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E. EXECUTIVE SUMMARY

This report summarizes the results of our review of the front-end portion of the Individual F- 1t Examination
(IPE) for Pilgrim. This review is based on information contained in the IPE submittal [IPE Sub nittai] along
with the licensee's responses [RAI Responses) to a request for additional information (RAI).

in responding to the RAI, the licensee states that the original IPE analysis, as described in the IPE submittal,
has been updated. The licenses response to the RAI describes the results of the 1995 IPE model, including

updated accident sequences and dominant core damage contributors. To the extent possibie, the IPE results
and findings reported in this review are based on the 1885 IPE model as reported in the RA| responses.

E.1 Plant Characterization

Tha Pilgrim Nuclear Power Statien coisists of a single boiling water reactor (BWR) 3 Mark 1 unit. Design
features st Pilgrim that impact the core damage trequency (CDF) relative to other BWRs sre as follows:

. Fourteen hour battery capacity. With credit for load shedding, the batteries can pravide necessary
power during station blackout for approximately 14 hours. The 14 hour battery lifetime is longer
than battery lifetimes at many other plants. This design feature tei.ds to lower the CDF.

. Station blackout diesel generator. A station blackout diesel generstor hes been installed at Pilgrim.
This design feature tends to lower the CDF.

pecisl otfsite power line for plant shutdown functions. Pilgrim has & special 23 Kv offsite
power connection that can be used to power emergency buses in the event offsite power from the
two 345 Kv sources is lost. The 23 Kv power line is routed through @ separste switchyard into the
stetion shutdown trensformer. Plant experience has shown that the 23 Kv line is more resistant to

westher-related effects than the 345 Kv sources. This design feature tends to lower the CDF.

. Ability to perform vessel injection with fire water system. Alternate vessel injection can be
accomplished with the fire water system. Because one of the fire water pumps is diesel-driven, this
method of injection can be used during station blackout. This design festure tends to lower the
COF.

. Limited vessel pressure relief capability. Pilgrim has & more limited vessel pressure relief capability
than other BWRs of similar design. This limited pressure relief capability is due to the relatively
small number of relief valves (2 code safety valves and 4 safety relief valves) and the relatively
small capacity of sach individusl valve. This desigr feature tends to increase the COF.

3 Hardened torus vent. The evailability of a hardened torus vent provides an edditional means of
providing containment pressure control and decay heat removal. This design feature tends to lower
the COF.



. Portable diessi-driven air compressor. A pcrtable diesel-driven air compressor can be manually
connected to the compressed air system. This additional source of compressed air «nds to reduce
the COF.

. Diverse instrument nitrogen supplies. Diverse means are svailable for supping nitrogen to support
important functions, for example the automatic depressurization system (ADS) valves. Sources of
nitrogen include banks of bottled nitrogen and a trailer-mounted set of liquid nitrogen tanks. This
design feature tends to reduce the COF.

uaoanien. !

ance of diese om_externa s. The diessl generators
(including the station
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generator) are self-cooled. This design feature lowers the COF.

A
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blackout diesel
E.2 Licensee's |PE Process

The licensee developed & Level 2 probabilistic risk assessment (PRA) in response to the requests of Generic
Letter 88-20. The freeze date for the original IPE analysis reported in the submittal was De-.smber 31,
1891. The freeze date for the updated (1995) IPE was not provided. .

The licensee provided the overall technical management of the IPE and was involved in all aspects of the
analysis. it appears that the licensee performed the majority of the front-end analysis. Tenerra, L. P.
sssisted the licensee in the front-end accident sequence evaluation.

Plant walkdowns were used to support the IPE analysis. Major documentation used in the IPE included:
engineering drawings, system descriptions, the Updated Final Safety Analysis Report (UFSAR), Technical
Specifications, and plant procedures.

There were several levels of review performed on the IPE, including an external peer review. The external
review team consisted of 5 outside individuals with Lackgrounds in FRA, operations, reactor engineering, and
thermal hydraulics analysis.

The licensee states that the IPE is a living model that is updated to reflect changes to plant configuration
and performar ce.

£.3 Front-End Analysis

The methodology chosen for the Pilgrim IPE front-end analysis was & Level 1 PRA. The small event
tree/large fault-tree technique with fault tree linking was used to quantify core damage sequences.

Core demage was defined to occur when the water level remained below 2/3 of the core height for 10
minutes. It appears that the front-end system succass criteria were largely based on Moduler Accident
Analysis Program (MAAP) calculations. General Electric apparently generated some portions of the
anticipated transient without scram (ATWS) success criteria with a “TRAGG" analysis. The Piigrim IPE
success criteris are generally consistent with success criteria typically used in other BWR IPE/PRA studies.



The IPE analyzed typical generic and transient initiating events, as well as € special initiating events
represering support system failures. Plant data and plant-specific logic models were used *® support the
quantification of initiating events.

Plant-specific dats wers used whero possible for component failure rates and test/maintenance

unavailabilities. Component unavailability estimates were derived for the period between 01/01/81 anc
09/30/89 with one major exception. The data used to quantify the high pressure coolant .njection (HPCI) and
reactor core isoletion cooling (RCIC) systems came from a five year moving sverage data base for the period
between 03/31/87 and 03/31/82. These two systems were quantified with the more recest daie io refisct
thei improved availability since 1890. The data collection pericd of 01/01/81 to 08/30/88 was used to
ensure the equivalent of 5 full years of plant operation. Pilgrim was shutdown for most of 1886 and all of
1887 and 1988 for reliability and safety enhancements.

The multiple Greek letter (MGL) method was used to model common cause failures. The common cause data
used in the IPE are generally consistent with generic values typically used in other IPE/PPA studies.

The point estimate COF from the updated (1885 IPE is 2.84E-05/yr', including internal floodg. The COF
contribution from flooding is B.1E-08/yr. The internal initiating events that contribute most to the COF and
their percent contribution ara listed below’:

Partial loss of offsite power (LOSP) 30%

Manual shutdown 19%
Full LOSP (345 & 23 Kv) 10%
Turbine trip and resctor trip 10%

Loss of foedwater 8%
Medium loss of coolant accident (LOCA) 6%

Loss of condenser vacuum 4%

Loss of DC Bus B 3%
Main steam isolation valve (MSIV) closure 3%

Core damage contributions by accident type are listed below:

Transient 70%
Anticipated Transient Without Scram (ATWS) 16%
LOCAs 10%
Station Blackout 3%
Interfacing systems LOCA 0.4%
internal Flood 0.2%

The front and back-end analyses were coupled by finking core damage cut sets directly into containment
system event trees (CSETs). The output of the CSETs was used to generate a set of plant damage states

' As usad here and in other portions ef this report, the term “yr’ refers to a reactor year.

? A complete set of initiating event COF contributors is prowded in Table 2.8 of this report.
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(PDSs). The PDSs were subsequently eveluated by containment phenomenological event tress (CPETs) to
generate source term frequencies. The process used to couple the front- and back-end anal+¥: appears to be
comparable with similer processes used in other PRA/IPE studies.

E.4 Generic lssues

The licensee specifically addresses decay hest removal (DHR) and its contribution to COF. The IPE DHR
analysis was based on & narrow DHR definition, namely removal of decay heat from containment. This
definition does not address core cooling aspects of DHR. Using qualitative discussions, the licensee
concluded that the contsinment DHR reliability is high due to the availebility of multiple containment systems.
Even if all these contsinment DHR systems were to fail, a significant amount of time is available for repair
and recovery efforts. Specifically, 34 hours would be svailable before containment design limits are
exceeded, and 47 hours would be available before the ultimate containment capacity is reached. No DHR-
related vulnersbilities were identified by the licensee.

No generic safety issues (GSls) or unresoived safety issuss (USls) other than A-45 are addre: -ed by the IPE.

E.5 Vulnerabilitiezs and Plant improvements

The licensee used the following criteria to search for vulnerabilities:

. Are there any new or unusual means by which core damage or containment failures occur as
compared to those identified in other PRAs?

. Do the results suggest that the Pilgrim core damage frequency would not be able to meet the NRC's
safety goal for core damage (1E-04/yr)?

Based on tho shove critaria, the licensee concluded that there are no vuinerabilities st Pilgrim.

It appears that the following two plant improvements were identified as @ result of the IPE:

. Modify loss of OC procedures to allow operator judgment for load shedding of AC buses associated
with failed DC supplies (completed)

. Modify procedures to allow operators tc use fire water for drywell sprays

The OC procedure enhancement has been completed. The statt e drywell spray enhancement is not
known.

E.6 Observations

The liconsee appears to have analyzed the design and operations of Pilgrim to discover instances of particular
vulnerability to core damage. It aiso appears that the licensee has: developed an overall apprecistion of
severe accident behavior; gained an understanding of the most likely severe accidents at Pilgrim; gained &
quantitative understanding of the overall frequency of core damage; and implemented changes to the plant to
help prevent and mitigate severs accidents.




Strengths of the IPE are as follows: The IPE goes beyond the bounds of some other BWR 1°E/PRA studies by
considering and modeling common cause failures betwseen the HPCI and RCIC systems.

No major weaknesses of the IPE were identified.

One weakness of the submittal was identified, namely that the licensee’s DHR analysis was limited to
removal of decay heat from containment. This narrow definition of DHR does not address core cooling
aspects of DHR. In order to resolve US| A-45, licensees were requested to examine DHR for its capability
during both core cooling and containmant heat removal phases and for all accidents except large LOCAs,
ATWS events, and ISLOCAs. While the licensee’s narrow definition of DHR is judged to be & weakness of
the submittal, both core and containment cooling has been accounted for in the overall IPt analysis process.
In our judgment, the IPE models are capable of identifying DHR-related vulnerabilities.

Significant level-one IPE findings are as follows:

. The Pilgrim plant is located in  region of the country that is prone to more frequen’ occurrences of
severs weather thar many other nuclear plant sites. Consequently, LOSP frequenciss and non-
recovery probabilities are higher st Pilgrim compared to average industry data. Even so, station
blackout contributes only about 3% of the total COF st Pilgrim. The relatively low COF contribution
of station blackout at Pilgrim is due to: (1) @ 14 hour battery capacity (with credit for load
shedding), (2) the availability of  station blackout diesel generator, (3) the availability of a separate
23 Kv offsite power source for plant shutdown functions, (4) the svailability of an AC-independent
source of vesssl injection (fire water), and (5) credit for recovery of failed diesel generators.

» ATWS sequences contribute 16% to the total CDF. About 55% of the ATWS contribution is due to
operator failure to initiste standby liquid control (SLC) injection. Another 20% of the ATWS
contribution is related to inadequate pressure relief caused by failure of sufficient safety
valves/safety relisf valves to open.

. Common cause failures of safety relief valves (SRVs) are important contributors in sequences where
high pressure injection is unavailable and depressurization fails. As previously noted in the discussion
on plant festures, Pilgrim has & more limited vessel pressure relief capability than other BWRs of
sinilar design.



1. INTRODUCTION
1.1 Review Process

This report summarizes the results of our review of the front-end portion of the IPE for Pilgnm. This review
is based on information contained in the IPE submttal [IPE Submittal] along with the licenvee’s responses
[RA! Responses] to a request for additional information (RAI).

in respending to the RAI, the licensee states that the original IPE analysis, as described in the IPE submittal,
has been updated. The licensee responss to the RAI describes the results of the 1985 IPE model, including

updated accident sequences and dominsnt core damage contributors. To the extent possible, the IPE results
and findings reported in this review ere based on the 1995 IPE model as reported in the RAI responses.

1.2 Plant Characterization

The Pilgrim Nuclear Power Station consists of a single BWR 3 Mark 1 unit located on Cape od Bay in
Massachusetts. Bechtel was the architect engineer and constructor. Pilgrim began commescial operation in
December 1872. The plant was shutdown for most of 1986 and all of 1987 and 1988 for reliability and
safety enhancements. The Monticello plant is similar to Pilgrim. [p. A-2 of submittal, pp. 1.1-2, 2.2-1 of
UFSAR]

Design features at Pilgrim that impact the core damage frequency (CDF) relative to other BWRs are as
follows: [pp. 1.1-4 to 1.1-6, 6.0-8, 6.0-7 of submittal]

. WWMaﬂmmm,mmm:nmmM
power during station blackout for approximately 14 hours. The 14 hour battery lifetime is longer
than battery lifetimes st many cther plants. This design festure tends to lower the COF. [pp. 2.2-8,
B.11-1, C.2-18, C.217, p. 3 of Table 2.4-1]

* Station blsckout diesel generator. A stetion blackout diesel generator has been installed at Pilgrim.
This design festurs tends to lower the COF. [p. 2.3-28 of submittal)

. Special 23 Kv offsite power line for plant shutdown functions, Pilgrim has o special 23 Kv offsite
powsr connection thet can be used to power smergency buses in the event offsite power from the
two 345 Ky sources is lost. The 23 Kv power line is routed through e separate switchyard into the
station shutdown transformer. Plant experience has shown that the 23 Kv line is more resistant to
weather-related sffects than the 345 Kv sources. This design festurs tends to lower the CDF. [pp.
225 2327, 2328, 881, B.9-2, B.10-1, B.10-2, NRC memo from M. Rubin to A. Thadani]

. Ability to perform vessel injection with fire water system. Alternate vessel injection can be
accomplished with the fire water system. Becauss one of the fire water pumps is diesel-driven, this
method of injection can be used during station blackout. This design feature tends to lower the
COF. [pp. 2.2-6 of submittal]



rel) ility. Pilgrim has & more limited vessel pressure elief capability
than other BWRs of similar design. This limited pressure relief capability is due to * e relatively
small number of relief valves (2 code safsty valves and 4 safety relief valves) and v relatively
small capacity of each individusl valve. This design feature tends to increase the CCF.

Hardened torus vent. The evailability of a hardened torus vent provides an additional means of
providing contsinment pressure control and decay heat removal. This design feature tends to lower
the COF. [pp.2.2-6, 3.6-12, B.6-8, B.6-9 of submittal]

. ompressor, A portable diesel-driven air compressor can be manually
wmdtothowmduwnm This additional source of compressed air tends to reduce
the COF. [pp. 2.2.7, 3.3:5, A1-5 of submittal]

Diverse instrument nitrogen supplies. Diverse means are svailable for supping nitrogen to support
important functions, for example the sutomatic depressurization system (ADS) va'ves. Sources of
nitrogen include banks ~f bottied nitrogen end e trailer-mounted set of liquid nitrogen canks. This
design festurs tend” to reduce the COF. [pp. 227, B. 13-2, B.133 of submittal] -

. [ ) 1 ources. The diesel generators
(mduqu tho mtm budwut M nomrmf) are ndfcoohd This design feature lowers the COF.
[p. 8 of Table 2.4-2 of submittal]



2. TECHNICAL REVIEW

2.1 Licensee's IPE Process

We reviewed the process used by the licensee with respect to: completeness and methodology; multi-unit
effects and as-built, as-operated status; and licensee participstion and peer review.

2.1.1 Completeness and Methodology.

The submittal is complete with respect to the type of information requested by Generic Letter 88-20 and
NUREG 1335. No omissions were noted.

The Pilgrim IPE is o level 2 PRA. The IPE used the small event tree/large fault tree methodology with fault
tree linking to perform the level 1 analysis. The Cut Set and Fault Tres Analysis (CAFTA) computer code
was used to quantify sccident sequences. The licensee had performed an sarlier Industry Degraded Core
Rulsmaking Program (IDCOR) Individual Plant Evaluation Methodology (IPEM) study in 1838 t'. support &
safety enhancement program, and this earlier study wes used as the starting point for the 'FE. [transmittal
istter, p. 2.1-1 of submittal]

Intersystem dependencies are discussed and tables of system dependencies are provided. Data for
quantification of the models are provided, including common cause events and human recovery actions. The
spplication of the technique for modeling internal flooding is described in the submittal. Results of an
importance analysis of key common cause and human event CDF contributors are presented. Two types of
sensitivity analysis were performed on the IPE results.

2.1.2 Multi-Unit Effects and As-Built, As-Operated Status.

The Pilgrim plant is @ single unit site; therefore, multi-unit considerations do not apply to this plant.

The licensee performed walkdowns and used various sources of plant-specific information to support the
analysis, for example engineering drawings, system descriptions, the UFSAR, Technical Specifications, and
plant procedures. Plant records were reviewed to develop plant-specific behavioral characteristics such as
component failure rates and initisting event frequencies. [pp. 2.1-5 to 2.7-8 of submittal]

The freeze date of the original IPE analysis reported in the submittal was December 31, 1881, The freeze
date for the updated (1895) IPE was not provided. [pp. 2.2-2 of submittal]

The licenzee states that the IPE is a living model that is updated to reflect changes to plant configuration
and performance. [p. 1 of RAI Responses)

2.1.3 Licensee Participation _snd Peer Review.

The licensee provided the overall technical management of the IPE and was involved in oll aspects of the
analysis. 1t appears that the licensee performed the majority of the front-end analysis. Tenerra, L P.



assisted the licensee in the accident sequence evaluation. Gabor, Kenton, and Assoc., Inc., wnd Fauske and
Assoc, Inc. assiste¢ with the back-end analysis. [pp. 2.7-4, 2.1-18, 2.1-20 of submittal]

Licensee personnel assigned to the IPE project included individuals with PRA expertise and ho nsed senior
reactor operstors (SROs). Other experience aress represented by the licenses IPE personnel included operator
training, thermal hydraulics, operations, quality sssurance, and system engineering. [pp. 2.1-18, 2.1-18, 2.1-
27 to 2.1-28 of submittal]

There were several levels of review performed on the IPE. Initially, the licensse reviewed *he consistency
and correctness of assumptions and results, with minor contributions by consultants. This first level of
review was done to ensurs s complete transfe: of technology to the licensee. [p. 2.1-20 of submittal]

An independent internal peer review was performed to ensura the accuracy of the documentation contained in
the report and to validate the IPE process and results. This peer review team consisted of 7 individuals with

backgrounds in PRA, engineering, operations, training, licensing and management. [pp. 2.°-28, 2.1-28 of
submittal]

An external peer review was aiso performed on the IPE. The external review team consisted of 5 outside
individuals with backgrounds in PRA, operations, reactor engineering, and thermal hydraulics analysis. These
individuals were associated with the foilowing organizations: Yankee Atomic Electric, Northeast Utilities, New
Hampshire Yenkee, Tenerra, and Gabor, Kenton, and Assoc. [pp. 2.1-4, 2.1-23, 2.1-30 of submittal]

The submittal provides examples of review comments genersted by the internal and independent external
review tesms. Resolutions to some of these comments are also provided. [pp. 2.1-21 to 2.1-24 of
submittal]

2.2 Accident Sequence Celinestion and System Analysis

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

221 Initisting Events.

initiating events waere identified from reviews of operating histories for Pilgrim and other plants, reviews of
previous risk anslyses, plant-specific system analyses, and reviews of generic initiating event lists (for
example, EPRI NP-2230). The initiating events included in the accident sequence snalysis sre listed below.
{p. 22 of RAI Responses, pp. 2.1-8, 2.18, 3.1-1 t0 3.113, Tabies 3.1-1 and 3.1-3 of submittai]

Generic Transients:
Reactor and turbine trip
Loss of feedwater
Loss of feedwater (unrecoverable)
Loss of condenser vacuum
MSIV closure
Inadvertent open relief ve've (IORV)



Manusl shutdown

Loss of 345 Kv power

Loss of all cffsite power (345 Kv and 23 Kv)
Special Initiators:

Loss of DC Bus A

Loss of DC Bus B

Loss of salt service water (SSW)

Loss of reactor building cooling water (RBCCW)

Loss of turhine building cooling water (TBCCW)

Loss of instrument air
LOCAs:

Small LOCA (mitigable by RCIC)

Medium LOCA

Large LOCA

Reactor vessel rupture

Reference line bresk

Lerge LOCA outside containment (main steam line break)
Interfacing systems LOCA (ISLOCA):

Core spray interfacing systems ISLOCA

Low pressure coolant injection (LPCI) ISLOCA
internal Flooding:

(Number of initisting events not specified)

The manual shutdown category inchsdes all those events in which a manual scram or manusl shutdown was
Momndfonithuuplumdufuedunmudfuwﬁdlmofthoothutmmmmwu
appropriate. [p. 14 of RA| Responses]

Two separste initisting events were used to model loss of normal power, specifically loss of all offsite power
(345 Kv and 23 Kv), and loss of 345 Kv. Pilgrim is connected to the powsr grid via the 345 Kv connection.
A separste 23 Kv source is availsble to provide power to the station shutdown transformer. The shutdown
trensformer in turn can provide power to the essential 4,160 VAC buses. [pp. 2.3-27, 2.3-28, B.8-1, BS-2,
8.10-1, 8.10-2

Neither loss of an AC bus or loss of heating, ventilating, and sir conditioning (HVAC) was modeled as an
initieting event. The submittal does not indicate a reason for omitting these potential initiating event
categories. It is noted that HVAC is used to support equipment operation in & numbar of plant locations.

Plant data used to support the quantification of initisting events were generally based on & collsction period
from 01/01/75 to 8/30/88. The dats collection start date of 01/01/75 excludes Pilgrim's first year of
operstion to eliminate effects of the plant stertup learning curve snd equipment break-in. Where initiating
event frequencies have been influenced by changes to plant design and operation (for example, LOSP),
adjustments have been made. [p. A-2 of suhmittal]

Transient events were quantified whers possible with plant dsta via the process described above. The main
sources of plant-specific transient dstsa were scram reports and Pilgrim Monthly Reports to the NRC. Small,
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medium, and large LOCA initiating events were apparently quantified from an IDCOR BWR methodology study
(IPE BWR Method]. This IDCOR study is in turn st least partially based on EPRI data [EPK '38]. The
ISLOCA and LOCA ocutside containment svents were based on NUREG/CR-2128, BWR Owner Group guidance
(no reference provided), and plant-specific considerations. (p. 7 of RAI Responses, pp. 2.1-22, 314 103.1
10, Tebles 3.1-1, 2.1-3, A-7 of submittal)

Fault tree logic models were used to quantify the following plant-specific initisting events: loss of salt
service water (SSW), loss of reactor building cooling water (RBCCW), loss of turbine building cooling water
(TBCCW), end loss of instrument air. Plent-specific date were use¢ where possible to support the
guentification of these logic models. [p. 11 of RAI Responses, pp. A-8 to A-10, Table 3.1-3 of submittal]

The IPE used o frequency of 3.88/yr for manual shutdowns, based on 47 events over sbout 12 yea's of
reactor operation. This value reflects a relatively high level of plant shutdowns experienced during 975
1988, though recent plant history indicates far fewer shutdowns. [pp. 14, 15 of RAI Responses]

A frequency of 0.142/yr was used for totsl LOSP (345 Kv and 23 Kv) in the originai IPE recorted in the
submittal, and apparently was aiso used in the 1995 IPE. If more recent plant experience ifirough August
31, 1995 is accounted for, the totsl LOSP frequency becomes 0.135/yr, based on 4 LOSP events over 20.7
years of resctor operstion. For partial loss of power (345 Kv), the IPE used & frequency of 0.475/yr. If
plant experience through August 31, 1895 is included, the loss of 345 Kv has an initisting frequency of
0.643/yr. [p. 12 of RAI Responses)

The everage frequency of totel LOSP over all plants as reported in an Electric Powsr Reseerch Institute
(EPRI) publicetion [NSAC-147) is about 0.06/yr, compared to the IPE value of 0.142/yr. The higher value of
total LOSP at Pilgrim can be sttributed to severe weather activity experienced st Pilgrim.

The IPE frequency of 7E-D4/yr for large LOCAs is a factor of 2 to 7 higher than corresponding data typically
used in other BWR IPE/PRA studies. On the other hand, the Pilgrim IPE used a velue of BE-O3/yr for small
LOCAs, whersas some other BWR IPE/PRA studies heve used values that sre § to 10 times higher. The
small LOCA frequency used in the IPE is based on EPRI guidance {EPRI 438] that suggests sdding o
contribution for recirculstion pump seal leskage to the baseline value of BE-O3/yr, depending on the plant’s
vulnersbility to sesl leakage. The licensee states that Pilgrim’s seal design is not prone to leskage, and
therefore the EPRI small LOCA baseline frequency of BE-O3/yr was used. [p. 7 of RAI Responses]

The guantificetion of the remaining initiating events appears to be generslly consistent with other PWR
IPE/PRA studies.

2.2.2 Event Trees.

The following genersl categories of event tree models were used in the analysis: [Appendix C of submittal]

Transient and special initiators

LosP

Station blackout and offsite power recovery
Stuck open relief valve (post-transient)




Inadvertent open relief valve

Referance leg break

Small LOCA

Medium LCCA

Lerge LOCA

Reactor vessel rupture

Large LOCA outside containment (main steam line break)
ISLOC/. (LPC! and core spray)

ATWS (with and without isolation from main condenser)

Core damage was defined to occur when the water level remained below 2/3 of the core height for 10
minutes. it appears that the front-end system success criteria ware largely based on Modular Accident
Analysis Program (MAAP) caiculations. General Electric apparently generated some portions of the ATWS
success criterie with 8 “TRAGG” analysis [GE TRAGG]. The MAAP code was siso used to assess
containment accident progression. [pp. 38, 41 of RAI Responses, pp. 1.0-8, 2.3-1 of submittal)

The IPE assumed that vessel failure would occur with & frequency of 1E-05/yr, including both mitigable end
non-mitigable breaks. Using the 1888 IDCOR Individual Plant Methodology (IPEM) for Pilgrim, the licenses
assumed thet mitigable medium or large LOCA breaks would occur 87% of the time. The remaining 3% of
vessel bresks were assumed to be too lerge for successful mitigstion. Therefors, the core damage frequency
for non-mitigable vessel rupture events was 3E-07/yr. The vessel rupture event tree represented in Figure

.34 of the submitta! displays the various accident sequence paths. [pp. 3.4-8, C.3-10 to C.3-12, Figure
€.3-4 of submittal]

The IPE credited use of the fire water system for alternative vessel injection during transient events, small
LOCAs, and reference line breaks. This action, which is proceduralized, requires installation of & spool piece
to connect the fire water system to RHR system discharge piping’. The spooi piece is located in a cabinet
immediately adjscent to its installstion point, and can be connected without special tools due to the use of
quick snap couplings. The fire water pumps, one diesel-driven and one electric motor-driven, provide water
from two 250,000 gallon onsite fire water storage tanks. Each of these pumps has & rated capacity of
approximately 2,000 gpm. The liconsee states that operstors are trained snd tested in the use of the fire
water system. In addition to installation of the spool piece, use of the fire water system requires that
operstors open two valves. The availability of DC power is aiso required to sllow vessel depressurization vis
the safety relief valves (SRVs). [pp. 23, 34, 37 of RAI Responses, pp. 2.3-15, 2.3-16, 2.3-43 to 2.3-46,
B57, p. 2 of Table 2.4-1 of submittal)

The adequacy of fire water vessel injection was evalusted through MAAP caiculations that account for pump
developed head, system flow losses, and backpressure inside the vessel or drywell. If the backpressure wers
to exceed approximately 120 psig, the fire water system would be unable to provide vessel mekeup. (pp.
23, 37 of RAI Responses, pp. 2.3-15, 2.3-16, 2.3-43 to 2.3-46, B.57 of submittal]

’mmnwmmmuuunmmwmmmumfumnmm
Howsver, it appears that the IPE did not take credit for this mode of firs water cooling. [pp. 2.3-15, 2.3-16 of submittal)
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Credit was taken for vessel makeup with the control rod drive (CRD) pumps, but only for an inadvertent open
relief valve transient or @ loss of feedwater and stuck open relief valve. CRD at full flow »th pumps) was
sssumed to be adequate in these cases, but only if other injection systems had previously o~ cated for at
least one hour. [pp. 2.3-41, B.5-8, C.1-4 of submittal)

The IPE credited the possibility of successful mitigation of ISLOCA events via injection from (1) the
condensate system, with makeup to the condenser hotwell from the condensate storage tank (CST), or (2)
the fire water system. The IPE did not credit LPCI or core spray in ISLOCA scenarios due to the acverse
environmental conditions expected inside the reactor building. The IPE credited LPCI and fire water as
injection sources for large LOCA outside containment events. [pp. 2.3-43, C3.13, C3.14, Figure C.3-6, C.3.7
of submittal]

The RCIC turtine exheust trip setpoint is set at 46 psig. Because of this relatively high trip setpoint, the
IPE considersd the possibility of RCIC operstion during & loss of containment cooling event. MAAP models
sccounted for this trip setpoint, as well as RCIC net positive suction head (NPSH) requirements to determine
RCIC availability. [p. 16 of RAI Responses]

The Pilgrim emergency opersting procedurss (EOPs) require that all injection from outside containment be
terminated when the torus bottom pressure cannot be maintsined below B0 psig. The action precludes any
further increase in primary containment water level and is authorized because the consequences of not doing
50 may cause & loss of primary containment integrity. The EOPs are based on a philosophy that
preferentially chooses to maintain primary contsinment integrity in order to protect against the uncontrolied
release of radioactivity. [pp. 18, 17 of RAI Responses]

The existing logic models assumed no core demage if injection systems are successful and containment
pressure is successfully controlied. No credit was taken for core cooling after containment failure. The
MAAP models used to support the IPE failed injection systems when NPSH limits for pumps were exceeded,
or when suppression pool temperstures exceeded limits for HPCI end RCIC pump oil cooling. Pilgrim has &
hardened containment vent, and it appears that venting was credited in the front-end analysis as & means of
containment pressure control. [pp. 1, 17, 18 of RAI Responses, p. B.6-10 of submittal)

An operator error associsted with failure to inhibit the sutomatic depressurization system (ADS) was not
modeled in the ATWS event trees. The licensee states that inclusion of this event would unnecessarily
complicate an siready complex ATWS event tree, and that no core damage sequences were missed &s 8
result. Genersl Electric analyses [GE TRAGG] were used to show thet uncontrolled injection with low
pressure systems during an ATWS will not result in substantial fuel demage or threaten the integrity of the
reactor vessel. The GE analyses were not available for our review end thus we cennot pass judgment on
their velidity. However, we do note that failure of operators to inhibit ADS is a relatively small COF
contributor in many other BWR IPE studies.

Pilgrim has two safety valves and four safety relief valves (SRVs). All four relief vaives can be automatically
opened by the ADS. The number of safety valves and SRVs is less than for comparable plants. The
licensee states that the capacity of these valves is also less then for comparable plants. The IPE required
that 3 of the 4 SRVs open to provide successful vessel depressurization to allow use of low pressure
injection systems during & transient, small LOCA, or medium LOCA. For ATWS events, st least 5 of the 6
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safety valves/SRVs were assumed to be required for pressure relief. [pp. 2.2-7, 2.3-11, B.4?, C.5-16, Table
2.3-1 of submittal]

2.2.3 Systems Analysis.

Systems descriptions are included in Section 2.3 and Appendix B of the submittal. The system descriptions
provide information related to system function, system design and operation, and key modeling assumptions.
The system descriptions also contain simplified schematics that show major equipment items and important
flow end configuration information. A totsl of 15 systems are described, inciuding ECCS, electrical power,
cooling water, instrument air, and HVAC.

224 System Dependencies.

The IPE addressed and considered the following types of dependencies: motive power, direct equipment
cooing, HVAC, and instrumentation and control. Dependency matrices are provided in Tahles 2.4-1 through
2.4.4 of the submittal. These tables display, respectively, the following dependency relsiions «s: [Section
2.4 of submittal) .
Frontline support system dependencies

Support system dependencies

Initiating event impact on front-line systems

Frontline system dependencies on other frontiine systems.

Room heatup analyses were made to identify squipment HVAC requirements.

The IPE modeled HVAC as a required dependency for RHR and core spray systems. In addition, HVAC was
modeled as a dependency for electrical switchgear and battery rooms, though operator compensatory actions
were apperently credited for establishment of alternate ventilation in the switchgear rooms. [pp. 223, 2.2-
4, 2.3.38, A1-22 of submittal].

It appears that the IPE has properly accounted for all component and system dependencies.

2.3 QGueantitstive Process

This section of the report summarizes our review of the process by which the IPE quantified core damage
accident sequences. It also summarizes our review of the data base, including consideration given to plant-
specific data, in the IPE. The uncertsinty andjor sensitivity analyses that were performed were also
reviewsd.

2.3.1 Quantification of Accident Sequence Freqysncies.

The IPE used the small event treeflerge fault-tree technique with fault tres linking to quantify core damage
sequences. Functional event trees are used. The Cutset and Fault Tree Analysis (CAFTA) software was
used to developed the fault treas and perform the accident sequence quantification. Accident sequence cut
sets were developed to the level of specific failures or basic events. The accident sequence cut set
truncation limit was 16-08/yr. [pp. 2.1-10 to 2.1-15, 2.2-2, 3.3-1 of submittal]
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Non-recovery data for LOSP initiating events were based on the licenses's analysis (lognorms distribution) of
plant-specific experience with recovery of total LOSP. Plant experience with total LOSP eve ‘s is
summarized below in Table 2-1. [pp. B to 10 of RAI Responses, NSAC-147]

Teble 2-1. Plant Experience With Recovery of Loss of Total Offsite Power

Event Dats | Cause of Total LOSP Recevery Time Used te Suppoert Netss
IPE Analysis?
510-77 Snowstorm 2 hours, 40 minutes Yes
2678 Severe winds, heavy |2 hours, 7 minutes Yes
snow; insulators
covared with ice and
salt
1118.86 Severs storm 0 hours, 3 minutes Yos
111287 Severe winds, heavy |11 hours, 0 minutes No Incident not considmad in IPE because
wel SNOw; Snow, ice plant had been in cold shutdown for
and salt spray on over & year, and the 23 Kv power
switchyard source had been removed for a once-
in-a_lifetine plant enhancement
{installation of station blsckout diesel
generator)
10-30.91 Not provided 1 hour, 49 minutes Yes

Table 2-2 compares the IPE LOSP non-recovery dete with average industry experience reported in an Electric
Power Resesrch Institute (EPRI) document [NSAC-147]. [p. 8 of RAI Responses]

Teble 2-2. Comparison of IPE and Averags industry LOSP Non-Recovery Data

Time After LOSP Initinter Cumslative Non-Recovery Probability
Slonsst 1995 IPE Average Industry Data
(NSAC-147)

2 0.66 03

5 0.43 ~013
12 0.15 006
15 0.094 ~0.003
2 0.024 <0.002
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As shown in Table 2-2, the IPE non-recovery data are about & factor of 3 higher than average industry
experience at and beyond 5 hours. Given Pilgrim’s history with severe weather, it is apprcreste that the IPE
non-recovery factors are less optimistic than aversge industry experience.

The IPE slso took credit for the recovery of failed diesel generators. At 2 hours, the cumulalive non-
recovery probability is 0.90, while at 12 hours the cumulative non-recovery probability is 0.44'. It appears
that these diesel generator non-recovery data are based on Pilgrim plant experience. ([Figure C2.8, C.2-21 of
submittal]

2.3.2 Point Estimates and Uncertsinty/Sensitivity Analyses.

The IPE used point value estimates for hardware failures in cases where at least one actual plant failure
occurred. For cases where plant-specific experience indicated zero failures, hardware events were quantified
sither from (1) point estimates using an assumad value of 0.5 for the number of failures over the exposure
period, or (2) mean value generic failure data. As discussed in Subssction 2.3.3 of this report, the choice of
data in the zero failure case was based on the lower of the plant-specific calculstion or gen.c data.

Where plant-specific maintenance unavailability data were availsble, the IFE used point estimwtes. Generic
maintenance unavailability dats used in the analysis represent mean values. The human error probabilities
(HEPs) appear to represent point estimates. [pp. A-34, A-35, A-38, A-40 to A-46 of submittal]

The transient initiating events are point-estimates generally derived from plant experience. It appeers that
point estimates were also used to quantify initiating events for LOCAs, special initiators, and internal flooding
gvents. [Tables 3.1-1, 3.1-3 of submittal]

No statistical uncertainty analysis was performed on the original IPE resuits that are reported in the
submittal. It is not known if a statistical uncertainty analysis was performed in conjunction with the
updated 1995 IPE.

Two types of sensitivity analysis were reported by the licenses. In one of these sensitivity analyses, an
evaluation of the impact of revised loss of power initiating event frequencies was made on the original IPE
model, without consideration of other performance updates and enhancements developed over the last three
years. The original IPE used frequencies of .0.475/yr and 0.142lyr, respectively, for loss of preferred (345
Kv) and total LOSP. Using a revised frequency of 0.843/yr for loss of preferred power, the COF in the
origingl IPE increased by sbout 8.5% (from 5.85E-05/yr to 8.35E-05/yr). Using a revised frequency of
0.136/yr for total LOSP, the original IPE COF decreased by no more than sbout 1%. [p. 12 of RAI
Responses)

“ 1t is not clear whether these dats pertain to non-ecovery of an individual diesel generator or the non-recovery of at least
one diassl generator among all three failed dissel generators.
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The other type of sensitivity analysis reported by the licensee v.as the identification of sequences that would
sxcoed 1E-08/yr if HEP error rates were set equal to 1.0° This sensitivity analysis was rerted in the
submittal for the original IPE. The RA! responses do not indicate whether & similar sensitiv:i ~ analysis was
performed for the 1885 IPE. [pp. 3.3-4, 3.3-13 of submittal]

The submittal presents the resuits of a Fussel-Vessly importance analysit of importent common cause
hardware failures and human errors. It is not known whether a revised set of importence measures was
siso generated for the 1985 IPE. [pp. 3.3-7 to 3.3-12 of submittal]

2.3.3 Use of Plant Specific Dats.

Pisit-specific dats were used where possible for component failure rates and test/maintenance
unavailabilities. Component unavailability estimates were derived for the period between 01/01/81 and
08/30/89 with one major exception. The data used to quantify the HPC! and RCIC systems came from o
five year moving average data base for the period between 03/31/87 and 03/31/82. These two systems
were quantified with the more recent data to reflect their improved availability since 1820. .. 26 of RAI
Responses, pp. 2.2-2, 252. 25-3, A-2 to A-4 of submittal] .

The data collection period of 01/01/81 to 08/30/88 was used to wnsure the equivalent of 5 full years of
plant operation. Pilgrim was shutdown for most of 1986 and all of 1987 and 1888 for reliability and sefety
snhancements. [pp. 2.5-2, A-1, A-2 of submittal]

Plant-specific component failure data were used es sctusl failure rates in the IPE (no updste of generic dats)
if plant-specific experience indicated st least one failure. In cases where plant-specific experience indicated
2610 failures, the lower of plant-specific or generic date were used. The plant-specific failure rate for & zero
failure case was calculsted using an assumed value of 0.5 for the number of failures over the exposure
period®. [p. 2.5-3 of submittal)

Table 2-3 of this review compares Pilgrim plant-specific failure dats for selected components to values
typically used in PRA and IPE studies, using NUREG/CR-455C date for comparison. [p. 13 of RAI Responses,
pp. A4 to A-7, A-34, A-35 of submittal]

Teble 21 indicates that some IPE data for the following component failure modes are & vector of 5 to 10
lower than the generic NUREG/CR-4550 data: HPCI pump (start), RHR pump (start), SSW pump (run), RBCCW
pump (start/run), circuit breaker (open), diesel generator (stert/run). On the other hand, IPE data for battery
chargers snd SSW pump start failures are sbout o factor of 20 higher than the generic date. Other IPE
component failure deta listed in Table 2-2 are generally within & factor of 3 of corresponding generic data.

¥ NUREG 1335 requested that licensees identify sequences that have dropped below the reporting criteria because their
tmmcmhonbunrmedmmnmmdmmwudhmmhmhmmvm.

* The selsction of the lower of these two types of sstimstes may sgpear io be overly optimistic. However, & Bayssian
analysis using the groeric sstimate as @ prior &id with no plant specific tailures would give an estimate balow the generic value.
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Each diessl generstor has a belt-driven fuel oil booster pump to pump fuel into the diesel fual racks.
Although a standby DC-powered fuel oil booster pump is availsble to supply fuel oil should 'k beit-driven
pump become inopersble, the DC pump has a 20 second start time delay, and therefore is r.- available to
supply fuel on a diesel stert. Provided the belt-driven pump remains operable during the first 20 seconds of
cdiudm,thoDmeMbowbtommmmkwfunctionuponhuofthubm-dtimm.
While the plant has experienced failures of this belt-driven system, these failures do not appear to have
adversely influenced the diasel generstor startirun failure date used in the IPE. The licensee had planned to
replace the beit-driven pumps with gear-driven pumps during refusling outage 8 (April-June 1681). However,
tt s planned modification did not teke place during this period. The current status of this project is not
known. [pp. A-88 to A-70 of submittel] {NRC Memo)

As previously noted, failure data for the HPCI and RCIC systems came from & five year moving everage date
base for the period between 03/31/87 and 03/31/82. These two systems were quantified with the more
recent date to reflect their improved avsilability since 1890. We have sttempted to estimate the level of
improvement in the HPC| and RCIC, using data provided in the submittal. The results of our +ssessment are
displayed in Table 2-4. [pp. A-28, A-34, A-47 to A-54 of submittal]
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Table 2-3. Plant-Specific Component Failure Data’

Cemponent Failure Mode Number of Plant | Number of IPE Estimats ]o REGICR 4550
Fuilures Demands or # an Value
Houre | Extimate
HPCI Pump Stan 0 7% 6.49£.03 302
Run 0 30.3 5603 5603
RCIC Pump Stant 3 89 337602 302
Run 0 §7 503 5E.03
RHR Pump Stan 0 1526 3.28.04 303
Run 0 11083.1 3E06 305
SSW Pump Stant 7 835 110602 303
Run 1 164562. 1 6.08E .06 3605
RBCCW pump Start 0 666 751604 [Ps
Run 0 116672 433606 305
Dissel driven firs pump | Start 2 1821 4.86E 03 302
Aun 0 30651 8 04 8E-04
WPCI MOV 23013 (see | Open (demand) || n 1.30£02 305
note 2)
MOV (see note 3) Open/close (demand] |27 16330 1.65E03 303
Check vaive (all except | Opeviclose (demand) |0 1052 2.70E04 1604 (open)
SSW) 1603 (close)
Check valve (SSW) Open/close (demand) |1 835 157603 1604 (open]
1603 (close)
Battery charger Operate 3 163000 1.95E.05 1606 ]
Circurt breaker Open (demand) |0 2256 221604 303
Close (deomand) |2 2258 8.86E 04 303
Diesel generator Stan . 823 48603 A0
Run 0 1413 354 04 2603

Notes: (1) Failures to start, open, close, operate, or transfer are probabilities of failure on demand. The other failures represent
hoqmcmmmudww.mlovnm-!hﬁo"?ClmMMvﬂvavﬂuumnMMy
hmhovmmmmmdpudlﬁonoﬂl(mwubmdmnnMmmmidm‘.aﬂ (3) Excludes
HPC! steam admission valve (2301.3), core spray full flow test valves (1400 A, B), RHR inboard shutdown cooling isolation valve
(1001.50), and main steam drain valves (1.220-1, 2).
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Table 24. HPC! and RCIC Plant Feilure Data Before and Aftsr Improvement ®rogram

Component Failurs Mode 01/01/81 te 09/30/89 033187 te 5 1192
Failures Demands | Failurs Prob. | Failures | Demands | Failure Prob.
HPCI pump. fail to start 10 101 9.9£02 0 76 65603 (see
note 1)
HPCI MOV. fail 1o open 3 107 28602 1 n 1.3£02
RCIC pump - fail o start 2 190 11602 3 89 JAE02

Notes: (1) Probability calculated based on 0.5 tailures.

The date in Table 2-4 clesrly indicate an improvement with regard to HPCI pump start failures. The
reiiability of the RCIC pump appesrs to have decreased during the most recent deta collection period.

As previously discussed in Section 2.2.1 of this report, plant-specific data were used to supp 1 the
quentification of initisting event frequencies.

2.34 Use of Generic Dats.

The primary source of generic component unavailability dets was NUREG/CR-4550. Additional generic
component failure rates were extracted from IEEE-500 and the GE Technical Specification improvement
Analysis for BWR RPS (TS Improv]. [pp. 263, 2.54 of submittal]

Generic component failure data were used in cases where no plant-specific daie were evailable. Also, as
previously noted in Subsection 2.3.3 of this report, the lower of plant-specific or gensric date were used in
cases where plant-specific data indicated zero feilures for a component. The plant-specific failure rate for a
2ero failure case was calculated using an assumod value of U.5 for the number of failures over the exposure
period’. [p. 2.5-3 of submittal]

Generic maintenance unavailabilities were used when plant-specific component maintenance unavailabilities
were not available For components for which neither plant-specific nor generic maintenance unavailability
Lita were unavailable, maintenance unevsilability was estimated using the following: [p. 2.5-4 of submittall

. An unevailability of 36-03 for sach ioop of & standby safety system, or for a standby train of &
system important for continued piant operstion

. An unevailebility of 5.0E-04 for any major component of such systems, for cases in which it is
necessary to break down the maintenance unevailability to & lower level than for & complete loop.

Tebls A-15 of the submittal lists the NUREG/CR-4550 data thet were used in the IPE. From inspection of
this table, it appears that NUREG/CR-4550 dats were used wherever possible. The component types listed

" The selection of the lower of thase two types of estimates may appear to be overly optimistic. However, 8 Bayesian
analysis using the generic estimate as @ prior and with ne plant-specific failures would give an estimate below the generic value.
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in submittsl Table A-15 include: air-operated valve (ADV), motor-operated valve (MOV), solenrod operated
valve, hydraulic opersted valve, explosive operated vale, check valve, safety relief valve, mers driven pump,
turbine-driven pump, diesel-driven pump, heat exchanger, diesel generator (TIM unavail), elect’ “al bus, circuit
breaker, transformer, strainer, transmitter, and HVAC fan. [A-11, A-40 to A-46 of submitter

As previously noted in Section 2.2.1 of this report, generic data were used to support the development of
certain initisting events.

235 Common-Cause Quentification.

The estimation of common-cause failure probabilities was based on the MGL method. The primary sources of
MGL data apf ‘ar to be the following: NUREG/CR-2088, NUREG/CR-2088, NUREG/CR-2770, EGG-EA-5623,
and EPRI 386/. For components not included in these publications, & set of generic MGL parameters
(presented lster) was used. A variety of component types were modeled in the common cause analysis,
including valves, circuit breakers, batteries, check valves, various pumps, diesel generatore, ventilstion fans.
and temperature switches. [pp. 254, 255, 332, 333,337 to 3310 A-10 to A-12, A- 41 to A-143 of
submittal) .

We performed & comparison of IPE common-cause dats with generic bete factors used in the NUREG/CR-
4550 methodology document. For component groups with more than two components, the IPE common
cause dsts were used to derive equivalent fractional failures to correspond to the bets factors presented in
NUREG/CR-4550°. The common cause date comparison is summarized in Tabie 2-5.

Table 2.5. Comparison of Common-Csuse Failure Factors

Compeonent Failure Mode | Group Size Equivelont IPE Bets or Fractional | KUREG/CR 4550 Mearn
Facter Value Beta Factor
Salt Service Water Pump | Start 2 0.024 0.026
Run 2 0.1
RBCCW Pump Start 2 0.019 0.026
Core Spray Pump Start 2 0.13 0.1
MOV Open (demand) 2 c.078 0.088
Diesel Generator Start 3 0.0016 0.018
Run 2 0.00
Run 3 0.0016

* Some of the common cause paramsters used in the IPE were extracted from Attachment A.14 of the submittal. Other IPE
common cause factors were sxtractsd by inspecting the guantified common cause events listed in submuttal Table 3.3-1 and
comparing these data to random equipment failure dats provided in submittal Table A-10. [pp. 3.32, 333, 337 te 3310, A-34,
A35 A117 to A-143 of submittal)
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With the exception of the diesel generators, the IPE and NUREG/CR-4550 common cause data listed in Tabie
2.3 are consistent. The IPE common cause data for the start failure of 3 diesel generators - an order of
magnitude lower than the NUREG/CR-4550 generic data. It is not clear how the licensee qv atified the
diessl generator common cause data. However, we do note that one of the three diesel gene ators is &
special station blackout diesel generstor that was assumed by the licensee to be relstively independent of the
other two diesel generators (end presumably would be less likely to fail from & common cause event). In
particular, the station blackout diesel generstor must be manually started, has independent support systems
fincluding @ separate fusl oil supply), and is housed in a separate enclosure. [pp. B.10-4, B.10-5, C.2-3 of
submittal]

Table 2-6 below lists the MGL parameters that were used for components where published dats were
unavailsble. The licensee derived the parameters in this table from engineering judgment. These parameters
appear to be comparable to common cause dste used in other typical IPE/PRA studies. [pp. A-10, A-11 of
submittal]

Table 2-8. MGL Parameters Used If Published Dats Unuilnhh':

Parametar Feilure te Cperate o Actusts Failure te Continue Fenctioning er Spurious
Operation
Beta 0.1 0.05
Gamma 0.5 0%
Delta 08 0.8
All Gthers 1.0 1.0

Finally, the IPE modeled common cause failures between HPCI and RCIC pumps and MOVs. A bets factor of
0.018 was used to model common cause events involving the HPC| and RCIC pump start and run functions.
It appears that the start and run random feilure probabilities used to support the common cause event
quantification represent average failure rates of the HPCI and RCIC pumps. [pp. A-112, A-113 of submittal]

2.4 Interface Issues
This section of the report summarizes our review cf the interfaces between the front-end and back-end

analyses, and the interfaces between the front-end and human factors analyses. The focus of the review
was on significant interfaces that affect the ability to prevent core damage.

241 Front:End end Back-End Interfaces.

The IPE credited the possibility of successful mitigation of ISLOCA events via injection from (1) the
condensate system, with makeup to the condenser hotwell from the cond-nsate storage tank (CST), or (2)
the fire water system. The IPE did not credit LPCI or core spray in ISL. CA scenarios due to the adverse
environmental conditions expected inside the reactor building. The IPE credited LPCI and fire water as
injection sources for large LOCA outside containment events. [pp. 2.3-43, C3.13, C3.14, Figure C.36, C.3-7
of submittal]
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The RCIC turbine exhaust trip setpoint is set at 46 psig. Because of this relatively high trip setpoint, the
IPE considered the possibility of RCIC operation during a loss of containment cooling event. 4AAP models
accounted for this trip setpoint, as well as RCIC net positive suction head (NPSH) requireme: 's to determine
RCIC svailability. [p. 16 of RAI Responses)

The Pilgrim emergency operatiig procedures (EOPs) require that all injection from outside containment be
terminated when the torus bottom pressure cannot be maintained below B0 psig. The action precludes any
further increase in primsry contsinment water level and is suthorized because the consequencas of not doing
so may cause a loss of primary containment integrity. The EOPs are based on a philosoph~ that
preferentially chooses to maintain primary contsinment integrity in order to protect against the uncontrolled
release of radioactivity. [pp. 16, 17 of RAl Responses)

The existing logic models assumed no core damage if injection systems are successful and containment

) pressure is successfully controlled. No credit was taken for core cooling after containment failure. The
MAAP models used to support the IPE failed injection systems when NPSH limits for pumps were exciaded,
or when suppression pool temperatures exceeded limits for HPCI and RCIC pump oil coofing. -iigrim has &
hardened containment vent, and it appears that venting was credited in the front-end analysis as a means of
containment pressure control. [pp. 1, 17, 18 of RAI Responses]

The front and back-end analyses were coupled by linking _.re damage cut sets directly into containment
system event trees (CSETs). The output of the CSETs was used to generate a set of plant damage states
(PDSs). The PDSs were subsequently evslusted by containment phenomenological event trees (CPETs) to
generste source term frequencies. The process used to couple the front- and back-end analysis appears to be
comparsble with similer processes used in other PRA/IPE studies. [p. 48 of RA! Responses, pp. 4.0-2, 43-
14 of submittal]

242 Humen Fectors Interfaces.

Based on our review of the front-end snelysis, the operator actions were found to be important: [pp. 3.4-22

to 3.4.25)
. Operator sctions needed for reactor depressurization
. Operator actions needed for use vessel injection via firewater

. Operator actions needed for SLC injection

Table 3.3-2 of the submittal provides importance measures for human events pertinent to the original IPE
analysis. A comparable set of importance measures relevant to the updated (1885) IPE was not provided.
The licensee states that credit was taken only for proceduralized human actions. [pp. 2.24, 3.3-11, 3.3-12
of submittal)

The IPE credited use of the fire water system for alternative vessel injection during transient events, small
LOCAs, and reference line breaks. This action, which is proceduralized, requires installation of # spool piece
to connect the fire water system to RHR system discharge piping. The spool piece is located in & cabinet
immediately adjacent to its installation point, and can be connected without special tools due to the use of
quick snap couplings. The licensee states that operators are trained and tested in the use of the fire water
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system. In addition to installation of the spool piece, use of the fire water system requires that operators
open two valves. The availability of DC power is also required to allow vessel depressuriza» n via the
safety relief valves (SRVs). [pp. 23, 34, 37 of RAI Responses, pp. 2315, 2316, 2343 . 2346, 857,
p. 2 of Table 2.4-1 of submittal]

Geners! Electric analyses were used to show that uncontrolled injection with low pressure systems during an
ATWS will not result in substantisl fuel damage or thresten the integrity of the reactor vessel.

Consequently, an operator error associsted with failure to inhibit the sutomatic depressurization system (ADS)
was not modeled in the ATWS event trees. [p. 41 of RAI Responses, pp. C.5-7, C.5-8 of submittal]

The IPE took credit for the recovery of failed diesel generators. At 2 hours, the cumulative non-recovery
probabi’ty is 0.90, while st 12 hours the cumulative non-recovery probability is 0.44°. It appears that

these diesel generstor non-recovery data are based on Pilgrim plant experience. [Figure C2.8, C.2-21 of
submittal)

Pilgrim has @ hardened containment vent, and it appears that venting was credited in the fro --end analysis
as & means of containment pressure control. [pp. 1, 17, 18 of RAI Responses, p. 3.3-11 of submittal]

2.5 Evalustion of Decay Hest Removel end Other Safety lssues

This section of the report summarizes our review of the evalustion of Decay Heat Removel (DHR) provided in
the submittal. Other GSI/USIs, if they were addressed in the submittal, were also reviewed.

251 Examination of DHR.

The licensee specifically addresses DHR and its contribution to COF. The IPE DHR analysis was based on &
narrow DHR definition, namely removal of decay heat from containment. This definition does not address
core cooling aspects of DHR. In order to resolve US| A-45, licensees were requested to examine DHR for its

capabiiity during both core cooling and containment hest removal phases and for all accidents except large
LOCAs, ATWS events, and ISLOCAs.

Using qualitative discussions, the licenses conciuded that the containment DHR reliebility is high due to the
svailability of multiple containment systems, specifically: (1) main condenser, (2) RHR in suppression pooi
cooling, wetwell spray, drywsll spray, or shutdown cooling mode, (3) resctor water cleanup system (RWCU)
sither through the non-regeneretive heat exchanger or in # feed and bleed mode to the main condenser, (4)
contsinment venting through the standby gas trestment system, and () direct torus hardened vent. Even if
all these containment DHR systems were to fail, o significant amount of time is available for repair and
recovery efforts. Specifically, 34 hours would be available before contsinment design limits are exceeded,
and 47 hours would be svailable before the ultimate containment capacity is reached. The licenses notes
thet the IPE did not teke credit for heat removal vis the RWCU system. No DHR -related vulnerabilitias were
identified. [pp. 3.6-2, 3.6-3, 3.6-13, 3.6-14 of submittal]

' 1t is not clear whether these data pertain to non+ecovery of an indidual diesel generator or the non-ecovery of ai least
one diesel generator among all three failed diesel generators.
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While the IPE DHR analysis was limited to removal of decay hest from containmeiit, the licensee does
identify the IPE accident clesses that would pertain to the expanded (A-45) definition of Di‘»  These
accident classes are listed below: [p. 25 of RAI Responses)

Class IA: Failure of high pressure makeup and failure to depressurize (TQUX)

Class 1B: Station blackout

Class ID: Loss of both high and low pressure coolant injection (TQUV)

Class Il Failure of DHR from containment (TW)

Class IIB: Small or medium LOCAs for which reactor vessel cannot be depressurized (S1QUX or
$2QUX)

Class HIIC: Medium LOCAs for which there is inadequate vessel makeup (S1V)

252 Diverse Means of DHR.

The IPE evalusted the diverse means for accomplishing DHR, including use of: the power conversion system,
RCIC, HPCI, and vessel depressurization to sllow injection with low pressure systems (includit 4 fire water).
Pilgrim has & hardened containment vent that appears to heve been credited in the IPE.

253 Unique Festurss of DHR.

The unique features at Pilgrim that directly impact the ability to provide DHR are as foliows:

Ability to perform vessel injection with fire water system. Alternate vessel injection can be
sccomplished with the fire water system. Because one of the fire water pumps is diesel-driven, this
method of injection can be used during station blackout. This design feature tends to lower the
COF. [pp. 2.2-6 of submittal]

Motor-driven feedwater pumps. Because the feedwater pumps ere motor-driven instead of turbine-
driven, they are not disabled in MSIV closure events and may remain available for vessel injection.
This design feature tends to lower the COF. [p. 2.2-6 of submittal]

Limited vessel pressure relief capability, Pilgrim has @ more limited vessel pressure rel.f capabiVicy
than other BWRs of similar dasign. This limited pressure relief capability is due to the relatively
small number of relief valves (2 code safety valves and 4 safety relief valves) and the relatively
small capscity of esch individual valve. This design festure tends to incresse the CDF.

Hardened torus vent. The availability of a hardened torus vent provides an additionsl means of
providing contsinment pressure control and decey heat removal. This design feature tends to lower
the COF. [pp.2.2-6, 3.6-12, B.6-8, B.6-8 of submittal]

254 Other GS|/USIs Addressed in the Submittal

No GSI/USIs other than A-45 are sddressed by the IPE. [p. vii of transmittal letter]
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2.6 Internal Flooding

This section of the report summarizes our reviews of the process used to model internal flo.- ng and of the
results of the analysis of internal flooding.

26,1 Internal Flooding Methodology

The internal flooding analysis was based in part on previous ficod-relsted studies of the Pilgrim plant,
including analyses included in the Pilgrim UFSAR. Plant walkdowns were siso used to supsort the analysis.
Postulated flooding events were considered to be bounded by pipe breaks of high volumetric fiow rates in
terms of their impact on plant systems, therefore events such as over filling water tanks, hose ruptures, and
pump sesl leaks were not considered. Fire protection system breeks were included in the analysis. The only
safety-releted arsas in which fire protection system flooding is the predominate source are the switchgear
rooms. Wire mesh panels/doors prevent any sccumulation in these areas. [pp. 2.16, C417 to C.4-23 of
submittal]

The IPE explicitly considered squipment failure from submergence, though effects from spray were not
considered. The licensee states that equipment damage due to fiooding envelopes spray-induced equipment
damage. The licensee further states that spray-induced effects were sddressed in the Pilgrim IPE Externsl
Events (IPEEE) study submitted to NRC in 1884, The IPEEE study conciuded that plant design features
preciuds sprey-relsted effects on equipment. For exampls, resctor building elevations 23’ and 51' have berms
and ramps to contain water from a water curtsin, thereby protecting important equipment. These arsas also
have equipment spray shields. In addition, some equipment items are surrounded by spray guards in
instances where the eguipment items are in close proximity to pipes (especiclly high energy lines). Spray
guards are also used in situstions where equipment items are located near or under fire sprinklers. [pp. 5, 6
of RAI Responses, p. C.4-19 of submittal]

The flooding analysis methodology included consideration of the following: [p. C.4-23 of submittal]

Identification of potential fiood locations

Determination of blowdown/spillsge volumes
Determination of spaces affected by each fiooding event
Determination of area of stfected spaces

Calculation of flood levels (fiood lavel = volume/area)

Quantification of flood scenarios sppears to have been based on the Level 1 logic models. It is not clear
whether credit was taken for operator mitigating actions.

28.2 Internal Flooding Results.

The IPE anslysis reported in the submittal (pre-1895 IPE) identified only one initisting event that could also
disable potential mitigating systems uscful in responding to the event. This initisting event involves &
fesdwater bresk inside the steam tunnel that disables the feedwater system and siso submerges CRD
components. This scenario has & CDF contribution of 2.27€07/yr. [p. 6 of RA! Responses, pp. C4-18, C4
20, C.4-22, C.4.23 of submittal]
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Result from the 1985 IPE indicate that the total internal flooding COF contribution is 6.1E-"8/yr. The
sequence(s) associated with the 1895 IPE are not provided. [p. 22 of RAI Responses]

2.7 Core Damage Sequence Results

This section of the report reviews the dominant core damage sequences reported in the submittal. The
reporting of core damage sequences- whether systemic or functional- is reviewed for consistency with the
screening criterie of NUREG-1335. The definition of vuinerability provided in the submittal is reviewed.
Vulnerabilities, enhancements, and plant hardware and procedural modifications, as reportec in the submittal,
are reviewed.

2.7.1 Dominant Cors Damage Sequences.

The CDF point estimate from the 1895 IPE model (including internal flooding) is 2.B4E-05/yr'°. Accident
types and their contributions to CDF ere provided beiow in Table 27", [pp. 20 to 22 of RAI Responses)

Initiating events and their percent contribution, are listed below in Table 2-8. [p. 22 of RAI P.W]

The 10 most dominant functional cors demage sequences are summarized below in Table 2-8 of this report.
[pp. 20, 21 of RA! Responses, Appendix C of submittal]

Table 2-7. Accident Types and Their Contribution te Core Damage Frequency

Accident Type COF Contribution (peryr) Parcent Contribution ts CDF
Transient 2.0£05 70

ATWS 45606 16

LOCA (see note 1) 2.96.06 10

Station Blackout 9.6£07 3

ISLOCA 1.0£07 0.4

internal Flood 6.16.08 0.2

Notes TITTOCK catogory includes TORV 16 TEDYTyr], Targe LOCK outside contamment [1.0E-071yr]. and reference e break (2.0

08/yr).

Table 2-8. Initiating Events and Their Con’ribution to Core Damage Frequency

" A COF astimate of 5.85E.05/yr was reported in the previous IPE analysis described in the submittal. Much of the
ditferance between the original and revised IPE COF values is due to elimination of the HPCI room cooling dependency,
improvements in HPCURCIC reliability data. and more optimistic ADS success criteia. {p. | of RAI Responses, p. 3.4.3 of
submittall

"' The data contained in this table were derived from revised Tables 3.4-1 and 3.4-2 included in the RAI responses. (pp. 20
to 22 of RAl Responses)

27



Initiating Event COF Contribution | yr. % Cont to COF
Partial LOSP (345 Kvi 8.46¢ 06 BT
Manual shutdown 5.26E-08 19
Full LOSP (345 & 23 Kv) 2.78E-06 10
Turbine trip and reactor trip 2.78E-06 10
Loss of tesdwater 2.27¢.08 8.0
Madium LOCA 1.70£-08 6.0
Loss of condenser vacuum 1.00E-06 5
Loss of OC bus B 9.36£.07 3.3
MSIV closurs 8.11£07 28
Loss of salt service water (SSW) 6.82£-07 24
Inadvertent open relief vaive (I0RV) 6.14£.07 2.2
Reactor vessel rupture 3.00£07 1.1
Large LOCA 1.62£-07 0.6
Small LOCA 1.21€07 04
Loss of DC Bus A 1.08E-07 0.4
Main steam line break 1.00€-07 04
internal flood 6.07€-08 0.2
Core spray ISLOCA 5.00¢£-08 0.2
LPC! ISLOCA 5.00€-08 0.2
Reference line break 1.95E-08 0.08
Loss of RBCCW 1.38E-08 0.05
Table 2-8. Top 10 Dominant Functione! Core Damage Sequences
Initiating Event Dominant Subseguent % Contribution to
Failures in Sequence Total COF
LOSP Failure of high pressure injection, failure 1o depressurize 30
Transient Failure of high prassure injection, failure to deprassurize 22
Transient Loss of DHR (TW sequence) 12
Transient (non-solation) RPS mechanical failure, operator failure to inject SLC 6
(ATWS)
LOSP Ofisite power not recovered in 24 hours, failure of ¢
containment pressure control, failure of reactor inventory
control
Medium LOCA Failure of high pressur. injection, failure to depressurize €
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LOSP Failure of battery load shedding, offsite power not 3
recovered in 12 hours, fail to recover diesel generator in
12 hours (station blackout)

Transient (non-isolation) RPS mechanical failure, SAVs fail to open (ATWS) 2

Transient (isolation) RPS machanical failure, operator failure to inject SLC 2
(ATWS)

Medium LOCA Failure of low pressure injection after successful high 2
pressure injection

The submittal provides the results of e Fussel-Vesely importance analysis of important corymon cause
hardwars failures and human errors. However, the RA! responses do not provide an updated set of these
importance measures for the 1885 IPE. The most important events based on the Fussel-Vesely measures
generated in the original IPE are listed below: [pp. 3.3-7 to 3.3-12 of submittal]

. Operator fails to depressurize (non-ATWS)

. Common cause failure of SRVs 203-3A, B, C, D to open

. Common cause failure of HPCI/RCIC pumps to start

. Common cause failure of 3 of 4 SRVs to open (203-3A, B, C, D, six separate events)
2.7.2 Vulnerabilities.

The licensee used the following criteria to search for vulnerabilities:

. Are there any new or unususl means by which core damage or containment failures occur as
compared to those identified in other PRAs?

. Do the results suggest that the Pilgrim core demage frequency would not be able to meet the NRC's
safety goal for core damage (1E-04/yr)?

Based on the above criteria, the licensee concluded that there are no vulnerabilities st Pilgrim. [p. 5.0-1 of
submittal]

2.7.3 Proposed Improvements and Modifications

It appesrs that two plant improvements were suggested s e result of the IPE. One improvement involved &
review of procedures for DC bus loss. At the time of the original IPE analysis was performed, procedures
directed operators to trip all loads powered by AC buses associated with & failed DC bus. In the event both
DC buses were lost, these proceduralized operstor actions would have resulted in the loss of all feedwater
pumps. The procedures have been revised to allow operator judgment with regard to shedding of AC bus
loads following DC bus failures. This improvement was not credited in the original IPE, and it is not clear
whether it was credited in the updated (1995) IPE. These procedure revisions would have reduced the COF
reported in the submittal by about 5% (from 5.85E-05/yr to 5.55E-05/yr). The COF impact on the current
1985 IPE was not provided. [p. 36 of RA! Responses, pp. 3.3-11 of submittal]
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The other improvement suggested as a result of the IPE is a procedural change to allow operators to use fire
water for drywell sprays. The current status and CDF impact of this procedure change we: 1ot provided. [p.
2.1-22 of submittal]

The licensee provided information concerning plant changes made in response to the Station Blackout Rule,
and other modifications separste from the Station Blackout Rule that reduce the station blackout CDF. This
information is summarized below in Teble 2-10. The licansee does not have any analyses relatad to the COF
impect of these modifications. [pp. 8 to 10, 12, 50, 51 of RAI Responses, p. 3.1-2 of submittal)

Table 2.10. Summary of Plant Changes Thst Directly Affect Station Blackout

Description of Plant Change Stutus Plent Change Notes
Accounted for in
IPE?
Modifications Specifically Related to Station Biackout Rule

Install third (station blackout) diesel penerator Completed Yas

Add pull-to-dock switchss for circuit breakers associated Unknown No

with RHR pumps, core spray pumps, and shutdown

transformer fesders

install load shedding switches to initiate load shecding logic | Unknown No

on AC trains A and B

Wodifications Separate From Station Blackout Rule

Application of special coating 10 345 Kv switchyard Completed Yoz

insulators to reduce likelihood of salt buildup/flashover

Phase separation of 345 Kv reeder Completed Yo

Switchyard betterment program to reduce probability of Completed No Completed during 1994 and
salt buildup 1985 outages




3. CONTRACTOR OBSERVATIONS AND CONCLUSIONS

This section of the report provides an overall evaluation of the quality of the IPE basei on s review.
Strengths and wesknesses of the IPE ere summari.ed. Important assumptions of the model tre summar.zed.
Major insights from the IPE are presented.

Strengths of the IPE are as follows: The IPE goes beyond the bounds of some otaer BWR IPE/PRA studies
by considering and modeling common cause failures betwsen the HPCI and RCIC systems.

No major weaknesses of the IPE were identified.

One weakness of the submittsl was identified, namely that the licensee’s DHR analysis was limited to
removal of decsy hest from containment. This narrow definition of DHR does not address core cooling
aspects of DHR. In order to resolve USI A-45, licensess ware requested to examine DHR for its capability
during both core cooling and contsinment heat removal phasas and for ali accidents excert large LOCAs,
ATWS events, and ISLOCAs. While the licensee’s narrow definition of DHR is judged to be + weakness of
the submittal, both core and containment cooling has been accounted for in the overall IPE snalysis process.
In our judgment, the IPE models are capsble of identifying DHR related vuinerabilities.

Significant findings on the front-end portion of the IPL are as follows:

. The Pilgrim plant is located in & region of the country that is prone to mors frequent occurrences of
severs weather than many other nuclear plant sites. Consequently, LOSP frequencies and non-
recovery probabilities are higher st Pilgrim compared to average industry deta. Even so, station
blackout contributes only about 3% of the total COF at Pilgrim. The relatively low COF contribution
of station blackout et Piigrim is due to: (1) a 14 hour battery capacity (with credit for load
shedding), (2) the availability of e station blsckout diesel generator, (3) the availability of & separate
23 Kv offsite power source for plant shutdown functions, (4) the availability of an AC-independent
source of vessel injection (fire water), and (5) credit for recovery of failed diesel generators.

. ATWS sequences contribute 16% to the total COF. About 55% of the ATWS contribution is due to
operator failure to initiste standby liquid control (SLC) injection. Another 20% of the ATWS
contribution is relsted to inedequate pressure relief caused by failure of sufficient safety
valves/safety relief valves to open.

. Common cause failures of safety relief valves (SRVs) are important contributors in sequences where
high pressure injection is unavailable and depressurization feils. As previously noted in the discussion
on plant festures, Pilgrim has & more limited vessel pressure relief capability than other BWRs of
similar design.
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4. DATA SUMMARY SHEETS

This section of the report provides a summary of information from our review.

Initiating E : v
Initizting Event Fraquency per yesr
Turbine and Reactor Trip 2.07
Loss of Feedwater 414501
Loss of Feedwater (unrecoverabis) 1.80E-01
Loss of Condenser Vacuum 5.00E-01
MSIV Closure 414801
Inadvertent Opening Relief Valve (IDRV) 3.00€-01
Loss of Offsite Power (345 Kv + 23 Kv) 122601
Loss of 345 Kv Power Only 47501
Manual Shutdown 388
LOCAs inside Containment

Small LGCA 8.0E-03
Medium LOCA 3.0£03
Large .OCA 7.0E-04
APV Rupture 1.0E-08
LOCAs Outside Containment
LPCI interfacing Systems LOCA 5.0E07
CS Interfacing Systems LOCA 5.0£07
Large LOCA 1.4£.07
internal Floods 8.2£-03
Single DC Bus Failure (50% Recovery| 3.0€-03
Reactor Water Level Reference Line Breaks 4,0E02
Loss of Service Water 2.7€04
Loss of Reactor Building Cooling Water 1.9E-04
Loss of Turbine Building Cooling Water 1.4£03
Loss of Instrument Aw 2.UE04
Qverall COF

The point estimate COF for Pilgrim is 2.84E-05/yr, including internal fiooding. The COF contribution from
flooding is 6.1E-08/yr.
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Deminant Initiating Events Contributing to COF

Partial LOSP 30%

Manual shutdown 19%
Full LOSP (245 & 23 Kv) 10%
Turbine trip and reactor trip 10%

Loss of feedwater 8%
Medium LOCA 6%

Loss of condenser vacuum 4%

Loss of DC Bus B 3%
MSIV closure 3%

Dominant hardware failures contributing to COF include:

Common cause failure of SRVs 203.3A, B, C, D to open
Common cause failure of HPCI/RCIC pumps to start
Common cause failure of 3 of 4 SRVs to open (203-3A, B, C, D, six separats events)

Dominant human errors and recovery factors cuntributing to COF include:

Failures to depressurize (non-ATWS)
Failure to inject SLC before heat capacity temperature fimit

Domi Accident Cl Contribut COF
Transient 70%
Anticipated Transient Without Scram (ATWS) 16%
LOCAs 10%
Station Blackout %
ISLOCA 0.4%
Internal Flod 0.2%

Design Characteristics | tor CDF

The following design festures impact the COF:

. Fourtean hour bsttery capacity, With credit for load shedding, the batteries can provide necessary
power during station blackout for approximately 14 hours. The 14 hour battery lifetime is longer
than battery lifetimes at many other plants. This design festurs tends to lower the COF.

. Station blackout diesel generstor. A station blackout diesel generator has been installed at Pilgrim.
This design feature tends to lower the COF.



. Special 23 Ky offsite power line for plant shutdown functions, Pilgrim has a speciel 23 Kv offsite
power connection that can be used to power emergency buses in the event offsite *\wer from the
two 345 Kv sources is lost. The 23 Kv power line is routed through s separate s *chyard into the
station shutdown transformer. Plant experience has shown that the 23 Kv line is m re resistant to
weather-related effects than the 345 Kv sources. This design feature tends to lower the COF.

Ability to perform vessel injection with fi ]

sccompli with the fire water system. Because one of the fire water pumps is diesel-driven, this
method of injection can be used during station biackout. This design feature tends to lower the
COF.

o Limited vessel pressure relief capability, Pilgrim has & more limited vessel pressure relief capability
than other BWRs of similar design. This limited pressure relief capability is due to the relatively
small number of relief valves (2 code safety valves and 4 safety relief vaives) and the relatively
small capacity of each individual velve. This design fe ture tends to increase the COF.

. Hardened torus vent, The availability of & herdened torus vent provides an edditiony’ means of
providing containment pressure control and decay heat removal. This design feature tends to lower
the COF.

. Portable dissel-driven air compressor. A portable diesel-driven air compressor can be manually
connected to the compressed air system. This additional source of compressed air tends to reduce
the COF.

. Diverse_instrument nitrogen supplies. Diverse means are available for supping nitrogen to support
important functions, for example the automatic depressurizstion system (ADS) valves. Sources of
nitrogen include banks of bottied nitrogen and & trailer-mounted set of liquid nitrogen tanks. This
design feature tends to reduce the CDF.

HUEPOIY s _1om
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(including the station blackout diesel generator) are self-cooled. This design feature lowers the COF.
Modificati
It appears that the following two plant improvements were identified as & result of the IPE:
. Modify loss of DC procedures to allow operator udgment for load shedding of AC buses sssociated

with failed DC supplies (completed)
. Modify procedures tc allow operators to use fire water for drywell sprays

Other USIGSls Addressed
No generic safety issues (GSIs)/USls other than A-45 are addressed by the IPE.
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Significant findings on the front-end portion of the IPE are as follows:

The Pilgrim plant is located in & region of the country that is prone to more frequer occurrences of
severs weather than many other nuclesr plant sites. Consequently, LOSP frequencies and non-
recovery probabilities are higher at Pilgrim compared to average industry data. Even so, station
blackout contributes only about 3% of the total COF at Pilgrim. The relatively low CDF contribution
of station blackout st Pilgrim is due to: (1) a 14 hour battery capacity (with credit for load
shedding), (2) the evailability of a station blackout diesel generator, (3) the availbility of an AC-
independent source of vassel injection (fire water), and (4) credit for recovery of fsiled diesel
generators.

ATWS sequences contributs 16% to the total CDF. About 55% of the ATWS contributior. is due to
operator failure to initiste standby liquid control (SLC) injection. Another 20% of the ATWS
contribution is relsted to inadequate pressure relief caused by failure of sufficient safety
valves/safety relief valves to open.

Common cause failures of safety relief valves (SRVs) are important contributors in Juquences where
high pressure injaction is unavailable end depressurizetion fails. As previously noted in the discussion
on plant features, Pilgrim has & more limited vessel pressure relief capability than other BWRs of
similar design.
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