or Activity: RTC
USQ Process No.: RTC-USQ-2006-445
Subject: Discrepancy with the ATR Primary Systerr Overpressure Protection Report

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 only questioned the capacity of the relief valves, SF-A-71 and SF-A-72. The PISA did not question the failure of the

relief valves to open or of the valves to fail in a way different than discussed in SAR-153. 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 evaluated in the safety basis? Yes [] No
Explain:
The PISA only questioned the capacity of the relief valves, SF-A-71 and SF-A-72. The PISA did not question the failure of the
relief valves to open or of the valves to fail in a way different than discussed in SAR-153. 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

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 X No []
Explain:
The PISA identified that the possible flow rate through the relief valves might be 2 gpm more than assumed in SAR-153 (690
gpm versus 688 gpm). This increase could cause the system pressure to be slightly higher than presented in SAR-153. This
change could reduce the required 120% margin required between the PCS maximum pressure and the piping design pressure.
This slight difference in pressure could reduce a margin of safety as defined in the safety basis.

ild: USQ DETERMINATION CONCLUSION

8. Basedonthe resE])nses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes X No
Explain:
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 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:
SR, Wa 5,0 05 9({/‘;‘“ MW 7//6/dé

USQ Evaluator USQ Evaluateg? bate

Print/Type Name Signature
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Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 5 of 5
Facility or Activity: RTC
USQ Process No.: RTC-USQ-2006-445
Subject: Discrepancy with the ATR Primary System Overpressure Protection Report
MART N MON w1y )/ 7L«NVU / ’\(,L'M“W“ 7' lOL(b.é
Nuclear Facility Manager Nuclear Facility Manager ' Date
Print/Type Name Signature
CONCURRENCE:

T METe € (AT ) Qj /y'&@/ U’réﬁ 71/0/06

Independent Review Committee Chau Independent Review| Committee Chair Date
Print/Type Name

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

Facility or Activity: NMIS

USQ Process No.: RTC-USQ-2006-517

Subject: Uranium Powder Hazard

Describe the New Information/Discovery:

A recent project for the permanent removal of non-ATR fuel from NMIS is ongoing. It has prompted a review of the
inventory of powdered material that is stored in the NMIS to determine if it was within the safety basis to repackage
and permanently remove the material from the facility. The quantity of material in some of the individual packages
was large enough to question the validity of the hazard evaluation of powders in the SAR.

Identify the applicable safety basis document(s) (e. g., DSA, SAR, BIO, TSRs, etc.):
SAR-154, “Safety Analysis Report for the Nuclear Materials Inspection and Storage Facility”
TSR-154, “Nuclear Material Inspection and Storage Facility (NMIS) TRA-621"

1. PISA ASSESSMENT
a. s there a potential inadequacy in the analytical methodology and/or tools used in the safety basis?
[0 Yes X 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. lIs 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?
[J vyes X No
e. s this an activity or condition not analyzed in the existing safety basis?
[Jdyes X No

Provide an explanation of the assessment result:

(a) No, the methodology prescribed for hazard evaluation is discussed in DOE standards and company guide
[NS 18104] and includes using a qualitative evaluation. In this SAR, a qualitative analysis was completed
as allowed and is discussed in sections 3.3.2.3.6 and 3.3.2.3.8.

(b) Yes, the assumptions used to complete the qualitative hazard analysis seemed to be based on several
premises that may not be valid. First although there is claim that some of the fuel is in powdered form
[section 3.3.2.1.2] there is no quantitative assessment of the facility powder inventory in section 3.3.2.1 as
listed on Table 3-7 of the SAR. The assumption inferred is that the other fuel types will be enveloping in
the hazard evaluation. Section 3.3.2.3.4 states that “...radiotoxic properties of uranium were considered to
be enveloping due to the high enrichment of the uranium, and thus the chemical toxicity of uranium was
not analyzed.” This seems to be based on the assumption that none of the packages contain more than
300 grams of uranium [ID-LITC-TRA-1999-0010] as well as being highly enriched. The current inventory
does not support these inferences. Based on the recent available inventory masses of the powder
packages range from 22 to 3355 grams of total uranium and enrichment varies from 1.8% to 23.7%.

(c) No, there is no difference in the physical condition of the facility from that described in the safety basis.

(d) No, event directly precipitated an inadequacy in the safety basis.

(e) No, the hazard of storing and handling of powders has been analyzed in the safety basis albeit

qualitatively. ,
/
C Satterwhite (st & 7/24/2006
USQ Evaluator USQ Evaluator Date
Print/Type Name . naiay ‘% 7/
B Clements /0- %%//47’2* \ /f%é
Nuclear Facility Manager Nuclear Facility Manager Date

Print/Type Name Signature
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s 05008 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: NMIS
USQ Process No.: RTC-USQ-2006-517

Subject; Uranium Powder Hazard

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

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

No immediate action was necessary since all powders are in approved storage and thus the facility is already in a
safe condition. To maintain the facility in a safe condition it is necessary prohibit the removal of all powders from
approved storage unless the following conditions are met. The selection of interim controls includes:

Uranium powders are prohibited in the clean room.

Uranium powders may not be taken from approved storage without procedures which implement the appropriate
level of approved controls and the emergency management plan containing the appropriate Emergency Response
Planning Guidelines [ERPGSs] for the facility. This does not preclude removing unopened drums from the facility.

C Satterwhite (sctmuwZl 7/24/2006
Safety Analyst Safety Analyst Date
Print/Type Name 4/@ at , )
B Clements % - //Zu;/zg/ Z{ 7/ </
Nuclear Facility Manager NucleaF Facility Manager Date
Print/Type Name Signature

Is independent technical review required? Yes [] No [ %{ ~

Nuclear Facility Manager
Signature or Initials

la:

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-154 sections 3.3.2.1.2, 3.3.2.3.4, 3.3.2.3.6 and 3.3.2.3.8.

SAR-154 Chapter 6A

TSR 5.154.1

ID-LITC-TRA-1999-0010, “ Review of Nuclear Material Inspection and Storage (NMIS) Facility SAR Results in
Positive USQ Concerning Uranium Powder Handling”

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 probability of an accident is within the bounds of the previously evaluated accidents. Therefore there is no

impact on the occurrence of a drop accident postulated in a facility DSA so the probability of occurrence of
accidents is not changed.
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10/11/2005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 3 of 4

Facility or Activity: NMIS
USQ Process No.: RTC-USQ-2006-517

Subject: Uranium Powder Hazard

2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes X No [
Explain:
The consequences resulting from the qualitative evaluation in the SAR for powder handling accidents is “low”. A
reevaluation of consequenses using the methodology of comparing a calculated room airborn concentration against
the ERPG limits results in a consequence of “high”. Thus there is impact on the consequence of the drop accident
postulated in a facility DSA.

3. Could the PISA increase the probability of occurrence of a malfunction of equipment important to safety
previously evaluated in the safety basis?  Yes 0 No[X
Explain:
The proposed changes do not impact any 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 [] No [X
Explain:
The proposed changes do not impact any equipment important to safety.

illb: 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 methodology for the development of accident scenarios in the facility safety bases is not impacted by the new
information. Therefore, the possibility of an accident is not changed.

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:
The proposed changes do not impact any equipment important to safety.

lHic: POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY
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rori1/2005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 4 of 4

Facility or Activity: NMIS
USQ Process No.: RTC-USQ-2006-517

Subject: Uranium Powder Hazard

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

The evaluations completed in the facilty safety basis to support the derivation of safety controls for powder handling
are impacted. Therefore, the margin of safety is effected.

Ild: 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:
This does constitute an unreviewed safety question since the consequences of the drop accident are changed.

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:
C Satterwhite CEattr it 7/24/2006
USQ Evaluator USAQ Evaluator Date
Print/Type Name /7 ) Sigpsture ;{ 7
B Clements %/%///; 1275 LA - ’?%6
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
CONCURRENCE:

’
A Hoskins ﬂ@_éé/&vgéﬂ /-RY-0g
Independent Review Committee Chair Independent Reviéw Committee Chair Date

Print/Type Name Signature
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Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 10f 5

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

USQ Process No.: RTC-USQ-2008-577
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 Information/Discovery:

SAR-153, Chapter 15.6 “Decrease in Primary Coolant Inventory” Section 15.6.3 discusses a rupture of a heat
exchanger tube; this Condition 2 event will result in a 200-300 gpm loss of coolant accident. TRA-ATR -905-
“Bases for Technical Specification 3.4 Secondary Coolant Radioactivity Control” establishes a SCS activity limit of
0.01uCi/ml for Cendition 1 (normal operation and anticipated operational transients). According to the analysis a
secondary coolant system (SCS) radioactivity concentration of 0.01 pnCi/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 exposure limits were based on DOE Orders and guidance in
effect at the time of the analyses. Discrepancies arise from the use of the results of the condition 1 analysis in ATR-
TRA-905 for the analysis of the condition 2 heat exchanger tube rupture in SAR-153 Section 15.6.3. Additionally,
there are assumptions in TRA-ATR-905 that cannot be supported. Several discrepancies were noted:

1. The isotopic release rates from the SCS are based on 1900 gpm SCS blowdown (evaporation) and a SCS
activity of 0.01uCi/ml. The release rates should have been based on the primary coolant system (PCS)
activity limit (20pCi/ml) and a combined release rate of break flow and PCS degassing flow (~300 gpm).
Volatile radioactive 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. Since 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 isctopes to come out of
solution leaving 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 the water sample, this too
would be not be a representative sample.

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 coclant system (SCS) activity limit in SAR-153 chapter 15.6 is
miscalculated. It appears the time is calculated for a SCS activity of 1 #Ci/ml rather than the 0.01 x#Ci/ml
SCS activity limit.

Identify the applicable safety basis document(s) (e. g., DSA, 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

l. PISA ASSESSMENT
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10/11/2005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 2 of 5

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. 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)?

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

Provide an explanation of the assessment resuit:

The analysis for the 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 incorrectly assume that all activity constituents will be measured. Based on this, the answer to
questions a and b are yes.

~, ! 1’\/ - —

T LT, T Ny - RN TN S ~ K %s Ly /\ e
[{ L ,L//;// D/&_/(\ K (# Pl = M 2 /o/.a
7 usQ Evaluator — USQ Evaluator Date

Print/T ype Name

CARTIN R A fonovss Wésﬁ?f@m/ Z(3>/d¢

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,

il1, or IV.
If the answer to any one of the assessment questions is Yes, there is a potentially inadequate safety analysis
(PISA):

o Nuclear Facility Manager document actions (Section 11), 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 lll.

I DOCUMENT ACTIONS 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 TSR-186-section-3-3-6—LRrimany Caolant L eakagerand AOP 2.4 -

Primary To Secondary Leak. 312 3/&6
S teve L a 5 oS S A > t)ere— S/22/04
Safety Anal{st il Safety Analyst Date

Print/Type Name Signature
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10/11/2005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 3 of 5

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

Is independent technical review required? Yes 0 No O

Nuclear Facility Manager
Signature or Initials

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.).

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 [ No [
Explain:

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

Explain:

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

Explain:
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fo 12005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 4 of 5

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

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

Explain:

lilb: 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:

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 O No O

Explain:

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 [J No [
Explain:

lild: USQ DETERMINATION CONCLUSION
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10/11/2005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 5 of 5

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

8. Based on the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?

Yes [] No [

Explain:

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:
USQ Evaluator USQ Evaluator Date
Print/Type Name Signature
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
CONCURRENCE:
Independent Review Gommittee Chair Independent Review Committee Chair Date

Print/Type Name Signature
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o (2005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 1 of 5

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

Describe the New Information/Discovery:

SAR-153, Chapter 15.6 “Decrease in Primary Coolant Inventory;” Section 15.6.3 discusses a rupture of a heat
exchanger tube; this Condition 2 event will result in a 200-300 gpm loss of coolant accident. TRA-ATR -905-
“Bases for Technical Specification 3.4 Secondary Coolant Radioactivity Control” establishes a SCS activity limit of
0.01uCi/ml for Condition 1 (normal operation and anticipated operational transients). According to the analysis a
secondary coolant system (SCS) radioactivity concentration of 0.01 nCi/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 exposure limits were based on DOE Orders and guidance in
effect at the time of the analyses. Discrepancies arise from the use of the results of the condition 1 analysis in ATR-
TRA-905 for the analysis of the condition 2 heat exchanger tube rupture in SAR-153 Section 15.6.3. Additionally,
there are assumptions in TRA-ATR-905 that cannot be supported. Several discrepancies were noted:

1. The isotopic release rates from the SCS are based on 1900 gpm SCS blowdown (evaporation) and a SCS
activity of 0.01uCi/ml. The release rates should have been based on the primary coolant system (PCS)
activity limit (20uCi/ml) and a combined release rate of break flow and PCS degassing flow (~300 gpm).
Volatile radioactive 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. Since 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 leaving mostly particulates in the samplz 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 inth€ water sample, this too
would be not be a representative sample. I ptrdloo

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 activity of 1 4Ci/ml rather than the 0.01 uCi/ml
SCS activity limit.

Identify the applicable 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

L PISA ASSESSMENT





431.61 INL USQ PROCESS

11102005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 2 of 5

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. Is there a potential inadequacy in the analytical rmethodology 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. lIs 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?
[0 Yes X No
e. Is this an activity or condition not analyzed in the existing safety basis?
0 Yes X No

Provide an explanation of the assessment result:

The analysis for the 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 incorrectly assume that all activity constituents will be measured. Based on this, the answer to
questions a and b are yes.

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 Il
1, or IV.
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 .

. DOCUMENT ACTIONS 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 AOP 2.4 - Primary To Secondary Leak.

Safety Analyst Safety Analyst Date
Print/Type Name Signature
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10/11/2005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 3 of 5

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
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

lil. DETERMINATION
Identify applicable section(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 [ No X
Explain:

None of the discussion 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 evaluated in the safety basis.

2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes [ No [J
Explain:
Several of the issues raised by the PISA such as the manner and timing of gaseous fission product release and
the offsite concentration 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 increase 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 did not increase the
probability of occurrence of a malfunction of equipment important to safety previously evaluated in the safety basis.
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10/11/2005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 4 of 5

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

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 PISA identified the possibility of reaching the maximum analyzed concentration of fission products in the
secondary much quicker then thought following a failure of a heat exchanger tube. This could result in higher
exposure both onsite 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.

Hlb: 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 [
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 evaluated in the safety basis?  Yes O nNo X
Explain:
None of the discussion presented in the PISA evaluation addressed the possibility of a malfunction of equipment
important to safety 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

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 K No [
Explain:
The issues raised 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.

lld: USQ DETERMINATION CONCLUSION
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o 000 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 5 of 5

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

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

Explain:

Part Illa 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 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 determination result is positive, additional notification for ORPS is required per MCP-190 or
AWP-3.1.

IV. APPROVAL/CONCURRENCE SIGNATURES

APPROVAL:
Steue Waag,er gng—— L’/HM /24 /0 &
USQ Evaluator/ USQ Evaluato” Date
Print/Type Name Signatu% )
MARTIN B pdonvusit  yafa f almw g &[a4 &6
Nuclear Facility Manager Nuclear Facility Manager / Date
Print/Type Name Signature

CONCURRENCE:

. ' ¢ .
A [an /O /é/o:krns _@W /%'4/442444/ g~,z9-05
Independent Review Committee Chair Independent Re¥téw Committee Chair Date

Print/Type Name Signature
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1008 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

. e — )
USQProcessNo.:. R TC-ASR=-ROO L - 5 74
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 Fl. 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, etc.):
SAR-153, chapter 15.15

EDF TRA-ATR-927-ATR UFSAR - Chapter 15 - Plate 19 Flow Blockage Analysis For The ATR Safety Analysis
Upgrade

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

[0 Yes [X 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 [X 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?
[0 Yes [X No
e. s this an activity or condition not analyzed in the existing safety basis?
BJ Yes [ No

Provide an explanation of the assessment result:
The seismic LOCA combined with reflector aging has not been analyzed. And therefore the answer to question e is

yes.
VERyC KIRKPATRL I Ve DA . 5’/&//0(0
: ! USQ Evaluator L’?‘/\ ) USQ Evaluator Date
Print/Type Name ' ) Sigrature
MART AN B, M onovey Y, A~ g1 |00
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 1l
Hi, or IV. '

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 H), including interim operating restrictions,
taken to place or maintain the facility in a safe condition.





431.61 INL USQ PROCESS

10/11/2005 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.:

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 Ill.

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

Until the seismic LOCA with an aged reflector in evaluated, reactor operation is not allowed when <2o from Beryllium cracking,
or if cracks in the Beryllium are observed.

Steye l,daq,mpr gc”—bwum A//JZ/Jé
Safety Analyst Safety Analfst Date
Print/Type Name Mnature
MART N R, N [JONOYG i« A /LV\/ Q/l)/(bg
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

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

lfla: 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 [
Explain:

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

Explain:
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1071112005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 3 of 4

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

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 []

Explain:

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

Explain:

illb: 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 [J

Explain:

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:

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:
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1071172005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
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.:

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

llld: USQ DETERMINATION CONCLUSION

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

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.:
USQ Evaluator USQ Evaluator Date
Print/Type Name Signature
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
CONCURRENCE:
Independent Review Committee Chair Independent Review Committee Chair Date

Print/Type Name Signature
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Fo/1172005 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 ali 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, etc.):

SAR-153, chapter 15.15

EDF TRA-ATR-927-ATR UFSAR - Chapter 15 - Plate 1¢ Flow Blockage Analysis For The ATR Safety Analysis
Upgrade

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

O Yes [ 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?

[0 Yes X No

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

0 Yes [ No
d. Has an actual or postulated operational event or incident revealed a potential inadequacy in the safety
basis?
(0 Yes [ No
e. Is this an activity or condition not analyzed in the existing safety basis?
X Yes [ No

Provide an explanation of the assessment result:
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 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,
1, or IV.

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 I}, including interim operating restrictions,
taken to place or maintain the facility in a safe condition.
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o 0a008 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 Ill.

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

Until the seismic LOCA with an aged reflector in evaluated, rezctor operation is not allowed when <2a from Beryllium cracking,
or if cracks in the Beryllium are observed.

Safety Analyst Safety Analyst Date
Print/Type Name Signature

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

lll. DETERMINATION

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

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 [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 [X
Explain:
This event was not evaluated in SAR-153. While several other events were considered concurrent with flow
biockage 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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o 02008 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 3 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

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 does 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 [ No [X
Explain:
This event was not evaluated in SAR-153 in conjunction with a seismic LOCA. Therefore, this PISA does not
increase the consequences of a malfunction of equipment important to safety previously evaluated in the safety
basis.

llib: 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:
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 X No
Explain:
While several other events were considered concurrent with flow blockage in Channel 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.

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 [J 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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Pov o1 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
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

llid: USQ DETERMINATION CONCLUSION
8. Based on the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?

Yes [ No [

Explain:

Part lla shows that there is no potential for an increase in probability or consequence of an accident evaluated in
the safety basis. Part lilb shows that there is a potential for the creation of an unanalyzed accident or malfunction of
a different type, and Part lllc 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.:
A
St eve Wasguer S A e WW &/'&L//G’(
USQ Evaluator / USQ Evaluator < Date
Print/Type Name Signature
MARTIN B M Donogy gl b S, ¢/24/ 46

Nuclear Facility Manager Nuclear Facmty Manager 7 Date

Print/Type Name Signature

CONCURRENCE:

Independent Review C%mmee Chair indeps)ndent Reéew ;oémmee ;halr ' Date

Print/Type Name Signature
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-629
Subject: ATR Reactor Shutdown System Mode Selector Switches Surveillance BRequirement Discrepancy

Describe the New Information/Discovery:

The Advanced Test Reactor (ATR) Technical Safety Requirements (TSR-186) require that the LOCA PCP Shutoff
System be operable during power operation and following power operation until the fuel cooling time is met or < 1
primary coolant pump is operating (see TSR 3.2.3.3). Operability of the LOCA PCP Shutoff System requires that
the Reactor Shutdown System (RSS) mode selector switches be in the pressurized operation position.
Surveillance Requirement (SR) 4.2.3.3.5 requires verification of the RSS mode selector switches position “if the
PCS has been at atmospheric pressure, prior to entering Applicability." The previously text in quotes establishes
the frequency for performing this surveillance.

The Bases section for SR 4.2.3.3.5 discusses that the frequency determined by "if the PCS has been at
atmospheric pressure, prior to entering Applicability” is in part supported by LCO 3.2.3.2. However, the supporting
surveillance requirement associated with LCO 3.2.3.2, to verify the RSS mode selector switch position (SR
4.2.3.2.5), was removed with implementation of TSR-186 Revision 3B in December 2001. As a result, the Bases
section for SR 4.2.3.3.5 refers to a supporting surveillance requirement that no longer exists. Therefore, the
existing SR 4.2.3.3.5 frequency may not ensure that the switch is in the proper position prior to entering the
applicable reactor operating mode and facility procedures may not ensure the required position of the switches prior
to entering applicability.

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

SAR-153, Advanced Test Reactor Upgraded Final Safety Analysis Report
TSR-186, Technical Safety Requirements for the Advanced Test Reactor

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

b. ls there a potential discrepancy between the safety basis assumptions, provisicns, or conditions, in the
accident analysis and the facility operation or parameters?
& Yes No

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

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

Provide an explanation of the assessment result:

The Bases for the SR 4.2.3.3.5 frequency refers to a supporting requirement in the TSR that was deleted with
implementation of TSR-186 Revision 3B (see LCO 3.2.3.2, SR 4.2.3.2.5). The SR frequency may be insufficient to
ensure operability and facility procedures may not adequately control the position of the switches. This represents
a potential discrepancy between the safety basis assumptions and conditions assumed in the accident analyses
and facility configuration during operation.
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-629

Subject: ATR Reactor Shutdown System Mode Selector Switches Surveillance Requirement Discrepancy
G. L. Sharp mf\a,ﬁ hQ,_m.(; q/(‘i}
USQ Evaluator valuator ate
Print/Type Name ’&ature / /
7/ o -~ A
M. B. McDonough /41 /< w"/—\ // s /G;b
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,
i1, or IV.
If the answer to any one of the assessment questions is Yes, there is a potentiaily inadequate safety analysis
(PISA):
) Nuclear Facility Manager document actions {Section Il}, including interim operating restrictions,

taken to place or maintain the tacility in a safe condition.

Nuclear Facility Manager execute reporting prccess per MCP-190 or AWP-3.1, far PISA.

USQ evaluator proceed to Section |li.

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

No immediate action to place or maintain the facility in a safe condition is required.

The reactor operator pre-startup checklist (DOP-7.1.4) performs verification of the RSS mode selector
switches prior to entering applicability for LCO 3.2.3.3 (power operation). This meets the requirements of
SR 4.2.3.3.5 for normal startup conditions. A single, and very unlikely, scenario was identified where the
reactor could exit and re-enter applicability for LCO 3.2.3.3, without going through the pre-startup
checklist. Following shutdown from 2 PCP operation operators are permitted to switch between one of the
operating PCPs and a non-operating PCP. The transition is made by shutting down one operating PCP
(exiting applicability of LCO 3.2.3.3), then starting a PCP {re-entering the applicability). Although there is
no reason for the mode selector switches to be moved during this evolution, facility procedures do not
prevent such and no re-verification of the position of the switches is required by facility procedures.
However, the mode switches are located in a locked room and are not easily accessible. Therefore,
manipulation of the switches during the postulated brief exit and re-entry into LCO 3.2.3.3 appiicability is
not a significant concern.

G. L. Sharp W (‘?} (4 /Ok
Safety Analyst afety Analyst \ \' pae

Print/Type Name

M. B. McDonough NN /Zfzw 4@% g/{g / dé

Nuclear Facility Manager Nuclear Facility Manager Date
PrintType Name Signature
1 / A
Is independent technical review required? Yes ] No [ it 5 Lt e 91y a¢
Nuclear Facility Maféger
Signature or Initials
Independent Reviewer Independent Reviewer Date

Print/Type Name Signature
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lll. DETERMINATION
Identify applicable section(s) of the safety basis document(s) (e.g., DSA, SAR, BIO, TSRs, etc.).

TSR-186 Section 3.2.3.3 (SR 4.2.3.3.5);
SAR-153 Section 6.10, Section 15.6, and addendum EDF-5614

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:

The LOCA PCP Shutoff System is an engineered safety feature (ESF) that provides mitigation in response to
certain postulated accident conditions. However, failure of the LOCA PCP Shutoff System to perform its intended
safety function is not an initiator for any postulated accidents. Therefore, there is no increase in the probability of
occurrence of any accident.

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

Explain:

The LOCA PCP Shutoff System is an ESF that provides mitigation in response to certain postulated accident
conditions. The accident analysis considers a partial failure of this ESF by analyzing continued operation of a
single PCP. Should the RSS mode selector switches be in the incorrect position during pressurized operation,
although very uniikely, the LOCA PCP Shutoff System would be defeated, resulting in all operating PCPs to
continue to run which is not bounded by the safety basis analyses.

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 LOCA PCP Shutoff System is an ESF that provides mitigation in response to certain postulated accident
conditions. The accident analysis considers a partial failure of this ESF by analyzing continued operation of a
single PCP. Should the RSS mode selector switches be in the incorrect position during pressurized operation,
although very unlikely, the LOCA PCP Shutoff System would be defeated. Hence, there is a potential increase in
the probability of occurrence of a malfunction of equipment.

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 LOCA PCP Shutoff System is an ESF that provides mitigation in response to certain postulated accident
conditions. The accident analysis considers a partial failure of this ESF by analyzing continued operation of a
single PCP. Should the RSS mode selector switches be in the incorrect position during pressurized operation,

although very unlikely, the LOCA PCP Shutoff System would be defeated, resulting is all operating PCPs to
continue to run. This postulated failure mode is not bounded by the safety basis analyses.

llib: 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:
This LOCA PCP Shutoff System is an ESF that provides mitigation in response to certain postulated accident

conditions. However, failure of the LOCA PCP Shutoff System to perform its intended safety function is not an
initiator for any postulated accidents. Therefore, there is no potential to create an accident of a different type.
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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 [X] No

Explain:

The LOCA PCP Shutoff System is an ESF that provides mitigation in response to certain postulated accident
conditions. The accident analysis considers a partial failure of this ESF by analyzing continued operation of a
single PCP. Should the RSS mode selector switches be in the incorrect position during pressurized operation,
although very unlikely, the LOCA PCP Shutoff System would be defeated, resulting is all operating PCPs to
continue to run. This postulated failure mode is not addressed in the safety basis analyses.

llle: 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:

The LOCA PCP Shutoff System is an ESF that provides mitigation in response to certain postulated accident
conditions. The accident analysis considers a partial failure of this ESF by analyzing continued operation of a
single PCP. Should the RSS mode selector switches be in the incorrect position during pressurized operation,
although very unlikely, the LOCA PCP Shutoff System would be defeated, resulting in all operating PCPs to
continue to run which is not bounded by the safety basis analyses.

liid: USQ DETERMINATION CONCLUSION

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

Explain:

The LOCA PCP Shutoff System is an ESF that provides mitigation in response to certain postulated accident
conditions. The accident analysis considers a partial failure of this ESF by analyzing continued operaticn of a
single PCP. Should the RSS mode selector switches be in the incorrect position during pressurized operation,
although very unlikely, the LOCA PCP Shutoff System would be defeated, resulting in all operating PCPs to
continue to run. This condition could result in an increase in the consequences of some previously analyzed
accidents, an increase in the probability of failure of equipment important to safety, the postulated failure, and the
corresponding postulated consequences, and a reduction in the margin of safety.

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

IV. APPROVAL/CONCURRENCE SIGNATURES

APPROVAL.: .
G. L. Sharp Q %@\z/\tﬂ: C’/ZS/ ol
USQ Evaluator “98Q Evaluator ¥ I |Date

Print/Type Name ignature

M. B. McDonough I [ W{Z o/ 1y [dt

Nuclear Facility Manager <" Nucleag Facility Manager * Date
Print/Type Name Signature
CONCURRENCE:

A. P. Hoskins éé«, f ’% ; /Z,M‘ 4 -ARS - (Zé
Independent Review Committee Chair Independent Heview Committee Chair Date

Print/Type Name Signature
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-630
Subject: TSR Surveillance Requirement 4.2.1.2.9 Inadequately Implemented

Describe the New Information/Discovery:

TSR Surveillance Requirement 4.2.1.2.9 requires the firewater pump startup parameter SETPOINTS and
RESPONSE time to be verified annually. This verities the requirement in TSR Table 3.2.1.2-2 that the setpoint is
2 55 psig and the response time is < 120 sec.

DOP 8.3.3, "RTC Annua! Firewater Pump Setpaints,” is identified as the procedure which provides the instructions
for performing the surveillance requirement. The time this procedure measures is the time from the start pressure
trip to the start of cranking of the firewater pump. This is not the appropriate response time measurement. It
should measure the time from the start pressure trip to the time the firewater pump is running.

identify the applicable safety basis document(s} (e. g., DSA, SAR, BIO, TSRs, etc.):

SAR-153, Advanced Test Reactor Upgraded Final Safety Analysis Report
TSR-186, Technical Safety Requirements for the Advanced Test Reactor

l PISA ASSESSMENT

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

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

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

Provide an explanation of the assessment result:

The analysis, which provides the basis for TSR-186 Secton 3.2.1.2, assumes the pump will start < 120 sec. ater the
start pressure trip is reached. This time is currently not measured by the surveillance procedure.

G. L. Sharp I })Q/\mm q , 14 /(’l

USQ Evaluator ~ ¥ 1T UsQ Evalua¥er ' Pbate
Print/Type Name . Signature {
" ’ ‘ r4 / [+
M. B. McDonough s wu -—-“‘/ 2l , (! (14 b
Nuclear Facility Manager Nuciear Facility Manager 7 | Date
Print/Type Name Signature

if the answer to ALL of the assessment questions above is No, file the compieted form. Do not complete Section i,
I, or IV.

If the answer to any one of the assessment questions is Yes, there is a potentially inadequate safety analysis
(PiSA):
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-630

Subject: TSR Surveillance Requirement 4.2.1.2.9 Inadequately Implemented

. Nuclear Facility Manager document actions (Section 1l), 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.

o USQ evaluator proceed to Section lli.

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

No immediate action to place or maintain the facility in a safe condition is required.

Response time testing of the firewater pumps start function is performed at regular intervals using DOP-
8.3.3. The pumps are also started weekly to meet fire protection requirements. The surveillance test
measures the time from the start pressure trip to the start of cranking of the pump. Although the
surveillance test does not formally measure and document the time for the pump to start and run, the
approximate time of the pumps to start and run is observed to be well within the allowed 120-second total
actuation and start time requirement. The time for a firewater pump to start and run is on the order of 10
seconds. The total time for the pump start actuation, the start delay timer (£ 25 seconds), and the time for
any firewater pump to start and run Is on the order of 60 seconds (or less) compared to the total allowed
time of 120 seconds.

In order to eliminate the response time testing discrepancy, the surveillance procedure will be modified to

measure the total pump response time from the start pregsge trip to the time the firewater pump is
running. The procedure revision will be completed by ¢) el

G. L. Sharp (:)N/;{v %{Z/vxq "1'}(‘1 /('lu

Safety Analyst Analyst  \ [ [Date
Print/Type Name Signature P /
Ny S 2 Ve "{ N
M. B. McDonough L /< : { ] /r"' 20
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
Is independent technical review required? Yes [] No [A [ [’5 Yo A (] ( (4 { S

Nuclear Facility Manager
Signature or Initials

Independent Reviewer Independent Reviewer Date
Print/Type Name Signature
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il. DETERMINATION
Identify applicable section(s) of the safety basis document(s) (e.g., DSA, SAR, BIO, TSRs, etc.).

TSR-186 Section 3.2.1.2
SAR-153 Section 15.11.10
SAR-153 addendum EDF-5614

lita: 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

Explain:

The auto-start function of firewater pumps 688-M-1, 688-M-2, and 633-1 is relied on to mitigate certain accident
sequences in the ATR safety basis. The auto-start function is not an accident initiator and does not contribute to
the probability of occurrence of any credible accident.

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

Explain:

The auto-start function of firewater pumps 688-M-1, 688-M-2, and 633-1 is relied on to mitigate certain accident
sequences in the ATR safety basis. The time for a pump to receive its start signal until the pump is running and
providing flow is modeled. Failure to perform an adequate surveillance test could lead to an unidentified increase in
the time from the start pressure trip to the time a firewater pump is running and providing flow. Therefore, the pump
performance could degrade and, thereby, result in an increase in the consequences of some safety basis analyses.

3. 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 auto-start function of firewater pumps 688-M-1, 688-M-2, and 633-1 is relied on to mitigate certain accident
sequences in the ATR safety basis. The time for a pump to receive its start signal until the pump is running and
providing flow is specifically modeled. Failure to perform an adequate surveillance test could lead to an unidentified
increase in the time from the start pressure trip to the time a firewater pump is running and providing flow and,
thereby, result in the pump response being outside of its assumed performance. Therefore, the inadequate
surveillance could increase the probability of occurrence of a malfunction of equipment.

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

Explain:

The auto-start function of firewater pumps 688-M-1, 688-M-2, and 633-1 is relied on to mitigate certain accident
sequences in the ATR safety basis. Failure of a firewater pump to start and run is considered as a postulated
single failure in the accident analyses; 2 of 3 pumps must start and run for success. This bounds any postulated
degraded performance or failure of a single firewater pump to perform its intended safety function. Multiple pump
failures due to the inadequate start time surveillance is not a credible condition. The maximum aliowed time in the
safety basis for each firewater pump to start and run is 120 seconds, compared to the typical performance of

60 seconds (including start timer delays of up to 25 seconds). Significant degradation in the start time of a pump
would have to occur in order for pump performance to drift outside the assumed condition. This condition would
also have to occur simultaneously in multiple pumps. Significant degradation in the start performance of multiple
firewater pumps would be readily detectable. Therefore, failure to properly implement the firewater pump response
time test does not result in an increase in the consequences of a malfunction of equipment.
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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 [ No [X

Explain:

The auto-start function of firewater pumps 688-M-1, 688-M-2, and 633-1 is relied on to mitigate certain accident
sequences in the ATR safety basis. The auto-start function is not an accident initiator nor does it contribute to the
occurrence of any accident. The surveillance and response time of the firewater pump auto-start function do not
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 [] No

Explain:

The auto-start function of firewater pumps 688-M-1, 688-M-2, and 633-1 is relied on to mitigate certain accident
sequences in the ATR safety basis. Failure of a firewater pump to start and run is considered as a postulated
failure in the accident analyses, this includes any postulated failure resulting in a firewater pump to fail to run.
Therefore, failure to properly implement the pump start time surveillance does not result in a malfunction equipment
important to safety of a different type than 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 X No [
Explain:

The auto-start function of firewater pumps 688-M-1, 688-M-2, and 633-1 is relied on to mitigate certain accident
sequences in the ATR safety basis. The time for a pump to receive its start signal until the pump is running and
providing flow is modeled. Failure to perform and adequate surveillance test could lead to an unidentified increase
in the time from the start pressure trip to the time a firewater pump is running and providing flow and, thereby, could
reduce the margin of safety determined by the accident analyses.

llid: USQ DETERMINATION CONCLUSION

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

Explain:

The auto-start function of firewater pumps 688-M-1, 688-M-2, and 633-1 is relied on to mitigate certain accident
sequences in the ATR safety basis. The time for a pump to receive its start signal until the pump is running and
providing flow is specifically modeled. Failure to perform an adequate surveillance test could lead to an unidentified
increase in the time from the start pressure trip to the time a firewater pump is running and providing flow and,
thereby, result in the pump response being outside of its assumed performance. This condition could result in an
increase in the consequences of some previously analyzed accidents, an increase in the probability of failure of
equipment important to safety, and a reduction in the margin of safety.

NOTE: If USQ determination result is positive, additional notification for ORPS is required per MCP-190 or
AWP-3.1.
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2006-655

Subject: Inconsistencies in the Maximum Hypothetical Accident Analysis

Describe the New Information/Discovery:

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 cbservations. The observations can be
lumped inio three general categories.

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.

. Section 15.12 states that the radiological consequences are based on 100% core melt; however, the
analytical basis (Technical Report PG-T-82-112) is a large outlet break loss-of-coolant accident (LOCA) calculation
that results in melting of 30% of the core fuel in the high power quadrants. Since these are the high power
guadrants 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 basis predicts about 30 grams of iodine are released from the fuel that melts. The total core
jodine inventory is 131 grams. The analysis then predicts that 3.1 grams of iodine are released to the ATR
confinement atmosphere. 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 grams 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 availabie for the 5.3%
factor.

. In the analytical 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 portrayed 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
numerous nominal and best estimate assumptions. Use of nominal and best estimate analyses in a facility safety
basis is typically accompanied by a determination and accounting for uncertainties in the analyses. There is no
determination and accounting for uncertainty in the Section 15.12 analyses.
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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
(ORIGENZ2 , 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 presents 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 applicant may desire to provide a "realistic analysis” for comparison
purposes. [f this is the case, the applicant may provide an indication of the assumptions he believes to be
adequately conservative, but the known NRC assumptions should nevertheless be used in the design basis
analysis. Any "realistic analysis" provided will help guantify 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 confinement building.

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

PISA ASSESSMENT
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R 12000 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 3 of 6

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

Subject: Inconsistencies in the Maximum Hypothetical Accident Analysis

a. s there a potential inadequacy in the analytical methodology and/or tools used in the safety basis?
B 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. 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?

[0 Yes No

e. s this an activity or condition not analyzed in the existing safety basis?

] Yes X No

Provide an explanation of the assessment result:

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

anaiysis. .
J. C. Chapman ﬂﬁ%\ﬂm 27 Seppd 20000
USQ Evaluator / S@ Evaluator ¥ Date
Print/Type Name : ignature _
M. B. McDonough . é /M/lﬂ’jﬂ 9\—7€ E / J ¢ 6
Nuclear Facility Manager Nuclear Facility M?'ﬁagér 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 1l
I, or IV.
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 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 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 design basis accident for offsite consequence is the Condition 4 seismic loss-of-coolant accident
(LOCA). The worst case accident calculated margins from critical heat flux (CHF) and flow instability (Fl), the ATR
Plant Protection Criteria, are 3.40 standard deviations and 1.64 standard deviations (EDF-5668). These margins meet
the Condition 4 plant protection criteria.

Primary analysis indicates that reducing the maximum effective plate power (EPP) for the ATR fuel elements by 13%
will increase the margins from CHF and Fl to 3.49 standard deviations and 3.34 standard deviations. Preliminary
analysis results are attached. The Condition 2 ATR Plant Protection Criteria are 3 standard deviations from CHF or FL.
Operations of the ATR with the 13% reduced EPP will result in the worst case Condition 4 accident meeting the
Condition 2 plant protection criteria, and consequently, will eliminate any credible possibility of fuel damage from the
worst case design basis LOCA. Other postulated design basis ATR fuel damage events occur with an intact primary





431.61 INL USQ PROCESS
10/11/2005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM

Use with LWP-18001

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

(DO NOT USE FOR PROPOSED CHANGES)

Page 4 of 6

Subject: Inconsistencies in the Maximum Hypothetical Accident Analysis

coolant system {PCS)}. Any fission product release will be contained in the PCS and detected by the fission break and

stack monitors resulting in reactor scram and confinement isclation.

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 piate 19 EPP less than or equal to 387 MW,

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

2 PCP operations plate 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 standard deviations to reflector ligament craking,

3 PCP operations plate 19 EEP less than or equal to 310 MW,

3 PCP operaticons inner plates EPP less than or equal to 310 MW,

2 PCP operations plate 19 EPP less than or equal to 311 MW,

2 PCP operations inner plates EPP less than or equal to 354 MW,

J. C. Chapman
Safety Analyst Safety Analyst Date
Print/Type 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

ltla:

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.).

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
Explain;
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1071172005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
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 ] No [

Explain:

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

Explain:

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

Explain:

litb: 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:

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:

llic: POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY
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por1/2005 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 Analysis

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

llid: USQ DETERMINATION CONCLUSION
8. Based on the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?

Yes L] No []

Explain:

NOTE: if USQ determination result is positive, additional notification for ORPS is required per MCP-180 or
AWP-3.1.

Iv. APPRQVAL/CONCURRENCE SIGNATURES

APPROVAL:
USQ Evaluator USQ Evaluator Date
Print/Type Name Signature
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
CONCURRENCE:
Independent Review Committee Chair independent Review Committee Chair Date

Print/Type Name Signature
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S 05 INL USQ PROCESS
1711200 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM

Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 10f6

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

Subject: Inconsistencies in the Maximum Hypothetical Accident Analysis

Describe the New Information/Discovery:

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 can be
lumped into three general categories.

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.

. Section 15.12 states that the radiological conseguences are based on 100% core melt; however, the
analytical basis (Technical Report PG-T-92-112} is a large outlet break loss-of-coolant accident (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 basis 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 atmosphere. 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 gualitative arguments are
provided for the factor of 2 reduction in the refease 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 grams 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 meft. 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 analytical basis calculation the pipe corridor (primary coolant piping space below the reactor vessel)
is characterized as a relatively closed volume within the confinement. This smali 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
results are portrayed 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
numercus nominal and best estimate assumptions. Use of nominal and best estimate analyses in a facility safety
basis is typically accompanied by a determination and accounting for uncertainties in the analyses. There is no
determination and accounting for uncertainty in the Section 15.12 analyses.
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17112005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 2 of 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
(ORIGEN2 , 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 presents 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 applicant 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 conservative, 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 confinement building.

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

I PISA ASSESSMENT
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10/11/2005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 3 of 6

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

Subject: Inconsistencies in the Maximum Hypothetical Accident Analysis

e

a. s there a potential inadequacy in the analytical methodology and/or tools used in the safety basis?

D4 Yes L[] 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)?

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

Provide an explanation of the assessment resulit:

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
Print/Type Name Signature
M. B. McDonough
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 |l
1, or 1v.
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 Il

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

FPre hmruary

J0-5 0
mbh

Rrirmary analysis indicates that reducing the maximum effective plate power (EPP) for the ATR fuel elements by 13%
will increase the margins from CHF and Fl to 3.49 standard deviations and 3.34 standard deviations. Preliminary
analysis results are attached. The Condition 2 ATR Plant Protection Criteria are 3 standard deviations from CHF or FI.
Operations of the ATR with the 13% reduced EPP will result in the worst case Condition 4 accident meeting the
Condition 2 plant protection criteria, and consequently, will eliminate any credible possibility of fuel damage from the
worst case design basis LOCA. Other postulated design basis ATR fuel damage events occur with an intact primary
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;g’v‘ﬂéﬁ”"f’ POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM

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 (PCS). Any fission product release will be contained in the PCS and detected by the fission break and
stack monitors resulting 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 inner plates EPP less than or equal to 385 MW;

2 PCP operations plate 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 standard deviations to reflector lig ent craking, 0 é
3 PCP operations plate 19 EEP less than or equal t w OK /0‘5’
3 PCP operations inner plates EPP less than or equal to MW; ,(,-s" ow

2 PCP operations plate 13 EPP less than or equal to 31a2§ 4 { Ol 5
2 PCP operations inner plates EPP less than or equal t Mw. "\ f
J. C. Chapman
Safety Analyst Safety Analyst Date
Print/Type Name Signature
M. B. McDonough
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature

Is independent technical reviéwrequired? Yes [] No [

Nuclear Facility Manager
Signature or Initials

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, Section 15.12.10, “Radiological Analysis,” Section 15.6, “Decrease in Primary Coolant Inventory,”
Section 15.8.7, Significant Melting of One Entire Fuel Element (or Partial Melting in More than One Element) Due to
Crushing to Other Accidents,”and Section 15.10.3, “Fuel Channel Blockage or Fuel Damage Due to the Failure of
Large Structural Elements Above or Within the Core”

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 [] No
Explain:

The PISA questioned the appropriateness of using the Section 15.12.10 large break loss-of-coolant accident
(LOCA)}, “maximum 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.





431.61 INL USQ PROCESS

10/1/2005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
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 XI'  No []
Explain:
The PISA questioned 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 incensistencies 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 consequences of the LOCA may increase which in effect will increase the consequence of the bounded
accidents.

3. Could the PISA increase the prabability of occurrence of a malfunction of equipment important to safety
previously evaluated in the safety basis? Yes [1] No [X
Explain:
The PISA questioned the appropriateness of using the Section 15.12.10 LOCA 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 a malfunction of any important to safety
equipment.

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 PISA questioned 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. 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 will increase the consequence of the bounded accidents.

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 [ ] No
Expiain:
The PISA questioned the appropriateness of using the Section 15.12.10 LOCA analysis to bound the consequence
to the design basis 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 in the safety basis? Yes [] No
Explain:
The PISA questioned the appropriateness of using the Section 15.12.10 LOCA analysis to bound the consequence
to the design basis accidents. Section 15.12, “Severe Accident Analyses,” discusses beyond design basis
accidents. The PISA does not create the possibility of any maifunction of equipment important to safety.





431.61 INL USQ PROCESS
po/11/2005 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 Analysis
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 questioned 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. Althcugh 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 which in effect will decrease the margin of safety.
ilid: 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 questioned the appropriateness of using Section 15.12.10 LOCA analysis to bound the consequence of
design basis accidents. 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. APPROVAL/CONCURRENCE SIGNATURES
APPROVAL:
J. C. Chapman W{%;égué: . 4ot 2006
USQ Evaluator / Q Evaluator Date
Print/Type Name Signature
M. B. McDonough m ] K v “ ( oCc v L}OOG
Nuclear Facility Manager Nuclear Facility Mahager Date
Print/Type Name Signature
CONCURRENCE:
A. P. Hoskins Jo -8 ue
Independent Review Committee Chair Independent Review Committee Chair Date

Print/Type Name Signature
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1071112005 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: 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 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 exposures resulting from the radiologicat consequence analyses in Section 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 quenching in the reactor vessel, temperature and
time dependent fission product release models for moiten 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 detailed
analysis in Section 15.12 is not applicable to the canal area accidents.

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

I PISA ASSESSMENT

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

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

[l Yes [X No

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

e. s this an activity or condition not analyzed in the existing safety basis?
[l Yes No

Provide an explanation of the assessment result:
Section 15.12 analysis (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 canal area.

J. C. Chapman 0@ @/ NS 2 1St 2c0¢,
USQ Evaluator 4 Q Evaluator ' Date
Print/Type Name }//4 Signghare
M. B. McDonough P 6; @m[ 27512 F 100¢
Nugclear Facility Manager Nuclear Facility Manager 7/ Date

Print/Type Name Signature
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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 2 of 4

Facility or Activity: Advanced Test Reactor
USQ Process No.:. RTC-USQ-2006-658

Subject: Section 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 11,
Hi, or IV.

If the answer to any one of the assessment questions is Yes, there is a potentially inadequate safety analysis
(PISAY:
. Nuclear Facility Manager document actions (Section II), 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 1.

. 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
Safely Analyst Safety Analyst Date
Print/Type 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 Initiais

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

Identify applicable section(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 ] No [}

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

Subject: Section 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 [] No [

Explain:

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:

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

Explain:

llib: 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:

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:

Hic: POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY
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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

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

liid: USQ DETERMINATION CONCLUSION

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

Explain:

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

IV. APPROVAL/CONCURRENCE SIGNATURES

APPROVAL.:
USQ Evaluator USQ Evaluator Date
Print/Type Name Signature
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
CONCURRENCE:
Independent Review Committee Chair Independent Review Committee Chair Date

Print/Type Name Signature
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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 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 exposures resulting from the radiological consequence analyses in Section 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 quenching 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 detailed
analysis in Section 15.12 is not applicable to the canal area accidents.

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

L PISA ASSESSMENT

a.

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

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

X vyes [ No

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

1 Yes [X No

Has an actual or postulated operational event or incident revealed a poiential inadequacy in the safety
basis?

J Yes X No

Is this an activity or condition not analyzed in the existing safety basis?

[0 Yes [ No

Provide an explanation of the assessment result:
Section 15.12 analysis (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. C. Chapman
USQ Evaluator USQ Evaluator Date
Print/Type Name Signature
M. B. McDonough
Nuclear Facility Manager Nuclear Facility Manager Date

Print/Type Name Signature
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107172005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 2 of 5

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

If the answer to ALL of the assessment questions above is No, file the completed form. Do not complete Section i,
I, or V.
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 II), 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 il

(N 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
Print/Type Name Signature
M. B. McDonough
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature

fs independent technical review required? Yes [] No [

Nuclear Facility Manager
Signature or Initials

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, efc.).

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

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 [] No
Explain:

The PISA concerns the appropriateness of scaling the Section 15.12.10 maximum hypothetical accident analysis to
bound the consequence of meiting ATR fuel elements while submerge in the ATR canal. The PISA does not affect
the probability of occurrence any accident. Section 15.8.7 hypothesizes melting one entire ATR fuel element, or
partially melting eight elements, due to any cause and assumes the event is a Condition 4 fault.
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101172005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 3 of 5

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

2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes X No (]
Explain:
The PISA questioned the appropriateness of scaling the Section 15.12.10 maximum hypothetical accident analysis
consequence. The 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.

3. Could the PISA increase the probability of occurrence of a malfunction of equipment important to safety
previously evaluated in the safety basis?  Yes [l No
Explain:
The equipment important to safety is the canal structure, canal liner and equipment whase 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 consequence to bound the canal accidents, does not affect any 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 PISA questioned 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 coolant 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 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. So the consequence of a
failure of equipment that could result in crushing ATR fuel elements in the un-irradiated canal storage may not be
well defined.

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 [ 1 No [X
Explain:
The PISA questioned the appropriateness of scaiing the Section 15.12.10 LOCA analysis consequence to bound
the Condition 4 canal accident. The PISA does not create an accident of a different type.
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1074112005 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
Use with LWP-18001 (DO NOT USE FOR PROPOSED CHANGES) Page 4 of 5

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

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:
The PISA questioned the appropriateness of scaling the Section 15.12.10 LOCA analysis conseguence to bound

the Condition 4 canal accident. The PISA does not create any possibility of a malfunction of equipment important
to safety.

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 [X] No [
Explain:
The PISA questioned the appropriateness of scaling the Section 15.12.10 LOCA analysis conseguence to bound
the Condition 4 canal accident. The consequence of the Condition 4 canal accident in which one ATR fuel element
melts or eight fuel elements partially melt is not well defined, and therefore, the margin of safety is not well defined.

llid: 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:
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 positive, additional notification for ORPS is required per MCP-190 or
AWP-3.1.

IV. APPROVAL/CONCURRENCE SIGNATURES
APPROVAL.:

J. €. Chapman %2 :)é % i f[oc,[ 2006
USQ Evaluator SQ Evaluator Date

Print/Type Name Sigrature
M. B. McDonough Vh ,ﬁ /Ztg i 4 ol i
Nuciear Facility Manager Nuclear Facility Marfager Date
Print/Type Name Signature
CONCURRENCE:

A. P. Hoskins A"/&g é% zﬁg /0 -8-6&
Independent Review Committee Chair Independent Review Committee Chair Date

Print/Type Name Signature
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Facility or Activity: Advanced Test Reactor

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

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

Describe the New Information/Discovery:

ATR Design Basis Reconstitution Project |denltﬂed five issues wﬂh the ATR safely-bas:s evaluation of potential
confinement over pressurization:

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

Issue 2: The RMS-2 function for confinement over-pressure protection was eliminated without adequate evaluation.
Issue 3: In appropriate extrapolation of confinement performance data.

Issue 4: Inadequate accounting for potential confinement heat sources.

Issue 5: Confinement under pressure events have not been evaluated

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

Atkinson, S. A., ATR Containment Failure Potential during an ATR Accident, TR-808, March 25, 1976
Burr, T. K., letter to D.-R. Mousseau, ATR Confinement Area Design, TKB-19-87, September 9, 1987
Close, J. A., ATR Hydrogen Behavior and Confinement Performance, PG-T-88-020, September 1988
Close, J. A., ATR Hypothetical Accident Description, PG-T-88-021, September 1988

Lucas, D.S, ATR Confinement Building Leak Rate Calculations, TRA-ATR-1543, Rev. 2, March 14, 2005
Rolfe, R. L. letter to Distribution, ATR Confinement Upgrade Study, RLRO-07-88, May 24, 1988

Safety Analysis Report Advanced Test Reactor - Volume 1 of 2, IDO-17021, April 1965

Unreviewed Safety Question Evaluation, EIimihation of RMS-2 Action Check, TRA-USQ-SE-98-050, August 26,
1998

Upgraded Final Safety Analysis Report for the Advanced Test Reactor, SAR-153, Current Issue

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 II, 1ll, and V.
If “No,” provide an explanation and basis for the reasonability determination.

USQ Evaluator USQ Evaluator Date
PrintType Name Signature
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%Me2007  REASONABILITY DETERMINATION/POTENTIAL INADEQUAGY IN ~
Use with LWP-18001 _ THE SAFETY ANALYSIS (PISA) FORM - Pagezof

(DO NOT USE FOR PROPOSED CHANGES) 11

Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2007-726

Subject: Evaluation of Confinement Pressure Transient Capability (GAP-013-07)
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 II, IlI, or IV.
If the answer to the question above is “Yes,” complete _Sectioh li, i, and IV,

Il pISA DECLARATION

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

Issue 1: SAR-153 over-states the capability of the confinement to withstand an ove'r-presshre event.

SAR-153 General Design Criterion 16, Confinement Design, requires that reactor confinement and associated systems shall be
provided to establish a barrier against the uncontrolled reiease of radioactivity to the environment and to assure that the
confinement design conditions important to safety are riot exceeded for as long as postulated accident conditions require,

The confinement integrity 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. o

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 position, 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
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 exirapolate 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 " -
_extrapolation 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 buildiﬁg main supply fan (HVS-1) with the exhaust fan running results in a negative preésura 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 execute reporting process for PISA per LWP-9301 and LWP-13830.
o Qualified USQ evaluator proceed to Section Ill.

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 plantin a safe condition. The plant will continue to operate.
Any failure of HVS-1 which result in a building under-pressure will require the following:
If the reactor is in an outage, a building leak-rate test is to be performed prior to entering confinement applicability.

If the reactor is in operation, walk-down of the accessible areas to inspect for damaged confinement will be performed; perform
a building leak-rate test prior to tha:nextseheduledreactor startups






3

Fel i

4ast - |NLUSQPROCESS =
o tp " REASONABILITY DETERMINATION/POTENTIAL INADEQUACY IN

Rev. 02 _ |
Use with LWP-18001 = . THE SAFETY ANALYSIS (PISA) FORM , " Page 4 of
(DO NOT USE FOR PROPOSED CHANGES) 11

Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2007-726

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

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 reactors. 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 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 (See PISA declaration) 10/24/07
Safety Analyst Safety Analyst Date
Print/Type Name : Signature
M. B. McDonough (See PISA declaration) 10/24/07
Nuclear Facility Manager Nuclear Facllity Manager Date
Print/Type Name Signature

Is independent technical review required? Yes No []

Nuclear Facllity Manager
Signature or Initials

A. P. Hoskins (See PISA declaration) 10/25/07
Independent 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 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, 6.2-1,
6.2.2.1, Table 6.2-1,6.2.2.9,6.2.3.2, 125.2.2.1, 15,7, 15.8.7, 15.12, 16.2.2.6

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 [J No [¥
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 descrihes.a.cancern thattire confingémant leak rate may change after an over-
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2007-726

Subject:

Issue 2

Issue 3

Issue 4

Issue 5

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

pressurization.event. It also notes that a previously recommended overpressure protection feature has not

‘been mstalled

- 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 increase the

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

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
possible 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.

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 retenllon 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.

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
failure of a pressurized water loop experiment facility would result in a potential heat source.

The presence or absence of a confinement heat removal source would 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.

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.

Confinement 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.

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

Explain:

Issue 1

No. SAR-153 discusses several radiological accidents (Sections 15.7, 15.8.7, 15.12). All of these accidents
assume near steady-state releases of radioactive material from the confinement. These releases are driven
by emergency firewater injection:system-(EFIS) flow inta:the building via the primary coolant system (PCS),
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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. . ' ' - o

" 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. '

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
atthe 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
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.. . '
Issue 4 : .
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,
the pressure and temperature inside the containment could remain elevated for substantial periods of time,

which might adversely affect containment leakage or equipment qualification lifetimes.

Atthe ATR, the confinement is not designed to contain 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 callons).and:would condenss:aquiekiy.on:cald confinement surfaces. Thus, after a
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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 ) 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. ' '

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:

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 result 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.

Issue 3
No. The issue 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 basis 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
malfunction.

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. : '
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4.  Could the PISA increase the consequences of a malfunction of equlpment important to safety prewuusly
evaluated in the safety basis?  Yes Kl No O

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 malfunctions 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.

lih: 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:

Issue 1
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 '
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No. As described under Question 1, Issue 4 is not an accident initiator.
lIssue 5 : :
' 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. . .

6.  Could the PISA create the possibility of a malfunction of eqqulnent important to safety of a dlfferent type than
Ppreviously evaluated in the safety basis? ~ Yes X I

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
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 .
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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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 O
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.

lild: 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: :

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. o o
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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:

Steven D. Winter (trainee) / J. C. Chapman Do ie e Mo 20>
USQ Evaluator 7" USQ Evalualor ) Date
PrintType Name ... . Signature .
M. B. McDonough ) AL b~/ - r“\-Q(r _.d)r\
Nuclear Facility Manager ‘Nuclear Facility Manager r f Date
Print/Type Name Signature .
CONCURRENCE: :
A. P. Hoskins /- 7-07
Independent Review Committee Chair Independent Review Committee Chair Date

Print/Type Name Signature
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2007-729

Subject: QOperability Requirements for ATR Confinement Isolation Dampers (GAP-014-07)

Describe the New Information/Discovery:

The Advanced Test Reactor (ATR) Technical Safety Requirements (TSR} for operahility of the primary and backup dampers
only require the primary or the backup confinement isolation damper to be in-service. This is not consistent with the original
design requirements for the backup isolation dampers or the SAR-153 general design criteria (GDC).

The backup confinement isolation dampers were upgraded to provide the same function as the primary dampers as a result of
corrective actions from lessons learned from the Three Mile Island reactor accident, findings from the September 1988
Department of Energy (DOE) Office of Environmental, Safety and Health (ESH) Technical Safety Appraisal, and the August
1995 DOE ESH Intense Inspection. The purpose of the modification was to improve redundancy eliminating single failure
vulnerabilities {(PG-T-89-007). After installation the backup dampers were not qualified until additional testing of the confinement
identified deficiencies in the confinement leak rate test procedure (TRA-USQ-SE-1988-026). After correction of these
deficiencies it was verified that the backup dampers provide a function equivalent to the primary dampers; however, the TSR
only requires a primary or a backup damper {not both) to be in-service.

SAR-153 General Design Criterion 21, Protection System Reliability and Testability, requires the protection system be designed
for high functional reliability and in-service testability commensurate with the safety functions to be performed. Redundancy and
independence designed into the protection system shall be sufficient to assure that (1) no single failure results in loss of the
protection function, and (2) removal from service of any components or channel does not result in loss of the required minimum
redundancy unless the acceptable reliability of operation of the protection system can be otherwise demonstrated.

SAR-153 General Design Criterion 22, Emergency Core Cooling, and Criterion 41, Confinement Atmosphere Cleanup, require
suitable redundancy in components and features, and suitable interconnections, leak detection, isolation, and confinement
capabilities be provided to assure that for on-site electric power system operaticn (assuming off-site power is not available), and
for off-site electric power system operation (assuming on-site power is not available), the system safety function can be
accomplished, assuming a single failure.

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

Tomberlin, T.A., Advanced Test Reactor (ATR) Responses to NUREG-0737 (Ciarification of TMI Action Plan Requirements),
PG-T-89-007, March 1989

Confinement Fission Product Release Rate, TRA-USQ-SE-1998-026, May 7, 1998
SAR-153, Advanced Test Reactor Upgraded Final Safety Analysis Report, Revision 26, June 5, 2007

TSR-186, Advanced Test Reactor Technical Safety Requirements, Revision 11, June 5, 2007

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 Il lll, and IV.
if “No,” provide an explanation and basis for the reasonability determination.

UsQ Evaluator USQ Evaluator Date
Print/Type Name Signature
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Subject: Operability Requirements for ATR Confinement Isolation Dampers (GAP-014-07)
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 II, 11, or IV.
If the answer to the question above is “Yes,” complete Section 1L, lll, and V.
. PISA DECLARATION

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

The radiation monitoring and seal system that actuates the confinement isolation is an Engineered Safety Features (j.e., part of
the plant protective system) and subject to GDC 21. The confinement structure is safety-related. The isolated confinement leak
rate is used in the radiological consequence analysis in SAR-153 Section 15.12.10, Radiological Analysis, to establish the
evacuating worker, co-located worker, exclusion area boundary, and low-population zone exposures for the ATR. The Section
15.12.10 analysis is used to envelop all ATR fuel damage events in SAR-153 Chapter 15, Accident Analyses. The isolated
confinement leak rate is also used in the analysis of radiological consequences of a pressurized water loop fueled experiment
failure in SAR-153 Section 15.7, Radioactive Release from a Subsystem or Component. Without both the primary and backup
isolation damper operabie there is a single failure vulnerability in establishing confinement isolation. The backup damper
upgrade was completed to establish redundancy but the TSR does not require that redundancy to eliminate single failure
vulnerabilities.

As noted in Section 6.2.2.9 (Confinement System) Failure Analysis of SAR-153, successful operation of the backup dampers will
significantly reduce the potential for confinement isolation system failure. Operation without operable backup dampers
significantly increases potential for confinement isclation failure.

The backup dampers were installed as a result of cornmitments made to DOE to provide single failure redundancy not to provide
operational flexibility as allowed by the TSR. The TSR does not adequately implement the design and safety basis or
commitments made to DOE.

A PISA exists. Complete the following actions

. Nuciear 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.

The reactor was operating in Cycle 140A-1 at the time of discovery. Al primary and backup confinement isolation dampers
were verified operable. No additional action was necessary to place the facility in a safe condition.

The interim control is to require both the primary and backup dampers operable prior to entering MCODE applicability for the
Confinement and Radiation Monitoring and Seal System. The parenthetical clarifications in TSR LCO 3.2.2d and LCO 3.8.1f are
superseded by this interim control. In an applicable MODE with either the primary or backup damper of any damper pair
inoperable restore operability prior to entering mode applicability during to the next scheduled REACTOR OQUTAGE.
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The basis for the interim controt is that is meets the original design basis for the backup damper modification, the commitments
made to DOE for confinement damper redundancy, and SAR-153 general design criteria. The allowance for continued
operation until the next scheduled reactor outage is based on the low-probability of a confinement isolation event during any
single operating cycle coupled with the failure of the redundant damper to establish confinement isclation.

J.C. Chapman {See PISA declaration) 10/24/07
Safety Analyst Safety Analyst Date
PrintType Name Signature
M. B. McDonough {See PISA declaration) 10/24/07
Nuclear Facility Manager Nuclear Facility Manager Date
PrintType Name Signature

Is independent technical review required? Yes [ ] No [

Nuclear Facility Manager
Signature or Initials

Independent Reviewer independent Reviewer Date
Print/Type Name Signature

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

SAR-153, Section 6.2, Confinement Systems
Section 7.3.3, Radiation Monitoring & Seal System
TSR-186, Section 3.2.2, Radiation Monitoring & Seal System
Section 3.8.1, Confinement Requirements

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

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

The safety function of the confinement isolation dampers is to provide the mitigative function of isolating the
confinement when excessive radioactivity is refleased into the confinement atmosphere. As such, the dampers have
no affect on the probability of any accidents previously evaluated in the safety basis.

Therefore, the PISA could not increase the probability of an accident.

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

Explain:

The vulnerability described in the PISA could lead to the situation where one of a pair of confinement isolation
dampers is not cperable as currently allowed by TSR-186 and a failure anywhere in the equipment for the other
damper in the pair prevents the second damper from closing due to a confinement isolation signal from the RMSS.
This is not contrary to the commitment in SAR-153, Section 7.3.3.2.1.3, Defense Against Failures, which states:
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“Thus, any single failure within a channel or logic train will not prevent protection at the system level when
required.”

The condition described in the PISA still would lead to undesirable conditions in spite of not being contrary to the
SAR-153 statement above. Depending on which pair(s) of confinement isolation dampers was affected, the effect
would range from minimal, if any, such as for most exhaust dampers, to major, especially the exhaust stack
confinement isolation dampers. Since the exhaust stack dampers require an active signal to close, do not fail
closed, and could offer a direct path from the confinement to the environment, the worst case would be expected to
be those dampers. The other ventilation dampers do fail closed on lose of solenoid power or instrument air, but also
offer a potential release path to the atmosphere. Any of these would increase the consequences of any accident
releasing excessive amounts of radioactivity to the confinement atmosphere if the pair of dampers failed to ciose.

Therefore, the PISA could increase the consequences of an accident previously evaluated.

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 affects when the confinement isolation dampers are required to be operable and does not affect the
functionality of the dampers themselves, therefore the PISA does not affect the failure probability of the dampers or
their components.

Therefore, the PISA could not increase the probability of occurrence of a malfunction of equipment important ot
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:

Similar to Question 2 above, considering the function of confinement isclation dampers as a pair, the
consequences of a malfunction to one of the exhaust stack confinement isolation dampers could lead to a direct
release path to the atmosphere from the the confinement if the other damper was not operable as allowed by
TSR-186. Such as direct release path would be unacceptable.

Therefore, the PISA could increase the consequences of a malfunction of equipment important to safety.

llib: 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:

SAR-153, Section 6.2.2.9, Failure Analysis, describes the results of the ATR Level 2 probabilistic risk assessment
for the confinement and the RMSS. The backup confinement isolation dampers were not included in that analysis
since they had yet to be qualified and preliminary results indicated that confinement isolation system was not a
significant contributor to risk. The single confinement isolation damper configuration that was analyzed in the PRA
is the configuration of interest in the PISA and is discussed in Section 6.2.2.9.

Therefore, the PISA could not create the possibility of an accident of a different type than previously analyzed.





431 61 INL USQ PROCESS
05/15/2007

Rev. 02 REASONABILITY DETERMINATION/POTENTIAL INADEQUACY IN
Use with LWP-18001 THE SAFETY ANALYSIS (PISA) FORM
(DO NOT USE FOR PROPOSED CHANGES) Page 5 of 6

Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2007-729

Subject: Operability Requirements for ATR Confinement Isolation Dampers (GAP-014-07)

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:

The PISA cnly affects when one damper of a pair of confinement isolation dampers is potentially operable when the
confinement is required to be availabie. The PISA does not provide any information about what malfunctions might
actually occur.

Therefore, 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 hasis.

itic: 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:

If confinement isolation dampers were not available as described above, and a LOCA occurs which causes EFIS to
actuate and subsequently results in firewater flow into the confinement, then there could exist a direct flow path
from the confinement atmosphere to the environment with a driving function available to force any confinement
airborne activity out to the envirohment at a rate greater than currently analyzed in ATR's safety bases. In that
case, a reduced margin to safety would exist.

Therefore, the PISA could reduce a margin of safety as defined in the safety basis.

Id: USQ DETERMINATION CONCLUSION

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

Explain:

Since the answers to questions 2, 4, and 7 above are positive, the PISA constitutes an Unreviewed Safety
Question. If one of the two confinement isolation dampers in a pair is not operable as currently allowed by TSR-
186, and the other damper fails to close if an RMSS signal demanded a confinement isolation, then release paths
of varying increased affects would exist. That would result in a path for an increased release of any airborne
radioactivity from the confinement atmosphere to the environment, which is an unacceptable condition.

Therefore, the PISA does constitute an Unreviewed Safety Question.
An additiona! interim control is required. The bottled gas backup supply for both of the stack confinement isolation

dampers shall be OPERABLE for the RMSS to be considered OPERABLE. This supersedes TSR LCC 3.2.2f. If the
backup supply for one stack confinement isolation damper is inoperable, operability must he restored prior to
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USQ Process No.: RTC-USQ-2007-729

Subject: Operability Requirements for ATR Confinement Isolation Dampers (GAP-014-07)

entering the applicable mode.

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.:

W. E. Kohn (trainee)/ J. C. Chapman QJMZ% /{Z /M%wuu s ey of
USQ Evaluator USQ Evalugfor Date

Print/Type Name 1 Signature
M. B. McDonough //]? }6 !/}’L;,ﬁ-\ / 7 bey &"7
Nuclear Facility Manager Nuclear Facility M a,ber Date
Print/Type Name Signature
CONCURRENCE:

Alor Plhskins Ao Z8febic 1707
Independent Review Committee Chair ndependent Revlew Committee Chair Date

PrintType Name Signature
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Faclity or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2007-729
Subject: Operability Requirements for ATR Confinement Isofation Dampers (GAP-014-07)

Describe the New Information/Discovery:

The Advanced Test Reactor {ATR) Technical Safety Requirements (TSR) for operability of the primary and backup dampers
only require the primary or the backup confinement isolation damper ta be in-sarvice. This is not consistent with the original
design requirements for the backup isolation dampers or the SAR-153 general design criteria (GDC).

The backup confinement isolation dampers were upgraded to provide the same function as the primary dampers as a result of
comrective actions from lessons leamed from the Three Mile Island reactor accident, findings from the September 1988
Department of Enargy (DOE) Office of Environmental, Safety and Health (ESH) Technical Safety Appraisal, and the August
1695 DOE ESH Intense Inspection. The purpose of the modificalion was to improve redundancy eliminating single failure
vulnerabilities (PG-T-89-007). After installation the backup dampers were not qualified until additional testing of the confinement
identified deficiencies in the confinement feak rate test procedure (TRA-USQ-SE-1998-026). Afer commection of these
deficiencies it was verified thal the backup dampers provide a function equivalent to the primary dampers; however, the TSR
only requires a primary or a backup damper (not bath) to be in-service.

SAR-153 General Design Criterion 21, Prolection System Reliability and Testability, requires the protection system be designed
for high functional reliability and in-service tostability commensurate with the safety functions to be perfformed. Redundancy and
independence designed into the protaction system shall be sufficient to assure that {1) no single failure results in loss of the
protection function, and (2) removal from service of any components or channel does not result in loss of the required minimum
redundancy unless the acceptable reliability of operation of the protection system can be otherwise demonstrated.

SAR-153 General Design Criterion 22, Emergency Core Cocling, and Criterion 41, Confinement Atmosphere Cleanup, require
suitable redundancy in components and features, and suitable interconnections, leak detection, isolation, and confinement
capabilities be provided to assurs that for on-site electric power system operation {assuming off-site power is not available), and
for off-site electric power system operation {assuming on- sute power is not available}, the system safety function can be
accomplished, assuming a single failure.

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

Tombertin, T.A., Advanced Test Reactor (ATR) Responses to NUREG-0737 (Clarification of TMI Action Plan Requirements),
PG-T-88-007, March 1989

Confinement Fission Product Release Rate, TRA-USQ-SE-1998-026, May 7, 1998
SAR-153, Advanced Test Reactor Upgraded Final Safety Analysis Report, Revision 26, June 5, 2007

TSR-186, Advanced Test Reactor Technical Safety Raquiremenits, Revisicn 11, June 5, 2007

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 potantial for an inadequate safety analysis exists based on the new information or
discovery described above? [ Yes [ No

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

USQ Evaluatar USQ Evaluater Date
Print/Type Name Slgnature
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2007-729
Subject: Operability Requirements for ATR Cenfinement Isolation Dampers {GAP-014-07)

Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Narme Signature

If the answer to the question above is “No," file the completed form. Do not complete Section II, 11l or IV.

If the answer to the question above is “Yes,” complete Section I, lll, and 1V.
. PISA DECLARATION

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

The radiation monitoring and seal system that acluates the confinemant isclation is an Engineered Safely Features (j.e., part of
the plant protective system) and subject to GDC 21. The confinement structure is safety-relatad. The isckated confinement leak
rate is used in the radiclogical consequence analysis in SAR-153 Section 15.12.10, Radiological Analysis, te establish the
svacuating worker, co-focated worker, exclusion area boundary, and iew-popuiation zone exposures for the ATR. The Seclion
15.12.10 analysis is used to envelop all ATR fuel damage events in SAR-153 Chapter 15, Accident Analyses. The isolated
confinement leak rate is also used in the analysis of radiological consequences of a prassurized water Inop fueled experiment
failure in SAR-133 Section 15.7, Radioactive Release from a Subsystem or Component. Without both the primary and backup
isolation damper operable there is a single faiture vuinerability in establishing confinement isolation. The backup damper
upgrade was completed to establish redundancy but the TSR does not require that redundancy to eliminate single fallure
vulnerabilities.

As noted in Section 6.2.2.9 (Confinement Systern) Failure Analysis of SAR-153, successful operation of the backup dampers will
significantly reduce the potential for confinement isclation system failure. Operation without operable backup dampers
significantly increases potential for confinement isolation failure,

The backup dampers were installed as a result of commitments made to DOE to provida single failure redundancy not to provide
operational flexibility as allowed by the TSR. The TSR does not adequately implement the design and safely basis or
commitrents made to DOE.

A PISA exisls. Complete the foliowing actions

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

. Nuclear Facility Manager execute reporting process for PISA per LWP-0301 and LWP-13830.
. Quaiified USQ evaluator procesd to Section IIf.

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

The reactor was operating in Cycle 140A-1 at the time of discovery. All primary and backup confinement isolation dampers
were verified operable. No additional action was necessary 1o place the facility in a safe condition.

The interim control is o require both the primary and backup dampers operable prior to entering MODE applicability for the
Confinement and Radiation Monitoring and Seal System. The parenthelical darifications in TSR LCO 3.2.2d and LCO 3.8.1f are
superseded by this interim control. In an applicable MODE with either the primary or backup damper of any damper pair
inoperable restore operability prior to entering mode applicability priozte the next scheduled REACTOR OUTAGE.

e OG-
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Facility or Aclivity: Advanced Test Reaclor
USQ Process No.: RTC-USQ-2007-729

Subject: Operability Requirements for ATR Confinement Isolation Dampers (GAP-014-07)

The basis for the interim confrol is that is meets the original design basis for the backup damper modification, the commitments
made to DOE for confinement damper redundancy, and SAR-153 general design criteria. The allowance for continued
operation until the next scheduled reactor outage is hased on the low-probability of 2 confinement isolation event during any
single operating cycle coupled wilh the failure of the redundant damper to establish confinement isolation,

gﬁf('
J.C. Ch:plman e XL Zop -
Safety Analyst afety Analyst ale
Print'Type ane ﬂ ﬁig@m 2’/ ifg
T N
M. B. McDonough MZI - f?, ; /"‘4-"\ .%C' C1 3 ey
Nudlear Facllity Manager Nuclear Facility Manager ! Dale
Print/Type Name Signature ,g i
Is independent technical review required? Yes [] No K] ﬂ‘,}l v 6, v N
Nuclear Facility Manager/" {
Signature or Initlats
indepandant Reviewer Independent Reviewar Date
Print'Type Name Signature ﬂMS cdaéé'fd?ﬁ/
. USQ DETERMINATION Mé;e fo/m{u.é_/
Identify applicable section(s) of the safety basis document(s) {e.q., DSA, SAR, BIO, TSRs, etc.}. -

£ W I “Bong )

a; POTENTIAL FOR AN INCREASE IN PROBAEILITY OR CONSEQUENCE OF AN ACCIDENT OR
MALFUNCTION EVALUATED IN THE SAFETY BASIS

1. Could the PISA increase probability of occurrence of an accident previousty avaluated in the safety basis?
Yes [] No []

Explain:

2. Couid the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes [J No[J
Explain:
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Facility or Activity: Advanced Test Reactor

USQ Process No.: RTC-USQ-2007-729
Subject: Qperability Requirements for ATR Confinement 1solation Dampers {GAP-014-07)

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

Explain:

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

Explain:

Ulb: POTENTIAL FOR CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTIQON 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 [J

Explain:

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 [ Na [%I

Explain:
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Facility or Activity:  Advanced Test Reacior
USQ Process No.. RTC-USQ-2007-729
Subject: Operability Requirements for ATR Confinement isolation Dampers (GAP-014-07}

Hie: POTENTIAL FOR REDUCTION IN A MARGIN OF SAFETY

7.  Could the PISA reduce a margin of safety as defined in the safety basis? Yes [J No ]
Explain;

liid: USQ DETERMINATION CONCLUSION

8. Based l:r:J]n the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Queslion?
Yes No

Explain:

If “No,” is a Salety 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.
V. APPROVAL/CONCURRENCE SIGNATURES

APPROVAL:
USQ Evaluator USQ Evaluator Date
Print'Type Name Signature
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signaiure
CONCURRENCE:
Independent Review Committee Chair Independent Review Committee Chair Date

PrintType Name Slgnature
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Facility or Activity: NMIS 4'”, %
USQ Process No.: RTC-USQ-2007-843

Subject: Hazardous Material Inventory at NMiS

Describe the New information/Discovery:

A recent assessment (IAS071289) was performed in an effort to validate certain assumptions in the facility safety
analysis reports for several ATR Programs nuclear facilities. Included in that assessment was the verification of
statements regarding the quantity of hazardous materials currently located in the Nuclear Materials Inspection and
Storage (NMIS) Facility TRA-621. The results of that assessment determined that the quantities of cadmium and
lead used in the hazard and accident analysis to determine the consequences of a lead and/or cadmium release as
the result of a fire could not be validated. The consequence analysis engineering design file (EDF) referenced in
Chapter 3 of SAR-154 states the amount of releasable material used in the calculation, but does not provide the
documenation of the calculation or state all the assumptions used to arrive at the results. Safety analysts
performing the assessment could not duplicate the EDF values using the information from facility drawings. The
assessment makes the recommendation that a new analysis which calculates the amount of cadmlum and lead
available for release during a fire and documents all assumptions be completed.

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

SAR-154, "Safety Analysis Report for the Nuclear Material Inspection and Storage (NMIS) Facility TRA-621."
TSR-154, "Technical Safety Requirements for the Nuclear Material Inspection and Storage (NMIS) Facility
TRA-621."

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 11, iil, 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 II, I, or IV.
If the answer to the question above is “Yes,” complete Section Ii, Ill, and IV.
I pPISA DECLARATION

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

EDF TRA-NMIS-1171, "Consequence Analysis Calculations For Cadmium And Lead Releases During A NMIS
Fire" provides the calculation for hazardous material release due to a facility fire; however, the quantities of
cadmium and lead used in the analysis may not be valid. The EDF states the amount of releasable material, but
does not document the calculation or state the assumptions used to arrive at the values. In the recent assessment,
safety analysts performing calculations based on information in facility drawings in order to verify the releasible
inventory of both could not duplicate the the EDF values.

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.
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Facility or Activity: NMIS 7 Q

|2 ,/ 4 ‘f‘/ 27
USQ Process No.: RTC-USQ-2007-843

Subject: Hazardous Material Inventory at NMIS

. Nuclear Facility Manager execute reporting process for PISA per LWP-8301 and LWP-13830.
. Qualified USQ evaluator proceed to Section lil.

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

The lead incorporated inside some of the facility walls and the cadmium contained within the structure of the fuel
storage racks are passive design features. Hazardous material release of both would be possible from a major
facility fire. Lead bricks used as shielding are not considered to be a form that is readily releasable in a fire. TSR
level controls already require that the halon fire suppression system be operable when fuel is stored in the racks
and already limit the transient combustible loading in the non-vault areas of the facility. In additionzsafety analysis

. m(f\ commitment limithe transient combustible loading in the vault. The possible failure of the wet pipe suppression
R\ Y

system in the vault and non-vault areas of the facility is an assumption of the facility accident analysis so its
operability is not a credited control as with the halon system. The safety analysis commitment for maintaining
functionality is to assure that the failure rate assumed in the hazard analyses concerning inadvertent moderator
addition is not compromised. Thus, an interim operating restriction to require an operable wet pipe suppression
system to maintain the facility in a safe condition until the consequence of the hazardous material release can be
verified is necessary.

Anne K. McCartin/Christine A. Satterwhite ﬁ)f[[’ ol / @Jﬂﬁ@} Wg.; @r /28/{67 / o7

Safety Analyst -pg}v Eclec Safety Analyst ate |

Print/Type Name . Sjgnature - )

Max M. Heberling %’; /2 // ?/0 ya
Nuclear Facility Manager /Nuclear Facility Manager Date
Print/Type Name Signature
Is independent technical review required? Yes [] No ‘g\ It
Nuclear Facility Manager
Signature or Initials

Independent Reviewer independent Reviewer Date

Print/Type Name Signature

fl. USQ DETERMINATION
Identify applicable section(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 [
Explain:

2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes [1] No [J

Explain:
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Facility or Activity: NMIS
USQ Process No.: RTC-USQ-2007-843
Subject: Hazardous Material Inventory at NMIS

Describe the New Information/Discovery:

A recent assessment (IAS071289) was performed in an effort to validate certain assumptions in the facility safety
analysis reports for several ATR Programs nuclear facilities. Included in that assessment was the verification of
statements regarding the quantity of hazardous materials currently located in the Nuclear Materials Inspection and
Storage (NMIS) Facility TRA-621. The results of that assessment determined that the quantities of cadmium and
lead used in the hazard and accident analysis to determine the consequences of a lead and/or cadmium release as
the result of a fire could not be validated. The consequence analysis engineering design file (EDF) referenced in
Chapter 3 of SAR-154 states the amount of releasable material used in the calculation, but does not provide the
documenation of the calculation or state all the assumptions used to arrive at the results. Safety analysts
performing the assessment could not duplicate the EDF values using the information from facility drawings. The
assessment makes the recommendation that a new analysis which calculates the amount of cadmium and lead
available for release during a fire and documents all assumptions be completed.

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

SAR-154, "Safety Analysis Report for the Nuclear Material Inspection and Storage (NMIS) Facility TRA-621."
TSR-154, "Technical Safety Requirements for the Nuclear Material Inspection and Storage (NMIS) Facility
TRA-621."

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 II, 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 II, 1li, or V.

If the answer to the question above is “Yes,” complete Section Ii, Il and IV.
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Facility or Activity: NMIS
USQ Process No.: RTC-USQ-2007-843
Subject: Hazardous Material Inventory at NMIS

PISA DECLARATION

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

EDF TRA-NMIS-1171, "Consequence Analysis Calculations For Cadmium And Lead Releases During A NMIS
Fire" provides the calculation for hazardous material release due to a facility fire; however, the quantities of
cadmium and lead used in the analysis may not be valid. The EDF states the amount of releasable material, but
does not document the calculation or state the assumptions used to arrive at the values. In the recent assessment,
safety analysts performing calculations based on information in facility drawings in order to verify the releasible
inventory of both could not duplicate the the EDF values.

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 .

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

The lead incorporated inside some of the facility walls and the cadmium contained within the structure of the fuel
storage racks are passive design features. Hazardous material release of both would be possible from a major
facility fire. Lead bricks used as shielding are not considered to be a form that is readily releasable in a fire. TSR
level controls already require that the halon fire suppression system be operable when fuel is stored in the racks
and already limit the transient combustible loading in the non-vault areas of the facility. In addition, safety analysis
commitment limit the transient combustible loading in the vault. The possible failure of the wet pipe suppression
system in the vault and non-vault areas of the facility is an assumption in the facility accident analysis so its
operability is not a credited control as with the halon system. The safety analysis commitment for maintaining
functionality is to assure that the failure rate assumed in the hazard analysis concerning inadvertent moderator
addition is not compromised. Thus, an interim operating restriction to require an operable wet pipe suppression
system to maintain the facility in a safe condition until the consequence of the hazardous material release can be
verified is necessary.

Anne K. McCartin/Christine A. Satterwhite

Safety Analyst Safety Analyst Date
Print/Type Name Signature
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Facility or Activity: NMIS

USQ Process No.: RTC-USQ-2007-843

Subject: Hazardous Material Inventory at NMIS

Max M. Heberling

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

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

SAR-154, Section ES-1.4.3, Risk of Postulated Accidents

SAR-154, Section 2.4, Facility Structure

SAR-154, Section 3.3.2.1.3, Hazardous Material

SAR-154, Table 3-11, The NMIS Facility Hazard Evaluation Resuits Summary
SAR-154, Section 3.3.2.3, Hazard Evaluation

SAR-154, Section 3.4.2.2.5, Summary of Safety SSCs and TSR Controls
SAR-154, Section 5.5.8, Maximum Transient combustible Loading (AC 5.154.6)
TSR-154, Section 5.154.6, Maximum Transient Combustible Loading

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

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

The probability of occurrence of a hazardous material release from the NMIS facility as the result of a fire evaluated
in the safety basis is an anticipated event and remains unchanged as the result of this new information.

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

Explain:
EDF TRA-NMIS-1171, “Consequence Analysis Calculations for Cadmium and Lead Releases During a NMIS Fire”

provides the calculation for hazardous material release due to a facility fire; however, the quantities of cadmium and
lead used in the analysis may not be valid. The EDF states the amount of releasable material, but does not
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Facility or Activity: NMIS

USQ Process No.: RTC-USQ-2007-843
Subject: Hazardous Material Inventory at NMIS

document the calculation or state the assumptions used to arrive at the values. In the recent assessment, safety
analysts performing calculations based on information in facility drawings in order to verify the releasable inventory
of both could not duplicate the EDF values. Preliminary calculations indicate that the source term may be larger
than what is documented in the EDF and the safety basis. Therefore, the consequence of an accident previously
evaluated in the safety basis is increased as a result of this new information.

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 fuel storage racks and fresh fuel shipping containers are safety significant SSCs which have a functional
requirement to provide neutron absorption. The cadmium sheeting contained within the structure of these SSCs
are passive design features which allow the safety significant SSCs to meet their functional requirements.
Criticality safety evaluations have determined that, per design, these items provide adequate neutron shielding for
the current NMIS inventory. The lead incorporated inside some of the facility walls is a passive design feature for
which no credit is taken in the safety basis. Because It is not the amount of cadmium or lead in an individual SSC
which is a concern during a fire, but the total cadmium and lead inventory in the facility that has been
underestimated, the probability of occurrence of a malfunction of equipment important to safety previously
evaluated in the safety basis remains unchanged as the result of this new information.

evaluated in the safety basis? Yes No
Explain: aum -8 03 -8lo

The safety basis does not take credit for any equipment to mitigate the consequence of a fire; therefore, the PISA
does not increase the consequence of a malfunction of equipment important to safety.

4, Could the PISA increase the consequegces ofa n%unction of equipment important to safety previously

{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 [] No

Explain:
The release of hazardous material from the NMIS facility as the result of a fire is an analyzed scenario in the safety

basis. The amount of hazardous material available for release affects the consequence of the release but does not
create a new accident of a different type.

PH 1-8-08 AT for mm H P Felecon
/ g
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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:
The safety basis evaluates an unmitigated release as the consequence of a fire; therefore, the PISA does not
create the possibility of malfunction of any different type of equipment 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:
The evaluations completed in the safety basis to support the derivation of safety controls is impacted by the new
information; therefore, the margin of safety is changed.
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:
Because preliminary calculations indicate that the source term for a hazardous material release due to a fire in the
NMIS facility has increased, the consequences of an accident is also increased. Thus, the margin of safety is
reduced, and this PISA constitutes a positive USQ.
If “No,” is a Safety Basis document revision required at next annual update?[ ] Yes OJ No
NOTE: Iif USQ determination result is positive, additional notification for ORPS is required per LWP-9301.
IV. APPROVAL/CONCURRENCE SIGNATURES

APPROVAL.:

Anne. K. McCartin / Christine. S. Satterwhite &N\N\ﬂk N\{ (ll/ MA/ C&me& /[-B-200&

USQ Evaluator UsSQ Ev luator Date
Print/Type Name Slgnature

Max M.Hebering 7% ] // 5/03

Nuclear Facility Manager ! Nuclear Facility Manag Date
Print/Type Name Signature
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Facility or Activity: NMIS

USQ Process No.: RTC-USQ-2007-843

Subiject: Hazardous Material Inventory at NMIS
CONCURRENCE:
A. Hoskins or R. Metcalf ﬂ AA// /A//)%J” /- Z-0F
Independent Review Committee Chair Independeftt Réview Committee Chair Date
Print/Type Name Signature
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Facility or Activity: Advanced Test Reactor
‘USQ Process No.: RTC-USQ-2008-137

Response Time and Safety Rod Drop Time Modeling and Requirements Discrepancy for NI Scram

Subject: Functions

Describe the New Information/Discovery:

The RELAP modeling of the response times and safety drop times is not consistent with the release times and
safety rod drop times required by TSR-186. The discrepancy can resuit in an allowed safety rod insertion that is

3 ms (6 ms for depressurized operation) greater than that assumed in the accident analysis. The accuracy
associated with safety rod response time, release time, and drop time measurements will also contribute to a
potential increase of 2 ms in the measured times. TSR-186 establishes the actuation response time requirements
in Sections 3.1.1 and 3.7.1 for 2 primary coolant pump (PCP) pressurized operation, 3 PCP pressurized operation,
and depressurized operation.

The response time from initiation of the protective function until the safety rods are inserted includes the delay

times for:

+ neutron flux measurement instrumentation,

« release time (de-energizing the rod clutch coil controllers (RCCC) and collapse of the magnetic field (i.e.,
RCCC release time)), and

« safety rod insertion for the first 12 inches of rod travel.

The response time requirement defined in TSR-186 Section 3.1.1 includes the combined neutron flux measurement
instrumentation time and RCCC release time. The safety rod drop time requirement in TSR-186 Section 3.7.1
includes the combined RCCC release time and the safety rod insertion time.

In summary, the subject of this potential inadequacy in safety analysis (PISA) is a discrepancy between the safety
analysis response time/safety rod insertion time modeling in the Reactor Excursion and Leak Analysis Program
(RELAP) and the TSR requirements. The RELAP modeling and the TSR requirements do not consistently
incorporate the portion of the response time corresponding to the neutron flux measurement instrumentation. in
addition, the requirements do not account for uncertainty in the test measurement equipment and process
associated with the time response testing. Additional detail is provided in the discussion below.

For 2 PCP pressurized operation TSR-186 Section 3.7.1 requires the RCCC release time to be <22 ms and the
drop time to be =170 ms. For 3 PCP pressurized operation TSR-186 Section 3.7.1 requires the RCCC release
time to be <22 ms and the drop time to be <150 ms.

The safety rod drop time corresponds to the safety rods having inserted 12 inches and includes the < 22-ms RCCC
release time. Surveillance testing performed through DOP-7.1.9 ensures that both the TSR release time
requirement (<22 ms) and the drop time requirements (<170 ms or <150 ms) are met.

The RELAP modeling bounds a total actuation response time and safety rod insertion time for the neutron level
scram functions of < 170 ms and < 150 ms for 2 PCP and 3 PCP operations, respectively. RELAP models a <
25 ms response time (prior to safety rod release) with the balance of the time (i.e., < 125 ms or < 145 ms) available
for safety rod insertion of 12 inches. The < 25 ms response time includes 3 ms corresponding to the neutron flux
measurement instrumentation and < 22 ms corresponding to the RCCC release time. The RCCC release time is
included in the requirements of TSR-186 Section 3.1.1 and Section 3.7.1.

Hence, RELAP models, for 3 PCP operation, a total time of 150 ms:

» nuclear instrument response (3 ms),

o RCCCrelease (<22ms),and j28§ é;]li\ﬁ

safety rod insertion of 12 inches (< T4&ms).

The RELAP model also bounds a safety rod insertion time for 2 PCP operations with a < 145 ms safety rod
insertion time.

The < 25-ms response time is required through TSR-186 Section 3.1.1 and is verified by surveillance testing
through DOP-2.6.55 “ RSS Neutron Level Subsystem Response Time Test Channels A, B and C” DOP-2.6.61
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2008-137

Response Time and Safety Rod Drop Time Modeling and Requirements Discrepancy for NI Scram

Subject: Functions

“RSS Wide Range Neutron Subsystem Response Time Test Channels A, B, and C”, and DOP-7.1.9 “Safety Rod
Release And Drop Times Measurement.”

The safety rod drop time requirements in TSR-186 Section 3.7.1 do not correctly incorporate the additional 3-ms
delay associated with the nuclear instrument that is considered in the total < 170-ms (or < 150-ms) time modeled in
RELAP. As a result, the safety rod drop time TSR-186 requirements allow for an additional 3 ms in the safety rod
drop time than assumed in the RELAP modeling.

in addition to this 3 ms discrepancy in the safety rod drop time requirements, the time response requirements and
measurements do not account for uncertainty in the test measurement equipment and process associated with the
time response testing. This may resuit in the actual RCCC release time being up to 2 ms greater than measured.
The RCCC release time measurement uncertainty potentially impacts the neutron level and wide range neutron
level response time measurements and verification that the response times are within the requirements of TSR-186
Table 3.1.1-1. The potential measurement uncertainty for the neutron flux measurement instrumentation response
time is not significant compared to the release time measurement accuracy.

A < 35-ms response time is modeled followed by a < 265-ms time for safety rod insertion for depressurized
operation. The safety rod release time (< 29 ms) and drop time (< 300 ms) are defined in TSR-186 Section 3.7.1.
Hence, the safety rod drop time does not account for the additional 6 ms associated with the respanse of the
nuclear instruments. Note that there is no scheduled operation with the ATR in the depressurized operation mode.
Plant procedures governing depressurized operation had been previously suspended. '

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

SAR-153, Upgraded Finat Safety Analysis 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? [X] Yes [] No

if “Yes,” proceed to Sections Il lli, and IV.
If “No,” provide an explanation and basis for the reasonability determination.

N/A
USQ Evaluator USQ Evaluator Date
Print/Type Name Signature
N/A
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, 11, or IV,

H the answer to the question above is “Yes,” complete Section 1), 111, and V.
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2008-137

Response Time and Safety Rod Drop Time Modeling and Requirements Discrepancy for NI Scram

Subject: Functions

PISA DECLARATION

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

The RELAP modeling of the response times and safety drop times is not consistent with the release times and
safety rod drop times required by the TSR. The discrepancy can result in an allowed safety rod insertion that is
3 ms (6 ms for depressurized operation) greater than that assumed in the accident analysis. The accuracy
associated with safety rod response time, release time, and drop time measurements will also contribute to a
potential increase of 2 ms in the measured times.

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 Faéility Manager execute reporting process for PISA per LWP-9301 and LWP—13830.7

. Qualified USQ evaluator proceed to Section Ik

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

The ATR is currently operating with 2 PCPs. The TSR-186 Section 3.7.1 safety rod drop time requirement is <

170 ms for this operating configuration. The 3 ms discrepancy discussed above can be conservatively applied to
the drop time limit. Additionally, the equipment and process for performing safety rod retease time and drop time
testing have been reviewed and is judged to have an accuracy that is <2 ms. Therefore, the maximum measured
drop time shall not exceed 165 ms and the RCCC release time shall not exceed 20 ms in order to establish that the
required safety function can be accomplished. The safety rod drop test data for the current operating cycle was
also reviewed and identified that the maximum drop time for all safety rods was 163 ms and the maximum RCCC
release time was 18 ms. The 2-ms accuracy associate with the RCCC release time measurement is included in the
response time requirements in TSR-186 Section 3.1.1. Hence, the accident analysis response time requirements
also continue to be met. Therefore, for the current operating cycle, the response time and safety rod drop times are
within the assumptions of the accident analysis.

In addition to establishing that the current nuclear instrumentation scram actuations and safety rod insertions can
be accomplished within the time response assumptions of the safety analysis, the current cycle reactor power level
is well below the analyzed value. This provides additional assurance that current operation is within the bounding
accident analysis. :

Therefore, ATR operation, in the current operating cycle, is within the safety basis and no immediate actions are
necessary to place the facility in a safety condition.

Interim controls are imposed in order to ensure that ATR operating conditions remain within the assumptions of the
accident analysis. The following nuclear instrument scram actuation response time, RCCC release time, and safety
rod drop time limits must be met in order to ensure operability. These values are more restrictive than those
defined in TSR-186 Sections 3.1.1 and 3.7.1.

The TSR Section 3.1.1 (Table 3.1.1-1) response times are reduced by 2 ms to account for uncertainty in the RCCC
release time measurement.
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2008-137

Response Time and Safety Rod Drop Time Modeling and Requirements Discrepancy for NI Scram

Subject: Functions

Parameter Applicability Response Time

Power Operation
Neutron Level Low Power Operation =<0.023 Seconds
Depressurized Operation <0.033 Seconds
<0.023 Seconds
; Power Operation {top 2 decades)
‘\YZ ::jt?olr?ir:a%?el Low Power Operation <0.033 Seconds

(for all other decades)

Depressurized Operation <0.033 Seconds

The TSR Section 3.7.1 (Table 3.7.1-1) release times are reduced by 2 ms to account for uncertainty in the RCCC
release time measurement. The drop times are reduced by 5 ms for pressurized operation and 8 ms for
depressurized operation to account for uncertainty in the RCCC release time measurement (2 ms) and the
discrepancy in the release time requirement (3 ms pressurized, 6 ms depressurized).

Applicability Release Time Drop Time
(Note 1)
Depressurized Operation <27 ms <292 ms

Power Operation (2-PCP)
Low Power Operation (2-PCP
Power Operation (3-PCP)
Low Power Operation (3-PCP =20 ms <145 ms
Note 1: As identified in TSR-186 Section 3.7.1, the safety rod release time
is included in the drop time.

G. L. Sharp
Safety Analyst e Analyst D te

<20 ms <165 ms

Print/Type Name ature
M. B. McDonough R /J\ @ /@K
Nuclear Facility Manager ' T"ﬂuclear Facility Manag% Date
Print/Type Name Signature

Is independent technical review required? Yes [ ] No m % @ %?W

Nuclear Facility Manager
Signature or Initials

Independent Reviewer Independent Reviewer Date
PrintType Name Signature
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Illa:

liib:

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

SAR-153, Chapter 15 and Chapter 16
TSR-186, Sections 3.1.1 and 3.7.1

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 [J No[X

Explain:

The identified discrepancies between the neutron flux measurement instrumentation response times, RCCC
release times, and safety rod drop times modeled in the analysis and the requirements for these times established
in TSR-186 correspond to mitigation of postulated accidents. The response time, RCCC release time, and safety
rod drop times do not contribute to initiation of postulated accidents. Hence, 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 X No [

Explain:

The neutron flux measurement instrumentation response time, RCCC release time, and safety rod drop time
requirements in TSR-186 do not ensure the conditions modeled in the accident analysis. That is, the RELAP
analysis assumptions may not bound actual system performance. Note that the RELAP analyses model the safety
rod drop time as a negative reactivity insertion (due to safety rod insertion) versus time. The reactivity insertion
model includes sufficient conservatism to likely bound a 3 ms discrepancy (6 ms for depressurized operation) in the
safety rod drop time discussed above. However, the model does not likely include sufficient conservatism to offset
a potential 2-ms increase in the RCCC release time, due to the measurement uncertainty, prior to release of the
safety rods. The discrepancy may result in a delay in initial safety rod (reactivity) insertion, compared to the
analysis reactivity insertion model, resulting in a potential increase in the calculated consequence for some
analyzed accidents.

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 identified discrepancies between the neutron flux measurement instrumentation response times, RCCC
release times, and safety rod drop times modeled in the analysis and the requirements for these times established
in TSR-186 correspond to mitigation of postulated accidents. The response time, RCCC release time, and safety
rod drop time requirements do not contribute to potential equipment malfunctions. Hence, there is no increase in
the probability of occurrence of a malfunction of equipment important to safety previously evaluated in the safety
basis.

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

Explain:

Postulated accidents analyzed in the ATR SAR may be initiated through malfunction of important-to-safety
equipment, and subsequently rely on reactor scram actuated by the neutron flux measurement instrumentation. As
discussed above (see question 2), the TSR-186 requirements do not ensure the conditions modeled in the accident
analysis are bounding. Therefore, the discrepancy in the response time, RCCC release time, and safety rod drop
time requirements may result in an increase in the consequences due to a malfunction of equipment important to
safety.

POTENTIAL FOR CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT TYPE
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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 identified discrepancies between the neutron flux measurement instrumentation response times, RCCC
release times, and safety rod drop times modeled in the analysis and the requirements for these times established
in TSR-186 correspond to mitigation of postulated accidents. These modeling assumption and requirements do not

contribute to initiation of postulated accidents, nor do they create the possibility of a different type of accident.
Hence, the discrepancy does not create the possibility of an accident of a different type than previously evaluated.

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 identified discrepancies between the neutron flux measurement instrumentation response times, RCCC
release times, and safety rod drop times modeled in the analysis and the requirements for these times established
in TSR-186 correspond to mitigation of postulated accidents. These modeling assumptions and requirements do
not contribute to potential equipment malfunctions. Hence, the discrepancy does not create the possibility of a
malfunction of equipment important to safety 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 neutron flux measurement instrumentation response time, RCCC release time, and safety rod drop time
requirements in TSR-186 do not ensure the conditions modeled in the accident analysis are bounding (see
question 2). Therefore, the discrepancy in the between the analysis models and TSR-186 requirements may result
in an increase in the calculated consequence for some analyzed accidents. The discrepancy may, therefore, result
in a decrease in the margin of safety.

USQ DETERMINATION CONCLUSION

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

Explain: See above.

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

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

APPROVAL.:

A, L. Shaocemo :@M 3’”,200@
USQ Evaluator \ Evaluator I 1Date

Print/Type Name

M DoNouelt MBI mnef 3lul 200

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

CONCURRENCE: //
Alon P Hoskins ﬁltw G M)lm‘x» 3-//-08

Indépendent Review Committee Chair Independent Review Committee Chair Date
Print/Type Name Signature
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2008-137

Response Time and Safety Rod Drop Time Modeling and Requirements Discrepancy for NI Scram

Subject: Functions

Describe the New information/Discovery:

The RELAP modeling of the response times and safety drop times is not consistent with the release times and
safety rod drop times required by TSR-186. The discrepancy can result in an allowed safety rod insertion that is

3 ms (6 ms for depressurized operation) greater than that assumed in the accident analysis. The accuracy
associated with safety rod response time, release time, and drop time measurements will also contribute to a
potential increase of 2 ms in the measured times. TSR-186 establishes the actuation response time requirements
in Sections 3.1.1 and 3.7.1 for 2 primary coolant pump (PCP) pressurized operation, 3 PCP pressurized operation,
and depressurized operation.

The response time from initiation of the protective function until the safety rods are inserted includes the delay

times for:

o neutron flux measurement instrumentation,

¢ release time (de-energizing the rod clutch coil controllers (RCCC) and collapse of the magnetic field (i.e.,
RCCC release time)), and

o safety rod insertion for the first 12 inches of rod travel.

The response time requirement defined in TSR-186 Section 3.1.1 includes the combined neutron flux measurement
instrumentation time and RCCC release time. The safety rod drop time requirement in TSR-186 Section 3.7.1
includes the combined RCCC release time and the safety rod insertion time.

In summary, the subject of this potential inadequacy in safety analysis (PISA) is a discrepancy between the safety
analysis response time/safety rod insertion time modeling in the Reactor Excursion and Leak Analysis Program
(RELAP) and the TSR requirements. The RELAP modeling and the TSR requirements do not consistently
incorporate the portion of the response time corresponding to the neutron flux measurement instrumentation. In
addition, the requirements do not account for uncertainty in the test measurement equipment and process .
associated with the time response testing. Additional detail is provided in the discussion below.

For 2 PCP pressurized operation TSR-186 Section 3.7.1 requires the RCCC release time to be <22 ms and the
drop time to be <170 ms. For 3 PCP pressurized operation TSR-186 Section 3.7.1 requires the RCCC release
time to be <22 ms and the drop time to be <150 ms.

The safety rod drop time corresponds to the safety rods having inserted 12 inches and includes the < 22-ms RCCC
release time. Surveillance testing performed through DOP-7.1.9 ensures that both the TSR release time
requirement (<22 ms) and the drop time requirements (<170 ms or <150 ms) are met.

The RELAP modeling bounds a total actuation response time and safety rod insertion time for the neutron level
scram functions of < 170 ms and < 150 ms for 2 PCP and 3 PCP operations, respectively. RELAP models a <
25 ms response time (prior to safety rod release) with the balance of the time (i.e., <125 ms or < 145 ms) available
for safety rod insertion of 12 inches. The < 25 ms response time includes 3 ms corresponding to the neutron flux
measurement instrumentation and < 22 ms corresponding to the RCCC release time. The RCCC release time is
included in the requirements of TSR-186 Section 3.1.1 and Section 3.7.1.

Hence, RELAP models, for 3 PCP operation, a total time of 150 ms:

» nuclear instrument response {3 ms),

e RCCC release ( <22 ms), and

safety rod insertion of 12 inches (< 145 ms).

The RELAP model also bounds a safety rod insertion time for 2 PCP operations with a < 145 ms safety rod
insertion time,

The < 25-ms response time is required through TSR-186 Section 3.1.1 and is verified by surveillance testing
through DOP-2.6.55 “ RSS Neutron Level Subsystem Response Time Test Channels A, B and C” DOP-2.6.61
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Facility or Activity: Advanced Test Reactor

USQ Process No.: RTC-USQ-2008-137
Response Time and Safety Rod Drop Time Modeling and Requirements Discrepancy for NI Scram
Subject: Functions

“RSS Wide Range Neutron Subsystem Response Time Test Channels A, B, and C”, and DOP-7.1.9 “Safety Rod
Release And Drop Times Measurement.”

The safety rod drop time requirements in TSR-186 Section 3.7.1 do not correctly incorporate the additional 3-ms
delay associated with the nuclear instrument that is considered in the total < 170-ms (or < 150-ms) time modeled in
RELAP. As aresult, the safety rod drop time TSR-186 requirements allow for an additional 3 ms in the safety rod
drop time than assumed in the RELAP modeling.

In addition to this 3 ms discrepancy in the safety rod drop time requirements, the time response requirements and
measurements do not account for uncertainty in the test measurement equipment and process associated with the
time response testing. This may result in the actual RCCC release time being up to 2 ms greater than measured.
The RCCC release time measurement uncertainty potentially impacts the neutron level and wide range neutron
level response time measurements and verification that the response times are within the requirements of TSR-186
Table 3.1.1-1. The potential measurement uncertainty for the neutron flux measurement instrumentation response
time is not significant compared to the release time measurement accuracy.

A < 35-ms response time is modeled followed by a < 265-ms time for safety rod insertion for depressurized
operation. The safety rod release time (< 29 ms} and drop time (< 300 ms) are defined in TSR-186 Section 3.7.1.
Hence, the safety rod drop time does not account for the additional 6 ms associated with the response of the
nuclear instruments. Note that there is no scheduled operation with the ATR in the depressurized operation mode.
Plant procedures governing depressurized operation had been previously suspended.

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
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? [X] Yes [] No

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

N/A
USQ Evaluator USQ Evaluator Date
Print/Type Name Signature
N/A
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 II, Ill, or V.

If the answer to the question above is “Yes,” complete Section II, Ill, and 1V.





43161 INL USQ PROCESS
007152007 REASONABILITY DETERMINATION/POTENTIAL INADEQUACY IN
Use with LWP-18001 THE SAFETY ANALYSIS (PISA) FORM
(DO NOT USE FOR PROPOSED CHANGES) Page 3 of 6

Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2008-137

Response Time and Safety Rod Drop Time Modeling and Requirements Discrepancy for NI Scram

Subject: Functions

PISA DECLARATION

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

The RELAP modeling of the response times and safety drop times is not consistent with the release times and
safety rod drop times required by the TSR. The discrepancy can result in an allowed safety rod insertion that is
3 ms (6 ms for depressurized operation) greater than that assumed in the accident analysis. The accuracy
associated with safety rod response time, release time, and drop time measurements will also contribute to a
potential increase of 2 ms in the measured times.

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-1 3830.
. Qualified USQ evaluator proceed to Section 1l

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

The ATR is currently operating with 2 PCPs. The TSR-186 Section 3.7.1 safety rod drop time requirement is <

170 ms for this operating configuration. The 3 ms discrepancy discussed above can be conservatively applied to
the drop time limit. Additionally, the equipment and process for performing safety rod release time and drop time
testing have been reviewed and is judged to have an accuracy that is <2 ms. Therefore, the maximum measured
drop time shall not exceed 165 ms and the RCCC release time shall not exceed 20 ms in order to establish that the
required safety function can be accomplished. The safety rod drop test data for the current operating cycle was
also reviewed and identified that the maximum drop time for all safety rods was 163 ms and the maximum RCCC
release time was 18 ms. The 2-ms accuracy associate with the RCCC release time measurement is included in the
response time requirements in TSR-186 Section 3.1.1. Hence, the accident analysis response time requirements
also continue to be met. Therefore, for the current operating cycle, the response time and safety rod drop times are
within the assumptions of the accident analysis.

In addition to establishing that the current nuclear instrumentation scram actuations and safety rod insertions can
be accomplished within the time response assumptions of the safety analysis, the current cycle reactor power level
is well below the analyzed value. This provides additional assurance that current operation is within the bounding
accident analysis. :

Therefore, ATR operation, in the current operating cycle, is within the safety basis and no immediate actions are
necessary to place the facility in a safety condition.

Interim controls are imposed in order to ensure that ATR operating conditions remain within the assumptions of the
accident analysis. The following nuclear instrument scram actuation response time, RCCC release time, and safety
rod drop time limits must be met in order to ensure operability. These values are more restrictive than those
defined in TSR-186 Sections 3.1.1 and 3.7.1.

The TSR Section 3.1.1 (Table 3.1.1-1) response times are reduced by 2 ms to account for uncertainty in the RCCC
release time measurement.
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gorteiznor REASONABILITY DETERMINATION/POTENTIAL INADEQUACY IN
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Facility or Activity: Advanced Test Reactor
USQ Process No.: RTC-USQ-2008-137

Response Time and Safety Rod Drop Time Modeling and Requirements Discrepancy for NI Scram

Subject: Functions

Parameter Applicability Response Time

Power Operation
Neutron Level Low Power Operation =0.023 Seconds
Depressurized Operation <0.033 Seconds
<0.023 Seconds
. Power Operation {top 2 decades)
I\Y(\e/ S?ol:?.l?fil Low Power Operation <0.033 Seconds

(for all other decades)

Depressurized Operation <0.033 Seconds

The TSR Section 3.7.1 (Table 3.7.1-1) release times are reduced by 2 ms to account for uncertainty in the RCCC
release time measurement. The drop times are reduced by 5 ms for pressurized operation and 8 ms for
depressurized operation to account for uncertainty in the RCCC release time measurement (2 ms) and the
discrepancy in the release time requirement (3 ms pressurized, 6 ms depressurized).

Applicability Release Time Drop Time
(Note 1)
Depressurized Operation <27 ms <292 ms
Power Operation (2-PCP)
Low Power Operation (2-PCP =20 ms =165 ms
Power Operation (3-PCP) <20 ms <145 ms

Low Power Operation (3-PCP
Note 1: As identified in TSR-186 Section 3.7.1, the safety rod release time
is included in the drop time.

G. L. Sharp
Safety Analyst e Analyst o} te

Print/Type Name ature

M. B. McDonough e / r R / &g
Nuclear Facility Manager ' d ”Nuclear Facility Manag% 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
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Hl. USQ DETERMINATION
Identify applicable section(s) of the safety basis document(s) (e.g., DSA, SAR, BIO, TSRs, etc.).

lla; 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 [

Explain:

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

Explain:

3. Could the PISA increase the probability of occurrence of a malfunction of equipment important to safety
: previously evaluated in the safety basis?  Yes OO0 No [

Explain:

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

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 [1 No []

Explain:
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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 [J

H Explain:

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:

id: USQ DETERMINATION CONCLUSION
8. Based on the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?

Yes [1 No [

Explain:

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:
USQ Evaluator UsQ Evaluator Date
Print/Type Name Signature
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
CONCURRENCE:
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-2008-451
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 bulkheads 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-seal / 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, TSRs, 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 Irradiate
Fuel Element Storage

I 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 II, lIl, and IV.
If “No,” provide an explanation and basis for the reasonability determination.

G b SO ~ (\>MMND b)z&]/f&

USQ Evaluator | US\Evaluator  \} I Dite
Print/Type Name Signature
’ &t - LN -
B e oneuG /(17'4{46/%%6-\—\% Q/QC/U&%
Nuclear Facility Manager Nuclear Facility Manader | 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.
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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
If the answer to the question above is “Yes,” complete Section 11, lll, 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.

Fuel damage in the canal irradiated fuel storage area is considered beyond design basis, in part, due to the
calculated air seal 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 canal makeup
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

. 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 Ill. ’

ACTIONS TAKEN 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-piliow 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 inmediate 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 canal drains, are permitted with the canal drain covers installed.

(5l Shae D \DMQ\Q%D L/ 2 5 ‘))c@

ate

PSafety Arﬁﬁst i Safetyf,Analyst U
rint/Type Name ighature P
M5 M mneuGt K Vfﬁmw/w clio]a%

Nuclear Facility Manager Nuclear Facility Manager/ ' Date
Print/Type Name Signature
Is independent technical review required? Yes [] No [X] //k‘ 5 [ //M y

Nuclear Facility Mdnager
Signature or Initials

Independent Reviewer independent Reviewer Date
Print/Type Name Signature

lll.  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

Identify 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

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 [ No[X

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.

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

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 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 increase 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

lilb: 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:

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. 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:

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 [X 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 resulting in damage to the stored fuel. Therefore, the
PISA could reduce the margin of safety.

llid: 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:

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 question.

If “No,” is a Safety Basis document revision required at next annual update?[ ] Yes O 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:
G. L. Sharp %ﬁ L’Iy , 0%
USQ Evaluator aluator ! Dae
Print/Type Name Signatyre
M8 N owoush M b Ul e A Glso] s
“Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
CONCURRENCE:
A. P. Hoskins ) £-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-2008-451
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 bulkheads 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-seal / 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, TSRs, 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 Irradiate
Fuel Element Storage

I 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? [XI Yes [ No

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

G L. SNhasO DM/E&\RE QvD fegzsgaﬁ
USQ Evaluator | valuator Date

Print/Type Name nature
B M NOKCUGH AL A 4 ¢ (2c] dg
Nudlear Facility Manager Nuclear Facility Manader | Date
Print/Type Name Signature

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

Fuel damage in the canal irradiated fuel storage area is considered beyond design basis, in part, due to the
calculated air seal 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 canal makeup
flow may resuit 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

. 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 lil.

ACTIONS TAKEN 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 inmediate 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 canal drains, are permitted with the canal drain covers installed.

Ll2z]cS

(5l Shand

Safety Analys i Date
Print/Type Nam
M3 M eonouet clio/a%
Nuclear Facility Manager Nuclear Facility Manager/ ' Date
Print/Type Name Signature

Is independent technical review required? Yes [] No [X }/}Lt 5 ML@M

Nuclear Facility Mdnager
Signature or Initials

Independent Reviewer Independent Reviewer Date
Print/Type Name Signature

lll. USQ DETERMINATION
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Facility or Activity: ATR and ATR Critical Facility
USQ Process No.: RTC-USQ-2008-553
Subject: Error in REAP5S Reactor Kinetics Model

Describe the New Information/Discovery:

It has been discovered that there is an error in the reactor kinetics model in the RELAP5 computer code. RELAPS
is the thermal-hydraulic accident analysis code used for the safety basis accident analyses for the Advanced Test
Reactor (ATR) and the ATR Critical Facility. The error is in the summation of the delayed neutron terms. Also poor
coding logic was used in the switch between the steady-state and the transient solutions. This error and poor
coding logic, henceforth simply called “error,” could result in maximum core power and energy deposition being
greater than calculated in the safety basis analyses. This error is present in the ATR version of RELAP5/MOD2.5
(used for ATR and ATR Critical Facility accident analyses) and Version 3.2.1.2 of RELAP5/MOD3 (used for ATR
accident analyses).

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
TSR-186 Technical Safety Requirements for the Advanced Test Reactor

SAR-192 Safety Analysis Report for the Advanced Test Reactor Critical Facility (ATRC)
TSR-192 Technical Safety Requirements for the Advanced Test Reactor Facility (ATRC)

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 or: the new information or
discovery described above? [X] Yes [ No

If “Yes,” proceed to Sections I, lif, 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, lll, or IV.
If the answer to the question above is “Yes,” complete Section Il, ill, and IV.
IIl.  pISA DECLARATION

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

Since this error in the kinetics model is present in version RELAP5/MOD2.5, which was used for both ATR
and ATR Critical Facility accident analyses, and Version 3.2.1.2 of RELAP5/MOD3, which was used for ATR
accident analyses, this error could result in maximum core power and energy deposition being greater
than calculated in the safety basis analyses.

A PISA exists. Complete the following actions
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. 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 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 two pump operation, Cycle 142B, at the time of discovery. The maximum effective plate power
(EPP) for this operating cycle was 253 MW. The safety basis analyses for two primary coolant pump (PCP)
operation assumed that the maximum EPP was 417 MW. Based on preliminary calculations using a
version of RELAPS5 with this error corrected, the potential error was predicted to only have minimal effect.
Considering the large margin between the maximum EPP assumed the safety basis analyses and the actual
cycle EPP (417 MW vs 253 MW), no immediate action was need to place the ATR in a safe condition. The
ATR Critical Facility was not operating at the time of the discovery.

As noted above, the error in RELAP5 was corrected and scoping calculations were performed to assess
the effect of this error on various accidents. The bounding Condition 2, 3 and 4 reactivity insertion
accidents for ATR were recalculated using the corrected version of RELAP5. As seen in the attached
figures, the energy deposition using the corrected RELAPS version essentially overlays the results of the
safety analysis version for the Condition 2 and 4 bounding faults (Figures 1 and 3) and is less than the
results of the safety analysis version for the Condition 3 bounding fault (Figure 2). A reactivity ramp fauit,
withdrawal of all outer shims and neck shims with the failure of the Wide Range System, a bounded event,
was also recalculated using the corrected RELAPS5 version. The core power response calculated using the
corrected version essentially overlays the result of the safety analysis version (Figure 4).

The effect of this error on the generic Condition 4 experiment loop voiding analyses was also evaluated.
The generic experiment loop analyses were performed to establish an envelope for loop experiments. If a
loop experiment is not within the established envelope, an experiment specific voiding analysis must be
performed to ensure that voiding of a particular loop experiment meets the ATR Plant Protection Criteria.
For both the Standard inpile tube (IPT) and the Large IPT loop experiment voiding faults, the maximum
energy depositions using the corrected RELAP5 version remained less than the Chapter 15 safety analysis.
Thus, the generic Condition 4 analyses will remain bounded by SAR-153 safety analysis. The corrected
version calculated energy depositions, however, exceeded the previously calculated generic Condition 4
loop voiding analyses (Figures 5 and 6); but, as stated above, will remain bounded by the energy
deposition assumed in the SAR-153 accident analyses.

Of particular concern is the accident analysis for one of the experiments currently in the reactor (2E-NW-
158). The maximum void worth of the IPT during Experiment 2E-NW-158 could potentially be greater than
that allowed in the ATR SAR. Therefore, per SAR Section 10.2.6.4.1, an analysis was performed to
demonstrate that the consequences of an accident with this experiment inserted are acceptable. (Exhibit 1
is the cover page of ECAR-208, Inpile Tube Voiding Analysis for ATR Experiment 2E-NW-158.) The void
worth of the IPT was assumed to be 1.10$ instead of 1.00$ (i.e., the SAR limit for the Large IPT). The safety
analysis (using RELAPS version with the error) showed that the ATR Plant Protection Criteria are met. With
the error in RELAP5 corrected, however, thermal safety margins for the limiting Condition 4 reactivity fault
(>¥=-in. experiment loop pipe break) may be less than demonstrated to be acceptable in SAR Chapter 15.
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Figure 7 shows that the energy deposition calculated using the corrected RELAPS version exceeds that
calculated in ECAR-208. The safety analysis for Experiment 2E-NW-158, ECAR-208, however, is very
conservative. The maximum effective plate power (EPP) was 443 MW and a step reactivity insertion of
0.10% was included in the RELAPS5 calculation to conservatively bound the effect of test train failure. (NW
lobe power assumed for this analysis was 34 MW.) The Core Safety Assurance Package (CSAP) for the
current cycle shows that the maximum EPP is 253 MW and that failure of the test train during Experiment
2E-NW-158 would not cause a reactivity insertion. Figure 7 shows the calculated integrated core power vs.
time (i.e., core energy deposition) for a >'2-in. loop pipe break for Experiment 2E-NW-158, with and without
the RELAPS5 error correction and with and without a 0.10$ step insertion due to test train failure. The
calculation with the corrected RELAP5 code and without a 0.10$ step is bounded by the accident analysis
in ECAR-208. In addition, the calculation assumed the NW lobe power was 34 MW. (The nominal north-
west (NW) lobe power for this cycle is 23 MW; the maximum NW lobe power is 26 MW.) The ATR is
currently operating with two primary coolant pumps (PCPs) and a maximum EPP of 253 MW. The EPPs
considered in Chapter 15 safety analysis are considerably greater than 253 MW; (i.e., 417 MW for 2-PCP
operation and 443 MW for 3-PCP operation). The recalculated energy deposition using the corrected
RELAPS5 version with the assumed NW lobe of 26 MW would be bounded by the accident analysis in ECAR-
208. Based on the relatively low power at V\‘hi h the reactor is operating and several scoping calculations,
the error in RELAPS will not result in exceed:' e ATR Plant Protection Criteria.

e 84-%3

The effect of the RELAPS5 error on ATR depressurized operations was evaluated by recalculating, using the
corrected version, the enveloping 0.30$/sec ramp insertion which is the basis for comparing the accident
analyses to the ATR Plant Protection Criteria. (Exhibit 2 is the cover page of the EDF TRA-ATR-1835,
Reactivity Accident Analysis for ATR Depressurized Operation.) The recalculated maximum power is
approximately 0.1 MW higher than the safety analysis calculation (Figure 8); the recalculated maximum
core power, however, is well below the safety basis limit of 7.3 MW, which was demonstrated to meet the
ATR Plant Protection Criteria.

Reactive insertion accidents for the ATR Critical Facility (SAR-192) were also recalculated using the
corrected RELAPS version. The effect on Condition 4 Large IPT Voiding and the Filler Piece Drop
accidents were evaluated. The recalculated maximum power and the energy deposition (integrated core
power) exceed the calculated safety analysis RELAPS5 version values for the Larger IPT voiding analysis
(Figures 9 and 10) and essentially overlay the Filler Piece Drop accident analysis (Figures 11 and 12). The
ATR Critical Facility accident acceptance criterion, however, is an energy disposition of less than or equal
to 15 MJ. As shown in Figures 10 and 12, the recalculated energy deposition for these Condition 4
accidents is well below the ATR Critical Facility acceptance criterion.

Although the error discovered in the RELAPS5 versions used for safety analyses apparently caused the
maximum core power and energy deposition to be greater than some of the previous analyses, based on
the scoping calculations that used the corrected RELAPS5 version, this error will not challenge the
conclusions of either the ATR or the ATR Critical Facility safety basis. Therefore, no interim operating
restrictions or controls are required for either ATR or ATR Critical Facility operations.





431.61 INL USQ PROCESS

Qo207 REASONABILITY DETERMINATION/POTENTIAL INADEQUACY IN
Use with LWP-18001 THE SAFETY ANALYSIS (PISA) FORM Page 4 of
(DO NOT USE FOR PROPOSED CHANGES) 10
Facility or Activity: ATR and ATR Critical Facility
USQ Process No.: RTC-USQ-2008-553
Subject: Error in REAP5 Reactor Kinetics Model
J. C. Chapman Signed 7/24/08
Safety Analyst afety Analyst Date
Print/Type Name fg )/)bg Signature
M. B. McDonough m ad Signed 7/24/08
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 - T Data
Print/Type Name Signature

lll. USQ DETERMINATION

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

SAR-153 Section 10.1.6 “In some cases, the experiment specific initial conditions or potential reactivity insertions
may not be clearly bounded by those in Chapter 15 analysis. In these cases, the ESA [experiment safety analysis]
includes detailed analysis of the specific experiment parameters and operation to show compliance with the ATR
Plant Protection Criteria.” This analysis includes a RELAPS analysis for the postulated Condition 2, 3, and 4
reactive insertion events. :

SAR-153 Section 10.2.6.2.2 “Prior to reactor operation, the operation of each PWL [pressurized water loop] facility
that is operated at greater than 200°F or greater than 750 psig (15C0 psig for AHTL [ATR High Temperature Loop])
is compared with the IPT [inpile tube] and PWL evaluations (Section 10.2.1.3 and 10.2.2.3) and the loop blowdown
envelope analyses to ensure that the operation is consistent with the assumptions and results of the analyses. The
table below is a compilation of these analyses with the more restrictive controlling limits listed. If the experiment
parameters are within the blowdown analyses, then operation of the experiment is within the assumptions of the
analyses in UFSAR Chapter 15 for a loop blowdown.”

“Operations of an experiment outside the limits below may be shown to be acceptable (usually by limiting other
experiment conditions) if analyses demonstrate that conducting the experiment is within the ATR Plant Protection
Criteria as discussed in Chapter 15 (Accident Analyses).

SAR-153 Section 10.2.6.4.3 “The reactivity insertion from this event is bounded by analyses used in Chapter 15
(Accident Analyses) if the reactivity insertion < 0.10$. Whenever the reactivity insertion exceeds 0.10$, additional
analyses is performed to show that the combined reactivity insertion from a loop decompression and the
experiment failure is within the ATR Plant Protection Criteria for a Condition 4 event.”

SAR-153 Section 10.3.3 “The accident analyses of the PWL facilities and experiments in Chapter 15 (Accident
Analyses) provide reactivity transients that can be used to envelop potential effects from the capsule facilities and
experiments. The PWL reactivity insertion accidents have been fully analyzed to determine the resulting power
transients and margins for fuel element performance.”

“As part of the analyses for each capsule facility ESA, potential failures are identified and compared against the
results in Chapter 15 (Accident Analyses) for the PWL facilities. Additional analyses are completed as necessary to
demonstrate compliance with the ATR Plant Protection Criteria for all operating conditions.”

SAR-153 Section 10.3.5.1 “The potential reactivity addition of experiment cooled by the reactor coolant must be
evaluated relative to the accepted reactivity insertion events in Chapter 15 (Accident Analyses) and shown to be
enveloped, or specific analyses must be completed.”
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SAR-153 Section 10.3.5.1.1 “The potential reactivity insertion rate shall not exceed the reactivity insertion rate of
the limiting event in each fault category analyzed in the UFSAR without additional analyses to show acceptable
consequences.”

SAR-153 Section 15.4.1.1 “The analysis of reactivity and power distribution anomaly events was completed by the
use of RELAPS5, ATR-SINDA, and SINDA-SAMPLE. The power transients resulting from the reactivity insertions
must be generated from the RELAPS reactor model and input to ATR-SINDA.”

“In order to consider the effect of this cascading, an additional reactivity input is included in RELAP5.”

“The reactivity insertion rate from thermal-hydraulic upsets in the IPT was calculated with the RELAP5 models of
the loop facilities with an assumed total reactivity insertion for complete voiding of the IPT (0.80$ for standard and
AHTL IPT and 1.0$ for LIPT [large inpile tube}]).”

SAR-153 Section 15.4.2.2 “The DBR (SAR-39) contains analysis results for various ramp rates that demonstrate
the maximum reactor power which would be attained with pressurized and depressurized operation. The results for
pressurized operation are illustrated in Figure 15.4-2. The data in this figure

were generated with a RELAP4 model, however, as discussed in Terry, there is very good agreement of results
between the newly-developed RELAP5 model and the previous models.”

SAR-153 Section 15.4.4.2.2, “The loop blowdown analyses showed that the bounding [Condition 2] reactivity
insertion occurred for the standard loop with the MUCH [Maximum Useful Capacity Holder] configuration. The
insertion rate was initially about 6$/second and reached 0.61$ total insertion in 0.2 seconds for an average rate of
about 3$/second.”

“The RELAPS results for reactor power show a maximum of 428 MW at 0.12 seconds for two-pump case and 365
MW at 0.13 seconds for the three-pump case.”

SAR-153 Section 15.4.5.1 “The 0.508% step is a hypothetical fault which is used as a bounding event for the
following several near step events: A. Limiting perched fuel element (Condition 2), B. Loop experiment hardware
failure (Condition 3), C. Loss of reflector coolant (Condition 3), D. Reflector movement toward core (Condition 3), E.
Perched fuel drop to two fuel elements from within measurement accuracy (Condition 3), F. Cold water addition
from opening of primary pump discharge valve (Condition 3), G. Gas release into the core (Condition 3), H.
Perched fuel element (greater than the measurement uncertainty) (Condition 4), I. Movement of two reflector blocks
(Condition 4).”

SAR-153 Section 15.4.5.2.2 “The RELAPS results [0.50$ step reactivity insertion] show a peak power of 435 MW
occurs at 0.04 seconds for the two pumps and 369 MW at 0.04 seconds for three pumps.”

SAR-153 Section 15.4.6.2.2 “The analyses show that the bounding reactivity insertion [Condition 4] occurs as a
result of the DEOS [double-ended offset shear] of the SIPT [standard inpile tube] at the pump discharge.”

“The RELAPS results for the reactor power show a maximum of 526 MW at 0.1 seconds for two-pump operations
and 451 MW at 0.1 seconds for three-pump operations.”

SAR-153 Section 15.4.7, Bounded Events — Reactivity and Power Distribution Anomalies;

Section 15.4.7.1 - Rapid Regulating Rod Withdrawal

Section 15.4.7.2 — Withdrawal of ali Outer Shims from 10-10 NF

Section 15.4.7.3 - Withdrawal of all Outer Shims and One Neck Shim from NL

Section 15.4.7.4 — Cold Water Injection

Section 15.4.7.5 — Inpile Tube Voiding Due to a Rupture Disk or Relief Valve Failure or an Open and Accessible
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Valve

Section 15.4.7.6 — Loop Flow Coastdown or Loop Loss of Temperature Control With a Loop Instrumentation
Initiated Reactor Trip

Section 15.4.7.7 — Powered Axial Locating Mechanism Drive System Failures

Section 15.4.7.8 — Withdrawal of All Outer Shims and Neck Shims from 10-10 NF

Section 15.4.7.9 — Inpile Tube Voiding Due to Opening of a Normally Inaccessible Valve

Section 15.4.7.10 — Pressure Tube Flow Bypass Due to a Maximum Useful Capacity Holder Test Train Failure with
Loop Scram

Section 15.4.7.11 — Loss of Loop Temperature Control Due to Heat Exchanger Failure or Line Heater Sticking on
Without Loop Scram

Section 15.4.7.12 — Slow Lobe Power Balance Shift Due to Shim, Lobe Power Indicating System or Operator
Failure with Operator Compensation

Section 15.4.7.13 — Withdrawal of all Shims and Safety Rods from 10-10 NF

Section 15.4.7.14 — Withdrawal of all Outer Shims from 10-10 NF with Failure of the Wide Range Subsystem
Section 15.4.7.15 — Withdrawal of All Outer Shims and Neck Shims from 10-5 NF with Failure of the Wide Range
Subsystem

Section 15.4.7.16 — Rapid Regulating Rod Withdrawal with Failure of the Wide Range Subsystem

Section 15.4.7.17 — Withdrawal of All Outer Shims and Neck Shims from 10-5 NF Coupled with Rapid Regulating
Rod Withdrawal at 10-3 NF

Section 15.4.7.18 — Driven Test Loop Blowdown with Experiment Hardware Failure

Section 15.4.7.19 — Voiding in All Inpile Tubes Due to a Simultaneous Flow Coastdown or Loss of Temperature
Control in All Loops

Section 15.4.7.20 — Loss of Loop Temperature Control in the ATR High Temperature Loop Due to Heat Exchanger
Failure or Line Heater Stuck Without a Loop Scram

Section 15.4.7.21 — Loop Flow Coastdown Without a Loop Scram

Section 15.4.7.22 — Pressure Tube Cooling Flow Bypass Due to a Maximum Useful Capacity Holder Test Train
Failure Without a Loop Scram.

SAR-153 Section 15.9.3 “Polkinghorne calculated a conservative overpower limit for application of depressurized
operation using the ATR version of RELAP5/MOD2.5 and ATR-SINDA Version B Revision 1 and SINDA-SAMPLE
Version B Revision 1. The thermal analysis for steady-state depressurized operation with 3,600 gpm of emergency
coolant flow and 125°F at the vessel inlet determined that depressurized operation could occur up to a power of 7.3
MW in an exireme 70/20 lobe power split while maintaining margin from CHF and FI of at least three standard
deviations. Therefore, a large margin exist for depressurized operation at a power level of 500 kW before
approaching core damage thresholds. The core power limit (7.3 MW) is applied in each of the reactivity insertion
analyses for depressurized operation listed below.”

“Table 15.9-2 provides various ramp reactivity insertion rates and the corresponding limiting initial and maximum
core power levels. The maximum core power level as a function of the reactivity insertion ramp is also presented in
Figure 15.9-1.”

SAR-192 Section 8.4.6.1.3 “A transient analysis was performed using RELAPS5 to quantify the transient response to
an uncontrolled withdrawal of the OSCCs [outer shim control cylinders]. The withdrawal of the OSCCs was
simulated by modeling a constant reactivity insertion rate equal to the peak reactivity insertion rate from Figure 8.5.
The maximum reactivity insertion rate for all OSCCs simultaneous withdrawal (0.077%/s) was conservatively
assumed.”

SAR-192 Section 8.4.6.2.3 “An analysis was performed using RELAPS to quantify the transient response to a 0.25$
reactivity step insertion.”

SAR-192 Section 8.4.7.1.3 “A transient analysis was performed using RELAPS5 to quantify the transient response to
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a simultaneous uncontrolled withdrawal of the OSCCs and four neck shim rods. The withdrawal of the OSCCs and
four neck shim rods was simulated by modeling a constant reactivity insertion rate equal to the combined peak
reactivity insertion rate from the OSCC pairs and four neck shim rods. The maximum reactivity insertion rate for all
OSCC pairs and four neck shim rods simultaneously withdrawing (0.11.$/s) was conservatively assumed.”

SAR-192 Section 8.4.7.2.3 “An analysis was performed using RELAP5 to quantify the transient response to a 0.75%
reactivity step insertion.”

SAR-192 Section 8.4.8.1.3 “A transient analysis was performed using RELAPS5 to quantify the transient response to
air voiding of the LIPT [large inpile tube]. The voiding event was simulated by modeling a total reactivity of 1.54$
insertion into the core at a constant rate of 0.26%$/sec. This represents the maximum possible reactivity insertion,
and insertion rate, that can reasonably occur.”

SAR-192 Section 8.4.8.2.3 “A transient analysis was performed using RELAPS to quantify the transient response to
an aluminum filler piece dropped into an LIPT. The filler drop event was simulated by modeling a rapid total
reactivity of 1.2$ insertion. This bounds the measured worth of 1.18$ for a filler piece.”

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 [] No [X
Explain:
The error in RELAPS is in the reactor kinetics model. This error could affect the calculated core power for reactivity
insertion accidents, i.e. accident scenarios in which core reactivity is increasedin an uncontrolled manner. RELAPS
is a thermal-hydraulic transient analysis computer code. RELAPS5 is used to simulate the thermal-hydraulic
response of a pressurized water reactor (PWR) system to hypothesized accident scenarios. RELAP5 is not used to
establish the probability of accident sequences. RELAPS is not used in any manner to control reactor operation.
RELAPS is not an initiator of any accident sequence. The error in the summation of the delayed neutron terms, or
the poor logic in the transition from the steady state solution to the transient simulation, would not affect the
assumed frequency or probability of occurrence of an accident.

2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes [X No [
Explain:
The error in the RELAPS analysis computer code could result in under predicting the maximum power and the total
energy deposition that were calculated in the accident safety analyses, and thus, under predicting the accident
consequences. The preliminary calculations, however, using a corrected version of RELAPS5 show that the energy
deposition of the bounding ATR Condition 2, 3 and 4 accidents is essentially unchanged or lower, and the
preliminary calculation provide assurance that ATR can operate with sufficient margin. The USQ determination,
however, can not be based on preliminary results.

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:
For reactivity insertion accident scenarios the equipment important to safety are: a) fuel element cladding (primary
barrier preventing the release of fission products) and structure (heat removal), b) the Reactor Shutdown System
(RSS) (mitigation of reactivity insertion), ¢) ATR primary coolant system pumps and ATRC canal water level (heat
removal), d) ATR primary coolant system pressure boundary (barrier preventing fission product release and heat
removal path), and e) ATR heat exchangers and secondary (heat removal). The error in RELAPS is in the reactor
kinetics model. RELAPS is a thermal-hydraulic transient analysis computer code and is used to simulate the
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thermal-hydraulic response of a PWR system to hypothesized accident scenarios. This error could affect the
calculated core power for reactivity insertion accident. RELAPS is not used to establish the probability of failure or
malfunction of equipment. RELAPS is not used in any manner to control equipment. RELAPS is not an initiator of
any malfunction of equipment. The results of RELAP5S simulations were not used to establish environmental
conditions for the equipment design bases. Thus, the error could not result in an error in the assumed probability of
occurrence of a malfunction of the identified 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 No [

Explain:

The equipment important to safety are: a) fuel element cladding (primary barrier preventing the release of fission
products) and structure (heat removal), b) the Reactor Shutdown System (RSS) (mitigation of reactivity insertion),
c¢) outer shim control cylinders, neck shim rods and regulating rods (reactivity control), d) ATR primary coolant
system pumps and ATRC canal water level (heat removal), e) ATR primary coolant system pressure boundary
(barrier preventing fission product release and heat removal path), and f) ATR heat exchangers and secondary
(heat removal). The error in RELAPS is in the reactor kinetics model. RELAPS is a thermal-hydraulic transient
analysis computer code and is used to simulate the thermal-hydraulic response of a PWR system to hypothesized
accident scenarios. This error could affect the calculated core power for reactivity insertion accident. The error
could result in under predicting the consequence of the malfunction of the reactivity control systems and the RSS
as currently described in the accident safety analyses.

The accident analyses are used to verify the effectiveness of RSS setpoints, the error could result in RSS setpoints that are too
high to be as effective as currently demonstrated by the safety analyses. Higher RSS setpoints would result in reductions in the
margin between the analytical results and the ATR Plant Protection Criteria and the ATRC core power Safety Limit. But as
demonstrated by the preliminary calculation with a corrected RELAPS version, the expected magnitude of the effect of the error
is minimal; so that, the higher RSS setpoints would probably have a minimal affect on the consequences of the analyzed
accidents.

llib: 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:
RELAPS is a thermal-hydraulic computer accident analysis code used to simulate the integrated thermal-hydraulic
response for hypothesized accident scenarios in PWR. The error in RELAPS is in the reactor kinetics model. This
error could affect the calculated core power for reactivity insertion accident. Reactivity anomalies are analyzed
accidents in SAR-153 and SAR-192. RELAPS is not used in any real-time reactor control mechanisms. RELAPS is
not an initiator of any accident sequence. The error in RELAPS5 accident analysis code would not create a condition
for an accident of a different kind than analyzed in the safety basis accident analyses.
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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:
The equipment important to safety are: a) fuel element cladding (primary barrier preventing the release of fission
products) and structure (heat removal), b) the Reactor Shutdown System (RSS) (mitigation of reactivity insertion),
c) outer shim control cylinders, neck shim rods and regulating rods (reactivity control), d) ATR primary coolant
system pumps and ATRC canal water level (heat removal), €) ATR primary coolant system pressure boundary
(barrier preventing fission product release and heat removal path), and f) ATR heat exchangers and secondary
(heat removal). RELAPS is a thermal-hydraulic computer accident analysis code used to simulate the integrated
thermal-hydraulic response for hypothesized accident scenarios in PWR. The error in RELAPS is in the reactor
kinetics model. This error could affect the calculated core power for reactivity insertion accident. RELAP5 was
used to simulate the reactivity anomaly accident sequences, such as withdrawal of reactivity controls rods or shims
and voiding of an experiment position in the core. The RELAPS5 analyses were also used to verify the effectiveness
of the RSS setpoints. The RELAP5 accident analyses were not used to eliminate equipment from the possible
important to safety equipment identified in the safety analyses.

ilic: 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:
Since the accident analyses are used to verify the effectiveness of RSS setpoints, the error could result in RSS
setpoints that are too high to be as effective as currently demonstrated by the safety analyses. Higher RSS

setpoints would resuit in reductions in the margin between the analytical results and the ATR Plant Protection
Criteria and the ATRC core power Safety Limit.

However, for the ATR Critical Facility, the energy deposition acceptance criterion is 15 MJ, which is a Technical Safety
Requirement Safety Limit, SL 2.192.1, Core Energy Deposition. The energy deposition is based on the amount of energy to
raise the fuel element cladding temperature to 855 K, which is treated as the threshold clad melt temperature. The energy
deposition need to raise the fuel cladding temperature to 855 K was calculated to be 30 MJ. The allowable energy deposition
was chosen to be half that value or 15 MJ. As shown in preliminary calculations using a corrected REALP5 version, the results
do not approach 15 MJ. The USQ determination, however, can not be based on preliminary results.

llid: 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:

The error discovered in the RELAPS the reactor kinetics model could affect the consequences of accidents
analyzed and of the failure or malfunction of equipment important to safety analyzed in the safety basis analyses.
This error could result in the decrease in the margin of safety for the ATR and the ATR Critical Facility.

This error does not affect the probability of occurrence of accidents or the occurrence of the malfunction of equipment important
to safety analyzed in the safety basis accident analyses. This error does not create the possibility of malfunction of equipment
or create the possibility of a failure of a different type.

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
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Facility or Activity: ATR and ATR Critical Facility
USQ Process No.: RTC-USQ-2008-553

Subject: Error in REAPS Reactor Kinetics Model

APPROVAL:

J. C. Chapman /] Py 2008
USQ Evaluator USQ Evaluator Date
Print/Type Name

M. B. McDonough ﬂ/h‘é W%M [/ /[l U¢ 1@@ g

Nuclear Facility Manager Nuclear Facility Managér / Date
Print/Type Name Signature
CONCURRENCE:
J. A. Jacobi &Mﬁ W, ‘ 7/ /4«4 M7 2o
Independent Review Committee Chair J Independent Reydew CommitteeLhair Daie -
Print/Type Name

ignature
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Facility or Activity: ATR and ATR Critical Facility

USQ Process No.: RTC-USQ-2008 553
L o

Subject: Error in REAPS Reactor Kinetics Model
Ed )

Describe the New Information/Discovery:

It has been discovered that there is an error in the reactor kinetics model in the RELAP5 computer code. RELAPS

is the thermal-hydraulic accident analysis code used for the safety basis accident analyses for the Advanced Test
Reactor (ATR) and the ATR Critical Facility. The error is in the summation of the delayed neutron terms. Also poor
coding logic was used in the switch between the steady-state and the transient solutions. This error and poor
coding logic, henceforth simply called “error,” could result in maximum core power and energy deposition being
greater than calculated in the safety basis analyses. This error is present in the ATR version of RELAP5/MOD2.5
(used for ATR and ATR Critical Facility accident analyses) and Version 3.2.1.2 of RELAP5/MOD3 (used for ATR
accident analyses).

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
TSR-186 Technical Safety Requirements for the Advanced Test Reactor

SAR-192 Safety Analysis Report for the Advanced Test Reactor Critical Facility (ATRC)
TSR-192 Technical Safety Requirements for the Advanced Test Reactor Facility (ATRC)

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 1, Iil, 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, Ill, or IV.
If the answer to the question above is “Yes,” complete Section Il lll, 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.

Since this error in the kinetics model is present in version RELAP5/MOD2.5, which was used for both ATR
and ATR Critical Facility accident analyses, and Version 3.2.1.2 of RELAP5/MOD3, which was used for ATR
accident analyses, this error could result in maximum core power and energy deposition being greater
than calculated in the safety basis analyses.

A PISA exists. Complete the following actions
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(DO NOT USE FOR PROPOSED CHANGES) Page 2 of 6

Facility or Activity: ATR and ATR Critical Facility
USQ Process No.. RTC-USQ-2008 553
L <t
Subject: Error in REAPS Reactor Kinetics Model
= Al

. 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 lll.

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

ATR was in two pump operation, Cycle 142B, at the time of discovery. The maximum effective plate power
(EPP) for this operating cycle was 253 MW. The safety basis analyses for two primary coolant pump (PCP)
operation assumed that the maximum EPP was 417 MW. Based on preliminary calculations using a
version of RELAPS5 with this error corrected, the potential error was predicted to only have minimal effect.
Considering the large margin between the maximum EPP assumed the safety basis analyses and the actual
cycle EPP (417 MW vs 253 MW), no immediate action was need to place the ATR in a safe condition. The
ATR Critical Facility was not operating at the time of the discovery.

As noted above, the error in RELAP5 was corrected and scoping calculations were performed to assess
the effect of this error on various accidents. The bounding Condition 2, 3 and 4 reactivity insertion
accidents for ATR were recalculated using the corrected version of RELAP5. As seen in the attached
figures, the energy deposition using the corrected RELAPS version essentially overlays the results of the
safety analysis version for the Condition 2 and 4 bounding faults (Figures 1 and 3) and is less than the
results of the safety analysis version for the Condition 3 bounding fault (Figure 2). A reactivity ramp fault,
withdrawal of all outer shims and neck shims with the failure of the Wide Range System, a bounded event,
was also recalculated using the corrected RELAPS5 version. The core power response calculated using the
corrected version essentially overlays the result of the safety analysis version (Figure 4).

The effect of this error on the generic Condition 4 experiment loop voiding analyses was also evaluated.
The generic experiment loop analyses were performed to establish an envelope for loop experiments. If a
loop experiment is not within the established envelope, an experiment specific voiding analysis must be
performed to ensure that voiding of a particular loop experiment meets the ATR Plant Protection Criteria.
For both the Standard inpile tube (IPT) and the Large IPT loop experiment voiding faults, the maximum
energy depositions using the corrected RELAPS5 version remained less than the Chapter 15 safety analysis.
Thus, the generic Condition 4 analyses will remain bounded by SAR-153 safety analysis. The corrected
version calculated energy depositions, however, exceeded the previously calculated generic Condition 4
loop voiding analyses (Figures 5 and 6); but, as stated above, will remain bounded by the energy
deposition assumed in the SAR-153 accident analyses.

Of particular concern is the accident analysis for one of the experiments currently in the reactor (2E-NW-
158). The maximum void worth of the IPT during Experiment 2E-NW-158 could potentially be greater than
that allowed in the ATR SAR. Therefore, per SAR Section 10.2.6.4.1, an analysis was performed to
demonstrate that the consequences of an accident with this experiment inserted are acceptable. (Exhibit 1
is the cover page of ECAR-208, Inpile Tube Voiding Analysis for ATR Experiment 2E-NW-158.) The void
worth of the IPT was assumed to be 1.10$ instead of 1.00$ (i.e., the SAR limit for the Large IPT). The safety
analysis (using RELAP5 version with the error) showed that the ATR Plant Protection Criteria are met. With
the error in RELAPS5 corrected, however, thermal safety margins for the limiting Condition 4 reactivity fault
(>V2-in. experiment loop pipe break) may be less than demonstrated to be acceptable in SAR Chapter 15.
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Facility or Activity: ATR and ATR Critical Facility
USQ Process No.: RTC-USQ-2008 553
[
Subject: Error in REAP5 Reactor Kinetics Model
. i -

Figure 7 shows that the energy deposition calculated using the corrected RELAPS version exceeds that
calculated in ECAR-208. The safety analysis for Experiment 2E-NW-158, ECAR-208, however, is very
conservative. The maximum effective plate power (EPP) was 443 MW and a step reactivity insertion of
0.10$ was included in the RELAP5 calculation to conservatively bound the effect of test train failure. (NW
lobe power assumed for this analysis was 34 MW.) The Core Safety Assurance Package (CSAP) for the
current cycle shows that the maximum EPP is 253 MW and that failure of the test train during Experiment
2E-NW-158 would not cause a reactivity insertion. Figure 7 shows the calculated integrated core power vs.
time (i.e., core energy deposition) for a >%z-in. loop pipe break for Experiment 2E-NW-158, with and without
the RELAPS error correction and with and without a 0.10$ step insertion due to test train failure. The
calculation with the corrected RELAPS code and without a 0.10$ step is bounded by the accident analysis
in ECAR-208. In addition, the calculation assumed the NW lobe power was 34 MW. (The nominal north-
west (NW) lobe power for this cycle is 23 MW; the maximum NW lobe power is 26 MW.) The ATR is
currently operating with two primary coolant pumps (PCPs) and a maximum EPP of 253 MW. The EPPs
considered in Chapter 15 safety analysis are considerably greater than 253 MW; (i.e., 417 MW for 2-PCP
operation and 443 MW for 3-PCP operation). The recalculated energy deposition using the corrected
RELAPS version with the assumed NW lobe of 26 MW would be bounded by the accident analysis in ECAR-
208. Based on the relatively low power at which the reactor is operating and several scoping calculations,
the error in RELAPS5 will not result in exceed the ATR Plant Protection Criteria.

The effect of the RELAPS5 error on ATR depressurized operations was evaluated by recalculating, using the
corrected version, the enveloping 0.30$/sec ramp insertion which is the basis for comparing the accident
analyses to the ATR Plant Protection Criteria. (Exhibit 2 is the cover page of the EDF TRA-ATR-1835,
Reactivity Accident Analysis for ATR Depressurized Operation.) The recalculated maximum power is
approximately 0.1 MW higher than the safety analysis calculation (Figure 8); the recalculated maximum
core power, however, is well below the safety basis limit of 7.3 MW, which was demonstrated to meet the
ATR Plant Protection Criteria.

Reactive insertion accidents for the ATR Critical Facility (SAR-192) were also recalculated using the
corrected RELAPS5 version. The effect on Condition 4 Large IPT Voiding and the Filler Piece Drop
accidents were evaluated. The recalculated maximum power and the energy deposition (integrated core
power) exceed the calculated safety analysis RELAPS5 version values for the Larger IPT voiding analysis
(Figures 9 and 10) and essentially overlay the Filler Piece Drop accident analysis (Figures 11 and 12). The
ATR Critical Facility accident acceptance criterion, however, is an energy disposition of less than or equal
to 15 MJ. As shown in Figures 10 and 12, the recalculated energy deposition for these Condition 4
accidents is well below the ATR Critical Facility acceptance criterion.

Although the error discovered in the RELAPS5 versions used for safety analyses apparently caused the
maximum core power and energy deposition to be greater than some of the previous analyses, based on
the scoping calculations that used the corrected RELAPS5 version, this error will not challenge the
conclusions of either the ATR or the ATR Critical Facility safety basis. Therefore, no interim operating
restrictions or controls are required for either ATR or ATR Critical Facility operations.
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Facility or Activity: ATR and ATR Critical Facility
USQ Process No.: RTC-USQ-2008 553

L
Subject: Error in RE,A&E Reactor Kinetics Model
It

J. C. Chapman QQ ( % 4‘% YDV, 29 d;%E 2008
' Safety Analyst / Safe Analyst ate
Print/Type Name Signature
M. B. McDonough Bd i A 2Pk 1oy
Nuclear Facility Manager Nuclear Facility'Managér / 7 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

fil. © USQ DETERMINATION
Identify applicable section(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 [
Explain:

2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
S Yes [1 No[

Explain:

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:
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Facility or Activity: ATR and ATR Critical Facility
USQ Process No.: RTC-USQ-2008 553

Subje
4,

llib:

fllc:

Hld:

ct: Error in REAP5 Reactor Kinetics Model

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

Explain:

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 []

Explain:

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:

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:

USQ DETERMINATION CONCLUSION

Based If]n the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Questioh’?
Yes ~ No

Explain:
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Facility or Activity: ATR and ATR Critical Facility

USQ Process No.: RTC-USQ-2008 553

Subject: Error in REAPS5 Reactor Kinetics Model
B 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.:
. USQ Evaluator USQ Evaluator . Date
Print/Type Name Signature
L
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
CONCURRENCE:
Independent Review Committee Chair Independent Review Committee Chair Date

Print/Type Name Signature
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1911172007 ENGINEERING CALCULATIONS AND ANALYSIS REPORT
Rev. 01 o
ECAR No.: 208 ECAR Rev. No.: 0 Project File No.: Date: 4/14/08

Title: Inpile Tube Voiding Analysis for ATR Experiment 2E-NW-158

1. Index Codes
Building/Type: TRA-670 SSCID: Site Area: RTC
2. Quality Level: 1 (Required Element)

3.  Objective/Purpose

The void worth of the inpile tube (IPT) during ATR Experiment 2E-NW-158 may be greater than allowed in

Section 10.2.6.2.2 of the ATR Safety Analysis Report (SAR). Therefore, per SAR Section 10.2.6.4.1, an analysis is
required to demonstrate that the consequences of an accident during this experiment are acceptable. The limiting
Condition 2 and 4 \PT decompression accidents discussed in Chapter 15 of the SAR (<z-in. and >z-in. experiment
loop pipe breaks, respectively) were analyzed specifically for Experiment 2E-NW-158 assuming that the void worth
of the IPT was 1.10$ instead of 1.003 (i.e., the SAR limit for the Large IPT).

4.  Conclusions/Recommendations

it is shown that Experiment 2E-NW-158 can be conducted safely if experiment operation is limited as foliows:

Loop flow rate 2100 gpm

Flow split >56:44

IPT inlet pressure 1750 to 2250 psig
Maximum IPT coolant temperature <Tsa

NW lobe power <34 MW

Test fission power <200 kW

Fission power over 9.6 in. <56 kW

Water Traction inside shrouds >0.30 )
IPT void worth <1.10%

Reactivity insertion due to test hardware failure <0.10%

5. Review (R) and Approval (A) and Acceptance (Ac)™:

Typed Name/Organization Signature/Date’
Performer/Author S. 7. Polkinghorne / G121 A e /Da-(,{.:l,.q AW 4/ra/og

Technical Checker R P. A. Roth / G120 Pamj%:é ]L’—S </ ﬁ(//‘/_/o_g
Independent Peer Reviewer’ R | G.L.Sharp /G125 (L\M.L%Q\,\f) ‘i}/[ -{) L{'S(

. SIS /1
Performer's Manager A | L. Harrison/ G121 gy GC,,.)%/ Z~ ((A,f/dj/
Nuclear Safety3 Ac | J. C.Chapman /G120 WW (S Ao 2008
Document Control LA MA:SYYWM\, ( aiuﬁ\m q' le [oF
1 Review and Approval are required. See 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 lieu of signatures.
3 if Required, per LWP-10200.
6.  Additional Distribution: Document Conlrol: Reactor Programs Document Management (J. M. Lewis)

(Name and Mail Stop) (original + 1); CSAP, MS 7136; A. W. LaPorta, MS 7136; SORC, MS 7114;
T. M. Stumpf, MS 7101

Exhibit 1
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02/26/2002 Rev. No. 0
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1. Title: Reactivity Accident Analysis for ATR Depressurized Operation
2. Project File No.: N/A
3. Index Codes:
Building/Type  TRA-670 SSCID N/A Site Area 530

4. Summary:

The RELAPS computer code was used to analyze several reactivity insertion accidents
assumed to occur during ATR depressurized operation. The accidents analyzed were:
(1) ramp reactivity insertions with insertion rates ranging from 0.04 to 0.30$/s, (2) rapid
withdrawal of the regulating rod (0.57$ in 0.543 s), and (3) one-inch drop of a perched fuel
element (0.10$ step). The worst initial power was determined for each accident. In all
cases, a high-neutron-level scram was assumed to occur 0.035 s after the power reached
2.3N. (1.15 MW). The resuilts were as follows:

Initial Maximum
Accident Core Power (kW) Core Power (MW)

Ramp reactivity insertion :

0.04%/s 0.73 1.359

0.10%/s 10.34 1.513

0.15%/s 20.68 1.647

0.20%/s 30.69 1.788

0.25%/s 40.05 1.946

0.30%/s 48.80 2.130
Rapid reg-rod withdrawal 500.0 1.318
Perched fuel element drop 500.0 1.150

The maximum power in each case was well below the steady-state power that would result
in three standard deviation (3c) margins to flow instability (FI) or the critical heat flux (CHF)
(i.e., 7.3 MW). Therefore, the ATR protective criteria for Condition 2 faults (=3¢ to Fl or
CHF) are satisfied, even though the accidents shown above are less-probable Condition 3 or
4 fauits.

A RELAPS calculation was also performed to determine core power as a function of time

~ following reactor scram, assuming that the reactor had operated for 2 hrs at 500 kW (Nu).
By 10 minutes, the power had decreased to 1.36% of the initial power, and by 20 minutes,
the power had decreased to 0.983%.

The results of these calculations will be used in ATR SAR Section 15.9, “Depressurized

Operations Events,” which is currently being updated. )
5. Review (R) and Approval (A) and Acceptance (Ac) Signatures:

(See instructions fx?r definitions of terms and significance of signatures.)

1B/l Typed Name/Organization Signature Date
Performer Sysioms Satey Aralysts | B Plffshon o |10 25 jox
Checker R gaflvaet)[l) zxgiggsu‘:lear Systems M DM‘O ~ /o / 3! I 073
Requester Ac gﬁg;.nigﬁ:)%/ A N uetear D(‘“YK—-XQAM\P it / o7 / 02
Approver A l'\qlu;egf grl;;(i:::gri/ngﬂA '{7{ '77" A [-13-a02
6. Distribution: Reactor Programs Document Managemett (original + 1); R. G. Ambrosek,

{Name and Mail Stop) |MS 3885; C. B. Davis, MS 3890; D. E. Hale, MS 7136; R. T. McCracken,
MS 7136; S. T. Polkinghorne, MS 3885: G. L. Sharp, MS 7136; SORC, MS 7114;
S. R. Wagoner, MS 7101; J. R. Wolf, MS 3890

i y [
Doc Connl A ¥ sConviell - SFaon Hor U Guill Yarfs

Exhibit 2
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Facility or Activity: ATR
USQ Process No.: RTC-USQ-2008-622

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 Reactor Shutdown System (RSS) is
inoperable is a complete functional equivalent of the auto SATS.

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 %

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, 1ll, 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, Ill, 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. Some such parameters are reactor
pressure (inlet, outlet, and differential), reactor temperature (inlet, outlet, and differential), coolant radioactivity, and neutron flux,
among others. 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 to an analog comparator. Each comparator checks to see
that the parameter's value is within an acceptable range for normal operation. Each comparator then provides outputs to an
array of subsystem and division logic modules. The Reactor Clutch Coil Controllers (RCCCs) de-energize to drop 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 to
cause a scram should one of the parameters become unacceptable. 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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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 Basis
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 ardthe RCCT ;«7 F/28/682

The original Failure Modes and Effects Analysis (FMEA) of 1975 verified a RSS subsystem unavailability of less than 10°.
Further, some subsystems are considered diverse to each other, and credit is given for this diversity. For example, outlet
temperagure is considered diverse to inlet temperature. For diverse systems, the original FMEA verified an unavailability of less
than 10™.

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 Controliers (RCCC) logic circuitry to ensure safe operation
of the ATR. 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.

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 Vender, ATR Operations, ATR Engineering, and ATR Nuclear Engineering. The
procedure 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 functicnality 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
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
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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 Manager execute reporting process for PISA per LWP-9301 and LWP-13830.

. Qualified USQ evaluator proceed to Section Ill.

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

Initial Operability Determination

Preliminary reviews have identified that the acceptable performance of an Auto SATS test within the last
ten months provides reasonable assurance that the PPS logic has a system reliability of better than 10-10
which exceeds the minimum reliability requirements.

No immediate actions are necessary to place the plant in safe condition; further, no interim controls are
necessary for continued operations.

J. C. Chapman 25 Aoy ema
Safety Analyst Analyst Date
Print/Type Name ignature
M. B. McDonough ’ /Vh 6 ! ?/béw D—év /¢ @
Nuclear Facility Manager Nuclear Facility Man&ger Date
Print/Type Name Signature

Is independent technical review required? Yes & No [] }41,/{ V)Lémm/(

Nuclear Fadility Manager
Signature or Initials

Teh A _T=eob, T2 dm/ A Q/M ' Fles/oL

independent Reviewer Indeppndent Reviewer ./ Date
Print/Type Name : ignature

lll. USQ DETERMINATION
Identify applicable section(s) of the safety basis document(s) (e.g., DSA, SAR, BIO, TSRs, etc.).
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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 [ No [
Explain:

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

Explain:

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:

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

Explain:

llib: 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:
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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:

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:

liid: USQ DETERMINATION CONCLUSION
8. Based on the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?

Yes [] No
Explain:
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:
USQ Evaluator USQ Evaluator Date
Print/Type Name Signature
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
CONCURRENCE:
Independent Review Committee Chair Independent Review Committee Chair Date

Print/Type Name Signature
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Describe the New Information/Discovery:

The Advanced Test Reactor (ATR) plant protective system (PPS) has a subsystem that monitors reactor vessel
level. The PPS low vessel level subsystem has a safety-related alarm function for notifying the operators that the
vessel level is decreasing during outage operations when the vessel contains irradiated fuel elements. |t also has a
reactor scram function during depressurized reactor operation. The limiting control setting (TSR 3.1.1) and the
minimum alarm setpoint (TSR 3.2.1.3) specified in the ATR Technical Safety Requirements are 92' 3". The
reference leg for the PPS low vessel level subsystem is on the reactor vessel lower drain line. Based on a review
of facility drawings (drawing 120347and 120441 ), the lower range of the subsystem instrumentation is 92' 4" (the
elevation of the reactor vessel lower drain overflow). Thus the TSR limiting control setting may be outside of the
range of the instrument such that the limiting control setting and minimum TSR alarm setpoint would never be
reached.

SAR-153 Figure 6.3-1 indicates the elevation of the reactor vessel lower drain is 92' 0". SAR-153 Table 5.3-2
elevations for upper drain nozzle, lower drain nozzle, and instrumented capsule nozzles do not match facility
drawings. The TSR basis for the minimum alarm setpoint states that 92' 3" is just at the elevation of the lower drain
while the drawings indicate 92' 4",

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

Upgraded Final Safety Analysis Report for the Advanced Test Reactor, SAR-153, August 10, 2004, Section 15.6,
Decrease in Primary Coolant System Inventory

Upgraded Final Safety Analysis Report for the Advanced Test Reactor, SAR-153, August 10, 2004, Chapter 16,
Derivation of Technical Safety Requirements

Technical Safety Requirements for the Advanced Test Reactor, TSR-186, August 10, 2004

PISA ASSESSMENT
a. s there a potential inadequacy in the analytical methodology and/or tools used in the safety basis?
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. lIs the actual physical condition of the facility different than as described in the safety basis (discrepant as-
found condition)?

X Yes [J No

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

Provide an explanation of the assessment result:

The derivation of the limiting control setting for the PPS low vessel level is supported by potentially erroneous
values for the lower range of the instrument (i.e., 92' 0" and 92' 3"). With a comparator setting of 92' 3" and the
lower range of the instrument limited to 92' 4", the comparator setting cannot be reached and the protective function
would not occur.
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Original screen signed 9/9/04
UsQ Evaluator USQ Evaluator Date
Print/Type Name Signature

Original screen signed 9/9/04

Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature fo A / 2

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):
o Nuclear Facility Manager document actions (Section 1I), 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 II.

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

None.

There are no plans in the near future for depressurized operations. All procedures related to depressurized operation
are suspended. So the scram setting for depresurized operation is not an issue.

The nominal procedural setting for the alarm function is 92' 10"; well above the lower drain elevation . The PPS
surviellance and test system is set to alarm if the setting is found to be less than 92' 7". Thus the facility is in a safe
condition provided these settings are not lowered to the limiting control setting. The procedure change control
process is sufficient to ensure these settings are maintained during evaluation of this issue.

Additionally, the emergency firewater injection system (EFIS) vessel leve! actuation system provides an aiternate to the
PPS low vessel level subsystem. The potenital error in the elevation of the lower drain does not affect the EFIS vessel
level actuation system since the reference leg for this system is not on the lower drain line. Thus the facility is in a
safe condition provided these settings are not lowered to the limiting control setting.

. DETERMINATION
Identify applicable section(s) of the safety basis document(s) (i.e., SAR, BIO, TSRs, OSRs).

Upgraded Final Safety Analysis Report for the Advanced Test Reactor, SAR-153, August 10, 2004, Section 15.6,
Decrease in Primary Coolant System Inventory

Upgraded Final Safety Analysis Report for the Advanced Test Reactpr, SAR-153, August 10, 2004, Section 15.12,
Severe Accident Analyses.

Upgraded Final Safety Analysis Report for the Advanced Test Reactor, SAR-153, August 10, 2004, Chapter 16,
Derivation of Technical Safety Requirements

Technical Safety Requirements for the Advanced Test Reactor, TSR-186, August 10, 2004

TRA System Design Description for the ATR Plant Protection Systems, SDD 7.7.2, Revision 1, October 5, 2000

Additional items pertinent to the USQ determination:
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1. The RSS vessel level instrument channel is a differential pressure instrument that measures the height of a
water column above the reactor vessel lower drain.
2. The RSS vessel level subsystem provides a scram function for depressurized operation and an engineered
safety feature (ESF) alarm function for shutdown with irradiated fuel and emergency firewater injection system in
manual.
3. There are some discrepancies in the relationship of the 0” level on the RSS vessel level instrument and the

physical plant parameter of concern (water level in the reactor vessel above the core). The safety basis
documents and facility drawings provide different physical plant elevations for the elevation of the reactor vessel
lower drain (i.e., 0" level of the RSS vessel level instrument).

4, Based on the plant drawings, the physical elevation of the lower drain is 92’ 4”. The Technical Safety
Requirements (TSR) and safety analysis report indicate this elevation is 92’ 3”. Some drawings in the safety
analysis report show an elevation of 92’ 0”.

5. The RSS vessel level system instrumentation measures a small portion of the range of the parameter of
concern. That is the instrument cannot register elevations below the elevation of the lower drain.

6. The safety analysis is based on the physical plant parameter not the scale of the instrument. The level of
concern in the safety analysis is well below the level of the lower drain.

7. It appears the intent of the current safety basis was to specify the liming control setting (LCS) and ESF
alarm setpoint at the elevation of the lower drain or 0 on the instrument.

8. There is no formal control to prevent the trip or ESF alarm setting from being equal to the TSR LCS or ESF
alarm setpoint.

9. The current practice is to establish the trip setting as 2 LCS + SATS ¥ window + 8 where 5 2 0. The SATS

72 window for this subsystem is 3”.
10. The TSR would allow a trip setting = the LCS.

11. The current trip setpoint and Lo-Lo alarm setpoint for this instrument are 7” and the lower SATS setting is
4",

12. The precursor alarm is set much higher at 78”.

13. The combination of the LCS and ESF alarm setpoint specified at the lower drain (0" on the instrument) and

the current practice for establishing trip and alarm setpoints leaves the potential for a trip setting that cannot be
reached. Under the current practice the trip setting could be as low as 3” while the channel’s ability to measure 0"
is £5”. Note the TSR would allow a trip setting equal to 0.

Observations based on the above

The TSR does not establish an LCS and ESF alarm setpoint for the RSS vessel level that ensure the
instrument settings will be within the operable range of the instrumentation.

It may be better to derive the LCS and ESF alarm setpoint in terms of the range of the instrument noting
that the 0 on the instrument is well above the level of concern for the safety analysis.

The current setting of 7” is above the worst-case uncertainty for the instrument.

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 X No
Explain:

The safety basis does not specifically evaluate the consequences of the depressurized operation loss of coolant
accident (LOCA) or the shutdown LOCA without mitigation to ensure the core fuel elements remain covered. The
most significant function of the RSS vessel level subsystem is to alert operators that manual action must be taken
to provide makeup water such that the core fuel elements remain covered. A depressurized or shutdown LOCA
without mitigation would be considered a severe accident (i.e., beyond design basis).

The purpose of the TSR control is to provide assurance that the RSS vessel level is operable. The TSR control is
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selected to provide a high level of confidence. With an inadequate control, the probability of the event without
mitigation could be increased.

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

Explain:

The safety basis does not specifically evaluate the consequences of the depressurized operation loss of coolant
accident or the shutdown loss of coolant accident without mitigation to ensure the core fuel elements remain
covered. Such an event would be considered a severe accident (i.e., beyond design basis). The safety basis
presents consequences representative of a severe accident in Section 15.12, Severe Accident Analyses. The
consequences of the representative severe accident are not affected by the issue under evaluation.

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:

Based on the above observations, the TSR does not provide an adequate control to ensure the RSS vessel level
subsystem is operable. The TSR does not require a diverse system for defense in depth. The probability of
malfunction of the RSS vessel level subsystem is 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:

The issue under evaluation, the setpoint for the RSS vessel level subsystem, relates to the functionality of the
subsystem. The consequences of a malfunction of the subsyetm are not affected.

llib: 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:
There is no indication of an accident of a different type.
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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 O No X

Explain:

There is no indication of a malfunction of a different type.

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 X
Explain:
Margins of safety are defined in terms of the approach to consequence limits. The new information that the TSR
control is not adequate to ensure operability of the RSS vessel level subsytem does not directly impact the margin
of safety defined in the safety basis.
lild: USQ DETERMINATION CONCLUSION
8. Based on the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes X1  No []
Explain:
The TSR does not provide an adequate control to ensure operability of the RSS vessel level subsystem. This
results in the potential for an increase in the likelihood that the RSS vessel level subsystem could be inoperable
and could fail to provide the mitigation function assumed in the safety basis. Therefore this detemination concludes
there is 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:
R. T. McCracken [O- 6- O"/
USQ Evaluator Date [
Print/Type Name
D. W. Suthers /o /4/,74
Nuclear Facility Manager P Nuclear Facility Manager Date ~
Print/Type Name Signature
CONCURRENCE:
A. P. Hoskins %m %ﬁ £
Independent Review Committee Chair “ " Indepéndént Review Committee Chair Date

Print/ Type Name Signature





The following pages are the
original USQ screen signatures.
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Describe the New Information/Discovery:

The Advanced Test Reactor (ATR) plant protective system (PPS) has a subsystem that monitors reactor vessel
level. The PPS low vessel level subsystem has a safety-related alarm function for notifying the operators that the
vessel level is decreasing during outage operations when the vessel contains irradiated fuel elements. It also has a
reactor scram function during depressurized reactor operation. The limiting control setting (TSR 3.1.1) and the
minimum alarm setpoint (TSR 3.2.1.3) specified in the ATR Technical Safety Requirements are 92' 3". The
reference leg for the PPS low vessel level subsystem is on the reactor vessel lower drain line. Based on a review
of facility drawings (drawing 120347and 120441), the lower range of the subsystem instrumentation is 92' 4" (the
elevation of the reactor vessel lower drain overflow). Thus the TSR limiting control setting may be outside of the
range of the instrument such that the limiting control setting and minimum TSR alarm setpoint would never be
reached.

SAR-153 Figure 6.3-1 indicates the elevation of the reactor vessel lower drain is 92' 0". SAR-153 Table 5.3-2
elevations for upper drain nozzle, lower drain nozzle, and instrumented capsule nozzles do not match facility
drawings. The TSR basis for the minimum alarm setpoint states that 92' 3" is just at the elevation of the lower drain
while the drawings indicate 92' 4".

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

Upgraded Final Safety Analysis Report for the Advanced Test Reactor, SAR-153, August 10, 2004, Section 15.6,
Decrease in Primary Coolant System Inventory

Upgraded Final Safety Analysis Report for the Advanced Test Reactor, SAR-153, August 10, 2004, Chapter 16,
Derivation of Technical Safety Requirements

Technical Safety Requirements for the Advanced Test Reactor, TSR-186, August 10, 2004

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

X Yes [ No

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

Provide an explanation of the assessment result:

The derivation of the limiting control setting for the PPS low vessel level is supported by potentially erroneous
values for the lower range of the instrument (i.e., 92' 0" and 92' 3"). With a comparator setting of 92' 3" and the
lower range of the instrument limited to 92' 4", the comparator setting cannot be reached and the protective function
would not occur.
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R. T. McCracken /7/ 4% (/Z_ 7-2-0O "/

USQ Evaluator ! " Date

Print/Type Name /
Reo N f, 7/7/09
Nuclear Facility Manager ! uclear"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 1), 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 .

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

None.

There are no plans in the near future for depressurized operations. All procedures related to depressurized operation
are suspended. So the scram setting for depresurized operation is not an issue.

The nominal procedural setting for the alarm function is 92 10"; well above the lower drain elevation . The PPS
surviellance and test system is set to alarm if the setting is found to be less than 92' 7". Thus the facility is in a safe
condition provided these settings are not lowered to the limiting control setting. The procedure change control
process is sufficient to ensure these settings are maintained during evaluation of this issue.

Additionally, the emergency firewater injection system (EFIS) vessel level actuation system provides an alternate to the
PPS low vessel level subsystem. The potenital error in the elevation of the lower drain does not affect the EFIS vessel
level actuation system since the reference leg for this system is not on the lower drain line. Thus the facility is in a
safe condition provided these settings are not lowered to the limiting control setting.

. DETERMINATION
' Identify applicable section(s) of the safety basis document(s) (i.e., SAR, BIO, TSRs, OSRs).

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 [J No

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

Explain:

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:

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

Explain:

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 [] No []

Explain:

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:

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:





431.61 USQ PROCESS
Rov 00" POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
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Facility or Activity:  Advanced Test Reactor (ATR)

USQ Process No.: TRA-USQ-2004-176

Subject: Reactor Shutdown System Reactor Vessel Level Limiting Control Setting

liid: USQ DETERMINATION CONCLUSION

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

Explain:

NOTE: If USQ determination result is positive, additional notification for ORPS is required per MCP-190.

IV. APPROVAL/CONCURRENCE SIGNATURES

APPROVAL.:
USQ Evaluator USQ Evaluator Date
Print/Type Name Signature
Nuclear Facility Manager Nuclear Facility Manager Date
Print/Type Name Signature
CONCURRENCE:
Independent Review Committee Chair Independent Review Committee Chair Date

Print/Type Name Signature
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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 [nformation/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 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):

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

[0 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?

0 Yes [ No

c. |s 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?
0 Yes [ 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
O g aa ! Sc,«ou S\,'enmo/ /0//‘//0‘/
USQ Evaluator f UsQ Evaluator ! Date
Print/Type Name Signature
On bt cua | : o/ /@/)‘//)7
Nuclear Facility Manager T Nuclear Facility Manager ‘Date
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 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 lil.

.  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 the PISA increase 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). Seismic PRA results from the 1991 ATR PRA (and 1894 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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USQ PROCESS

06/1072004 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM

(DO NOT USE FOR PROPOSED CHANGES) Page 3 of 4

Facility or Activity: Advanced Test Reactor
USQ Process No.: TRA-USQ-2004-214 Revision 1

Subject: ATR Seismic Safety Basis Deterioration

2.

lilb:

lllc:

Could the PISA increase the consequences 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). 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 I No O

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 XI 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 [1 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 X

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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Rev. 00 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
' (DO NOT USE FOR PROPOSED CHANGES) Page 4 of 4
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 XI No []
Explain:

Inadequate 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: USQ DETERMINATION CONCLUSION
8. Based on the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes XI No [
Explain:
Review of raw water inventories for the firewater injection 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-190.
IV. APPROVAL/CONCURRENCE SIGNATURES
APPROVAL:
T T batehod 7 HhatsHo /4//;4/04
USQ Evaluator USQ Evaluator " T/ Datt 7

D). Sudbgns

Print/Type Name Signatyre
'\2-——-\_—. Mcct’c._.a 31:._./\,, f///.// ’[ - fef o [

USQ Reveiwer USQ Reylewer te
Print/Type Name

1979 /oo

Nuclear Facility Manager Date

Print/Type Name Signature
CONCURRENCE:
Alan P Hockins Mn 10 103/
¥ Independent Revigw Committee Chair Independent Review Committee Chair / Date °

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 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):

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

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

B 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?

K Yes [ No

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

O Yes [X No

d. Has an actual or postulated operational event or incident revealed a potential inadequacy in the safety
basis?
[0 Yes X 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 Tt etier 7 A alfp s TZFMQ% [O/14/0%

USQ Evaluator 7 Date 7
Print/Type Name

<DL~7. Su #%4/‘9

Nuclear Facility Manager
Print/Type Name Signature

15/ / 5’/:7‘/

Date

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 1), 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 Ill.

. 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 (ATR)

USQ Process No.:  TRA-USQ-2004-385
Subject: ATR Surge Tank Level! Instrument Limiting Control Settings

Describe the New Information/Discovery:

The ATR Technical Safety Requirements (TSR-186) include a limiting condition for operation (LCO 3.3.4) related to primary
coolant system surge tank level. The LCQ specifies the instrumentation to be used to monitor surge tank level, the required
accuracy of the instrumentation, and the required range for surge tank level on the instrument.

An updated calculation (Draft EDF-5090) of the surge tank level instrument uncertainty and the operating limits has identified a
non-conservative error in the previous determination (TRA-ATR-1482) of the uncertainty that can be introduced by differences in
the temperature between water in the surge tank and the water in the reference leg for the level measurement. The existing
analysis applied the temperature difference over the 10-inch span of the measurement rather than the total height of the
reference leg (approximately 230 inches).

Additionally, the updated calculation indicates the measurable uncertainty of the surge tank level instrument may be as high as
1.1% which exceeds the required accuracy of 1% in LCO 3.3.4.

The safety basis analysis derives an allowable analytical range of 40 to 60 cubic feet. This range is converted to an allowable
operating range based on the instrument uncertainty analysis in TRA-ATR-1482. The instrument output is in percentage. The
conversion between percentage output and air volume is given in EDF-4106 and TRA-ATR-1453. The analytical limits
correspond to instrument readings from 76% (40 cubic feet of air) to 24.7% (60 cubic feet of air). The TSR LCO is based on a
3% instrument uncertainty resulting in an LCO range of 73% to 28%. Application of the maximum temperature difference
defined in TRA-ATR-1482 over the full height of the reference leg results in a worst-case uncertainty of +25.3% and -24%
compared to the 3% used in the TSR derivation.

The procedural operating range of the surge tank is 50 + 5%. Applying the worst-case updated uncertainties to the 50 £ 5%
operating range results in a potential range of 80.3% to 21% or 38 cubic feet to 61 cubic feet. Applying the worst-case updated
uncertainties to the 73% to 28% LCO range results in a potential range of 98.3% to 4% or 32 cubic feet to 68 cubic feet. In both
cases, the air volume could exceed the analytical limits from the safety basis.

Operation with a high percentage or low air volume side is not likely to occur. This occurs when the surge tank is hot and the
reference leg is cold which is physically unlikely. Operation with a low percentage or high air volume side is possible particularly
during the early part of a reactor operating cycle before the surge tank water temperature equilibrates. This condition occurs
when the surge tank is cold and the reference leg is hot. The revised instrument uncertainties are based on a very conservative
60 F temperature difference applied in each direction.

Operation with less than 40 cubic feet or more than 60 cubic feet of air in the surge tank would be outside of the analyzed
condition.

The upper limit on air volume (lower limit on surge tank level) is derived from the Condition 3 small break loss of coolant
accident {LOCA) with concurrent failure of the LOCA primary coclant pump (PCP) shutoff system. The depressurization of the
PCS combined with continued operation of a PCP draws most of the water from the surge tank into the primary coolant system
leaving the potential for air pull through or formation of an air entraining vortex. These phenomena were evaluated in EDF-4206
and EDF-4304 which concluded the current limiting conditions for operation on surge tank level and the current emergency
firewater injection system (EFIS) actuation setpoint precluded a significant amount of air from leaving the surge tank. Actuation
of EFIS refills the surge tank.

The current lower limit on air volume (upper limit of surge tank level) was atso derived from the LOCA analyses in TRA-ATR-
1487. The sensitivity of various accident sequences to low initial surge tank air volumes has been examined in various analyses
(TR-797, TRA-ATR-1453, EDF-4953, EDF 5212, and TRA-ATR-1487). Most events do not show a strong sensitivity to low air
volume. TRA-ATR-1487 concluded the worst-case low initial air volume for minimum thermal-hydraulic margins during the
design basis LOCA was 44 cubic feet for two PCP operation and 56 cubic feet for three PCP operation (i.e., well within the
anaytical range limits). The analyses in TR-797 and TRA-ATR-1453 examined surge tank air volumes between 15 cubic feet
and 65 cubic feet. EDF-4953 and EDF-5212 examined sensitivity of the loss of commercial power accident consequences to
low initial air volume down to 40 cubic feet. Fuel plate thermal-hydraulic margins were slightly reduced at smaller
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Facility or Activity: Advanced Test Reactor (ATR)

USQ Process No.: TRA-USQ-2004-385

Subject: ATR Surge Tank Level Instrument Limiting Control Settings

air volumes, however, the sensitivity was not strong and there were large margins to limits.

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

Upgraded Final Safety Analysis Report for the Advanced Test Reactor, SAR-153, August 10, 2004, Section 15.6,

Decrease in Primary Coolant Inventory

Upgraded Final Safety Analysis Report for the Advanced Test Reactor, SAR-153, August 10, 2004, Chapter 16,
Derivation of Technical Safety Requirements

Technical Safety Requirements for the Advanced Test Reactor, TSR-186, August 10, 2004

Polkinghorne, S. T., Analysis of ATR Small Break LOCA with Engineered Safety Feature to Automatically Trip
Primary Coolant Pumps, TRA-ATR-1487, July 29, 1999

Vetter, D. L., Controls for EFIS Pressure Setpoint, Surge Tank Level, and Primary Coolant Pump Engineered
Safety Feature for Loss of COolant Accident, TRA-ATR-1482, Revision 2, November 18, 2003

Atkinson, S. A., ATR Technical Specifications Accidents Sensitivity to Surge Tank Level, TR-797, March 12, 1976.

Pickar, M. S., ATR Surge Tank Level Uncertainty Analysis, Draft EDF-5090

Atkinson, S. A., ATR Surge Tank Narrow Range Level Indication Uncertainty and Operating Limitiations to Prevent

Overpressure or Surge Tank Draining, TRA-ATR-1453, April 7, 1999
Vetter, D. L., ATR Primary Surge Tank (670-M-12) Level Accuracy Verification, EDF-4106, August 28, 2003
Erickson, P. A., Vortex Formation in the TRA-670-M-12 Surge Tank, EDF-4206, November 11, 2003

Lucas, D. S., A RELAP5/MOD3 Model for the Estimation of Air Pull-Through for a Draining Tank, EDF-4304,
November 18, 2003

Polkinghorne, S. T., Evaluation of Safety Limits for ATR Low Vessel Differential Pressure, EDF-5212, September

13, 2004

Polkinghorne, S. T., Reanalysis of Loss-of-Commercial Power Accident, EDF-4953, July 15, 2004
I PISA ASSESSMENT
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Facility or Activity: Advanced Test Reactor (ATR)
USQ Process No.:  TRA-USQ-2004-385

Subject: ATR Surge Tank Level Instrument Limiting Control Settings

a. s 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?
Yes [] No

c. Is 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?
[J Yes X No

Provide an explanation of the assessment result:

The application of the temperature difference over the limited span of the measurement rather than the entire length
of the reference leg is a potential inadequacy in the methodology used to derive the operating limit. The additional
uncertainty introduced by the potential temperature differences could result in plant operation outside of the
analytical limits derived in the safety basis.

8, WY,
R. T. McCracken '/‘//%CM [~ \-375°

USQ Evaluator
Print/Type Name

D. W. Suthers
Nuclear Facility Manager 5
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 II), 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 Iil.

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

At the time of discovery the ATR was in an extended outage to complete a core internals changeout. No immediate
action was necessary.

The increase in EFIS actuation setpoint from an analytical limit of 17 psia to 28 psia must be completed prior to
operation in the POWER OPERATION MODE.

EDF-4935 evaluates an increase in the emergency firewater injection system (EFIS) actuation pressure setting to
ensure an air entraining vortex does not form in the surge tank. The analytical limit is raised from 17 psia to 28 psia.
This change is scheduled to be implemented at the end of the core internals changeout. A scoping calculation was
performed with the EDF-4935 model to examine the effect of raising the initial air volume from 60 cubic feet to 68 cubic
feet. As shown in the attached figure, the surge tank water level remains above the required submergence level
indicating that an air entraining vortex will not form thus the increased EFIS actuation setpoint can compensate for the
additional surge tank uncertainty until additional evaluation is performed.
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Facility or Activity: Advanced Test Reactor (ATR)

USQ Process No.: TRA-USQ-2004-385

Subject: ATR Surge Tank Level Instrument Limiting Control Settings

The potential for operation with the initial air volume less than 40 cubic feet is not likely and compliance to ATR plant
protection criteria margins limits is not strongly dependent on the minimum air volume. The current operating limit
would limit the minimum air volume to 38 cubic feet even with the maximum error applied. Therefore, no interim action
is necessary to preclude the potential for low air volume.

. DETERMINATION
Identify applicable section(s) of the safety basis document(s) (i.e., SAR, BIO, TSRs, OSRs).

Upgraded Final Safety Analysis Report for the Advanced Test Reactor, SAR-153, August 10, 2004, Section 15.6,
Decrease in Primary Coolant Inventory

Upgraded Final Safety Analysis Report for the Advanced Test Reactor, SAR-153, August 10, 2004, Chapter 16,
Derivation of Technical Safety Requirements

Technical Safety Requirements for the Advanced Test Reactor, TSR-186, LCO 3.3 4, Surge Tank LevelAugust 10,
2004

Hla: 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 issue under evaluation is an initial condition for the accident analyses. The state of this initial condition does
not impact the probability of occurrence of an accident evaluated in the safety basis.

2. Could the PISA increase the consequences of an accident previously evaluated in the safety basis?
Yes I No []
Explain:
The analysis for a LOCA with a concurrent failure of the LOCA PCP shutoff system assumes the primary pump
output is not degraded by air drawn from the surge tank. Since there is an increased potential for air to be drawn
from the surge tank, the consequences of this event may be increased.

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 additonal uncertainty introduces the potential for operating with more air in the surge tank than currently
analyzed. This potentially increases the probability that air may be drawn from the surge tank. Air from the surge
tank may cause a malfunction of the primary or emergency coolant pumps.
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Facility or Activity: Advanced Test Reactor (ATR)
USQ Process No.: TRA-USQ-2004-385
Subject: ATR Surge Tank Level Instrument Limiting Control Settings

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

Explain:
The change in the initial condition of the surge tank does not affect the consequences of a malfunction of
equipment important to safety.

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 [] No [X

Explain:
The change in the initial condition of the surge tank does not create the possibility of an accident of a different type
than previously evaluated.

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 [J No
Explain:
The change in the initial condition of the surge tank does not create the possibility of a malfunction of equipment of
a different type than 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 X No
Explain:
Since there is potential to operate outside of the analytical limits defined in the safety basis there is a potential
reduction in the margin of safety.

fiid: 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:
Based on the above discussion the PISA does constitute 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.:
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Facility or Activity: Advanced Test Reactor (ATR)
USQ Process No.: TRA-USQ-2004-385
Subject:

ATR Surge Tank Level Instrument Limiting Control Settings

- O -
0% ) Ty
R. T. McCracken

[ 2 -
USQ Evaluator ’ Date |
Print/Type Name
—
D. W. Suthers //3/9\5
Nuclear Facility Manager Date
Print/Type Name

Signature

CONCURRENCE:

Independent Review Committee Chair Independent Review Committee Chair

Date
Print/Type Name Signature
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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 Information/Discovery:

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 PC-4 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

1 PISA ASSESSMENT
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431.61 USQ PROCESS
gcr1072004 POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
(DO NOT USE FOR PROPOSED CHANGES) Page 2 of 6

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

a. Is there a potential inadequacy in the analytical methodology and/or tools used in the safety basis?
O Yes [X 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. |s the actual physical condition of the facility different than as described in the safety basis (discrepant as-
found condition)?

X Yes [ No

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

Provide an explanation of the assessment resuit:

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 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 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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(DO NOT USE FOR PROPOSED CHANGES) Page 3 of 6

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

lil. 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.

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 increase 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 would 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 PC-4 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.





ORIGINAL - RED
43161 USQ PROCESS COPY - BLACK

ggf;oggw POTENTIAL INADEQUACY IN THE SAFETY ANALYSIS (PISA) FORM
' (DO NOT USE FOR PROPOSED CHANGES) Page 5 of 6

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 EFIS 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 equipment important to safety
previously evaluated in the safety basis? Yes X No []

Explain:

Identified deficiencies regarding PCS piping, the bypass demineralizer wall adjacent to PCS piping, and the
vulnerability of masonry block buildings that may result 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 [J 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.

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 [] No [X

Explain:

Seismically-induced PCS leakage and EFIS fauis 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 [J No [X

Explain:
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.

llc: 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 [ No d
Explain:

Increased PCS break size or inadequate EFIS flow would reduce the margin of safety needed to protect ATR fuel.

liid: USQ DETERMINATION CONCLUSION

8.  Based on the responses to questions 1 — 7 above, does the PISA constitute an Unreviewed Safety Question?
Yes XI 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 result 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.

IV. APPROVAL/CONCURRENCE SIGNATURES

APPROVAL.:
+ T hatcha T Ty atHor 1/ 27/08
* USQ Evaluator ’ USQ Evaluator Date
Print/Type Name Signature
::C.C,L\o.c)m‘b-g % 2 Feb 2005
USQ Reviewer 4 0SQ Reyiewer Date
Print/Type Name ﬂ Si ure
775\) SM“A/M \/.,. < o WA ’2/3/05
- Nuclear Facility Manager 4 Ndclear Facility Manager ? Date
Print/Type Name Signature

CONCURRENCE:

A/an P ,éé.r/ém: W HX-3-085"
Independent Review Committee Chair ndependent Review Committee Chair Date

Print/Type Name Signature






Wall&PCS valves/wall/pcs valves

Break Size Estimate Valvesé&pcs valves/150gpm pcs breaks
Case 1 Case2 Case3 Case3 Case4 Case5
Description Dia (in. Area (in.%) Area (in.%) Area (in.?) Area (in.?) Area (in.%) Area (in.%)
PCV-1-1 FTC 2.5 4.908739 4.908739 4.908739 4.908739
Bypass demin wall 2.5 4.808739 4.908739
or
LCV-1-3C 1 0.785398 0 0.785398 0.785398
or
Other bypass demin leakage 0.5
2
Twelve 3/8-in. breaks 0.375 1.325359 1.325359 1.325359 1.325359
150 gpm 0.57 0.255176
Outlet instrument lines impact 1 0.785398 0.785398 0.785398 0.785398
with drain line 1 0.785398 0.785398 0.785398 0.785398
0.5 0.19635 0.19635 0.19635 0.19635
0.5 0.19635 0.19635 0.19635 0.19635

Total 8.197593 8.982991 13.10633 5.949313 5.694137 3.288855
area (in.?)

Equiv. 3.230712 3.381937 4.085034 2.752254 2.692582 2.046338
dia. (in.)
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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-
153 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 Iogg QQ‘W‘?; however, the air bleed off
may not occur rapidly. The DCS has not been designated as Seismic Category | equipment 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 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.

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 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. 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

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

[0J Yes X 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 ves [ No

c. s 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?
[ 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 resuit 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 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 l), 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 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.

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.

fila: 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 [J

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 controlied 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 XX 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
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 minimum 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 was 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 oungggsby 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 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 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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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:

Seismically-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

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.

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:

Increased PCS break size could reduce the margin of safety needed to protect ATR fuel, but may depend on break
(or letdown) location.

liid: USQ 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 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.:
Tt hatoho~ 7 ‘7;(1766‘\0/\_, (- -5
USQ Evaluator USQ Evaluator Date

Print/Type Name Signature
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Facility 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.
2.

Indicate which type: Proposed Action: [] New Information: [X

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. In 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
feedwater pumps, one electric- and two diesel-powered firewater pumps, and the two ATR cooling tower makeup
pumps. The feedwater pumps supply the 150,000-gal overhead storage tank.

The 150,000-gal overhead storage tank supplies water to the plant demineralizer, the firewater loop, and the TRA
raw water distribution system. The TRA raw water distribution system supplies the various TRA facilities,
including the ATR. Potable water is separated from the raw water downstream of the overhead storage tank and
backflow from the raw water downstream of the potable water take out is prevented by check valves.

The 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 flow 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-1460 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
closing 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 11, 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

PART

5.

PART

the safety basis? Yes X 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

Explain:

The probability of the firewater system malfunctions evaluated in the safety basis is not changed by the new
information.

Could the Proposed Action or New Information increase the consequences of a malfunction of equipment important
to safety previously evaluated in the safety basis? Yes X 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.

[Il: POTENTIAL FOR CREATION OF AN UNANALYZED ACCIDENT OR MALFUNCTION OF A DIFFERENT
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 [] 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.

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 the safety basis?
Yes [ No [

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 |, Part ll, and Part lll, does the Proposed Action or New Information involve an
Unreviewed Safety Question? Yes [XI No []

Explain:

R. T. McCracken ‘/// %LL— H-10-OR

USQ Evaluator U%Q Evaluator Date
(Typed Name) (Signature)

G.L. Sheecs Q\‘«.B\ -10- 03
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Date
(Optional with Facility Manager)
(Typed Name)
D. W. Suthers /) //9 /,o 2
Approval / Facility Manager

= Date
(Typed Name) (Signature)

g
A. P. Hoskins _A@ééﬁew // //a/ 03
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7 Date
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