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E. EXECUTIVE SUMMARY

This report describes a review of the Peach Bottom Atomic Power Station Individual
Plant Examination (IPE) submittal by Sandia National Laboratories (SNL). The purpose
of the review was to evaluate the completeness of the licensee's IPE submitial relative
to what was requested in Generic Letter 88-20 and to evaluate the reasonableness of
the results, findings, and conclusions in the licensee's submittal. Because the IPE
submittal being reviewed is for a plant that has already been analyzed by the Nuclear
Regulatory Commission (NRC) in the NUREG-1150 study, the major objective of this
review was a comparison between the results of the IPE submittal and the resuits of the
NUREG-1150 study as documented in NUREG/CR-4550 Vol. 4, Rev. 1 and
NUREG/CR-4551 Vol. 4, Rev. 1. With this objective in mind, the reader should
understand that the material presented will differ from other technicai evaluation reports
performed for other plant submittals.

This report summarizes the results of the comparison between the front-end, human
reliability analysis (HRA), and back-end portions of the IPE and NUREG-1150 analyses
of the Peach Bottom Atomic Power Station. The comparisons are based on information
coniained in the IPE submittal [Generic Letter 88-20] and the detailed documentation of
(he front-end [NUREG/CR-4550] and back-end [NUREG/CR-4551] analyses of Peach
Bottom performed for the NUREG-1150 study.

E.1 Plant Characterization

The Peach Bottom Atomic Power Station is a Genera: Electric BWR/4 reactor with a
Mark | containment. The primary containment consists of the traditional inverte light
bulb steel drywell and steel torus wetwell design with a suppression pool of water typical
of the Mark | design. The secondary containment consists of the reactor building, which
surrounds the primary containment and contains refueling equipment and spent fuel
storage facilities. Peach Bottom has all of the typical BWR/4 Mark | systems and
features. Additional features are listed below.

Unique Peach Botiom Features

*  Four diesel generaturs with the flexibility of cross-tieing buses.
. Residual heat removal and high-pressure service water cross-tieing capability.

E.2 Licensee IPE Process

The technique used for the level 1 PRA was a small event tree/large fault tree
technique. This is clearly described in the submittal. Internal initiating events and
internal flooding were considered. Event trees were developed for all classes of
initiating events. System descriptions were provided and the development of
component-level system fault trees was discussed. Intersystem dependencies were
discussed in the s\ stem descriptions and a table of system dependencies was provided.
Data for quantification of the models were provided, including common cause data. The
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application of the technique for modeling internal flooding was described in the
submittal. The techniques used for performing importance analyses were not clearly
described in the submittal. However, these were clarified in a follow-up conversation
with the utility as being risk reduction measures. Overall, the methodology used in the
front-end analysis is consistent with that requested in Generic Letter 88-20.

The HRA process for the Peach Bottom IPE addressed both pre-initiator actions
(performed during maintenance, test, surveillance, etc.) and post-initiator actions
(performed as part of the response to an accident). Pre-initiator actions considered
included both miscalibrations and restoration faults. Post-initiator actions included both
response-type and recovery-type actions. Procedure reviews, discussions with
operations and training staff, and observations of simulator training sessions helped
ensure that the IPE represented the as-built, as-operated plant. The primary HRA
technique was the Electric Power Research Institute (EPRI) method described in EPRI
NP-6560-L [EPRI NP-6560-L] . In addition, two other methods were used for
comparison to ensure tha! the derived human error probabilities (HEP) were realistic
and representative. Plant-specific performance shaping factors and dependencies were
apparently considered to some degree, but no explicit examples of the HEP
quantification process were provided. Human errors were identified as important
contributors in accident sequences leading to core damage, and human performance-
related enhancements were identified, particularly in regard to the incorporation of
Revision 4 of the BWR Owners Group Emergency Procedure Guidelines.

Specific differences between the IPE and the Peach Bottom NUREG/CR-4550 PRA
[NUREG/CR-4550] process are discussed in Section E 3.2 for pre- and post-initiator
human actiong.

The methodology used to perform the back-end (i.e., Level 2) analysis is consistent with
the guidance provided in GL 78-20 and NUREG-1335. The Level 2 portion of the
Peach Bottom IPE was pertformed using containment event trees that were quantified
using functional fault trees. Separate event trees were constructed for each accident
class. The Level 1 and Level 2 event trees were directly linked; however, the Level 1
results were grouped into plant damage states for presentation of results. Also, the
structure and quantification of the Level 2 event trees was based on evaluations for the
functional plant damage states (accident classes), rather than separate
phenomenological evaluations for each sequence.

E.3 IPE Analysis
E.3.1 Front-End Analysis

A review of the front-end of analysis of the Peach Bottom IPE submittal reveals that it is
essentially complete with respect to the type of information and level of detail requested
in Generic Letter 88-20. In addition, the review did not identify any significant problems
or errors in the front end. It should be noted that the IPE included a thorough
identification and evaluation of plant-specific initiating events, and a detailed flooding
analysis.



As a part of the review, the front-end analysis of the IPE submittal and NUREG/CR-
4550 were compared. The dominant accident class contribution to core damage

frequency (CDF) is shown in Table E.3.1-1 for both the Peach Bottom IPE and
NUREG/CR-4550.

Table E.3.1-1
Comparison of the Peach Bottom IPE and NUREG/CR-4550
General Accident Class Results

Accident Type Mean CODF % of Totai Mean CDF
Peach NUREG/CR-4550 | Peach NUREG/CR-4550
Bottom IPE Bottom IPE
Loss of Offsite 1.37E-6 8.5E-8 248 1.9
Power
Station Blackout 4 79E-7 2.1E-6 8.7 489
ATWS 1.44E-6 1.9E-6 26 422
Transients 1.50E-6 1.4E-7 27 .1 31
LOCA 5 95E-7 2.7E-7 10.8 58
Special initiators
-Intemal Flooding | 1.47E-7 Screened out 26 Screened out
(negligible (negligible
contributor) contributor)
-Loss of DC Bus <1E-8 <1E-8 <0.5% <0.5%
-Loss of AC Bus <1E-8 <1E-8 <0.5% <0.5%
Total 5.53E-6 4 5E-6 100 100

Significant PRA findings on the front-end review are as follows:

* The mean CDF estimate from internal events, including flooding, for Peach Bottom
is 5.63E-6/yr. This frequency is comparable to the mean value Jf 4. 5F 3/yr for the
NUREG/CR-4550 analysis of Peach Bottorn and is well below the ge:. " "ic safety
goal of 1E-4/yr.

»  Station blackout (8.7% or 4.79E-7/yr ) is not a dominant contributor to CDF in the
IPE submittal compared with the results from the NUREG/CR-4550 analysis of
Peach Bottom(49.9% or 2.1E-6/yr ). On the other hand, loss of offsite power
(24.8% or 1.37E-6/yr ) , excluding blackouts, is a dominant contributor to CDF in
the submittal compared with the results from the NUREG/CR-4550 analysis of
Peach Bottom (1.9% or 8.5E-8/yr ). These differences between the two studies are
not unexpected given that there are differences in the models (e.g., the ability to
cross-tie EDGs existed in the IPE submittal but not in NUREG/CR-4550) and data
(as discussed in Sections 2.2.2.3 through 2.2.2.5) used in both studies. It is also
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possible that sequences that were labeled as station blackout (SBO) in one
analysis were labeled LOSP transients in the other analysis. In light of these
differences and the fact that the total frequency core damage from loss of offsite
power and blackout sequences is about the same for both studies, the result
appears reasonable.

+  Transients are a more dominant contributor to CDF (27.1% or 1.5E-8/yr ) in the
submittal than in the NUREG/CR-4550 analysis of Peach Bottom (3.1% or 1.4E-

71yr) because these sequences were deemed to fall below 1E-8/yr in NUREG/CR-
4550.

*  LOCAs are more than twice as important in the IPE (10.8% or 5.95E-7/yr) as in
NUREG/CR-4550 (5.8% or 2.7E-7/yr). The differences are due to the higher
initiating event frequencies used in the IPE than in NUREG/CR-4550. In addition,
vessel rupture, which contributes a CDF of 9.0E-8/yr to the IPE results, was only
qualitatively assessed and eliminated from further analysis in NUREG/CR-4550.

Overall, the licensee's treatment of core damage sequences is complete with respect to
the information requested in NUREG-1335, and in light of the comparison with
NUREG/CR-4550, appears reasonable.

E.2.2 Human Reliability Analysis

While the HRA review of the Peach Bottom IPE submittal did not identify any significant
problems or errors, the following points were noted:

. The submittal indicates that IPE-related work was primarily performed within the
utility, with contractor support in specialized areas. One specialized area noted
was the reevaluation of certain human errors based on incorporation of Revision 4
of the EPGs. While reviews of the documentation indicate that a viable process
was in place for confirming that the HRA portions of the IPE represent the as-built,
as-operated plant, it appears that credit was taken for some aspects of the
Revision 4 procedures even though training had not yet been completed, e.g., the
loss of offsite power (LOOP) procedure. In addition, no specific mention was made
of any HRA-related walkdowns and no mention was made of any discussions with
appropriate personnel regarding pre-initiator human actions. Nevertheless,
appropriate procedures apparently were reviewed and interviews and observations
of training simulations for post-initiating events did occur.

. Essentially all potential pre-initiator restoration faults were completely screened out
in the IPE. NUREG/CR-4550 found that failure to restore the standby liquid control
(SLC) system after testing was an important event for ATWS sequences and
therefore it could be argued that the event should have been explicitly modeled in
the IPE. However, total core damage frequency from anticipated transient without
scram (ATWS) sequences is about the same for both studies.



The treatment of post-initiator events appeared to be reasonably complete in
scope and both response-type and recovery-type actions were included. The
numerical screening value used for post-initiator actions was ower than the value
traditionally used to ensure that significant human events arr, not eliminated.
However, a low cutoff frequency was used. While the HRA methods described as
being used to quantify the post-initiator actions appearer. viable, the main
weakness of the post-initiator HRA was the lack or aiy @xamples or documentation
that demonstrated the actual quantification process for response or recovery
actions.

E.3.3 Back-End Analysis

The back-end portion of the IPE submittal provided the information requested in the IPE
Submittal Guidance. Significant PRA findings on the back-end portion of the IPE
submittal are as follows:

Cases with no containment failure represented 46% of the CDF. In NUREG/CR-
4551, cases with no containment failure were much lower, 18%. The difference
appears to be the result of two factors. First, the IPE credited the results of NRC-
sponsored work that was completed after NUREG/CR-4551 that indicated a lower
probability of drywell liner melt-through than had been used for NUREG/CR-4551.
Second, the IPE has a smaller contribution from ATWS sequences, and so a lower
percentage of cases with containment failure/venting before core damage.

Consistent with the difference in cases with no containment failure, the IPE
submittal reported a lower reiative contribution to CDF from early failures (28%),
and a higher relative contribution from late failures (26%).

The most frequent release category in the IPE was a low-low release (less than
0.1% Csl release) with an early release (0 - 6 hr). The most frequent reiease
category from NUREG/CR-4551 was high release (greater than 1% Csl release)
with an intermediate release (6 - 24 hr). This difference is consistent with the
differences in containment performance discussed above.

After the release categories were further grouped, the highest frequency releases
were found to be those with little/no release or low risk impact (versus moderate or
high release). The differences observed in the equivalent NUREG/CR-4551
results appear to be due to the different containment performance resuits
discussed above.



E.4 Generic Issues and Containment Performance improvements

In accordance with the resolution of USI A-45, the licensee specifically examined the
decay heat removal (DHR) function for vuinerabilities. The licensee used both
quantitative design objectives from the NRC staff and qualitative insights from past A-45
studies as input for the analysis of the adequacy of DHR. In the submittal, the licensee
concluded that no vulnerabilities associated with DHR exist, since the total COF from a
loss of DHR was below the screening criteria in NUREG-1289. No plant modifications
were judged to be cost beneficial. The utility's diverse means of DHR were identified
and their benefits explored. These include the main condenser and feedwater systems,
the high- and low-pressure emergency core coolant system (ECCS) with containment
cooling, the four modes of residual heat removal (RHR) at shutdown, the torus cooling,
and the high-pressure service water system The unique features at Peach Bottom that
directly affect the ability to provide D" R include a wetwell hard-pipe vent for
containment heat removal and four shared emergency diesel generators with cross-tie
capabilities that allow for DHR during certain loss of offsite power events.

In the IPE submittal, the licensee indicated that it has chosen not to evaluate for closure
the other unresolved safety issues (USIs) and generic safety issues (GSIis) that remain
open for Peach Bottom at present.

The IPE addressed the recommendations for plants with Mark | containments from the
Containment Performance Improvement (CPl) Program, as summarized below:

E oo jection: The submittal indicated
that Peach Bottom already has altematuvo mjecuon/spray capabmty because it (1)
has the capabiiity to inject high-pressure service water through the RHR system,
and although the system is ac-dependent, it has the capability of cross-tieing, and

(2) it has procedures for using fire water for vessel injection through the RHR
system.

The submmal dlscusses the DC and nutrogen dependenues of the safety rehef
valves, but the design does not appear exceptional relative to other BWR Mark |
plants. No commitments were made toward the CP| objective of enhanced
reliability in station blackout.

e Emergency Procedures and Training: As recommended by the CPI program,
Peach Bottom has implemented Revision 4 of the BWR Owners Group Emergency
Procedures Guidelines and is in the process of training the operators.

e Torus Hard-Pipe Vent: The IPE submittal indicated that Peach Bottom is
committed to installing the hard-pipe vent during the fall of 1982, This vent is in
addition to the smaller hard-pipe vent from the torus that was modeled in the
NUREG-1150 analysis.




E.5 Vuinerabilities and Plant Improvements

In Section 3.4.2 of the IPE submittal, the licensee defined vulnerability as any failure
mode, single failure, or combination of a small number of failures not used to create a
support state (such as diesel failure in the LOSP event tree) that disproportionately
contributes to the overall COF. The submittal states that even though no quantitative
limits were placed on the contribution to CDF, a qual‘tative evaluation identified no
vuinerabilities.

Based on insights from the front-end anal/sis, the licensee identified one plant
‘mprovement: an enhancement to the .OSP procedure (SE-11) which includes detailed
instructions to cross-tie emergency alectrical buses and recognizes interunit interactions
to improve the responses necessary for the safe shutdown of both Peach Bottom units
during a LOSP. This procedure was schedulad for implementation in December 1992; it
was credited in the submittal, but the impact o' the plant improvement in terms of the
change in CDF was not discussed.

E.6 Observations

A review of the front-end of analysis of the Peach Bottom IPE submittal reveals that it is
essentially complete with respect to the type of information and level of detail requested
in Generic Letter 88-20. In addition, the review did not identify any significant problems
or errors in the front end. It shouid be noted that the IPE included a thorough
identification and evaluation of plant-specific initiating events, and a detailed flooding
analysis.

A comparison of the front-end analysis of the IPE submittal and NUREG/CR-4550
reveals some differences between the results, particularly for loss of offsite power and
station blackout sequences. However, the differences between the two studies were
not unexpected given that there were differences in the success criteria, models (e.g.,
the ability to cross-tie emergency diesel generators (EDGs) existed in the IPE submittal
but not in NUREG/CR-4550), and data ( to be discussed in Sections 222.1and 2223
through 2.2 2.5) used in both studies.

Overall, the review of the front end analysis of the Peach Bottom IPE submittal reveals
that it is esseniially rcomplete with respect to the type of information and level of detail
requested in Generic Letter 88-20 and, in light of the comparison with NUREG/CR-
4550, appears revsonable.

The HRA review of the Peach Bottom IPE submittal did not identify any significant
problems or errors. A ‘iable approach was used in performing the HRA and only
relatively minor differenzes were found between the IPE and NUREG/CR-4550. The
most important weaknesses of the IPE HRA inc'uded complete screening of all pre-
initiator restoration faults and a lack of any examples or documentation that
demonstrated the actual quentification process for post-initiator response or recovery
actions.




No significant problems or errors were identified in the back-end analysis. There were
differences between the IPE and NUREG/CR-4551 results, but those differences are
primarily due to the relative contribution of various sequences to the CDF and the IPE's
use of more current analyses for the drywell liner melt-through issue.



1. INTRODUCTION

1.1 Review Process

This technical evaiuation report (TER) documents the results of a review of the Peach
Bottom Atomic Power Station Individual Plant Examination (IPE) submittal by Sandia
National Laboratories (SNL). The purpose of the review was to evaluate the
completeness of the licensee's IPE submittal relative to what was requested in Generic
Letter 88-20 and to evaluate the reasonableness of the results, findings, and
conclusions in the licensee's submittal. Because the IPE submittal being reviewed is for
a plant that has already been analyzed by the Nuclear Regulatory Commission (NRC) in
the NUREG-1150 study, the major objective of this review was a comparison between
the results of the IPE submittal and the results of the NUREG-1150 study as
documented in NUREG/CR-4550 Vol. 4, Rev. 1 and NUREG/CR-4551 Vol. 6, Rev. 1.
With this objective in mind, the reader should understand that the material presented
will differ from other TERs performed for other plant submittals.

This report summarizes the results of the comparison between the front-end, human
reliability analysis (MHRA), and back-end portions of the IPE and NUREG-1150 analyses
of the Peach Bottom Atomic Power Station. Section 2 of the TER summarizes SNL's
review, briefly describes the Peach Bottom submittal, and compares the results with the
NUREG-1150 Peach Bottom resuits. Section 2 also outlines the insights gained, plant
improvements identified, and utility commitments made as a result of the IPE. Section 3

presents SNL's overall observations and conclusions. Section 4 contains IPE data
summary sheets for the Level 1, human reliability analysis, and Level 2 analyses.

1.2 Plant Characterization

The Peach Bottom Atomic Power Station is located in southeastern Pennsylvania. It is
about 38 miles northeast of Baltimore, Maryland, and 63 miles southwest of
Philadelphia, Pennsylvania.

Peach Bottom consists of two General Electric Company dasigned BWR-4 plants with
Mark | containments (units 2 and 3). Each unit's rated thermal power is 3293 MWth,
with an electrical output of 1065 MWe.

important safety systems include:

e turbine-driven, high-pressure coolant injection (HPCI) system

e turbine-driven reactor core isolation cooling (RCIC) system

e automatic depressurization system (ADS)

e  motor-driven core spray system

e |ow-pressure coolant injection (LPCI) mode of residual heat removal (RHR) system
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The primary containment consists of the traditional inverted light bulb steel drywell and
steel torus wetwell design with a suppression pool of water typical of the Mark | design.
The secondary containment consists of the reactor building, which surrounds the

primary containment and contains refueling equipment and spent fuel storage facilities.

Section 1.2 of the IPE submittal lists plant-specific design and operating features that

tend to lower the core damage frequency (CDF) and radionuclide releases. These
features are:

e  Four 100% capacity RHR pumps and heat exchangers

e Four diesel generators with the flexibility of cross-tieing buses

¢ RHR and high-pressure service water (HPSW) cross-tie capabilities

e Drywell and pedestal can be flooded to a depth of 2.5 ft before spillover into torus
e  Drywell floor is the same elevation as the pedestal

e Diverse sources of water for cooling and injection

®  main steam isolation valve (MSIV) closure at Level 1

e High head condensate pu 0s

®  anticipated transient without scram (ATWS) prevention and mitigation measures

e Emergency operating procedures are based on Revision 4 of the BWR Owners
Group Emergency Procedures Guidelines

10



2. TECHNICAL REVIEW
2.1 Licensee IPE Process
2.1.1 Completeness and Methodology

The Peach Bottom IPE submittal [Submittal] contains a Level 1 (front-end) probabilistic
risk assessment (PRA), a human reliability analysis and a Level 2 (back-end) PRA. A
review of the submittal reveals that it is essentially complete with respect to the type of
information and level of detail requested in NUREG-1335 [NUREG/CR-1335]

The Level 1 and 2 analyses were based on the current Unit 2 design. The screening of
accident sequences and the evaluation of the decay heat removal functions were done
in accordance with Generic Letter 88-20. The IPE submittal included a section (Section
8) that provided a comparison between the IPE submittal and the NUREG-1150
analysis of Peach Bottom.

The Peach Bottom IPE submittal documents and describes the techniques used to
address each of the three major technical areas: the front-end systems analysis, the
back-end containment performance analysis, and the HRA. A review of the
methodology employed in the front-end portion of the submittal indicates that the
technigue used for the level 1 PRA was a small event tree/large fault tree technique.
This is clearly described in the submittal. Internal initiating events and internal flooding
were cunsidered. Event trees were developed for all classes of initiating events.
System descriptions were provided and the development of component-level system
fault trees were discussed. Intersystem dependencies were discussed in the system
descriptions and a table of system dependencies was provided. Data for quantification
of the models were provided, including common cause data. The application of the
technique for modeling internal flooding was described in the submittal. However, the
techniques used for performing importance analyses were not clearly described in the
submittal. Overall, the methodology used in the front-end analysis is consistent with
that requested in Generic Letter 88-20.

The HRA process addressed both pre-initiator actions (performed during maintenance,
test, surveillance, etc.) and post-initiator actions (performed as part of the response to
an accident). Pre-initiator actions that were considered included both miscalibrations
and restoration fauits. However, a relatively low screening value (nonconservative) was
assigned to miscalibrations and essentially all restoration faults were completely
screened out on the basis of a set of criteria used to determine the potential for recovery
of restoration faults. Post-initiator actions included both response-type and recovery-
type actions. The primary HRA technique was the EPRI method described in EPRI NP-
6560-L (a proprietary document) [EPRI NP-6560-L). In addition, two other methods
were used for comparison to ensure the obtained HEP vaiues were realistic and
representative. One method was the RMIEP [NUREG/CR-4834) Simulator Data
approach, and the ¢ .her was the "Analytic Models for Operator Response During
Accidents Approach.” In the latter case, apparently three HEP models were developed
by the IPE HRA analysts for events occurring during three time periods of an accident.
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The HEP values used in these models were "derived from Swain, plus selected
alternative methods." Plant-specific performance shaping factors and dependencies
were apparently considered to some degree, but no explicit examples of the HEP
quantification process were provided. Human errors were identified as important
contributors in accident sequences leading to core damage and human performance-
related enhancements were identified, particularly in regard to the incorporation of
Revision 4 of the BWR Owners Group Emergency Procedure Guidelines. Licensee staff
apparently participated in the HRA process, but no specific mention of the associated
personnel was found. Procedure reviews, discussions with operations and training staff,
and observations of simulator training sessions helped ensure that the IPE represented
the as-built, as-operated plant. While independent reviews of the IPE were apparently
performed by in-house staff and contractors to help ensure the appropriate use of
techniques, no specific information regarding reviews of the HRA was provided.

The methodology used to perform the Level 2 analysis is consistent with the guidance
provided in GL 88-20 and NUREG-1335. The Level 2 portion of the Peach Bottom IPE
was performed using containment event trees that were quantified using functional fauit
trees. Separate event trees were constructed for each accident class. The
quantification was performed using the REBECA computer program. The Level 1 and
Level 2 event trees were directly linked, however, the Level 1 results were grouped into
plant damage states for presentation of results. Also, the structure and quantification of
the Level 2 event trees was based on evaluations for the functional plant damage states
(accident classes), rather than separate phenomenological evaluations for each
sequence.

2.1.2 Multiunit Effects and As-Built, As-Operated Status

The Peach Bottom IPE is based on the Unit 2 plant design, using the description in the
updated final safety analysis report (FSAR). The IPE submittal indicates that the results
were also confirmed to be representative of Unit 3 (Section 2.2 of submittal).
Components and systems shared between the units were explicitly modeled in the
systems event and fault trees. In addition, it was assumed in the submittal that both
units were operating at full power when evaluating the response of Unit 2 to initiating
events. For a loss of offsite power (LOSP), Units 2 and 3 place simultaneous demands
on the shared systems (i.e., a simultaneous dual unit LOSP). For all other initiating
events at Unit 2, it was assumed that Unit 3 continued to operate at full power. Dual
unit core damage frequency was not calculated.

To ensure that the IPE represents the as-built and as-operated plant, at the start of the
IPE process, a document control database was instituted to ensure that updates in plant
initiators, drawings (and modifications), and procedures were correctly incorporated
into every facet of the IPE model. Major documentation used in the model includes the
updated final safety analysis report (UFSAR), plant procedures, technical specification,
operator training lesson plans, and maintenance history information. As a result, the
IPE models reflect freeze dates of December 1990 for initiators, February 1992 for
drawings (modifications as of December 1991), and February 1992 for procedures.

This is indicated in Section 2 4.1 of the IPE submittal. In addition, the IPE was reviewed

12



by plant personnel from outside the PRA group to identify deviations from the as-bu t,
as-operated design.

in regard to the HRA, credit was apparently taken for procedure improvements based
on Revision 4 of the BWR Owners Group Emergency Procedure Guidelines, aven
though training on particular aspects of the procedure was still in progress. The
changes to the LOOP procedure were specifically mentionea. As noted above,
procedure reviews (particularly with regard to the review of procedures relevant to
screening pre-initiator restoration faults), discussions with operations and training staff,
and observations of simulator training sessions helped ensure that the IPE represented
the as-built, as-operated plant. However, while the IPE notes that plant walkdowns °
were conducted, there was no discussion of any HRA-related issues being addressed
or HRA-related information being obtained. Overall, the submittal indicates that the
licensee took steps to provide reasonable assurance that the HRA-related aspects of
the IPE model represented the as-buili, as-operated plant.

Section 2.4.2 of the submittal states that a plant familiarization walkdown for observing
plant-specific features that could affect severe accident progression and potential

internal flooding was performed by utility personnel and contractors involved in the IPE
model development. No further details of the team makeup were given in the submittal.

2.1.3 Licensee Participation and Peer Review

Section 5.1 of the submittal indicates that utility staff participated in different aspects of
the IPE process. The Level 1 portion of the IPE was developed by a four-person group
of the utility’s Reliability and Risk Assessment branch. Contractcr support was provided
by Halliburton NUS in specialized areas such as the recvaluation of common cause
failure rates. The Level 2 portion of the IPE 'vas done by a contractor, ERIN
Engineering and Research, and the progress reviewed by utility personnel. Supporting
MAAP calculations were also performed by utility personnel. Overall, about 70% of the
Level 1 work and 30% of the Level 2 work was performed by utility personnel. The
remainder was done by contractors.

The submittal indicates that a viabie two-step process of review was employed to
ensure the accuracy of the anaiytic techniques applied. in the first step, an ongoing
review of the IPE was conducted by key plant personnel in the Nuclear Engineering and
Operation divisions with support from consultants at ERIN Engineering Research, SAIC,
and NUS during the IPE's development. The submittal did not indicate if the people
from these organizations were different from those that developed the IPE. In the
second step, reviews of the final IPE draft were conducted by independent utility
personnel and their contractors. The focus of the reviews was to ensure that the IPE
methodology and models reflected accurate information and were suitable for submittal.
This included reviews of the system and event tree modeling, the assumptions, and
quantification results. The submittal states that the findings of the review teams were
incorporated in the IPE, but the nature and results of these findings were not specified
in the submittal. Section 5.3 of the submittal also states that the licensee intends to
maintain the Peach Bottom PRA as a living document.
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2.2 Front End Technical Review

This section documents the review of both accident sequence delineation and
evaluation of system performance and system dependencies provided in the submittal.

2.2.1 Accident Sequence Delineation and System Analysis

The methodology used in tha front-end analysis of Peach Bottom IPE is the small event
tree/large fault tree approach, similar to that described in NURES/CR-2300
[NUREG/CR-2300]. This approach is consistent with the methods for examination
identified in Generic Letter 88-20. The process used to delineate the accident
sequences includes identification of initiating events and associated success criteria,
development of event trees, and binning accident sequences based on back-end
characteristics.

2.2.1.1 Initiating Events

The process used to identify initiating events is described in Section 3.1.1.2. of the IPE
submittal. The process considered both generic and plant-specific events. The
initiating events were grouped as transients, loss-of-coolant accidents and special
initiators.  First, an initial list of transients was taken from NUREG/CR 3862
[NUREG/CR-3862]. Next, the transients were grouped based on the initial effect on
normal plant systems, in particular, the availability of the main condenser as a heat sink
and the availability of feedwater. These groups were largely equivalent to those used in
the NUREG/CR-4550 analysis of Peach Bottom. A list of all plant-specific transients
and their frequencies is given in Table 3.1.1-2 of the submittal. Six categories of
LOCAs were considered in the submittal. A list of all plant-specific and generic LOCA
events and their frequencies is given in Table 3.1.1-3 of the submittal. All plant-specific
and generic special initiators and their frequencies are listed in Table 3.1.1-4 of the
submittal.

A comparison of the initiating event frequencies used in the IPE submittal and those in
the NUREG/CR-4550 anaiysis of Peach is shown in Table 2.2.1.1-1. These resuits
show that generally the IPE transient event frequencies are comparable to those from
NUREG/CR-4550. The LOSP event frequency is different because updated grid
information through 1990 was used to calculate the |\PE LOSP frequency. The IPE
frequency for a transient involving loss of feedwater is more than four times larger than
the NUREG/CR-4550 value. The larger !PE value is also due to the use updated data
based on Peach Bottom operating experience through 1990.

The results show large differences in the IPE LOCA frequencies (four times to an order
of magnitude) compared with those from NUREG/CR-4550. The differences were
attributed to the fact that the IPE used large values from the Limerick PRA [NUREG/CR-
1068 while NUREG/CR-4550 used smalier values from WASH-1400 [WASH-1400].

Overall, the licensee's treatment of initiating events in the submittal is complete with
respect to the information requested in the Generic Letter 88-20 and, in light of the
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comparison with NUREG/CR-4550, the initiatin

reasonable.

Table 2.2.1.1-1

g event frequencies appear to be

Comparison of the Peach Bottom IPE and NUREG/CR-4550 Initiating Events

initiating Event Peach Bottom IPE NUREG/CR-4550 Event
Event Frequency Frequency

Transients

Loss of offsite power** 0.059 0.079

Transient with PCS 0.061 0.08

unavailable**

Transient with PCS initially 202 25

available*

Transient involving loss of 0.265 0.06

feedwater*

Inadvertent open relief valve* | 0.17 0.19

Manual shutdown** 4.54 Not modeled

LOCAs

Large LOCA* 41E4 1.0E-4

Medium LOCA* 2.0E-3 3.0E4

Small LOCA* 1.0E-2 3.0E-3

Small-emall LOCA not modeled 3.0E-2

Interfacing system LOCA** 7.3E-7 <1E-8

Vessel rupture* 1.0E-7 Not modeled

LOCA outside containment* | 8 4E-7 Not modeled

Special Initiators

Loss of 4kV DC bus* 2.6E-3 5.0E-3

Loss of 4kV DC bus* 2.6E-3 5.0E-3

Internal flooding* Location dependent as | Screened out as negligible
Section 3.3.8 of the contributor
IPE submittal

* Generic initiating event frequencies used.
** Plant-specific initiating event frequencies used.
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: criter

To determine success criteria, the licensee utilized the Peach Bottom updated final
safety analysis report along with previous evaluations from other technical sources.
These success criteria are discussed in Section 3.1.1.5 of the IPE submittal and listed in
Table 3.1.1.5 of the same section.

A comparison of the success criteria (i.e., inventory control and decay heat removal) for
each initiating event modeled in the IPE submittal and those modeled in the
NUREG/CR-4550 analysis of Peach Bottom is shown in Table 2.2.1.1-2. The table
shows that the systems providing inventory control functions in both studies are
generally comparable. The major differences in success criteria between the two
studies are as follows:

(a) for transients and small LOCAs, only two safety relief valves (SRVs® are needed

for pressure release in the submittal while 3 SRVs were needed in NUREG/CR-
4550,

(b) for transients, the high-pressure service water (MPSW) system could be used to
inject water into the core in NUREG/CR-4550 while this option is not used for
inventory control in the submittal, and

(¢) for the medium LOCA, high-pressure coolant injection (HPCI) and control rod drive
(CRD) are used in conjunction to provide inventory control in the IPE submittal
while only HPCI is required in NUREG/CR-4550.

Given that there are eleven SRVs, there is not a large difference in the probability of
failing two versus failing three. Even considering the other differences, overall, the
licensee's treatment of the success criteria, based on a comparison of the two studies,
appears to be reasonable.
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+able 2.2.1.1-2

Ce aparison of the Peach Bottom IPE and NUREG/CR-4550 Success Criteria

Initiator Inventory Control Decay Heat Removai
Pe ich Bottom IPE NUREG/CR-4550 Peach Bottom IPE NUREG/CR-4550
Loss of offsite HPCI HPCI 1 of 4 RHR pumps 1 or 4 RHR pumps
power or or with associated heat with associated heat
RCIC RCIC exchanger (SPC and | exchanger (SPC, CS,
1 Feedwater pump 1 Feedwater pump SDC modes) and and SDC modes) and
or or associated HPSW associated HPSW
CRD (enhanced) CRD (enhanced) or or
or or containment venting containment venting
2SRvVsand 1 3 SRVs and 1 or or
condensate pump condensate pump PCS PCS
or or
2SRVsand1or4 3SRVs and 10f4
LPCI pumps LPCI
or or
2SRvVsand1of 2 3 SRVsand 1 of 2 any
LPCS loops LPCS loops
or

3 SRVs and 1 HPSW

(injection mode)
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inventory Control Decay Heat Removal
Peach Bottom IPE NUREG/CR-4550 Peach Bottom IPE NUREG/CR-4550
Transient with HPCI HPCI 1 of 4 RHR pumps 1 of 4 RHR pumps
PCS or or with associated heat | with associated heat
unavailable RCIC RCIC exchanger (SPC and | exchanger (SPC, CS,
1 Feedwater pump 1 Feedwater pump SDC modes) and and SDC modes) and
or or associated HPSW associated HPSW
CRD (enhanced) CRD (enhanced) or or
or or containment venting containment venting
2SRVs and 1 3SRVs and 1 or or
condensate pump condensate pump PCS PCS
or or
2SRVsand1or4 3SRVs and 10of 4
LPCi pumps LPCI
or or
2SRVsand1of 2 3 SRVs and 1 of 2 any
LPCS loops LPCS ioops
or
3 SRVs and 1 HPSW
(injection mode)
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initiator Inventory Control Decay Heat Removal
Peach Bottom IPE NUREG/CR-4550 Peach Bottom IPE NUREG/CR-4550
Transient with HPCI HPC! 1 of 4 RHR pumps 1 of 4 RHR pumps
PCS initially or or with associated heat | with associated heat
avaiiable RCIC RCIC exchanger (SPC and | exchanger (SPC, CS,
1 Feedwater pump 1 Feedwater pump SDC modes) and and SDC modes) and
or or associated HPSW associated HPSW
CRD (enhanced) CRD (enhanced) or or
or or containment venting containment venting
2SRVsand 1 3 SRVs and 1 or or
condensate pump condensate pump PCS PCS
or or
2SRVsand 1or4 3SRVs and 10f 4
LPCI pumps LPCI
or or
2SRVsand1of 2 3 SRVs and 1 of 2 any
LPCS loops LPCS ioops
or
3 SRVs and 1 HPSW
(injection mode)
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Initiator invemory Control Decay Heat Removal
Peach Bottom IPE NUREG/CR-4550 Peach Bottom IPE NUREG/CR-4550
Transient HPCI HPCI 1 of 4 RHR pumps 1 of 4 RHR pumps
involving loss or or with associated heat | with associated heat
of feedwater RCIC RCIiC exchanger (SPC and | exchanger (SPC, CS,
1 Feedwater pump 1 Feedwater purip SDC modes) and and SDC modes) and
or or associated HPSW associated HPSW
CRD (enhanced) CRD (enhanced) or or
or or containment venting containment venting
2SRVs and 1 3 SRVsand 1 or or
condensate pump condensate pump PCS PCS
or or
2SRVsand 1or4 3SRVs and 10of 4
LPCI pumps LPCI
or or
2SRVsand1of 2 3 SRVs and 1 of 2 any
LPCS loops LPCS loops
or
3 SRVs and 1 HPSW
(injection mode)




initiator inventory Control Decay Heat Removal
Peach Bottom IPE NUREG/CR-4550 Peach Bottom IPE NUREG/CR-4550
Transient with HPCl and CRD HPCI 1 of 4 RHR pumps 1 of 4 RHR pumps
1 stuck-open or or with associated heat with associated heat
relef valve HPCli and 1 of 4 LPCI RCIC exchanger (SPC and | exchanger (SPC and
pumps 1 Feedwater pump SDC modes) and CS modes) and
or or associated HPSW associated HPSW
HPCland 1 of 4 LPCS 3 SRVs and 1 or or
pumps condensate pump containment venting containment venting
or or or or
HPC! and 1 condensate 3SRVs and 1 0of 4 PCS PCS
pump LPCI
or or
RCIC and CRD 3 SRVs and 1 of 2 any
or LPCS loops
RCIC and 1 of 4 LPCI or
pumps 3 SRVs and 1 HPSW
or (injection mode)
RCIC and 1 of 4 LPCS
pumps
or
RCIC and condensate
or
1 Feedwater and
condensate pump
or
1SRV and 1
condensate pump
or
1SRVs and 1 of 4
LPCI pumps

or
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initiator

Inventory Control

Decay Heat Removal

Peach Bottom IPE

NUREG/CR-4550

Peach Botiom IPE

NUREG/CR-4550

Transient with
2 stuck-open
relief valve

HPCI and CRD
or
HPCl and 1 of 4 LPCI
pumps
or
HPCland 1 of 4 LPCS
pumps
or
HPCI and 1 condensate
pump
or
RCIC and CRD
or
RCIC and 1 of 4 LPCI
pumps
or
RCIC and 1 of 4 LPCS
pumps
or
RCIC and condensate
or
1 Feedwater and
condensate pump
or
1 condensate pump
or
1 of 4 LPCI pumps

or
1 of 4 LPCS pumps

HPCI
or
3 SRVs and 1 HPSW
(injection mode)
or
3SRVs and 1 of 4
LPCI
or
3 SRVs and 1 of 2 any
LPCS loops

1 of 4 RHR pumps
with asscociated heat
exchanger (SPC and

SDC modes) and

associated HPSW

or
containment venting
or
PCS

1 of 4 RHR pumps
with associated heat
exchanger (SPC and
CS modes) and
associated HPSW
or
containment venting




initiator inventory Control Decay Heat Removal
Peach Bottoun IPE NUREG/CR-4550 Peach Bottom IPE NUREG/CR-4550
Transient with 1 of 4 LPCi Pumps 1 of 4 LPCI Pumps 1 of 4 RHR pumps 1 of 4 RHR pumps
3 stuck-open or or with associated heat with associated heat
relief valve any 2 LPCS pumps any 2 LPCS pumps exchange: (SPC exchianger (SPC and
modes) and CS modes) and
associated HPSW associated HPSW
or or
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initiator inventory Control Decay Heat Removal
Peach Bottom IPE NUREG/CR-4550 Peach Bottom IPE NUREG/CR-4550C
Inadve tent HPC! and CRD HPCI 1 of 4 RHR pumps 1 of 4 RHR pumps
open relief or or with associated heat | with associated heat
valve HPCl and 1 of 4 LPCI RCIC exchanger (SPC and | exchanger (SPC, CS,
pumps 1 Feedwater pump SDC modes) and and SDC modes) and
or or associated HPSW associated HPSW
HPCl and 1 of 4 LPCS CRD (enhanced) or or
pumps or containment venting | containment venting
or 3 SRVs and 1 or or
HPCI and 1 condensate condensate pump PCS PCS
pump or
or 3SRVs and 1 of 4
RCIC and CRD LPCI
or or
RCIC and 1 of 4 LPCI 3 SRVs and 1 of 2 any
pumps LPCS loops
or or
RCIC and 1 of 4 LPCS 3 SRVs and 1 HPSW
pumps (injection mode)
or
RCIC and condensate
or
1 Feedwater and 1
condensate pump
or
1 SRV and 1
condensate pump
or
1 SRVs and 10f 4
LPCI pumps
or
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Initiator Inventory Control Decay Heat Removal
Peach Bottom IPE NUREG/CR-4550 Peach Bottom IPE NUREG/CR-4550
Large LOCA 1 of 4 LPCI Pumps 1 of 4 LPC| Pumps 1 of 4 RHR pumps 1 of 4 RHR pumps
or or with associated heat with associated heat
any 2 LPCS pumps any 2 LPCS pumps exchanger (SPC exchanger (SPC and
modes) and CS modes) and
associated HPSW associated HPSW
or or
containment venting containment venting
Medium LOCA HPCl and CRD HPC! 1 of 4 RHR pumps 1 of 4 RHR pumps
or or with associated heat | with associated heat
HPCl and 1 of 4 LPCI 3 SRVs and 1 HPSW exchanger (SPC exchanger (SPC and
pumps or modes) and CS modes) and
or - associated HPSW associated HPSW
HPCland 1 of 2 LPCS | or or or
loops 3SRVs and 10f4 containment venting containment venting
or LPCI
2SRVsand 1or4 or
LPCI pumps 3 SRVs and 1 of 2 any
or LPCS loops
2SRVsand 1of 2
LPCS loops
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Initiator Inventory Controi Decay Heat Removal
Peach Bottom IPE NUREG/CR-4550 Peach Bottom IPE NUREG/CR-4550
Small LOCA HPCI HPCI 1 of 4 RHR pumps 1 of 4 RHR pumps
or or with associated heat with associated heat
RCIC RCIC exchanger (SPC exchanger (SPC and
1 Feedwater pump 1 Feedwater pump modes) and CS modes) and
or or associated HPSW associated HPSW
2SRVs and 1 3 SRVs and 1 or or
condensate pump condensate pump containment venting containment venting
or or or
2SRVsand1or4 3SRVs and 1 of 4 PCS
LPCI pumps LPCi
or or
2SRVsand1of 2 3 SRVs and 1 of 2 any
LPCS loops LPCS loops
or
3 SRVs and 1 HPSW
(injection mode)




2.21.2 Event Trees

In the IPE submittal, systematic event trees were developed for each initiator . The
event trees for transients and LOCAs were discussed in Section 3.1.2 (Figures
3.1.2.1.5.1 through 3.1.2.2.3) of the IPE submittal. The event trees for special
transients were discussed in Section 3.1.3 (Figures 2.1.3.1.1a through 3.1.3.3.2) of the

IPE submittal.

A comparison of the event trees for each initiator modeled in the IPE submittal and

NUREG/CR-4550 analysis of Peach Bottom is showr: in Table 2.2.1.2-1. Differences in
the event trees in the two studies were not unexpected given that thare were differences
in the success criteria and the modeling approach #nd that plant information available
to the licensee during the IPE process was more current than that in NUREG/CR-4550.

Overall, the licensee's treatment of the event treas in the submittal is complete with
respect to the information requested in Generic Letter 88-20 and, in light of the
comparison with NUREG/CR-4550, it appears to be reasonable.

Table 2.2.1.2-1

Comparison of the Peach Bottom IPE and NUREG/CR-4550 Event Tree Models

Initiator Peach Bottom IPE Event Tree NUREG/CR-4550 Event Tree Model
Model
An enhanced LOSP procedure This LOSP procedure did not exist
(SE-11) to manipulate electrical when NUREG/CR-4550 was
loads and cross-tie emergency developed and so was not modeled in
electrical buses wae modeled. the LOSP event tree.
Recovery actions of offsite power | Recovery actions of offsite power and
and emergency diesels were emergency diesels were modeled at
modeled as top events in the the cut set level n NUREG/CR-4550.
LOSP event trees in the IPE
submittal,

Transient with PCS Success or failure of offsite power | Success or failure of offsite power

unavailable was not inodeled as a top event was modeled as a top event in the
in the transient tree. transient tree.
Feedwater injection was modeled | Feedwater injection was modeled as
as a top event in the transient a part of the power conversion system
event tree. top event in the transient event tree.
Feedwater and power conversion | Feedwater and power conversion
system recovery for heat removal | systemn recovery for heat removal was
was modeled as a top event in not modeled as & top event in the
the transient event tree. transient event tree.

Transients with PCS Comparisons the same as for Comparisons the same as for

initially available transient with PCS unavailable. transient with PCS unavailable.
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Initiator

Peach Bottom IPE Event Tree
Model

NUREG/CR-4550 Event Tree Model

Transients with PCS Compatisons the same as for Comparisons the same as for

unavailable transiont with PCS unavailable. transient with PCS unavailable.

Inadvertent open relief Comparisons the same as for Comparisons the same as for

valve transient with PCS unavailable. transient with PCS unavailable.

Loss of 4 kV AC and DC | Comparisons the same as for Comparisons the same as for

bus transient with PCS unavailable. transient with PCS unavailable.

Manual shutdown No comparison Not modeled

Large LOCA Success or failure of offsita power | Success or failure of offsite power
was not modeled as a top e 'ent. was modeled as a top avent.
Vapor suppression was modeid | Eliminated from the large LOCA tree
as a top event. as relatively improbable.
Success or failure of the Success or failure of the condensate
condensate system for core system for core cooling was modeled.
cooling was not modeled.

Medium LOCA Success or failure of offsite power | Success or failure of offsite power
was not modeled as a top event, was modeled as a top event.
Vapor suppression was modeled | Eliminated from the large LOCA tree
as top event. as relatively improbable.
The CRD system was modeled Not modeled
as a source of high-pressure
injection to supplement HPCI.
Success or failure of the Success or failure of the condensate
condensate system for core system for core cooling was modeled.
cooling was not modeled.

Small LOCA Success or failure of offsite power | Success or failure of offsite power
was not modeled as a top event. was modeled as a top event.
Vapor suppression was modeled | Eliminated from the large LOCA tree
as a top event. as relatively improbable.
Success or failure of the Success or failure of the condensate
condensate system for core system for core cooling was modeled.
cooling was not modeled.

Small-small LOCA Not modeled No comparison made

Interfacing system LOCA | No comparison Screened as <1E-8

Vessel rupture No comparison made Not modeled

LOCA outside No comparison made Not modsied

containment
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2.2.1.3 System Analysis

System descriptions are included in Section 3.2 of the submittal. The systems in the
IPE submittal are similar to those modeled in the NUREG/CR-4550 study of Peach
Bottom. However, the feedwater system was modeled as a fault tree in the submittal
but simply given a data value in NUREG/CR-4550. Fault trees were developed for
each system described in Section 3.2 down to the component level, however, they were
not provided as part of the submittal,

Overall, the licensee's system analysis is complete with respect to the information
requested in NUREG-1335 and, in light of the comparison with NUREG/CR-4550
appears reasonable

2.2.1.4 System Dependencies

Dependencies are discussed in Section 3.2.3.1 of the submittal. Table 3.2.3-1 of the
same section summarizes the dependencies among the systems. The submittal
addressed dependencies on instrumentation, instrument air, service water, turbine
building cooling water, reactor building cooling water, and emergency AC and DC
power. The dependencies in the IPE submittal are similar to those modeled in the
NUREG/CR-4550 study of Peach Bottom.

Overall, the licensee's treatment of dependencies is complete with respect to the
information requested in NUREG-1335 and, in light of the comparison with NUREG/CR-
4550, appears reasonable.

2.2.2 Quantitative Process

This section summarizes the process by which the submittal quantified core damage
sequences, including performance point estimates and uncertainty/sensitivity analyses,
the use of plant-specific and generic data, and the quantification of common cause
events

2.2.2.1 Quantification of Accident Sequence Frequencies

The methodology used in the front-end analysis of the Peach Bottom IPE is the smail
event tree/large fault tree approach, similar to that described in NUREG/CR-2300
Support systems were modeled in the fault trees and fault tree linking was used to
account for dependencies. Systemic event trees were used in the submittal.

The NUPRA computer code was used to link the system fault trees, create minimal cut
sets and quantify sequence frequencies The analysis used cutoff frequencies (whether
cut set or sequence was not stated) ranging from 1E-9 to 1E-11 to ensure that dominant
contributors to risk were captured. This is contained in Section 2.3.2 of the submittal.
The sequence cutoff frequency used in the NUREG/CR-4550 analysis of Peach Bottom
was 1E-8




2.2.2.2 Point Estimates and Uncertainty / Sensitivity Analyses

Section 3.3 of the submittal states that the accident sequence quantification process
utilized mean values for initiating event frequencies and fault tree event probabilities.
Mean values are reported for the total COF. An uncertainty analysis was performed in
Section 3.4.1.4 of the submittal and the results are shown graphically in Figure 3.4.1-1.

The submittal indicated that an importance analysis (risk reduction) was performed to
determine the most important hardware and operator actions. These are presented in
Sections 3.4.1.2 and 3.4.1.3 for the hardware and the operator actions, respectively.

An additional sensitivity analysis of nondominant accident sequences was performed by
increasing the human error probabilities less than 0.1 to 1.0. The resuits are presented
in Section 3.4.1.3 of the submittal.

2.2.2.3 Use of Plant-Specific Data

As requested by NUREG-1335, the use of plant-specific data from plant experience was
addressed in Section 3.3.2 of the submittal. Section 3.3.2.1 states that the only
component for which plant-specific failure data were readily available was the diesel
generators. Plant-specific data were also available to determine the maintenance
unavailability for diesel generators, RCIC, HPIC, and LPCI systems, and the initiating
event frequency for some initiators such as a LOSP.

Table 2.2.2.3-1 shows a comparison of the mean failure probabilities of five events for
which plant-specific data were available for the IPE submittal and their corresponding
probabilities from the NUREG/CR-4550 analysis of Peach Bottom. These events were
selected either because of their importance, as defined in Section 3.4.1.2 of the
submittal (the first two events), or the large differences (greater than a factor of 4) that
exist between the values from the two studies. The table shows that the event
probabilities from the submittal are comparable to, or larger than, those from
NUREG/CR-4550. These differences between the two studies are not unexpected
given that the plant-specific information available to the licensee during the IPE process
was more current than that in NUREL CR-4550.

Overall, the licensee's treatment of plant-specific data is complete with respect to the

information requested in NUREG-1335, and in light of the comparison with NUREG/CR-
4550, appears reasonable.
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Table 2.2.2.3-1
Comparison of Plant-Specific Data from the Peach Bottom IPE

and NUREG/CR-4550
Events Peach Bottom IPE NUREG/CR-4550
Failure Probability Failure Probability

Important IPE | Emergency diesel generator E4 | 2.18E-2 1.8E-2
Submittal fails to run
hardware
failure events

Emergency diesel generator E1 | 2.18E-2 16E-2

fails to run

w

Maintenance Emergency diesel generator out | 3.01E-2 6.0E-3
Events for maintenance

LPCI out for maintenance 2.00E-2 2.0E-3

High pressure service water out | 2.02E-2 2.0E-3

for maintenance

2.2.2.4 Use of Generic Data

As requested by NUREG-1335, the use of generic data was addressed in Section 3.3 1
of the submittal. Gener.c data were derived from a variety of sources listed in Table
3.3.1-1 of the submittal.

Table 2.2.2 4-1 shows a comparison of the mean failure probabilities of 9 selected
generic events from the IPE submittal and their corresponding event probabilities from
NUREG/CR-4550. These events were selected either because of their importance, as
defined in Section 3.4.1.2 of the submittal (the first 4 events), or the large differences
(greater than a factor of 4) that exist between the values from the two studies.

The information shows that in many cases the event probabilities from the submittal are
comparable or larger than those from NUREG/CR-4550. These differences between
the two studies are not unexpected given that, in many cases, the event probabilities
used in both studies were derived from different data sources. For example, the event
probabilities used in NUREG/CR-4550 were derived mainly from ASEP generic data,
although data from WASH-1400 and other sources were also used. On the other hand,
probabilities in the IPE submittal were derived from a variety of generic sources, where
predetermined guidelines were used to select the most appropriate source.

Overall, the licensee's treatment of generic data is complete with respect to the

information requested in NUREG-1335, and in light of the comparison with NUREG/CR-
4550, appears reasonable.
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Table 2.2.2.4-1
Comparison of Generic Data from the Peach Bottom IPE and NUREG/CR-4550

Events Peach Bottom IPE NUREG/CR-4550
Failure Probability Failure Probability

Important IPE HPCI turbine fails to start | 4 96E-2 3.0€-2
Submittal
hardware
failure events

RCIC turbine fails to start | 4 96E-2 3.0E-2

HPCI turbine fails to run 3.87E-2 5.0E-2

RCIC turbine fails to run 3.87E-2 5.0E-2
Miscellaneous | Air-operated valves failto | 1.81E-2 1.0E-3
event open

Motor-operated valves fail | 1.18E-2 3.0E-3

to open

Power permissive 1.16E-2 1E-3

sensors fail

LPCI actuation circuitry 1.25E-4 1.6E-3

fails

Battery charger fails 9.4E-5 8.0E-6

2.2.2.5 Common-Cause Quantification

As requested by NUREG-1335, common cause was addressed in Section 3.3.4 of the
submittal. For the common cause failure of battcries, values were adopted from the
NUREG/CR-4550 analysis of Peach Bottom. For diesel generators, the licensee used
the Basic Parameter Model framework described in NUREG/CR-4780 [NUREG/CR-
4780). For other components, the beta factor method was used to calculate the
common cause failure probabilities. The common cause probabilities for various
systems are listed in Tables 3.3.4-1 and 3.3.4-2 of the submittal.

Table 2.2.2.5-1 shows a comparison of the mean failure probabilities of 3 selected
common-cause events from the IPE submittal and their corresponding event
probabilities from the NUREG/CR-4550 analysis of Peach Bottom. These events were
selected because of the large differences (greater than a factor of 4) that exist between
the values from the two studies.

The information shows that in many cases the common cause probabilities from the
submittal are comparable or larger than those from NUREG/CR-4550. These
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differences between the two studies are not unexpected given that the common cause
probabilities were calculated using different methods and data.

Overall, the licensee's treatment of common cause is complete with respect to the

information requested in NUREG-1335 and, in light of the comparison with NUREG/CR-
4550, appears reasonable.

Table 2.2.2.5-1
Comparison of Common Cause Events from the Peach Bottom IPE
and NUREG/CR-4550
Events Peach Bottom IPE NUREG/CR-4550
Failure Probability Failure Probability

Common cause failure of 4 18E-4 7.8E-5
emergency service water
pumps

Common Cormmon cause failure of 1.18E-3 1.5E-4

cause residual heat removal heat

events suppression pool cooling
valves
Common cause failure of the | 4 4E-6 2.9E-5
high-pressure service water
pumps

2.2.3 Interface Issues

This section summarizes the interface between the front-end and back-end analyses
and the interface between the front-end and human factors analyses.

2.2.3.1 Front-End and Back-End interfaces

In the IPE submittal's front-end analysis, accident sequences were postulated that lead
to core damage and potentially challenge the containment. The Level 1 and 2 interface
was addressed through a binning process into plant damage states (PDSs) where
accident sequences similar in both their impact on the containment and their potential
for release of radioactive material were grouped into five accident sequence classes.
The condition of the pressure vessel and the containment at the time of core damage
was noted for each class. These classes were further discriminated so that the
potential for system recovery could be identified. The PDSs are described in Tables
3.1.5-1 and 3.1.5-2. of the submittal. It was noted in Section 3.1.5 of the submittal
that the binning process was primarily done to display the Level 1 end states because
the cut sets generated for each Level 1 end state were transferred into Level 2 analysis.
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2.2.3.2 Human Factors Interfaces

With the exception of minor limitations arising from the IPE's treatment of pre-initiator
restoration faults (see Section 2.3.1.3), modeling of the human actions in the event and
fault trees appeared appropriate and complete. All of the human actions modeled in the
IPE (including recovery actions) and their corresponding HEPs were presented in a
table in the report. The values assigned to the various human actions were reasonable
and generally consistent with the values used in NUREG/CR-4550. A comparison of the
HEPs for selected human actions from the IPE and NUREG/CR-4550 is presented in
Table 2.2.3.2-1. The table is a duplicate of one presented in the IPE.

2.2.4 Internal Flooding

This section contains a summary of the internal flooding methodology and resuits.
2.2.4.1 Internal Flood Methodology

As requested by NUREG-1335, an internal flooding analysis was done and discussed in
Section 3.3.8 of the submittal. In the analysis, the licensee first performed walkdowns
of the plant along with reviews of plant drawings to determine flood sources, flood
boundaries and possible flood propagation pathways. Next, the safe shutdown
equipment list was used to identify critical equipment susceptible to flooding. Flood
scenatios were then developed based on the flood sources and their impact on critical
equipment either by accumulation or direct contact (i.e , sprays or drips). The core
damage frequency of each flood scenario was then evaluated using generic flood
initiating event frequencies and equipment failure probabilities in conjunction with the
modified IPE submittal's event and fault trees. Next the scenarios’ core damage
frequencies were compared with established COF screening criteria (1% of the total
CDF). Those scenarios that fell below the 1% criteria were noted and not further
analyzed. Those that fell above the criteria were examined in more detail by
considering potential drainage systems or operator actions to terminate the flood and
their frequencies determined. Finally, the frequencies of all the scenarios were summed
to determine the total.

2.2.4.2 Internal Flooding Results

The results of the flooding analysis are summarized in Table 3.3.8-4 of the submittal.
Fifteen flood-significant zones contribute a total induced CDF of 1.47E-7/yr. Of this,
four flood areas with a COF above 1E-8/yr were identified in the reactor building, the
diesel generator building, the turbine building, and the circulating water pump structure.

Because it occurred with low frequency, internal flooding was screened from the Peach
Bottom NUREG/CR-4550 analysis. Therefore, no comparisons were made with the IPE
results.

Overall, the licensee's detailed analysis of internal flooding is adequate with respect to
the information requested in NUREG-1335 and the results appear reasonable.
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Table 2.2.3.21
Human Interaction Comparison

(Selected)
Peach Bottom IPE NUREG/CR-4550
Human interaction Failure Failure
Probability Probability
Pre-Accident
Miscalibration of DW 1.87E-4 2.66E4
Pressure Sensors
Miscalibration of Reactor 1.87E4 1.33E4
Level Sensors
Miscalibration of Reactor 1.87E-4 532E4
Pressure Sensors
Post-Accident
Operator Fails to Manually 1.8E-3 1.0E-2
Depressurize Reactor
Operator Fails to Align 1.0E-6 1.0E-5
RHR Cooling Mode
Failure of the Operator to 0s 08
Align the Emergency Heat
Sink
01 0.5 (screening)
Operator Fails to Vent
(Manipulative)
1.25€-2 0.5 (screening
Operator Fails to Override
Shroud Level Permissive
Operator Fails to Initiate
SLC
MSIV Closure 026 2E-2
Turbine Trip 2.1E-3
Operator Fails to Manually 1.25€-2 0.5 (screening)
Transfer HPCI/RCIC
Suction
Operator Fails to Control 01 01
HPCI/RCIC at Level 8
Operator Fails to Back up 1.25E-2 0.5 (screening)
Low-Pressure System
Actuation
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2.2.5 Core Damage Sequence Results

This section summarizes the dominant core damage sequences reported in the
submittal and includes the contribution of accident types tu the total COF and the
dominant events leading to core damage.

2.2.5.1 Dominant Core Damage Sequences

Section 3.4 of the submittal summarizes the COF results. The submittal utilized
systemic event trees in the front-end analysis, but applied the functional sequence
screening criterion of 1E-6/yr. However, because the individual sequence frequencies
fell below 1E-6/yr, only the greater than 5% (of total CDF) criterion was applied. Using
this criterion, the licensee calculated the total mean CDF from internal events, including
flooding, to be 5.53E-6 per reactor year. This frequency is comparable to the mean
value of 4 5E-6/yr for the NUREG/CR-4550 analysis of Peach Bottom. The dominant
accident sequences ( all sequences >1% of the total COF are reported) are discussed in
Section 3.4.1.1 of the submittal. These sequences contribute more than 83% of the
total CDF.

The total and percent CDF by accident types are reported in Table 3.4.1-1 of the
submittal. These results show that the mean CDF estimate from internal events,
including flooding, for Peach Bottom is 5. 53E-6/yr. This frequency is comparable to the
mean value of 4. SE-8/yr for the NUREG/CR-4550 analysis of Peach Bottom and is well
below the generic safety goal of 1E-4/yr.

A comparison of these results with those from the NUREG/CR-4550 analysis of Peach
Bottom is shown in Table 2.2.5.1-2.

These results show that while the total CDFs for both studies are comparable, there are
some differences in COF and percent CDF contribution of individual accident types for
the two studies. These differences are as follows:

« Station blackout (8.7% or 4. 79E-//yr ) is not a dominant contributor to CDF in the
IPE submittal compared with the results from the NUREG/CR-4550 analysis of
Pea.h Bottom(49.9% or 2.1E-6/yr). On the other land, loss of offsite power (24 8%
or 1.37E-8/yr), excluding blackouts, is a dominant contributor to CDF in the
submittal compared with the results from the NUREG/CR-4550 analysis of Peach
Bottom (1.9% or 8. 5E-8/yr ). These differences between the two studies are not
unexpected given that there are differences in the models (e.g., the ability to cross-
tie EDGs existed in the IPE submittal but not in NUREG/CR-4550) and data (as
previously discussed in Sections 2 2 2.3 through 2.2.2.5) used in both studies. Itis
also possible that sequences that were labeled as SBO in one analysis were
labeled LOSP transients in the other analysis. In light of these differences and the
fact that the total frequency core damage from loss of offsite power and blackout
sequences is about the same for both studies, the result appears reasonable.
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Table 2.2.5.1.-2
Comparison of the Peach Bottom IPE and
NUREG/CR-4550 General Accident Type Results

Accident Type Mean CDF % of Total Mean CDF
Peach NUREG/CR-4550 | Peach NJREG/CR-4550
Bottom IPE Bottom IPE
Loss of Offsite 1.37E-6 8 5E-8 248 1.9
Power
Station Blackout 4 79E-7 21E-6 8.7 48 9
ATWS 1.44E-6 1.9E-6 26 422
Transients 1.50E-6 1.4E-7 271 3.1
LOCA 5.95E-7 2.7E-7 10.8 58
Special Initiators
-Internal Flooding | 1.47E-7 Screened out 2.6 Screened out
(negligible (negligible
contributor) contributor)
-Loss of DC Bus <1E-8 <1E-8 <0.5% <0.5%
-Loss of AC Bus <1E-8 <1E-8 <0.5% <0.5%
Total 5.53E-6 4 5E-6 100 100

+ Transients are a dominant contributor to COF (27.1% or 1. 5E-6/yr ) in the submittal
compared with the NUREG/CR-4550 analysis of Peach Bottom (3 1% or 1.4E-7/yr).
The results are different because these sequences were deemed to fall below 1E-
8/yr in NUREG/CR-4550.

+ LOCAs are more than twice as important in the IPE (10.8% or 5.95E-7/yr) as they
are in NUREG/CR-4550 (5.8% or 2. 7E-7/yr). The differences are due to the higher
initiating event frequencies used in the IPE compared with those used in
NUREG/CR-4550. In addition, vessel rupture, which contributes a CDF of 9.0E-8/yr
to the IPE results, was only qualitatively accessed and eliminated from further
analysis in NUREG/CR-4550.

The submittal reported the ten most important hardware failures, in terms of risk
reduction, in Section 3.4.1.2.

HPCI turbine fails to start or run
RCIC turbine fails to start or run
LPCI injection valve common mode failure
Emergency diesel generator E4 fails to run
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Emergency diesel generator E1 fails to run

Failure of emergency service water air-operated valve

HPC! pump discharge vaive fails to open

HPC! pump minimum flow valve failure

HPCI steam supply valves fail to open

Emergency service water air-operated valve to diesel E1 fails to open

These failures associated with HPC|, RCIC, and in particular the diesels, reflect the fact
that the dominant sequences were associated with a LOSP or transients at high
pressure with a failure to depressurize.

Overall, the licensee's treatment of core damage sequences is complete with respect to
the information requested in NUREG-1335 and, in light of the comparison with
NUREG/CR-4550, appears reasonable.

2.3 Human Reliability Analysis Technical Review
2.3.1 Pre-Initiator Human Actions
2.3.1.1 Pre-Initiator Human Actions Considered

The Peach Bottom IPE considered both of the traditional classes of pre-initiator human
actions: failures to restore systems after test, maintenance, or surveillance activities and
instrument miscalibrations. Failures to restore were restricted to actions which would
leave systems misaligned. Actions that would lead to the maintained component being
unavailable, even though returned to the correct configuration, were assumed to already
be included in the component failure data. While both classes of pre-initiating events
were considered, all "usual” restoration faults were screened out on the basis of a set
logical criteria, which will be discussed below. The only restoration events modeled
were related to potential precursors for ISLOCAs. Miscalibration events were
incorporated into the fault trees and screening HEPs were assigned.

NUREG/CR-4550 also considered both classes of pre-initiator actions and modeled
them in the fault trees. However, NUREG/CR-4550 differed from the IPE in that a
detailed quantification (no screening) was performed on all identified actions, inciuding
restoration events and miscalibrations. ISLOCA events were dismissed on the basis of
quantitative and qualitative arguments in NUREG/CR-4550.

2.3.1.2 Process for Identification and Selection of Pre-initiator Human Actions

According to the Peach Bottom IPE, the identification and classification of operator
actions was based on guidance from SHARP [EPRI NP-3583) and on information from
reviews of test procedures, maintenance procedures, emergency operating procedures,
incident reports, and other PRA studies, e.g., NUREG/CR-4550. Information in the IPE
also indicates that administrative controls, procedure implementation practices, and
reporting practices were also considered. However, little data were provided in the
submittal regarding how the relevant information was obtained. For example, it was not
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explicitly stated (apparently) that appropriate plant personnel were consulted to help
interpret and verify written information and actual plant practices. Nevertheless, SHARP
suggests that these types of activities should take place and the IPE indicates SHARP
was used as a guide. Thus, it appears that relevant sources were examined to aid in the
identification of human actions and that factors which could influence the probability of
human error in pre-initiator actions were considered.

NUREG/CR-4550 indicates that a similar process was used to identify and select the
pre-initiator human actions. Most of the relevant description appears in the plant
familiarization and system analysis sections (as opposed to the HRA section), and
appropriate discussions with plant personnel were apparently conducted. Descriptions
of the pre-accident quantification methodology in Appendix C of NUREG/CR-4550 also
indicate that information relevant to factors which could influence the probability of
human error were considered.

2.3.1.3 Screening and Quantification Process for Pre-Initiator Human Actions

As noted above, restoration faults were screened out on the basis of a set logical
criteria. The criteria were based on evaluation of factors that would influence the
likelihood that restoration errors would be recovered. Factors evaluated included the
existence of control room indications and regular panel checks, post-maintenance tests,
double verifications, and administrative controls. While the screening criteria were
reasonable and most pre-initiator HRA methods give credit for similar factors, the
resulting final HEP values from most HRA methods are generally in the 1E-3 to 1E-4
range. Thus, even though the Peach Bottom IPE argues that restoration fault
probabilities are generally insignificant relative to component failure probabilities, the
total exclusion of these events from quantification may have eliminated the opportunity
to identify particularly important system restorations. It is noteworthy that NUREG/CR-
4550 found the failure to restore the standby liquid control (SLC) after test to be the
most important human action in terms of risk reduction.

Regarding miscalibration events, it was asserted in the IPE that a conservative
screening value was adopted for miscalibration of a group of like sensor/transmitters
and that a gross miscalibration across different groups of sensors was assessed to be
negligible. The screening value apparently assigned to the indicated groups was 1.87E-
4. It was unclear how this value was derived, but the value is comparable to the HEPs
calculated for similar events in NUREG/CR-4550. In addition, the set of miscalibration
events identified in the IPE was reasonable and similar to those used in NUREG/CR-
4550.

As noted above, in NUREG/CR-4550, no screening of pre-initiator events was
conducted. All such events were subjected to detailed quantification using the guidance
provided in the Accident Sequence Evaluation Program Human Reliability Analysis
procedure (ASEP HRA) [NUREG/CR-4772] . Approximately 49 restoration events, for
11 different systems, were modeled and quantified in NUREG/CR-4550.
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2.3.2 Post-Initiator Human Actions
2.3.2.1 Types of Post-Initiator Human Actions Considered

Post-initiator human actions are those required in response to initiating events or related
system failures. Although different labels are often applied, there are two important
types of post-initiator human actions that are usually addressed in PRAs: response
actions and recovery actions. Response actions are generally distinguished from
recovery actions in that response actions are usually explicitly directed by smergency
operating procedures (EOPs). Alternatively, recovery actions are usually performed in
order to recover a specific system in time to prevent undesired consequencas.

Recovery actions may entail going beyond written procedures or using systems in
relatively unusual ways. The Peach Bottom IPE included both response type and
recovery type post-initiator human actions.

A review of the list of "post-initiating event actions" suggested that the IPE only took
credit for actions specified in plant procedures. According to the submittal, response
type actions (Type CP in their labeling scheme) appeared as either headings in the
event trees or as basic events in the system or functional fault trees. The recovery
actions noted above were "addressed at the accident sequence cut set level or were
incorporated in the appropriate locations in the fault trees with their failure." The IPE
also states that "recovery actions were identified after the initial sequence
quantification."

Similarly, NUREG/CR-4550 states that "with few exceptions," only those actions
specified in the plant procedures were considered. The exceptions were never explicitly
discussed and the only event identified which might have fallen in this category was an
operator action to close XV503 after back leakage occurs to normal service water from
the emergency service water system. Apparently neither PRA took credit for recovery of
failures caused by hardware faults or maintenance outages or for extraordinary actions.

2.3.2.2 Process for Identification and Selection of Post-Initiator Human Actions

The submittal asserts that the response type human action events were identified from
"a thorough review of the instructions and guidance provided by the Transient
Response Implementation Plan (TRIP) procedures in response to specific scenarios
that result from abnormal plant states." The TRIP procedures are the plants’ emergency
operating procedures. The "method for the review of the procedures and the
incorporation of their impact in the logic models" was apparently the basis for EPRI's
SHARP Enhancement Project. The discussion in the IPE indicates that the response
type operator actiony were identified as an integral part of the sequence delineation and
systems analysis and that scenario-specific factors were considered in determining the
relevant human actions. To ensure that the resulting models accurately reflected the
plant procedures, discussions were held with training and operations staff and some
plant simulator training exercises were observed.
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The process used to identify and select human actions in NUREG/CR-4550 did not
appear to be functionaily different than that performed for the IPE. A systematic
approach, based at least in part on the ASEP HRA procedure [NUREG/CR-4772), was
implemented and apparently appropriate discussions with plant personnel were held.
There was no indication that any simulator exercises were ob<erved for NUREG/CR-
4550. However, a special HRA analysis of ATWS sequences was performed by BNL
and it was stated that a visit to the training simulator facility occurred and that instructors
were interviewed and trainees were observed. It was also stated that a walkthrough of
the ATWS sequence using a control board mock-up and the Peach Bottom TRIP
procedure was conducted.

2.3.2.3 Screening Process for Post-Initiator Response Actions

In the Peach Bottom IPE, a screening value of 1.25E-2 was apparently used for some
post-initiator response actions during initial quantification. This value is significantly
lower (by a factor of 40) than the 0.5 vaiue that is normally used to ensure that
significant human events are not eliminated and that significant accident sequences
were not truncated. The IPE did state that the 1.25E-2 value was used for events
representing failures to manually backup initiation, given that automatic initiation failed,
when it was fslt that there was enough tirne for the operators to respond. When there
was not enough time, no credit was given. It was not clear how human actions other
than those related to responding to failed automatic initiations were treated during
screening. The IPE notes that their HRA screening value was lower than the 0.5 that
was used for the NUREG PRA, but that it had little consequence because the
quantification cutoff frequencies were lower for the IPE. The submittal reports the cutoff
frequency to be 1.0E-10 to 1.0E-11. Given the lower HRA screening value, the cutoff
frequency would need to be at least 2. 5E-10 to be comparable to the 1.0E-8 used for
the NUREG. On the basis of a sensitivity study, the IPE also states that 75% of the
sequences below 1% CDF did not rise above the screening criteria when the MEPs
were increased to 1.0. While the IPE submittal did not state what percentage the
remaining 25% of the sequences contributed to the total CDF, it did report which
sequences containing operator or recovery actions with a value less than 0.1 could
meet the "5% screening criteria” if the failure probabilities of the actions were increased
to 1.0. Thirty-two such sequences were described.

While it appeared that appropriate discussions with plant personnel and the examination
of relevant procedures took place prior to the screening analysis, as they should have
been, the submittal documentation was not explicit in this regard. It was noted that
several human actions included in the "scoping analysis" were revisited to derive
realistic human error probabilities based on implementation of Revision 4 of the BWR
Owners Group Emergency Procedure Guidelines. Whether the implementation of
Revision 4 affected which human actions were modeled in the IPE was unclear.

2.3.2.4 Quantification of Post-Initiator Human Actions

The quantification of post-initiator human errors apparentiy follows the approach
outlined in EPRI NP-6560-L [EPRI NP-6560-L]. However, the submittal states that
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because "no one approach to quantification has received universal acceptance,” they
used three different approaches and compared among them. The three approaches
included the EPRI NP-6560-L approach, the RMIEP [NUREG/CR-4834) Simulator Data
approach, and the "Analytic Models for Operator Response During Accidents
Approach.”" In the latter case, apparently three HEP models were developed for events
occurring during three time periods of an accident. The time periods were: 0 to 30 min,
30 min to 10 hr, and more than 10 hr. The HEP values used in these models were
"derived from Swain, plus selected alternative methods." No useful additional
information was provided on this approach. While the IPL submittal provides a
reascnable, but cursory, description of the EPRI and RMIEP methods, no examples of
actual HEP calculations were given. In addition, no examples of comparisons among
the resuits of the different methods were given. The submittal notes that each of the
three approaches was used for "selected human actions and compared,” but that
"generally the EPRI results were used as the basis for the quantification of human
reliability." The list of human actions and their HEPs did not indicate which method was
used to derive a given value. While the EPRI and RMIEP methods will apparently, if
applied correctly, produce reasonable and consistent estimates of human error
probabilities, the absence of any explicit examples makes it impossible to determine
whether the methods were applied adequately.

In contrast, the Peach Bottom NUREG/CR-4550 used the ASEP HRA procedure to
quantify (non-ATWS) response type post-initiator human actions, and the calculations of
many HEPs were adequately documented in NUREG/CR-4550. As noted earlier, a
separate HRA for the ATWS sequences was performed for NUREG/CR-4550 by
Brookhaven National Laboratory (BNL). Apparently a combination of HRA methods was
used to quantify the ATWS related human actions, including the OAT/TRC approach
[NUREG/CR-3010] and SLIM-MAUD [NUREG/CR-3518] in conjunction with base HEP
information obtained from a computerized database [NUREG/CR-4103).

2.3.2.41 Consideration of Timing

The Peach Bottom IPE used several sources to determine the time available to
recognize the need for a required action and to perform it. The sources used for
estimating the available time window included: (1) accident sequence chronclogies from
MAAP calculations, (2) BWR Owners Group analyses and data, (3) actuarial data, and
(4) published PRA studies. The IPE submittal reflected an awareness of the need to
appropriately consider the available time window to diagnose and conduct the needed
action, and the EPRI method requires that an estimate of "crew median response time"
for particular actions be obtained. Apparently, estimates of such response times were
based on "generic estimates" and on discussions with p' int staff, It was stated that
specific timing for each action was not recorded during ».mulator runs. In addition, no
indication was given that any actual time measurements were conducted for actions
oceurring outside the control room. Alternatively, it could not be determined conclusively
that any credit was actually taken for actions outside the control room, other than the
recovery actions which were quantified separately and are discussed below.
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Regarding NUREG/CR-4550, the ASEP HRA procedure requires explicit consideration
of the available time window for an action (based on thermal-hydraulic calculations) and
the time needed to accomplish the action. The failure probability for a particular action is
based in part on the remaining time available to diagnose the action. The ASEP method
provides guidance for determining the time needed to carry out actions and includes the
use of actual time measurements for actions outside the control room. The approach to
timing used in NUREG/CR-4550 was also documented in the NUREG/CR-4550 internal
events methodology document [NUREG/CR-4550, Vol. 1]. Documentation of HEP
calculations in NUREG/CR-4550 shows explicit consideration of time. The BNL ATWS
analysis also documented explicit consideration of timing.

2.3.2.4.2 Other Performance Shaping Factors Considered

The discussion of the consideration of performance shaping factors (PSFs) in
determining HEPs in the IPE submittal was brief, but the EPRI-NP-6560-L [EPRI-NP-
6560-L.) method does (in principle) consider relevant performance shaping factors in the
process of determining HEPs. The approach first categorizes human actions according
to their "cue-response structure.” The goal is to understand what causes the operator
to perform a function and what constitutes success and failure for the action. It is stated
that the categorization allows construction of appropriate models for quantification and
interpretation of data to estimate parameters for those quantification models. The
approach then considers several potential outcomes for an action and considers
performance shaping factors that could influence the likelihood of the different
outcomes. While some traditionial PSFs such as quality of EOPs, training, plant
interface difficulties, potentially confusing indications, etc. are mentioned, there is no
explicit discussion of how these factors get applied. It appears that the intent is to
modify "generic" estimatas of the lilaiiived ol pulentia! outcomes according to plant-
specific factors. However, no examples of this process were provided and it is
impossible to determine from the submittal to what extent PSFs were considered. As
noted above, no explicit examples of calculations were provided.

NUREG/CR-4550 provided adequate examples of the apoplication of the PSFs evaluated
as part of (he ASEP HRA procedure. The ASEP HRA methodology has specific
approaches for addressing PSFs and some of them may be unique to the approach. For
example, ASEP categorizes actions according to whether they are "step-by-step" or
"dynamic" and allows for adjustments in diagnosis HEPs as a function of the number of
abnormal events, degree of training, and adequacy of procedures. Thus, it appears that
the quantification approaches used in the IPE and in NUREG/CR-4550 may have
considered at least some different PSFs.

2.3.2.4.3 Quantification of Recovery Actions

The IPE submittal states that the values for recovery actions were derived from
NUREG/CR-4550, but that in some cases correction factors were applied to the
recovery of offsite power values in order to take credit for a nearby hydroelectric power
source. A correction factor of 14/19 was apparently derived on the basis of information
from EPRI NP-6560-L.
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The actions listed in the IPE's table of “recovery” actions were similar to those in
NUREG/CR-4550, but some differences did exist. The differences included the
following:

+ The IPE did not include actions for recovery of DC hardware, whereas NUREG/CR-
4550 did.

The IPE listed a smaller and different set of recovery times for offsite power and
diesel generators than did NUREG/CR-4550. The IPE used 1-, 2-, 4- and 10-hr
recovery times for both recovery of offsite power and recovery of diesel generators

(DGs). NUREG/CR-4550 used 13 recovery times for offsite power, ranging from 15
min to 18 hr, and six recovery times for DGs, ranging from 3 to 16 hr. In addition,
the IPE had three conditional probabilities for recovery of offsite power in 10 hr,
given it was not recovered in 1, 2, or 4 hr. The failure probabilities for comparable
events in the IPE and NUREG/CR-4550 did not differ drastically. For example, even
with the correction factor noted above, the value for recovering offsite power within
4 hr was 4.9E-2 in the IPE. The value for recovery after 5 hr in NUREG/CR-4550
was 4 8E-2.

The IPE included several events for short-term failure to recover feedwater under
different conditions, such as loss of condenser vacuum and turbine trip. Separate
recovery of feedwater events was apparently not explicitly modeled in NUREG/CR-
4550. NUREG/CR-4550 did document the modeling of one event for recovery of
power conversion system (PCS) (which included feedwater) within 13 hr, while the
IPE did not explicitly model a recovery of PCS.

Other than what was noted above, the IPE submittal failed to provide any discussion
regarding the selection of recovery events or their timing. Thus, the reasons for the
differences between the two PRAs could not be determined. Furthermore, since
NUREG/CR-4550 did not model separate recovery of feedwater events, it is unclear
how the related failure probabilities for these events were determined in the IPE. It is
possible that the EPRI NP-6560-L methodology or one of the other post-accident
methods described was used for quantifying the recovery of feedwater events.

2.3.2.4.4 Consideration of Dependencies

The Peach Bottom IPE discusses two types of dependencies that were addressed for
the response type post-initiator human actions: (1) time dependence and (2) cognitive
dependence. Time dependence is concerned with the fact that the time needed to
perform an action influences the time available to recognize that a problem has
occurred and to diagnose the need for an action. This type of dependence was
considered in the IPE and is discussed in more detail in the section on timing above.
Ancther aspect of time dependence is that when sequential actions are considered, the
time to complete one action will affect the time available to complete another. Similarly,
the sooner one action is performed, the slower or quicker the condition of the plant
changes. The IPE states that to handle these types of effects, they did what is usually
done in a PRA, which is "to make conservative assumptions with respect to accident
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sequence definition." One aspect of this approach is apparently to let the timing of the
first action initially minimize the time window for subsequent actions. The cues for later
actions are used as new time origins.

The second type of dependence, cognitive dependence, considers the possibility that
different patterns of successes and failures in a scenario may influence operator
response. This factor is addressed by essentially deriving different HEPs as function of
the different conditions. Cognitive dependence is also relevar’ vhen the need for
several different functions can be derived from the *ame diagnosis. For example, the
need for RHR and venting can be derived from the same diagnosis, i.e., recognition of
the need to remove containment heat. Thus, in some cases, diagnoses for functionally
different actions can be assumed to be completely dependent. Apparently this type of
dependence, |.e., dependencies among multiple actions, was ado-ssed in the IPE.

Although cognitive dependence was not addressed in dewil in the Peach Bottom
NUREG, dependencies among multiple human actions were treated at the cut set level
after screening. In addition, it was stated that a cut-off value of 1E-4 was used for
multiple dependent events unle ss justification for a lower value could be provided.

2.3.2.4.5 Treatment of Operator Actions in the Interrial Flooding Analysis

The human contribution to flooding induced events was apparently assumed to be
contained in the gene.ic frequencies. While the potential for operator recovery of a
flooding situation was apparently considered (i.e., realize a flood was occurring and
alleviate the problem), no discussion was provided for how probabilities for recovery
were obtained or for how they were modeled. The human actions and their HEPs that
were already contained in the event and fault trees used in the flooding quantification
process, e g, loss of feedwater, were apparently assumed to be the same regardiess of
the fact that flooding was related to the initiating event.

Flooding sequences were screened out in the NUREG/CR-4550.
232486

As discussed above, 2 sensitivity analysis was performed in the IPE submittal to
ascertain which sequences would have met the 5% screening criteria if operator and
recovery actions with values less than 0.1 were set to 1.0. Thirty-two sequences,
representing a variety of initiators, met this criteria and are presented in Section 3.4.1.3
of the submittal. In general, the HEPs assigned to the operator actions in these
sequences were greater than 1F..3. Two exceptions were the values for aligning torus
cooling within 20 hr and recovering RHR within approximately 1 hr, which were 1E-6
and 1E-4, respectively. Most of the actions contained in these sequences also appeared
in the submittal's list of important human actions.
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23247 Treatment of Qperator Actions in the Level 2 Analysis

Approximately 18 operator actions were incorporated in the Level 2 analysis. They were
confined to actions that were directed by the EOPs. It was stated that the Lavel 2
quantification method for operator actions was a screening technique. A review of the
list of Level 2 operator actions (Table 4.6.2-1 in the IPE submittal) reveaied that the
HEP values ranged from 1.0 for a couple of actions to 1E-4, with most of the values in
the 1E-1 to 1E-2 range.

The Peach Bottom NUREG/CR-4551 Level 2 analysis appareitly did consider human
actions. This was inferred from the list of questions asked for the accident progression
event trees that were presented in NUREG/CR-4551. However, there was no separate
discussion of human actions or HRA-related issues in NUREG/CR-4551. Neither a list
of the human actions nor the HEPs used for them could be found. At one place in
NUREG/CR-4551, it was stated that human actions were quantified using HRA
techniques.

2.3.2.5 Important Human Actions
The following operator actions were identified as being important in the PE submittal:

+ Operator action to depressurize the reactor to the condensate injection pressure.
Operator action for manual depressurization after inhibiting ADS, with and without
offsite power.

Operator action to recover offsite power,

Operator action to cross-tie emergency power sources to buses.

Failure to recover feedwater in the short term.

Failure to initiate standby liquid control (SL.C) during an MSIV closure.

Operator action to recover a diesel generator,

Operator action to initiate SLC during a turbine trip ATWS with a stuck-open valve.
Operator action to vent given RHR hardware failure.

Operator action to inhibit ADS, with high-pressure injection unavailable during
ATWS.

- & & & 5 & s =

Since neither the percentage contributica to CDF of the events nor their risk
achievement worth was provided, it is impossible to determine how important the
actions were or their importance relative to hardware failures.

The top two events in the list are related to manually depressurizing the vessel. The
submittal notes that the dominant transient events in the IPE include the failure to
depressurize after an ADS inhibit and that while these types of sequences also
appeared in NUREG/CR-4550, they were not quantified because they were estimated
to fall below 1E-8. Thus, there is a higher contribution to CDF of transient induced
accident sequences in the IPE than in NUREG/CR-4550. The HEP values used for the
failure to depressurize in the IPE and NUREG/CR-4550 are presented with values for
other comparable events in Table 2.2.3 2-1 (in an earlier section of this report). As can
be seen in the table, the difference between the HEPs for failure to depressurize
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approaches an order of magnitude, with the IPE using a lower failure probability. Thus
some other mechai ism must be present to cause the sequences to be important in the
IPE.

Another important human action was the failure to cross-tie emergency power sources
to buses in 10 hr. Credit was apparently not taken for this event in NUREG/CR-4550,
but it was found to be an important event in LOOP sequences in the IPE. Credit for this
event was apparently derived from an enhancement of the loss of offsite power
procedure based on Revision 4 of the Boiling Water Reactor COwners' Group (BWROG)
EPGs.

While several of the important human actions noted in the IPE submittal were related to
ATWS sequences, the IPE notes that differences between the IPE and NUREG/CR-
4550 associated with the ATWS contribution appear to result from detail of modeling
and credit for operator actions. The IPE found that ATWS sequences contributed less to
total COF than did NUREG/CR-4550, but it should be noted that the total CDF for
ATWS sequences were comparable between the two. One difference in modeling was
that NUREG/CR-4550 modeled a failure to restore SLC after maintenance and this was
an important event in NUREG/CR-4550. As noted earlier, the IPE systematically
dismissed all restoration faults as unlikely. In addition, the failure to initiate SLC in a
turbine trip ATWS had an HEP an order of magnitude less than the value used in
NUREG/CR-4550 (see Table 2.2.3.2-1). However, the value for inhibiting ADS was
significantly lower in NUREG/CR-4550 (1.0E-5) than those used in the IPE (ranging
from 4 4E-2 to 1.2E-3). Finally, NUREG/CR-4550 did not model water level control for
successful shutdown after boron injection. in the IPE, the failure to control level with
HPCI available was an important contributor to ATWS sequences. The IPE also states
that changes resulting from implementation of Revision 4 of the BWROGs EPGs may
have contributed. The exact changes were not described.

Several other differences in the importance measure results between the IPE and
NUREG/CR-4550 were interasting and include the following:

* The IPE found that the operator failure to vent was an important contributor, while
NUREG/CR-4550 did not.

+ NUREG/CR-4550 found that miscalibration of reactor pressure sensors was
important to both risk increase and risk reduction. Even though the HEPs for these
events were comparable (see Table 2.2.3.2-1), this event was not listed as
important in the IPE submittal.

* Arecovery action to recover feedwater in the short term was apparently important in
the IPE, but was not explicitly modeled in NUREG/CR-1550. NUREG/CR-4550
modeled recovery of PCS and while the event was not listed as important, several
sequences were eliminated after the recovery action was applied.
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2.4 Back End Technical Review
2.4.1 Containment Analysis/Characterization
2.4.1.1 Sequences with Significant Probabilities

For the Peach Bottom IPE, all of the Level 1 sequences except floods were carried
through to the Level 2 analysis, with Level 1 and Level 2 event trees directly linked. The

omitted flood sequences were found to contribute only about 2% of the plant CDF in
bounding estimates.

In NUREG/CR-4550 PRA, all of the cut sets from sequences that 1 d frequencies
above 1E-8 were grouped into plant damage states. These plant damage states were
then propagated through the Level 2 analysis.

2.4.1.2 Failure Modes and Timing

The Peach Bottom IPE submittal included a discussion of potential containment
challenges and failure modes in Section 4 4. The discussion was complete and
addressed challenges identified in the general design criteria of the Standard Review
Plan, past industry or NRC studies (e.g., IDCOR and NUREG-1150), and past BWR
PRAs (e.g., NUREG-1150, Snoreham PRA). The submittal addressed the items in the

manner indicated in Table 2.4.1.2-1, which is a reproduction of Table 4.4.1-3 from the
IPE submittai.

In determining the Peach Bottom containment ultimate capacity, the steel containment
structure, con.ainment hatches, hatch seals, penetrations, and isolation valves were
considered. The static capacity was evaluated for low temperatures (beiow 500°F),
intermediate temperatures (between 500°F and 900°F), and high temperatures (above
900°F), and the dynamic capacity was evaluated for energetic events accompanying
vessel breach as well as situations with high suppression pool temperatures and high
SRV discharge flow rates.

Static Ult T

A curve of the static ultimate capacity of containment at different drywell temperatures
was developed for the Peach Bottom IPE, based on assessments for the three
temperature ranges indicated above. The IPE used a lower containment capacity in the
intermediate temperature range than in the low temperature range to reflect seal failures
in the drywell. Above 900°F, the IPE assumed the drywell would fail if there was any
appreciable pressure load. This approach is similar to the NUREG/CR-4551 approach
of using different failure probability distributions for cool and hot gases, and in addition
considering late drywell failures from high drywell temperatures. The IPE failure
pressures for the lowest two temperature ranges were about 10 psig lower than the
mean NUREG/CR-4551 values.
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Table 2.4.1.21
Summary of Treatment of Challenges in the
Peach Bottomn Containment Safety Study

m

Postulated Containment Challenges Disposition
Containment li;ual Conditions
1. Containment Isolation Failure Included in Level 2 analysis,

Treatment assumes inerting has substantial
benefit in assuring isolation

Sequence Dependent Faiiure Modes
2. Interfacing System LOCA
3. RPV Rupture Overpressure
4. Pipe Whip/Stream Jet Impingement

5. ATWS - Overpressure
TW - Overpressure

6. Vapor Suppression Failure
(Suppression Pool Bypass)

7. Containment Implosion Due to Drywell
Sprays

8. Containment Venting and Combustible
Gas Vents

Included in Lavel 1 evaluation
Included in Level 1 evaluation
Dismissed based on low probability

Inciuded in Level 1 evaiuation

Included in Level 1 evaluation

Low probability due to Mark | structural capability,
and EPG procedural guidance, and vacuum
breakers

Included in Level 2 analysis
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Postulated Containment Challenges

Disposition

Phenomenological Failure Modes
9. Direct Containment Heating
10. Hydrogen Effects:
- Quantity of H, Produced In-Vessel
- H, + O, Deflagration Effects
= Introduction of O,
- RPV Biowdown Failure + H, Causes
containment failure
11. In-vessel Steam Explosions
12. Ex-Vessel Steam Explosions

13. Structural Failure Due to RPV Collapse
and Tear Out of Penetration

14. Containment Sump Line Failure

15. Direct Contact of Moiten Material with
Steel Shell

18. DW Head Seal Performance at Elevated
Temperature (High Temp Failure)

17. Containment Overpressure due to Decay
Heat

18. Non-Condensabie Gas Generation (Core
Concrete Attack)

19. Reactivity Insertion during Core Melt
Progression

20. N, Overpressurization During Accident
21. Direct Impingement

pemmhene

Addressed in Level 2 CET
Included although low probability

Range of values examined
Conditional probability of deflagration included

None considered possible except cperation
deinerted

Calculated not to cause containment failure at
Peach Bottom

included in Level 2 analysis
Included in Level 2 analysis

inciuded in high temperature
included pedestal/skirt failures

Not applicable to Peach Bottom by design
included in Level 2 analysis

Included as a polential early leak path (6 to 24 hr)

Included in Level 2 analysis

Included (range of modeling assumptions
examined)

Included in Level 2 analysis

Dismissed based on low p.obability
Included in Level 2 analysis




The IPE submittal indicates that the curve of containment capacity at different drywell
temperatures was superimposed on the transient containment pressure/temperature
signatures for the Level 2 sequences to determine if containment failure would occur,
and the containment conditions at the time of failure (for use in determining the
probability of failures i various locations). In NUREG/CR-4551, containment loads for
various scenarios were assessed in the event trees, and compared against sampled

failure pressures to determine if failure occurred. Through a sampled random variable,
a failure location was assigned.

The genera! approaches used in the IPE and NUREG/CR-4551 are about the same for
average values. However, NUREG/CR-4551 inciuded an uncertainty evaluation which
would tend to give higher containment failure probabilities for equivaient mean values of
containment ioads and containment failure pressures. It is not expected that these
differences would have a large impact on the results of the two analyses.

c i Ult o

The IPE considered failures from dynamic loads. For sequences with large energetic
failure at vessel breach (e.g., steam explosions), the drywell is assumed to fail. For
unmitigated ATWS scenarios, failure is assumed to occur in the wetwell airspace
because of dynamic loads on the hot suppression pool.

NUREG/CR-4551 also modeled these phenomena. The conditional failure probabilities
were low, however. The IPE results alsc appear to be low.

Qther Failure Modes

The IPE considered the possibility of drywell liner melt-through, and used results from
NRC-sponsored research that was completed after the NUREG/CR-4551 study to
quantify cases with a flooded drywell fioor. That drywell liner melt-through analysis
indicated a much lower probability of failure than was used in NUREG/CR-4551. This
difference has a large impact on containment failure probability and failure mode (see
Section 2.4.2.3). Cases without water were treated as leading to drywell failure in the
IPE, whereas in NUREG/CR-4551, the probability of failure was high, but iess than 1.

Eailure Locat  Timi

The timing, size, and location of containment failure were dependent on the particular
challenge causing containment to fail. Table 4.4.1-4 of the Peach Bottom IPE submittal
lists this information for each containment challenge included in the IPE. The IPE table
is reproduced beiow as Table 2.4.1.2-2.
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Table 2.4.1.2-2

Timing, Size, and Location for

Postulated Containment Failure Modes

m

*Always treated as a drywell failure in the simpiified CET evaluation.

“*WW = Wetwell, DW = Drywell.
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Postulated Containment Challange Timing Size Location*™
Sequence Dependent Failure Modes
«  ATWS Without Mitigation Early Large DW, ww
i « RPV Rupture Large Enough to Cause Early Large DwW
Containment Failure
¢ TW-Overpressure Late Small, Large DW, ww
«  Vapor Suppression Failure «+ LOCA Early Large Dw
* N2 Overpressurization Intermediate Smali, Large DW, ww*
« Combustible Gas Vent Early Large wWw
+ Containment Implosion Due to DW Early Large DwW
Spray Initiation
| « Containment Overpressure Vent Late Small WwWw
Phenomenological Failure Modes
+« Non-Condensabie Gas Generation Intermediate Small, Large DW, WwW
« Direct Containment Heating Early Large bDw
* DW Temperature Rise Intermediate Small, Large DW
« Steam Explosions Early Large DW
* Hydrogen Explosions Early Large WwW, Dw*
«  Structural Failure due to Penetration Intermediate Large DW
Tear out
« Vessel Thrust Forces Early Large DW
Containment Initial Conditions
» Containment Isolation Failure Early Large DwW
+  Containment Loakﬂo Eaﬂluto Small WW




Table 4.4 2-1 of the Peach Bottom IPE submittal gives the range of contairment failure
sizes considered in the IPE, as well as the point estimates that were usad to
characterize each range. The IPE is reproduced below as Table 2.4.1.1-3, with a
column added for the NUREG/CR-4551 values.

Table 2.4.1.1-3
Containment Failure Sizes Considered in the iPE and NUREG-1150
IPE |

Modeled | NUREG/CR-4551 | NUREG/CR-4551
IPE Category | |IPE Range Value Category Modeled Value
Negligible <314in’ 0
(intact)
Small 314in*-1f 27 in? Leak 0.1ft* (14 in?)
Large > 1 f? 2 ft? Rupture 1 ft?

The IPE small and large categories correspond to the NUREG/CR-4551 leak and
rupture categories. The IPE negligible break size was determined as the size that
would be expected to increase risk by less than 5%. The IPE large break size was
chosen to be midway between the NUREG/CR-4551 value and the value used in
IDCOR analyses. The small break size range is intermediate between the negligible
and large breaks, and was characterized by a break size at about the transition point
where containment will not depressurize for most accidents. The factor of two
difference in characteristic break sizes between the IPE and NUREG/CR-4551 would
not be expected to have a large impact on the results.

Tables 4.4.3-1 through 4.4 3-3 of the IPE submittal give the probability of failure
occurring at various containment locations and sizes for the three temperature ranges
considered in the containment failure analysis for gradual overpressurization failures.
Also shown are the NUREG/CR-4551 values. Those trree tables are combined into
Table 2.4.1.1-4. For each of the temperature ranges, -9 IPE has higher probabilities of
the more conservative failure locations/sizes (drywell failures and wetwell failures above
the water line, ruptures) relative to NUREG/CR-4551.
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Table 2.4.1.14
Summary of NUREG-1150 and IPE Failure Location and Type Assessment

Contqinmont Failufo Type Conditional Failure Probability
S— NUREG-1150' IPE'
High Temperature Case (;iOO'F)

Drywell Head Leak 0.5

Rupture 0.5
Drywell Upper Leak 0.5
o Rupture 0.5

Intermediate Temperatures (700°F for IPE)

Drywell Head Leak 0.4 0.7

Rupture 0.12 02
Wetwell Above Leak 03 0.1
Water Line Rupture

Low Temperature Case (< 500°F)

Drywell Head Leak 0.25 0.19

Rupture 0.05
Dr,well Upper Leak 0.06
b Rupture 0.04
Wetwell Above Leak 0.15 03
™ Rupture 0.25 03
Wetwell Below Leak 0.001
SER S Rupture 0.35 0.06

' Failure assessments were at the foliowing pressures:

high temperature - 36 psig for NUREG-1150 and 0 psig for IPE
intermediate temperature - 112 psig for NUREG-1150 and 60 psig for IPE
low temperature - 147 psig for NUREG-1150 and 140 psig for IPE.




2.4.1.3 Containment Isolation Failure

Containment isolation is addressed in the Peach Bottom IPE submittal, but it is argued
that there is high confidence that the containment will be isolated because Peach
Bottom is required to be inerted. This statement (and the reported results) indicates
that containment isolation failure is negligible for Peach Bottom. This is consistent with
the NUREG/CR-4551 Peach Bottom analysis, which also considered containment
isolation failure to be negligible.

2.4.1.4 System/Human Responses

See Section 2.3.2.4.7 for a discussion of the operator actions treated in the Level 2
analysis.

2.4.1.5 Radionuclide Release Characterization

The Peach Bottom radionuclide release characterization is discussed in Section 4.7 of
the IPE submittal. The general approach was to use existing calculations and
engineering judgment to directly categorize the sequences from the containment event
trees into release categories that were characterized by the magnitude and timing of the
release. In NUREG/CR-4551, a parametric expression was used to develop source
terms, representing the release of radioactive material from the fuel and core debris and
its subsequent transport through the containment to the environment. The parametric
source terms were J ~uped into partitions with similar conseauence potential, and then
the consequences for each partition were calcuiated. Consistent with the IPE
guidelines, Peach Bottom did not perform a full Level 3 analysis, and so it is not
possible to compare the consequence results from the two studies. Since the focus of
NUREG/CR-4551 was on a full Level 3 evaluation, release categories were not
calculated. However, for comparison, the NUREG/CR-4551 results were categorized
into the Peach Bottom release categories as discussed below. First, though, the IPE
release categories and the approach to map sequences into the release categories are
discussed.

in the Peach Bottom IPE, the sequences from the containment event trees were
grouped into radionuclide release categories, based on timing and magr .tude of
release. Three timing categories are considered. early (0 - 6 hr), inter nediate (6 - 24
hr), and late (> 24 hr). These times are all relative to accident initiatio 1. The accident
timing for each of the sequences from the containment was determine i by subjective
estimates guided by MAAP calculations and other previous analyses.

Five categories are considered for the magnitude of the release:

. High - potential to cause early fatalities

“ Moderate - potential to cause near-term health effects

« Low - potentia! for latent health effects
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© Low-Low - undectable or minor health effects
“ Negligible - less than or equal to the containment design base leakage.

Results from previcus IDCOR studies, PRAs, and NRC studies containing detailed
consequenca rmodeling were used to determine the release magnitude for the
sequences from the IPE containment event trees. To cover all of the release paths
identified in the IPE, the results of multiple studies had to be combined because no
single study spanned the range of release paths. The results of the various studies
were mapped into release magnitude categories based on the Csl release fraction,
which was considered an approximate measure of the whole-body population dose.
The mapping is summarized in Table 2.4.1.5-1.

Table 2.4.1.5-1
Definition of IPE Release Magnitudes

Release Csl Release
Magnitude Fraction
High > 10%
Moderate 1-10%
Low 01-1%
Low-Low <0.1%
Negligibie «01%

The variables found to have the iargest impact on the release magnitude in the
analyses that formed the basis for the IPE were containment failure mode, water
availability, and reactor building effectiveness. Therefore, the majority of the sequences
were mapped into release categories based on these variables. Several exceptions
were considered, however, for cases such as energetic events that failed containment
at vessel breach or bypass accompanying containment flooding. Adjustments
(increases or decreases) to category severity were made to handle these exceptions.

The frequency of each release category in the Peach Bottom IPE is presented in Table
2.4.1.5-2, which is a reproduction of Table 4.6.3-1 from the IPE submittal. To allow
comparison with the NUREG-1150 results, approximate equivalent release categories
were formed by combining source term groups using the definitions of release
magnitude and timing from the IPE submittal. NUREG/CR-4551 included separate
releases for the species Cs and |, but did not track Csl (which is used in the IPE to
define release categories), so the approximate release categories for NUREG/CR-4551
were based on | releases, rather than Csl. The frequencies of these NUREG/CR-4551
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release categories are also presented in Table 2.4.1.5-2. The table lists contributions
from each release category as well as for groupings of release categories according to
expected risk impact. The values from the IPE and NUREG/CR-4551 are in reasonable
agreement, except that NUREG/CR-4551 has a higher proportion of high-impact
releases relative to negligible releases, whereas the IPE has a higher proportion of the
negligible releases. This is consistent with the containment failure results, in which the
IPE had fewer early containment failures because of the treatment of drywell liner melt-
through and the lower relative contribution of ATWS sequences (see Section 2.4.2.3).

Table 2.4.1.5-2
Comparison of IPE and NUREG/CR-4551 Releases
Release Frequency (1/4r) Radionuclide Release Releasa Frequency (14r)
Relwase End State
Characterization* IPE NUREG/CR-4551 Magnitude/Timing** IPE NUREG/CR-4551

Litthe or No Release 251E-8 367E-7 Negligibie 251E8 367E.7

RV § 461E-9
LA 283E-8 6.94E-7

LUE 9.04E.7

Low Public 4

Risk Impact 218E-6 1178 w 2TIE-7

WL T757€-7
w 5.03E-8 3.20€E-7
VE 4682E-8 1 51E-7
Wi 1.27€-7 S T7E-7

Moderate Release 5. 49E.7 8 46E-7

WE 4 2267 2.69€-7

HA 8 55E-8
High Release 1.86E-7 1.95E-6 HA 44E-8 161E8
H/E $68E-8 3 44E-7

m description based on combining indicated release ca.egones in fourth column

** Relsase Magnitude: LL - vary kow, L - low, M - moderate, H - high
Reisase Timing: £ - early, | - intermaediate, L - late
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2.4.2 Accident Progression and Containment Performance Anaiysis
2.4.2.1 Severe Accident Progression

The Peach Bottom IPE utilized containment event trees (CETs) to probabilisticaliy
model the progression of the accident following the onset of core damage. The CET is
represented by a main CET supported by functional fault trees describing the failure
modes for each CET node Three basic CETs structures were used: sequences with
containment initially intact and initial loss of coolant makeup, sequences with
containment failure before core meit (failure of containment heat removal or ATWS),
and sequences with containment bypass. The quantification was performed using the
REBECA computer program. The following top events were considered in the CETs:

Containment isolation

Operator depressurizes RPV

Core melt progression arrested in-vessel

Combustible gas venting

Early containment failure

Steel shell intact

Coolant injection for temperature control of molten debris
Containment flood

Containment heat removal (RHR, venting)

Suppression pool not bypassed

Containment breach size (leakage, overpressure failures)
Coolant inventory makeup

Location of containment breach (drywell, wetwell airspace)
Reactor building effectiveness.

The Peach Bottom CET was quantified through a combination of MAAP analyses and
separate evaluations of selected issues. MAAP 3.0B, revision 7.01 was used to
estimate the primary and secondary containment response, accident timing, and source
terms for most of the accident progression. For phenomena not treated in MAAP or
phenomena that were identified as being of concern to NRC, separate evaluations were
performed based on industry and/or NRC studies. Section 4.2 of the IPE submittal
includes a discussion of the important issues regarding severe accident progression in
BWR3/Mark | plants, and indicates whether each is treated through MAAP calculations
or some other analysis.

The NUREG/CR-4551 Level 2 event trees were considerably more detailed than the
Peach Bottom CETs. However, without the IPE fauit trees, it is not possible to
determine how the overall IPE analysis (inciuding the fault trees) compares with
NUREG/CR-4551. By considering the top events listed above and the discussion of
phenomenological issues, it appears that both analyses consider the same events with
the following exceptions. The IPE addresses containment flooding and the
accompanying potential for containment bypass, and NUREG/CR-4551 does not; the
iPE considers a small possibility for burns occurring in a deinerted containment and
NUREG-1150 does not; and it is unclear whether the IPE considered SRV reciosure
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and subsequent vessel repressurization resulting from high drywell pressures
(inoperability because of DC failure is considered in the IPE).

The IPE considers the full range of phenomena that are expected to be important for
containment failure and radionuclide release characterization. However, the IPE
submittal does not provide the quantification for all of the events in the event trees/fault
trees. Because of this, it is not possible to directly determine if the quantification is
reasonable for all events, but the quantification for important events can be assessed
indirectly by comparing the IPE results with the NUREG/CR-4551 results. As discussed
in Section 2.4.2.3 of this report, the IPE and NUREG/CR-4551 results are comparable,
except for differences in the treatment of drywell liner melt-through and differences due
to the relative contributions of Level 1 sequences. The treatment of liner melt-through in
the IPE appeers reasonable, and so it can be inferred that there are no significant

unexplained differences in the quantification of the phenomena between the IPE and
NUREG/CR-4551.

2.4.2.2 Dominant Contributors: Zonsistency with IPE Insights

Table 2.4.2 2-1 shows a comparison of the dominant contributors to the Peach Bottom
containment failure with those contributors identified for the Fitzpatrick, Oyster Creek,

Browns Ferry, Duane Arnold, Dresden, and Cooper IPEs, as well as the NUREG/CR-

4551 results for Peach Bottom.

There is considerable variability indicated for both the CDFs for the plants and the
relative contribution for most of the containment failure modes. Peach Bottom's plant
CDF, contribution from early containment failure, and contribution from late containment
failure all fall toward the middle of the relatively wide ranges for the other studies that
are compared in the table. The contribution of Peach Bottom bypass sequences is
small, which is consistent with the bulk of the other studies. The contribution from
cases without vessel breach was not available from the Peach Bottom IPE submittal.
However, comparing the combined results from the various studies of intact
containments and no vessel breach, it can be seen that the Peach Bottom IPE results
fall toward the high end of the range spanned by the other studies for these more
benign outcomes.

NUREG/CR-4551 has & high proportion of early containment failures relative to the IPE.
This appears to be predciiinantly due to two factors. differences in modeling of drywell
liner melt-through and differences in the relative contribution of the Level 1 sequences.
These factors are discussed further in the following section.
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Table 2.4.2.2-1
Containment Failure as a Percentage of COF: Peach Bottom Results Compared with Peach Bottom
NUREG/CR-4551 Results and with other IPE Resuits for Plants with Mark | Containments

Fitzpairick | Oyster Creek | Browns Ferry Duane Dresden Cooper Peochﬂommlj Peach Bottom
PE PE PE Amoid IPE IPE IPE NUREG/CR- IPE
4551

CDF (per year) 19E-6 32E6 4 8E-5 78E6 1.8E-5 71E5 4 3E-8 S4E6"
Early Failure 60% 16% 46% 47% 3% 36% 687% 28%
Bypass na* 7% na 0 0 C <1% 01%
Late Failure 26% 26% 26% 32% 86% 31% 5% 26%
intact 3% 0 3% 21% 1% 33% 18% 46%
No Vessel 11% 51% 25% na na na 10% na
Breach

* na - Not available.
** The Peach Bottom CDF, inclucing internal flooding, is 5.53E-6. The FPeach Bottom Level 2 did not include flooding sequences, so the Level 2
CDF is S40E-6.



2.4.2.3 Characterization of Containment Performance

The ultimate strength of containment and the phenomena considered as mechanisms
for containment failure were discussed in Section 2.4.1.2 of this report. The
containment performance results from the IPE are compared with NUREG/CR-4551 in
this section. When comparing resuits, it is important to note that some differences in
containment performance results would be expected because the two studies had
different relative contributions of core damage sequences. The containment
performance varies somewhat for different sequence types; when important, the effects
of these differences are noted in the following discussion.

The conditional containment failure assessments from the IPE and from NUREG-1150
are shown in Table 2.4.2 3-1. The results from the IPE are based on information
provided in Section 4.6.4.3 of the submittal.

Table 2.4.2.3-1
Comparison of IPE and NUREG/CR-4551 Containment Performance
% of COF
IPE NUREG/CR-4551"*
Drywell Liner Melt-through 19.3% 42.1%
Other Containment Failure 20.3% 17.8%
Containment Vented 14% 17.5%
No Containment Failure 46.4% 22.7%

* Note that in this breakdown, cases without vessel breach are not separated out, and so the percentages
for containment vented and no containment failures are different from Table 2.4.2.2-1,

NUREG/CR-4551 predicted higher probabilities of early containment failure for Peach
Bottom than did the IPE, while the IPE predicted a higher proportion of cases without
containment failure. The IPE submittal indicates that this is due to differences in the
liner melt-through quantification. As noted in Section 2.4.1.1, Peach Bottom used
updated, less conservative probabilities for liner melt-trirough for cases with a flooded
drywell, however, this does not appear to fully explain the differences in results. A
sensitivity study was performed for NUREG/CR-4551 in which liner melt-through was
not modeled. The results of that sensitivity study indicated that containment failure was
not significantly affected by the change because other modes of containment failure
(which were precluded by the liner melt-through failures in the base case) partially
replaced the liner meit-through failures, rather than proceeding to no containment
failure. For example, drywell overpressure and pedestal failure partially replaced
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drywell liner melt-through for station blackout scenarios, and early containment failures
from overpressurization before core damage in ATWS scenarios were not eliminated by
the removal of the liner melt-through failure mechanism. NUREG/CR-4551 had a higher
proportion of ATWS sequences than the IPE, so the impact of reducing the probability
of drywel! liner melt-through was not as large for NUREG/CR-4551 as it was for the IPE.
That is, the differences in containment failure results are due to both differences in
modeling drywell liner melt-through and the differences in the accidents contributing to
core damage.

2.4.2.4 Impact on Equipment Behavior

Equipment survivability during severe accidents was addressed in Section 4.6.2.1 of the
IPE submittal for components whose success was credited in the IPE. Exposure to
temperature, pressure, aerosol loading, radiation, and moisture was considered. The
submittal indicates that applicable studies (primarily NRC-sponsored) were reviewed,
and then engineering judgment was used to make assessments of operability in these
adverse environments. The submittal indicated that most components located in the
reactor building would be expected to survive the harsh environment.

2.4.2.5 Uncertainty and Sensitivity Analyses

The Level 2 analysis for the Peach Bottom IPE did not include an uncertainty analysis,
but several sensitivity studies were performed to address issues that could affect the
viability of accident management strategies. In addition, qualitative discussions of the
impact of uncertain phenomena on accident progression were included for phenomena
that were not examined through sensitivity studies. Sensitivity studies were performed
both for the deterministic analyses (e.g., MAAP) that formed the basis for quantification,
and for the actual probabilistic analysis.

For the deterministic sensitivity studies, PECo considered both MAAP results and the
results of NRC-sponsored studies. The sensitivities discussed in Section 4.6.5.2 of the
IPE submittal are:

L] Hydrogen production and combustion

- Core relocation characteristics

. Mode of reactor vessel melt-through

. Long-term disposition of core debris

5 Revaporization of deposited fission products

L Reactor building decontamination factor.
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Sensitivity studies were performed for the following items to investigate the impact of
changinc their probabilities. The results were discussed in Section 4 6.5 3 of the IPE
submittal

® Induced failure of the reactor coolant boundary (stuck-open relief valve)
® Mode of vessel failure

» Fuel-cooiant interactions

® Direct containment heating

L] Early containment failure from liner meit-through.

2.5 DHR, Other GSI/USIs and CPI

This section summarizes the evaluation of decay heat removal provided in the IPE
submittal. Other GSI/USIs, if addressed in the submittal, were also reviewed.

2.5.1 Evaluation of Decay Heat Removal
2.5.1.1 Examination of DHR

In accordance with the resolution of US| A-45 [NUREG/CR-1289], the licensee
specifically examined the DHR function for vuinerabilities. This is contained in Section
3.4.3 of the IPE submittal. The licensee used both quantitative design objectives from
the NRC staff and qualitative insights from past A-45 studies as input for the analysis of
the adequacy of DHR.

2.5.1.2 Diverse Means of DHR

The utility’'s diverse means of DHR were identified and their benefits explored in Section
3.4.3.1 of the IPE submittal. These include the main condenser and feedwater systems,
the high- and low-pressure ECCS with containment cooling, the four modes of residual
heat removal at shutdown, the torus cooling, and the high-pressure service water
system.

2.5.1.3 Unique Features of DHR

The unique features at Peach Bottom that directly affect the ability to provide DHR
include a wetwell hard-pipe vent for containment heat removal and four shared
emergency diesel generators with cross-tie capabilities that allow for DHR during certain
loss of offsite power events. These features significantly reduce the CDF contribution of
scenarios invelving a loss of DHR.
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2.5.1.4 DHR Results

The evaluations indicate that about 7% of the total CDF is due to a loss of containment
heat removal while 55% of the total CDF was attributed to the loss of inventory.
Therefore, about 62% of the total CDF (3.0E-6) is due to DHR failures. In the submittal,
the licensee concluded that no vulnerabilities associated with DHR exist since the total
CDF from a loss of DHR was below the screening criteria in NUREG-1289. No plant
modifications were judged to be cost beneficial.

Overall, the licensee’'s examination and evaluation of DHR is complete with respect to
the information requested in NUREG-1335, and the results of the evaluation appear
reasonable.

2.5.2 Other GSI/USis Addressed in the Submittal

In the IPE submittal, the licensee indicated that it has chosen not to evaluate, for
closure, the other USIs and GSls that remain open for Peach Bottom at present.

2.5.3 Responses to CPl Program Recommendations

The IPE addressed the recommendations for plants with Mark | containments from the
Containment Performance Improvement (CPI) Program, as summarized below:

e  Alternate Water Supply for Drywell Spray/Vessel Injection: The submittal
indicated that Peach Bottorn already has alternative injection/spray capability
because it (1) has the capability to inject high-pressure service water through the
RHR system , and although the system is ac-dependent, it has the capability of
cross-tieing, and (2) it has procedures for using fire water for vessel injection
through the RHR system.

- 80 KE 38 . SRR ¢ ) : - aliability:
The submittal discusses the DC and nitrogen dependencies of the safety relief
valves, but the design does not appear exceptional relative to other BWR Mark |

plants. No commitments were made toward the CP| objective of enhanced
reliability in station blackout.

e  Emergency Procedures and Training: As recommended by the CPI program,
Peach Bottom has implemented Revision 4 of the BWR Owners Group
Emergency Procedures Guidelines and is in the process of training the operators.

° Torus Hard-Pipe Vent: The IPE submittal indicated that Peach Bottom is
committed to installing the hard-pipe vent during the fall of 1992. This new vent
is larger than the older hard-pipe vent from the torus that was modeled in
NUREG-1150.



The IPE has addressed the relevant recommendations of the CP! Program, and has
partially satisfied the recommendations.

2.6 Vulnerabilities and Plant Improvements

This section summarizes the vulnerability evaluation, the proposed plant improvements
and modifications, and insights provided in the IPE submittal.

2.6.1 Vulnerability

In Section 3.4.2 of the IPE submittal, the licensee defined vulnerability as any failure
mode, single failure, or combination of a small number of failures not used to create a
support state (such as diesel failure in the LOSP event tree) that disproportionately
contributes to the overall COF. The submittal states that even though no quantitative
limits were placed on the contribution to COF, a qualitative evaluation identified no
vulnerabilities.

2.6.2 Proposed Improvements and Modifications

Plant improvements and modifications were discussed in Section 6.0 of the submittal.
Based on insights from the front-end analysis, the licensee identified one plant
improvement: an enhancement to the LOSP procedure (SE-11) which includes detailed
instructions to cross-tie emergency electrical buses and recognizes interunit interactions
to improve the responses necessary for the safe shutdown of both Peach Bottom units
during a LOSP. This procedure is scheduled for implementation in December 1992.
This procedure was credited in the submittal but the impact of the plant improvement in
terms of the change in CDF was not discussed.

2.6.3 IPE Insights
Section 6.2 of the IPE submittal discusses the IPE insights and potential plant
improvements. All insights discussed in that section formed the basis for the potential

plant improvements provided in the section. Since Section 2.6.2 of this report presents
these IPE insights, they are not repeated here.
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3. CONTRACTOR OBSERVATIONS AND CONCLUSIONS

A review of the front-end of analysis of the Peach Bottom IPE submittal reveals that it is
essentially complete with respect to the type of information and level of detail requested
in Generic Letter 88-20. In addition, the review did not identify any significant problems
or errors in the front end. It should be noted that the IPE included a thorough
identification and evaluation of plant-specific initiating events, and a detailed flooding
analysis.

A comparison of the front-end analysis of the IPE submittal and NUREG/CR-4550
reveals some differences between the resuits, particularly for loss of offsite power and
station blackout sequence. However, the differences between the two studies were not
unexpected given that there were differences in the success criteria, models (e.g., the
ability to cross-tie EDGs existed in the IPE submittal but not in NUREG/CR-4550), and
data (as previously discussed in Sections 2.2.2.1 and 2.2.2 3 through 2.2.2.5) used in
both studies.

Overall, the review of the front-end analysis of the Peach Bottom IPE submittal reveals
that it is essentially complete with respect to the type of information and level of detail
requested in Generic Letter 88-20 and, in light of the comparison with NUREG/CR-
4550, appears reasonable.

The HRA review of the Peach Bottom IPE submittal did not identify any significant
problems or errors. A viable approach was used in performing the HRA and only
relatively minor differences were found between the IPE and NUREG/CR-4550. The
most important weaknesses of the IPE HRA included complete screening of all pre-
initiator restoration fauits and a lack of any examples or documentation that
demonstrated the actual quantification process for post-initiator response or recovery
actions.

No significant problems or errors were identified in the back-end analysis. Differences
were observed between the IPE and NUREG/CR-4551 results, but they are primarily
due to the relative contribution of various sequences to the CDF, and the IPE's use of
more current analyses for the drywell liner melt-through issuie.



4. DATA SUMMARY SHEETS"

® The mean total core damage frequency (CDF) : 5.53x10*® per reactor-year.

@ |nitiating events contributing to the total CDF are:

. Init Contritwion
o Loss of Offsite Power 33.5%
0 Transient with PCS Unavailable 13.6%
0 Transient with PCS Initially Available 20.8%
o Transient Involving Loss of Feedwater 10.3%
m] Large LOCA 54%
o Loss of Condenser Vacuum 4.8%
o Inadvertent Open Relief Valve 3.6%
o Medium LOCA 2.8%
o internal Flooding 26%
(] Vessel Rupture 1.8%
(] Others 0.8%

® Classes of accident sequences contributing to the total COF are:

Sequences Contribution
o Loss of Inventory Makeup with Reactor at High Pressure 43 4%
o Failure to Insert Negative Reactivity with Reactor at High Pressure 17.7%
0 Loss of Offsite Power and Loss of Makeup 9.0%
0 Loss of Containment Heat Removal and No Venting Capability 7.4%
0 Loss of Makeup Induced by ATWS 6.1%
0 Medium or Large LOCA for Which the Reactor Is at Low Pressure 53%
(=} Small or Medium LOCA for Which There Is No Depressurization 2.5%
o Common Mode Failure of Front-Line Systems with the Reactor at

High Pressure 2.4%
0 Others 6.2%
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® Major operator actions to prevent core damage or containment failure:

Failure to depressurize the reactor to the condensate injection pressure.
Failure to manually depressurize after inhibiting ADS, with and without offsite
power,

Failure to recover offsite power in 10 hr.

Failure to cross-tie emergency power sources to buses in 10 hr.

Failure to recover feedwater in the short terr.

Failure to initiate SLC during an MSIV closure.

Failure to recover a diesel generator in 10 hr.

Failure to initiate SLC during a turhine trip ATWS with a stuck-open valve.
Operator faiis to vert given RHR hardware.

Operator fails to inhibit ADS, with high-pressure injection unavailable during
ATWS.

oo

oo0oocoooo

& Conditional containment failure probability given core damage:

: ‘ Eailure | .
O Drywell Liner 19%
0 Other Failure 20%
O Bypass 0.1%
0 Vented 14%
O Intact 46%
. . Eailure Timi
O Early 28%
O Late 26%
0O Bypass 0.1%
0 Intact 46%

® Significant PRA findings

Design or operational features having the most significant impact in reducing the CDF
are.

Q Four emergency diesel generators with the flexibility of cross-tieing buses.
o Recovery of offsite power.
o Residual heat removal and high-pressure service water cross-tieing capability.



® Potential improvements under evaluation

o

The licensee identified one plant improvement: an enhancement to the LOSP
procedure which includes detailed instructions to cross-tie emergency electrical
buses and recognizes interunit interactions to improve the responses necessary
for the safe shutdown of both Peach Bottom units during a LOSP. This
procedure is scheduled for implementation in December 1992. This procedure
was credited in the submittal but the impact of the plant improvement in terms of
the change in CDF was not discussed.

® |mportant plant hardware and plant characteristics:

cooooo

Four diesel generators with the flexibility of cross-tieing buses.

Residual heat removal and high-pressure service water cross-tieing capability.
Four 100% capacity residual heat removal pumps and heat exchangers.
High-head condensate pumps.

MSIV closure at Level 1.

Diverse sources of water for cooling and injecting.

* (Information has been taken from the Peach Bottom IPE and has not been validated
by the NRC staff.)
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