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E. Executive Summary

This report summarizes the results of our review of the front-end portion of the
individual Plant Examination (IPE) for Beaver Valley Unit 1. This review is based on
information contained in the |PE submittal along with the licensee's responses 10
Requests for Additional Information (RAI).

E.1 Plant Characterization

The Beaver Valiey site contains two units; two separate IPEs, one for each unit, were
performed. This report summarizes our review of the IFE for Unit 1. Unit 1 is a three
loop Pressurized Water Reactor (PWR), and the site is Incated on the Ohio River in
Pennsylvania. U'nit 1 has a steel lined, pre-stressed, post-tensioned concrete,
subatmospheric containment. Westinghouse was the Nuclear Steam System Supplier
(NSSS), and Duquesne Light Company (DLC), with assistance from Stone and
Webster (SW), was the architect engineer (AE) and constructor. Unit 1 achieved
commercial operation in 1976. The rated power is 2,660 megawatts thermal (MWt),
835 net megawatts electric (MWe), for unit 1. Similar units in operation are: North
Anna and Surry.

Design features at Beaver Valley 1 that impact the core damage frequency (CDF) are
as follows:

gen 0 3 n Appendix R ba D 101 8 iliary feedwater. This feature

tends to redue the CDF b

y reducing the probbility of loss of all feedwater.

Automatic switchover of Emergency Core Cooling System (ECCS) from
injection to recirculation. This feature tends to reduce the CDF by not requiring
operator action in response to a large Loss of Coolant Accident (LOCA) to
provide timely switchover of the ECCS from the Refueling Water Storage Tank
(RWST) to the containment sump.

. Operation with 2 of 3 PORV block valves closed. This feature tends to increase
the CDF by reducing the pressure relief capability in response to an Anticipated
Transient Without Scram (ATWS).

. Requirement to provide ventilation to the emergency switchgear rooms. This
feature tends to increase CDF by requiring switchgear ventilation to support 1E
power operation.



E.2 Licensee's IPE Process

The IPE is a level 2 Probabilistic Risk Assessment (PRA). The PRA was initiated in
response tc Generic Letter 88-20. The freeze date for the IPE model was early 1988.
No planned modifications beyond the freeze date were considered in the PRA model.

Utility personnel were involved in all facets of the total IPE effort. The licensee
performed a PRA-based IPE for Beaver Valley Unit 2 prior to performing the IPE for
Beaver Valley Unit 1. The utility assumed the lead rule in completing the PRA for unit
1, based on the experience gained in performing the PRA for unit 2. Major
contractors for the front-end PRA were Pickard, Lowe and Garrick, Inc. (PLG) and
Stone and Webster.

Plant walkdowns were performed to verify that the PRA model represented the as-built
condition. Wa'kdowns were conducted for the internal flooding analysis and for the
back-end analysis. The walkdown for the internal flooding analysis was completed in
one two day time frame, while two separate walkdowns were performed for the back-
end analysis.

Major documentation used in the IPE included: the Urdated Final Safety Analysis
Report (UFSAR), design basis documents, Piping and Instrument Diagrams (P&!D),
electrical drawings, procedures, and operating crew surveys. Other PRAs were
reviewed, primarily NUREG/CR 4550 for Surry, and PRAs for Zion, Indian Point, and
Millstone. Insights from these PRAs were incorporated into the Beaver Valley 1 IPE,
mainly for compconent failures and the determination of success criteria.

The IPE was internally re viewed by members of the PRA team. An independent
review was performed by DLC staff from: licensing, operations, engineering, training,
plant performance, radiological engineering, and the independent safety engineering
group. The submittal provides a table that delineates the review responsibility of each
member of the independent review team. Comments from the independent review
team were documented and resolved in accordance with PLG Quality Assurance (QA)
procedures.

The submittal does not state that a “living" PRA will be maintained, however, the
submittal states: "DLC now recognizes the benefits of a PRA and the capability that
has been developed will be maintained. This capability will support a comprehensive
risk management program.”

E.3 Front-End Analysis
The methodology chosen for the Beaver Valley Unit 1 IPE front-end analysis was a

Level | PRA; the large event tree/small fault tree technique with event tree linking was
used and quantification was performed with RISKMAN.



The IPE quantified 45 categories of initiating events, comprising 4 groups as follows:

Initiating Event Group Number of Initiating Event Categories
in Initiating Event Group

LOCAs 7
Transients (Generic) 16
Piant Specific Support System Failures 13°

(Plant Specific Transients)

Internal Floods 9

* The licensee includes Loss of Offsite Power in this category, we have included this event in the
Transient Category, as is the standard practice in most iPE/PRAs.

The licensee developed systemic event trees for frontline systems, to model the plant
response to each class of initiating event. All relevant frontline systems were modeled
in the event trees; support systems were modeled in a support system fault tree.
Special event trees were developed for Anticipated Transient Without Scram (ATWS),
interfacing systems Loss of Coolant Accidents (LOCA), and Steam Generator Tube
Rupture (SGTR).

Plant specific initiating events were evaluated by examining all support systems.
Failures in support systems that result in reactor trip and affect safety systems were
retained as plant specific initiating events if they were not already considered in other
generic initiating event categories. The IPE modeled 13 plant specific initiating events.
The IPE evaluated !oss of Heating, Ventilating, and Air Conditioning (HVAC) systems
as initiating events, and retained loss of HVAC in the emergency switchgear rooms as
an initiating event. Loss of both station instrument air and containment instrument air
were modeled as plant specific initiating events.

Core damage was assumed to occur when the loss of heat removal progressed past
the point of core uncovery, and core exit temperatures exceeded 1,200 deg. F.

The NUREG/CR 4550 PRA for Surry was used in the development of system level
success criteria. The success criteria for adequate pressure relief following an ATWS
were based on Westinghouse analyses.

Support system dependencies were modeled in a support system event tree; this
support system event tree was linked with the frontline system event trees during
quantification. Support system states were not used in the quantification. The
submittal contained tables summarizing the inter-system dependencies considered in
the models.



The IPE useg plant specific data from January 1, 1980 through December 31, 1988 to
bayesian update generic data. The IPE used plant specific data for system
unavailability for testing and maintenance to Bayesian update generic data.

The Multiple Greek Letter (MGL) method was used to model common cause failures.
The data for common cause failures were taken from standard sources as discussed
in Section 1i.2.6 of this report, and the values used were comparable to values used in
typicz! PRA/IPEs. Common cause failures were modeled within systems. Common
cause failures were not major contributors to the CDF in this IPE.

The submittal summarizes the technique used to evaluate internal flooding. The tasks
were as follows. (1) Plant Familiarization. Key plant design information was reviewed.
(2) Flood Experience Review. Flood data from Nuclear Power experience through
1987 were reviewed and used in the quantification of flood initiating event frequencies.
(3) Flood and Equipment Location. Flood sources, locations, and flood propagation
were studied. (4) Plant Walkthrough. The plant was walked down to confirm details of
the flooding effects. (5) Scenario Quantification. Flood scenarios were postulated,
evaluated, and quantified.

Flooding events from river water and fire water survived initial gcreening and were
quantified. The quantification used the PRA event trees develcped for internal
initiating events to quantify the effects of additional random failures, given the failures
as a direct result of the flood. 7, 3

The total CDF from internal initiating events and from internal flooding was estimated
to have a mean value of 2.14E-4/year. Internal flooding contributed 1.4% to this total
CDF: the CDF from internal flooding was 3.02E-6/year.

internal initiating events that contribute the most to CDF, and their percent
contribution, are as follows:

Loss of offsite power 24%
Loss of Emergency AC Train 19%
Partial Loss of Main Feedwater 12%
Loss of River Water 11%.

Section 2 / of this report provides a more complete listing of the contribution of
initiating events to core damage.

The submittal summarizes the contribution to overall CDF by accident category, as
follows. Note that the accident category results do not represent absolute
contributions to CDF.

RCP Seai LOCA 46%
Station Blackout 30%



Containment Bypass/Isolation Failures 21%
Loss of switchgear HVAC 16%
ATWS 20%

These accident categories are not mutually exclusive; for example, station blackout
and loss of switchgear ventilation both contribute significantly to a Reactor Coolant
Pump (RCP) seal LOCA. The high contribution of RCP seal LOCA and station
blackout to CDF is consistent with the findings of many other IPE/PRAs for PWRs.
The high contribution of containment bypass/isolation failure is notable; this is due to
loss of emargency switchgear ventilation with resultant loss of electrical power leading
to the inability to provide core cooling accompanied by inability to isolate containment.
The high contribution of ATWS is notable; this is due to the condition that Beaver
Valley 1 is allowed to operate with two of the three Power Operated Reliet Valve
(PORV) block valves closed which reduces the capability of the pressure relief system
on the reactor coolant system (RCS) to mitigate an ATWS with loss of main feedwater.
The high impact of loss of switchgear HVAC is a plant specific feature, in that 1E
power is lost without HVAC for the switchgear.

Hardware failures contributing significantly to the total CDF are: failure of AC train A,
failure of RCS pressure relief in response to an ATWS, failure of the river water
system, and failure to trip the reactor.

Operator actions contributing significantly to reducing CDF are: recovery of ventilation
for the emergency switchgear rooms, and recovery of AC power for the 1E buses.

The licensee has updated the PRA since the submittal; section E.5 of this repont
si-mmarizes the results of the update and section 2.7.3 provides a discussion of the
updated PRA.

The IPE did not use Plant Damage States (PDS) to perform the back end analysis.
The front and back end analyses were automatically linked together. That is, the level
1 event trees were directly linked to the containment event tree. Level 1 end state
bins were used for the purposes of presentation and understanding. Core damage
sequences were binned based on four parameters: RCS pressure at core damage,
containment isolation status, the size of the opening if not isolated, and the status of
containment heai removal.

Based on our review, the following modeling assumptions have an impact on the
overall CDF:

(a) the RCP seal LOCA model used,

(b) no requirement for containment heat removal to support core cooling,

(c) the ability of operators to provide compensatory ventilation for the emergency
switchgear rooms, and



(d) two of three PORV block valves normally closed and unavailable for pressure
relief for ATWS event.

The NUREG 1150 RCP seal LOCA mode! was used; this tends to increase the CDF

in comparison with IPEs that used the Westinghouse seal LOCA model. The IPE
assumed that containment spray and heat remova! are not required to suppor core
cooling; most IPE/PRAs assume that the ability to cool the core is either lost or
degraded if containment cooling is not provided during accidents in which mass/energy
are released into containment. This assumption tends to decrease the CDF. The
credit for operator action to provide ventilation to the emergency switchgear rooms by
opening doors and using portable fans tends to reduce the CDF.

E.4 Generic Issues

The IPE specifically addressed loss of Decay Heat Removal (DHR). The submittai
summarizes the importance of systems and options contributing to decay heat
removal, these being:

Main Feedwater

Auxiliary Feedwater

Feed and Bleed Cooling

Depressurization with Steam Generators (SGs)
Residual Heat Removal (RHR).

The submittal discusses the relative importance of these five systems and functions,
and the failures contributing to loss of them. The licensee concludes that there are no
vulnerabilities in these systems and options used for decay heat removal.

The submittal does not propose to resolve any other generic issues directly with the
iPE.

E.5 Vulnerabilities and Plant Improvemenis

The licensee defined vulnerabilities as “the fundamental contributors to risk” in the
important scenarios.

The IPE identified eight vulnerabilities and enhancements for these eight vulnerabilities
are proposed and discussed.

The submittal addresses potential enhancements that are being implemented or that
are under review. The enhancements are discussed relative to each vuinerability, and
the status of each enhancement is provided. These vulnerabilities and associated
enhancements are shown in the table on the following page.



Vulnerabilities and Related Improvements Identified in Beaver Valley 1 IPE

Vulnerability Enhancement Impact of CDF Importance Status of
Enhancement Enhancement
%CDF* Risk
Reductiun
Worth®
AC Power Crosstie Capability Allows Unit 1(2) 30.4 0.86 |Implemented,;
Generation Between Units 1 and |DGs to power Unit credited in revised
Capability 2 2(1) if both Unit IPE
1(2) DGs work
Reactor Trip Enhance Procedures |Enhanced 19.9 0.79 Dropped from
Breaker Failure |to De-Power Bus Recovery for consideration; not
ATWS credited in IPE
Pressurizer Oncl'e with all Block |Increase Pressure (156 0.89 Revised mode!
PORYV Block Valves Open or Relief Capacity for indicated greater
Valve Alignment |Provide Procedure to (ATWS capacity for each
Open Block Valves PORV and that
on Less of Main single PORV
Feedwater generally adequate,
new model credited
in revised IPE
Loss of Enhanced Prevent 15.5 0.87 Completed,; not
Emergency Procedures Overheating of credited in IPE
Switchgear Room Switchgear
HVAC
RCP Seal Cooling|Use of improved seal |Reduce Likelihood |{13.8 he New seals will be
for Station materials of RCP Seal installed as existing
Blackout LOCA in Station spare stock is
Blackout expended; not
credited in IPE
Battery Capacity |Enhanced Extend time of SG |10.7 089 |Dropped from
for SG Level Procedures for Load |[Level Indication consideration; not
during Station Shedding and Using |under Loss of AC credited in IPE
Blackout Portable Battery Power
Chargers
Pressurizer Eliminate Challenge [Reduce Frequency [2.0 0.98 Dropped from
PORV Sticking by Defeating 100% |of PORV consideration; not
after Loss of Load Rejection Openings credited in IPE
Offsite Power Capability
Fast 4160 V Bus |Enhanced Reduce Frequency |1.5 0.98 Implemented,
Transfer Procedures and that Breaker : credited in IPE
Training Failures will
Challenge DGs

* Percent of Sequences containing Vulnerability
® Fraction of Original CDF Remaining if Failure Probability of Affected System Reduced to 0.0
“ Included in Risk Reduction for AC Power Generation Capability




The licensee piovided additional information stating that two changes have been made
since completion of the IPE, these being: installation of the station crosstie and
reanalysis of ATWS with more optimistic assumptions. The licensee states that the
net effect of these changes results in a 44% reduction in the total CDF, resulting in a
new CDF of 1.2E-4/year.

E.6 Observations

The licensee appears to have analyzed the plant design and operations of Beaver
Valley 1 to discover instances of particular vulnerability tuv core damage. It also
appears that the licensee has: developed an overall appreciation of severe accident
behavior; gained a quantitative understanding of the overall frequency of core damage;
and implemented changes to the plant to help prevent and mitigate severe accidents.

Strengths of the IPE are as follows. The consideration of plant specific initiating
events in the IPE is thorough compared to some other IPE/PRA studies.

Significant level-one IPE findings are as follows:

. RCP seal LOCAs after station blackout are an important contributor to the total
CDF

. the CDF zssociated with core damage accompanied by failure to isolate
containment is relatively high

. the CDF from internal flooding is small.

One reason that RCP seal LOCAs during station blackout are an important contributor
to CDF is because the NUREG 1150 model for seal LOCAs was used. IPEs that
have used the Westinghouse seal LOCA mode! typically predict less of a contribution
from seal LOCAs to the total CDF. The CDF associated with core damage events
accompanied by failure to isolate containmerit is relatively high due to loss of
ventilation for electrical switchgear causing loss of electrical power and the inability to
provide core cooling and to isolate containment. The CDF from internal flooding is
small due to the layout of the plant.



1. INTRODUCTION
1.1 Review Process

This report summarizes the results of our review of the front-end portion of the IPE for
Beaver Valley Unit 1. This review is based on information contained in the IPE
submittal along with the licensee's responses to RAI. [IPE] [IPE Fax] [IPE Responses]

1.2 Plant Characterization

The Beaver Valley site contains two units; two separate IPEs, one for each unit, were
performed. This report summarizes our review of the IPE for Unit 1. Unit 1 is a three
loop Pressurized Water Reactor (PWR), and the site is located on the Ohio River in
Pennsylvania. Unit 1 has a steel lined, pre-stressed, post-tensioned concrete,
subatmospheric containment. Westinghouse was the Nuclear Steam System Supolier
(NSSS), and Duquesne Light Company (DLC), with assistance from Stone and
Webster, was the architect engineer (AE) and constructor. Unit 1 achieved commercial
operation in 1976. The rated power is 2,660 MWt, 835 MWe (net), for unit 1. Similar
units in operation are: North Anna and Surry.

Design features at Beaver Valley 1 that impact the core damage frequency (CDF) are
as follows:

tends to reduce the CDF by reducing the probability of loss of all feedwater.

. Automatic switchover of ECCS from injection to recirculation. This feature
tends to reduce the CDF by not requiring operator action in response to a large

Loss of Coolant Accident (LOCA) to provide timely switchover of the Emergency
Core Cooling System (ECCS) from the Refueling Water Storage Tank (RWST)
to the containment sump.

’ Operation with 2 of 3 PORYV bilock valves closed. This feature tends to increase
the CDF by reducing the pressure relief capability in response to an ATWS.

: ' o eMme : 5. This
1eature tends to increase CDF by requiring swnchgear ventnlahon to support 1E
power operation.




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
participation and peer review.

2.1.1 Completeness and Methodology.

The submittal contains the information requested by Generic Letter 88-20 and NUREG
1335. No obvious omissions were note” [NUREG 1335][GL 88-20)

The front-end portion of the IPE is & evel | PRA, which is a method that is addressed
in Generic Letter 88-20. The specific technique used for the level | PRA was a large
event tree/small fault tree technique, and it was clearly described in the submittal.

The submittal described the details of the technique. Internal initiating events and
internal flooding were considered. Event trees were developed for all classes of
initiating evems. The development of component level system fault trees was
summarized, and system descriptions were provided. Support systems were modeled
with a support system event tree which was linked with the frontline system event
trees; support system states were not generated. [IPE submittal, Section 3.3] Inter-
system dependencies were discussed in the system descriptions and tables of system
dependencies were provided. Data for quantification of the models were provided,
including common cause and recovery data. The application of the technique for
modeling internal flocding was described in the submittal. Importance and sensitivity
analyses were performed. An overall uncertainty analysis of the CDF was performed.

The level 1 PRA upon which the front-end portion of the IPE is based, was initiated in
response to Generic Letter 88-20.

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

Beaver Valley is a two-unit site, but the submittal addresses only unit 1. Unit 2
achieved commercial operation 10 years after unit 1. Based on our review of the
UFSAR for unit 1, there seems to be little sharing of systems between the two units
besides sharing of offsite power and the intake structure. The UFSAR does indicate
that the ability to manually crosstie DG supplied power between the two units has
been implemented to address station blackout, but this capability was not present as
of the freeze date of the model in the IPE submittal for unit 1. [UFSAR, Section 8.4.6]
[IPE submittal, Section 6.3.2.1] Therefore as of the freeze date of the submittal, there
is little potential for dual unit core damage between the two units.

10



The licensee indicated that the IPE has been updated tn consider the station blackout
enhancement that allows for crosstie of DG supplied rower between the two units.
[IPE Responses] The updated IPE results reduced the overall CDF by 44% to 1.2E-
4/yr.

As discussed later this report, the impact of internal flooding on dual unit core damage
is small.

Plant walkdowns were performed for the internal flooding analysis and for the back-
end analysis. [IPE submittal, Section 1.2] The walkdown for the internal flooding
analysis was completed in one two day time frame, while two separate walkdowns
were performed for the back-end analysis.

Major documentation used in the IPE included: the Updated Final Safety Analysis
Report (UFSAR), design basis documents, Piping and Instrumentation Diagrams
(P&ID), electrical drawings. procedures, and operating crew surveys. [IPE submittal,
Table 2.4-1)

Other PRAs were reviewed, primarily NUREG/CR 4550 for Surry, and PRAs for Zion,
indian Point, and Millstone. [IPE submittal, Section 2.4.2] Insights from these PRAs
were incorporated into the Beaver Valley 1 IPE, mainly for component failures and the
determination of success criteria.

The freeze date for the IPE model was early 1988. [IPE submittal, Section 1.1] The
IPE model did not credit any plant changes planned after the freeze cate. [IPE
submittal, Section 1.4.1]

2.1.3 Licensee Paricipation and Peer Review.

The licensee performed a PRA-based IPE for Beaver Valley Unit 2 prior to performing
this IPE for Beaver Valley Unit 1 . [IPE submittal, Section 5.1] The utility assumed the
lead role in completing the PRA for Unit 1, based on the experience gained in
performing the PRA for unit 2. The Engineering Analysis and Assurance (EAA) group
at Duquesne Light Company (DLC) was the lead utility organization for the PRA, and
staff from this group interfaced with other DLC departments as necessary. Additional
DLC involvement in the IPE included:

. technology transfer seminars were co”ducted with participation from DLC
organizations involved with conducting and reviewing the PRA

. DLC management, licensing, and training personnel attended a 3 day review of
the results of the Beaver Valley 2 PRA work

. a DLC engineer worked with the PLG analysts for 3 months

. DLC engineers performed MAAP calculations

1



. DLC traniing and operations personnel provided input and review for the
modeling if human actions
. DLC prepared the IPE submittal.

PLG was the major contractor for the front-enc analysis. Stone and Webster also
provided support for the IPE.

The submittal does not state that a “living" PRA will be maintained, however, the
submittal states: "DLC now recognizes the benefits of a PRA and the capability that
has been developed will be maintained. This capability will support a comprehensive
risk management program.” [IPE submittal, Section 7]

The IPE was internally reviowed by members cof the PRA team. An independent
review was performed by DLC staff from: licensing, operations, engineering, training,
plant performance, radiological engineering, and the independent safety engineering
group. [IPE submittal, Section 5.2] The submittal provides a table that delineates the
review responsibility of each member of the independent review team. [IPE submittal,
Section 5.3]

Comments from the independent review team were documented and resolved in
accordance with PLG QA procedures. [IPE submittal, Section 5.4]

2.2 Accident Sequence Delineation and System Analysis

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

2.2.1 Initiating Events.

The licensee defines an initiating event as an event that should lead to plant trip from
an initial at-power condition; events requiring controlled shutdown are not considered
as initiating events. [IPE submittal, Section 3.1.1] This is the standard definition of
initiating events used in PRAs for at-power initial conditions.

The following process was used to identify initiating events. [IPE submittal, Section

3.1.1] Other studies were reviewed which evaluated initiating events in Westinghouse

reactors: these studies included: the UFSAR for the unit, the Beaver Valley Unit 2
PRA, the Diablo Canyon PRA, the South Texas Project PRA, the NUREG/CR 4550
PRA for Surry, the EPRI NP-2300 report, Wash 1400, and NUREG/CR-4674. The
plant operating history was reviewed for actual plant trip events. Failure Modes and
Effects Analysis (FMEA) was performed to identify plant- specific initiating events from
‘ailures in support systems.




A list of categories of initiating events, divided into four broad groups of initiating
events, wes developed. [IPE submittal, Table 3.1.1-1] The groups of initiating events
and the number of constituent categories of initiating events within each group are
summarized in Table 2-1 of this report.

Table 2-1. Groups of Initiating Events

Initiating Event Group Number of Initiating Event Categories
in Initiating Event Group

LOCAs 7

Transients (Generic) 16

. ——

Plant Specific Support System Failures 13*

(Plant Specific Transients)

Internal Floods 8

* The licensee includes Loss of Offsite Power in this category; we have included this event in the
Transient Category, as is the standard practice in most IPE/PRAs.

The list of General Transient initiating events appears complete. It inciudes such
events as: spurious actuation of ECCS, main steam line breaks both upstream and
downstream of an MSIV, and excessive feedwater.

The submittal includes a summary table of the results of the FMEA performed to
identify plant specific initiating events. [IPE submittal, Table 3.1.1-2] This table
indicates that a systematic analysis was performed to identify plant specific initiating
events.

Based on the FMEA, the following categories of plant specific initiating events were
retained for analysis: [IPE submittal, Table 3.1.7-1]

Loss of 125 V DC Bus 1-1

Loss of 125 V DC Bus 1-2

Loss of River Water and Auxiliary River Water
Loss of Component Cooling Water (CCW)
Loss of Red Vital Bus

Loss of White Vita! Bus

Loss of Blue Vital Bus

Loss of Yellow Vital Bus

Loss of 4160 V AC Bus 1AE

Loss of 4160 V AC Bus 1DF

Loss of Station instrument Air

Loss of Containment Instrument Air
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Loss of Emergency Switchgear Ventilation System.

Other plant specific initiating events were considered as part of previously defined
general initiating event categories. For, example, loss of a non-1E 4160 V AC bus
was considered as bounded by loss of offsite power both in terms of impact and
frequency.

The IPE does not address the impact of spurious containment isolation. As discussed
later in this report, containment isolation results in iso.ation of Component Cooling
Water (CCW) to the Reactor Coolant Pumps (RCP). Given containment isolation, in
our opinion, the operators should trip the RCPs to prevent a potential vibration-induced
seal LOCA. (The IPE does address the need to trip the RCPs if the initiating event is
loss of CCW. [IPE sutmittal, Table 3.1.1-2] ) However, since CCW cooling is not
required for High Head Safety Injection (HHSI) operation to provide injection to
mitigate an RCP seal LOCA, omission of the initiating event is of little consequence,
since for it to progress to core damage both operator failure to trip the RCPs and loss
of HHSI injection must occur.

The IPE does model two small LOCA initiating events, one non-isolable and one
isolable, and identifies the isolable small LOCA with an open PORV. [IPE submittal,
Table 3.1.1-1]

Breaks of size less than 3/8 inch equivalent diameter are not considered to be LOCAs,
since they are within the capability of the normal makeup system.

The frequencies of the initiating events are comparable to those used in other
IPE/PRA studies. [IPE submittal, Table 3.3.1-4] The frequency for an interfacing
systems LOCA is 1.61E-5/yr, which is high compared to the frequency for such an
event in some other IPE/PRAs. The submittal states that this is the frequency for
leakage in excess of 105 gpm past two LHSI check valves, and that it is assumed that
this causes failure of Low Head Safety Injection (LHSI) piping since it exceeds the
relief capacity available. [IPE submittal, Sections 3.1.3.6.4.2.3 and 3.1.3.6.4.3] One
reason that the frequency of an interfacing systems LOCA in this IPE is higher than in
some other IPE/PRAs, is that some other IPE/PRAs have factored in a probability that
the overpressurized piping does not fail.

2.2.2 Event Trees.

Seven frontline event trees were constructed, these being: [IPE submittal, Section
3.1.3]

general transient/small LOCA event tree
medium LOCA event tree

large LOCA event tree

excessive LOCA event tree
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SGTR event tree
interfacing systems LOCA event tree
ATWS event tree.

Also, a support system event tree and a recovery event tree were developed. The
support system event tree was directly linked with the frontline event trees during
quantification; no support state modeling was used. [IPE submittal, Section 3.3] The
recovery event tree consisted of only one top event, as of the date of the submittal:
recovery of AC power. [IPE submittal, Section 3.1.4.2]

To assist in development of the event trees, Event Sequence Diagrams (ESDs) were
developed. [IPE submittal, Section 3.1.2] These ESDs provide a time ordered
description of the various responses of the plant to classes of initiating events.

The submittal provides the criteria used for core damage. [IPE submittal, Section 1.4.1]
Core damage was assumed to occur when the loss of heat removal progressed past
the point of core uncovery, a~d core exit temperatures exceeded 1200 F. (In
response to RAI for the Beaver Valley 2 IPE the licensee stated that defining core
damage to be core uncovery only, without consideration of core exit temperaiure, has
essentially the same effect as the definition used.)

The submittal summarizes the system level success criteria used in the IPE. [IPE
submittal, Section 3.1.2 and Tables 3.1.2-2 through 3.1.2-8] The submittal provides
the frontline event trees for the various classes of accident initiating events, and a
description of the events in the trees. [IPE submittal, Section 3.1.3] We have the
following comments on the success criteria and the event trees.

General Transient/Small LOCA Event Tree

The model for a general transient assumes that main feedwater flow is significantly
reduced automatically after plant trip as a result of low primary temperature; therefore,
auxiliary feedwater (AFW) is the preferred source of steam generator cooling in the
model. [IPE submittal, Page 3.1-56] Should, AFW fail, use of main feedwater is
credited, if it is available. If both auxiliary and main feedwater are unavailable, the
mode! credits the used of the dedicated feedwater pump. The dedicated feedwater
pump is a special pump that can be powered off the Emergency Response Facility
(ERF) DG.

The success criteria for a transient credit heat removal from the steam generators with
any one AFW pump or with the dedicated feedwater pump, if a main feedwater pump
is not available. We evaluated the ability of any one of these pumps to provide for
adequate heat removal, and conclude that any of these pumps can provide for
adequate heat removal with steaming on the steam line safety valves.
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The success crueria for a transient do not credit depressurization of the steam
generators to allow for secondary cooling with the condensate pumps if all feedwater
pumping sources are lost. [IPE submittal, Page, 3 1-60] This assumption is a less
optimistic than other IPEs, which have credited this option for steam generator cooling

The source of water for the auxiliary feedwater pumps is the plant demineraiized water
storage tank (PDWST) wiich has 140,000 gallons of inventory available for AFW
[UFSAR, Section 10.3.5.1.2] The submittal states that this inventory is sufficient for AFW
to remove decay heat for 9 hours without makeup. [IPE submittal, Page 3.1-56] Our
calculations confirm this. Long term makeup for AFW supply is required over the 24
hours mission time, normal sources of makeup require offsite power, but if offsite power
is lost, operators can provide water directly from tne river water system to the AFW
pumps. [IPE submittal, Page 3.1-57] It is possible that if makeup for AFW is not
available, the operators can depressurize the primary before the normal source of AFW
water is exhausted, and than use closed-loop cooling with the shutdown cooling system.
This option is not modeled in the event tree, since long term makeup is required for
success of cooling with AFW. [IPE submittal, page 3.1-56]

The success criteria for a transient credit feed and bieed cooling with one PORV and
one HHSI pump, if all cooling to the steam generators is lost.

The submittal states that normal operation is with PORV block valves closed on two of
the three pressurizer PORV lines. [IPE submittal, Page 1.6-2) Therefore, to use two of
the three PORVs, the motor operated PORV block valves must be nnened, which
requires AC power and operator action. The submittal states that the PORV block
valves are powered from 1E 480 V AC power. [IPE subm¥.al, Table 3.2.3-2]

For long term feed and bieed two options are credited: either recirculation from the
containment sump, with an HHSi pump in a piggyback alignment off the discharge of a
LHSI pump, or continued injection from the RWST with operator action to refili the
RWST.

in the IPE model, no containment cooling was required to support core cooling. The
submittal states that potential problems in adequate NPSH for the recirculation spray
pumps is not a concern [IPE submittal, p. 4.1-7] These pumps could be used to
provide core cooling in events accompanied by containment depressurization and
elevated sump temperatures. Also, the IPE inodel takes credit for continued Si
injection if the containment sump water source is unavailable. The S| suction would
be provided from the RWST, with makeup provided to the RWST. [IPE Responses)
Thus, Beaver Valley 1 appears to be less susceptible to any impacts of containment
cooling failures on the ability to provide core cooling. However, the IPE information
provided did not indicate whether or not the IPE considered equipment qualificction (EQ)
e’ ects that might be experienced with containment heatup and failure, and
subsequent impacts on the ability to provide core cooling. [IPE Responses] Most
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the containment, without containment cooling the ability to provide core cooling Is
either lost or degraded as the containment heats up. A few IPE/PRAs have assumed
that without containment cooling core systems survive with a certain probability. The
Beaver Valley 1 IPE is one of the very few that have assumed that core cooling
systems survive 100% of the time without any containment cooling.

The event tree accounts for a small LOCA as the initiating event by automatically
setting event PR (pressurizer PORV opens and {ails to reclose) to true. [IPE submitta.,
Page 3.1-56] The event .ree considers two paths by which a transient can progress to
a small LOCA: failure of a pressurizer PORV to reclose once opened, and an RCP
seal LOCA.

The success criteria for transients include the need fur RCP seal cooling to prevent an
RCP seal LOCA. [IPE submittal, Table 3.1.2-2] The success criteria do not address
the need to trip RUPs 01 loss of CCW cooling to the RCP motors to prevent a
potential vibration induced seal LOCA; however, the event tree for a transient requires
that operators trip the RCPs if CCW cooling is lost to prevent a seal LOCA. [IPE
submittal, Page 3.1-62 Event SE]

The IPE did not model depressurization for LHSI as being a viable alternative to HHSI.
[IPE submittal, Page 3.1-21] [IPE Fax] Some other PWR IPE/PRA studies have
credited this accident mitigation strategy.

The submittal indicates that depressurization was considered as a means to limit the

loss from an RCP seal LOCA following station blackout. [IPE submittal, Page 3.1-63]

The cubmittal clearly indicates the need for the use of spray or opening of PORVS in
the primary in conjunction with depressurization of the secondary, to depressurize the
primary sufficiently for initiation of shutdown cooling.

The NUREG 1150 model for RCP seal LOCAs was used. [IPE Responses]

The event tree credits continued injection from the RWST with operator action to refill
the RWST as an option for long term cooling if recirculation from the containment
sump is not availabie, for scenarios requiring primary makeup with HHSI, such as feed
and bleed or small LOCAs. [IPE submittal, Page 3.1-69] This option is included in the
emergency operating procedures. The submittal states that 200 gpm makeup to the
primary is adequate for times longer than 100 minutes post plant trip, and uses this
capacity as the makeup required for the RWST.

The submittal states that for scenarios involving significant overcooling of the primary,
such as a main steam line break, the need to model HHSI injection of borated water to
maintain shutdown margin as the primary cools below hot zero power was not
considered necessary. [IPE submittal, Page 3.1-55]
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iym an r A Event Trees

The success criteria for medium and large LOCAs are similar. The major difference is
that the medium LOCA requires injection with HHS! in addition to injection with
accumulators and LHSI, while the large LOCA event tree does not require injectie
with HHSI. For both size LOCAs, recirculation from the containment sump does .0t
require HHSI piggyback on LHSI; LHSI alone is sufficient.

As previously discussed, the IPE model assumes thal no containment cooling is
required to support core cooling. [IPE Responses]

The success criteria for both the medium and large LOCA event trees state that
withou' recirculation, lcny term core cooling can be provided using one HHSI pump
injecting from the RWST with makeup to the RWST. [IPE submittal Tables 3.1.2-4 and
3.1.2-5] This option is addressed in plant procedures.

Other Event Trees

The event tree for a steam generator tube rupture addresses the unique actions to
respond to a SGTR that cannot be isolated. [IPE submittal, Page 3.1-91] The
preferred response is to depressurize the primary using the secondary and primary
PORVs/spray, and to institute shutdown cooling and decrease primary pressure to low
pressure to stop the loss of inventory prior to depletion of makeup from the RWST. A
backup option considered is to provide makeup to the RWST to allow for continued
makeup to the primary with HHSI to compensate for inventory loss out of containment.
This is the standard mode! used in most PWR IPEs.

The IPE uses an event tree for an excessive LOCA event. All Excessive LOCA
events result in core damage, since they result in primary inventory loss in excess of
that which can be mitigated with the ECCS. The event tree is used to determine the
status of the plant after core damage for back-end analysis of the source term.

The IPE uses an event tree for containment bypass LOCA events. This event tree
addresses interfacing system LOCA events (failure of low pressure piping due to loss
of isolation); SGTR is a containment bypass LOCA event that is modeled in a
separate event tree. The submittal indicates that other HELB LOCAs outside
containment, such as a break in a letdown line, were screened from consideration.
[IPE submittal, Table 3.1.3-8] The dominant contributor to an interfacing systems
LOCA is the LHSI system. If leakage from the primary into the LHSI low pressure
piping exceeds 105 gpm, the LHSI relief valves cannot provide sufficient relief and the
IPE assumed that the LHS! piping will fail. {IPE submittal, Page 3.1-109] The event
tree credits two options for mitigating this LOCA: operator action to close a normally
open motor operated isolation valve and if that fails, injection to the primary with one
HHS! pump and continued makeup to the RWST for long term injection from the
RWST. (IPE submittal, Page 3.1-108]
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The licensee developed a special event tree to mode! ATWS transients. Unless main
feedwater is available, the success criteria require tripping the main turbine to prevent
early steam generator dryout leading to core damage by overpressurization of the
RCS. [IPE submittal, Table 3.1.2-8 and Page 3.1-147] The submittal states that no
credit was given for operator action to open the two normally closed PORV block
valves in time to assist in pressure reliet during an ATWS sequence. [IPE submittal,
Page 1.6-2] The submittal also states that for ATWS sequences involving partial or
total loss of feedwater with failure of AMSAC to initiate AFW, the relief capacity is
insufficient 70% of the time. [IPE submittal, Page 1.6-2] (The reliet capacity required
depends on the moderator temperature coefficient which becomes more negative
throughout the operating cycl® due to decreased boration.) The licensee has
reevaluated ATWS and concluded that the contribution of inadequate presst're relief,
following an ATWS, to the total CDF is significantly less than estimated in the IPE.
[IPE Responses] The reevaluation is discussed in Section 2.7.3 of this report.

One support system event tree was developed, addressing the impact of loss of both
electrical and mechanical support systems on the frontline systems. [IPE submittal,
Section 3.1.5] The following support systems are modeled in this support system
event tree: offsite power, 1E AC power, DC power, vital AC power, safety system
instrumentation and control, non 1E AC powe., river water main supply, CCW main
supply, turbine component cooling water system, emergency switchgear ventilation,
station air, containment air, RWST, and RCP thermal barrier ~»oling. Note: the
discussion of the support system event tree does not address :vent BV (emergency
switchgear ventilation), but this system is modeled in the support system event tree
itself. [IPE submittal Section 3.1.5 and Figure 3.1.5-1]

2.2.3 Systems Analysis.

The submittal states that fault trees were constructed for the event tree systemic top
events. [IPE submittal, Page 3.2-6] System descriptions are included in Section 3.2..1
of the submittal. The system descriptions do not contain any schematics; this made
review of the system descriptions difficult.

The section on system descriptions does not address the reactor coolant system
(RCS), the dedicated feedwater pump, the nitrogen supply system, or the raw water
system. The RCS has loop isolation valves, a unique feature. The dedicated
feedwater pump can be powered off the emergency response facility DG to provide
feedwater to cool the steam generators. The nitrogen supply system can provide
backup to the containment air system to maintain 2 of the 3 pressurizer PORVs open.
The raw water system is the heat sink for the chilled water servicing the emergency
switchgear room normal ventilation system.

The system description for the AC power system indicates that the model assumed

that during power operation, power for the plant is providec from the main geperator
via the unit station service transformers, and that following plant trip, automatic transfer
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of offsite power supply to the system station service transformers is required 10
maintain supply of offsite power .o plant components. [IPE submuittal, Page 3.2-34|

The UFSAR indicates that the operating configuration can be either as assumed In the
IPE, or such that offsite power is supplied via the system station service transformers.
[UFSAR, Section 8.4] The IPE assumption is somewhat pessimistic in that it requires
operation of the automatic switchover to the system station service transformers to
preserve supply of offsite power following unit trip. The system description does
discuss the extra DG for the Emergency Response Facility (ERF) that can be used to
power the dedicated feedwater pump. As previously discussed in this report, as of the
freeze data of the IPE model, the station blackout crosstie capability was not installed
for manually powering unit 1(2) equipment with unit 2(1) DGs; the latest UFSAR states
that this capability now exists, and that 1 DG can power both units in shutdown.
[UFSAR, Section 8.4-6] The system description does not discuss whether or not
power can be crosstied between the two 1E buses at unit 1, the UFSAR does not
discuss the presence of such a capability. [UFSAR, Chapter 8] The listing of operator
actions modeled in the IPE, indicates that intra-unit crosstie of 1E buses was not
considered. [IPE submittal, Table 3.3.3-5]

A 2 hour battery lifetime, the UFSAR design condition, was used except for top event
RE, recovery of AC power. [IPE Responses] For event RE, a battery lifetime of 2.6
hours for batteries 1 and 2 was used, and a battery lifetime of 3.6 hours was used for
battery 3, based on more realistic cnnsiderations of battery capabilities.

The system description for river water states that river water cools the charging
pumps. Therefore, loss of river water results in loss of seal cooling, since river water
cools both CCW and the charging pumps; since the charging pumps are the HHSI
pumps, the RCP seal LOCA cannot be mitigated and core damage occurs. Loss of
river water is the dominant core damage sequence for the plant. [IPE submittal, Page
1.4-9] The IPE assumes that one river water pump can provide sufficient cooling;
-nwever, for one pump to be sufficient if phase B of containment isolation is reached,
bcth river water cooling to CCW and chilled water must be isolated. [IPE submittal,
Page 3.2-49]

The system description for CCW discusses CCW cooling to the RCP motors and to
the RCP thermal barrier coolers. Loss of CCW results in loss of cooling 1o the RCP
motors. In our opinion, the event requires operator action to trip the RCPs to prevent
a potential vibration induced seal LOCA; however, HHSI is still available to mitigate
the seal LOCA. Seal injection with the charging pumps does not require CCW, as the
charging oumps are cooled by river water; therefore, loss of CCW does not result in
total loss ol seal cooling.

The turbine plant component cooling water system cools the station air compressors
and aftercoolers, and the main feedwater and condensate pumps. The heat sink for
the turbine plant component cooling water system is the turbine plant river (raw) water
system.
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The system description for station air and containment air discusses their various
compressors, power supplies, and requirements for cooling water. These air systems
are not safety related, but a number of important plant compone s require air 10
remain open, including MSIVs, stzam generator ADVs, and press rnizer PORVs. The
UFSAR states that all air operated valves fail closed. [UFSAR, Section 9.8] (Two of
the three PORVS can be supplied with nitrogen if air is lost.) The station air
compressors require non-1E power, but the containment air compressors can be
powered with 1E power. A diesel driven backup compressor can be used for
supplying station air.

AFW can be provided by two motor driven pumps or one turbine driven pump. The
SG Atmospheric Dump Valves (ADV) require both DC control power and station air
motive power to open. The normal 140,000 gal supply tank for AFW is sufficient for 9
hours afier plant shutdown; after that time, alternate sources of water can be used for
AFW supply, including river water. No external cooling syctems are required to
support operation of the dedicated feedwater pump. |IPE Fax]

The system description for the ECCS states that the third HHS! pump is not
automatically stated on a safety injection signal. The other two HHSI pumps are each
powered off a different 1E bus and automatically respond to a safety injection signal.
The system description for ECCS states that the success criteria for injection to
mitigate a medium or a small LOCA requires 1 of 2 HHS! pumps. [IPE submittal, Page
3.2-88] The tables of success criteria for medium and sma!l LOCAs state that success
is 1 of 3 HHS! pumps. [IPE submittal, Tables 3.2.1.3 and 3.2.1.4] The system
description states that the third pump can be racked into the appropriate 1E bus if one
or both of the two other pumps have failed; this agrees with the description of the
event involving use of HHSI for the event trees, in that operator action is required for
use of the swing HHS| pump.

One unique feature of the ECCS system at Beaver Valley 1 is that all three HHSI
pumps feed a common header prior to injecting into the cold legs, and both LHSI
pumps feed a common header prior to injecting into the cold legs. [UFSAR, Section
6.3 and Figure 6.1-1] ECCS switchover frcm injection from the RWST 1o recirculation
from the containment sump is automatic, both for LHSI and HHSI pumps. The HHSI
pumps operate in piggyback off the discharge of the LHS! pumps in recirculation from
the containment sump.

The system description for the containment depressurization sysiw>m discusses the
quench spray system and the recirculation spray system. The cutside recirculation
spray pumps can be aligned to provide for long term cooling ol the core.

A system description is provided for the RHR system. This system is totally distinct
from the LHS! system at Beaver Valley 1. Depressurization and use of this system is
credited in the SGTR event tree for mitigating a SGTR that cannot be isolated. Also, it
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appears that depressurization and use of the RHR system for shutdown cooling was
credited as an option to mitigate an RCP seal LOCA.

The submittal provides a system description for the containment isolation system. A
table addressing isolation for the containment mechanical penetrations is provided.
[IPE submittal, Table 3.2.1.16-1] This table indicates that CCW cooling for the RCPs,
both for motors and the thermal barrier coolers, is isolated on phase B of containment
isolation. but that seal injection with the charging pumps is not isolated. [IPE submittal,
Pages 3.2-108, 3.2-109, 3.2-110, and 3.2-121)

The submittal provides a system description for the ventilation systems for the
emergency switchgear rooms. Normal ventilation is provided by chilled water which
uses raw water as a heat sink. The normal ventilation system cannot be powered with
1E power. The submittal states that if the normal ventilation system is unavailable,
emergency ventilation can be provided with one of two normally running emergency
switchgear exhaust fans, which can be powered with 1E power. The IPE also credits
operator action to establish ventilation to the emergency switchgear rooms using
portable tans if the normal and emergency ventilation systems are lost. [IPE submittal,
Pages 3.3 211, 3.2-125, and 3.3-124]

The submittal also includes a summary of an evaluation of the impact of HVAC system
failures for the HVAC systems serving numerous plant areas, including: IPE submittal,
Section 3.3.9.1]

Control Room Area

Diese! Generator Rooms
Emergency Switchgear Rooms
Intake Structure

Auxiliary Building.

‘The evaluation concluded that failure of HVAC systems serving the following areas
causes failure of the frontline equipment in those areas: emergency switchgear rooms,
DG rooms, and river water pump room A. Loss of emergency switchgear room
ventilation was considered both as an initiating event, and as a failure during the
mitigative phase of an accident initiated by another event. Loss of DG room
ventilation was only considered as a failure during the mitigative portion of an accident,
since the DGs are not normally operating. The submittal states that loss of ventilation
for the area containing river water pump A in the intake g'ructure was modeled as
causing loss of this pump, but the ventilation in the other areas of the intake structure
is sufficiently redundant so that loss of ventilation to the areas containing the other
river water pumps was screened from consideration. The evaluation concluded that
loss of ventilation in the auxiliary building could overheat the charging pumps, but this
was screened from consideration based on the alarms, procedures, and multiple
ventilation fans available. The evaluation screened out loss of control room cooling as




important based on the effectiveness of operator action to open doors 10 provide for
natural circulation.

2.2.4 System Dependencies.

The submittal provides a table that indicate the c<pendencies of support systems on
support systems and frontliine systems on support systems. [IPE submittal, Tables
3.2.3-1 and 3.2.3-2]

The following types of dependencies were considered: shared component,
instrumentation and control, isolation, motive power, direct equipment cooling, area
HVAC, operator actions, instrument air, and system train asymmetries.

The system dependency tables indicate partial dependencies, and numerous footnotes
are provided. For example, the tables clarify that 2 of the 3 pressurizer PORVS can
be supplied with nitrogen if containment air is lost. Complicated differences in power
and cooling for the various air compressors are noted and explained. The requirement
to rack in power to use the swing HHSI pump is clearly noted and discussed. Pump
cooling requirements and equipment dependencies on ventilation are clearly indicated
and described. The dedicated feedwater pump is included, with its connection to the
Emergency Response Facility (ERF) DG noted and discussed.

2.3 Quantitative Process

This section of the report summarizes our review of the process by which the IPE
quantified core damage accident sequences. |t also summarizes our review of the
data base, including consideration given to plant-specific data, in the IPE. The
uncertainty and/or sensitivity analyses that were performed, if any, were reviewed.

2.3.1 Quantification of Accident Sequence Freguencies.

The Beaver Valley 1 IPE used the large event tree/small fault tree technique with split
fractions and event tree linking tree for quantifying core damage. Support systems
were modeled with a support system fault tree, linked directly to the frontline system
event trees; support system states were not used as pre-conditional states for
quantification of the frontline event trees. [IPE submittal, Page 3.3-183] The event
trees are systemic. Quantification was accomplished with the RISKMAN software. A
truncation limit of 1E-11/yr was used in quantification of the sequences. [IPE submittal,
Page 3.3-186) Recovery actions were considered in the event trees for failures of
systems such as river water, RCP thermal barrier cooling, and emergency switchgear
room ventilation. [IPE submittal, Pages 3.1-154, 3.1-162, and 3.3-124] A recovery
event tree was developed that considered recovery of AC power. [IPE submittal, Page
3.1-150] A mission time of 24 hours was used.
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2.3.2 Point Estimates and Uncertainty/Sensitivity Analyses.

Probability Distribution Functions (PDF) were assigned to initiating events and 1o
component failures in the fault trees. An overall PDF for core damage was calculated
by combining the separate PDFs for events comprising core damage sequences as
delineated by the event trees. The mean value of the PDF for core damage is the
point estimate CDF reported in the submittal; no separate point estimate was
calculated using individual point estima:es for all events. The submittal provides the
PDF for core damage as well as the mean and the 5%, 50% (median), and 95%
confidence values. [IPE submittal, Section 3.4)

Importance analyses were performed. Three importance measures were applied:
Fussell-Vesely, Risk Reduction, and Risk Achievement. [IPE submittal, Section 3.4.2]
The events determined to be of most importance are discussed later this report.

Sensitivity analyses were ¢ »rformed; the results of these sensitivity analyses are
discussed later in this report.

2.3.3 Use of Plant-Specific Data.

The submittal states that plant specific data were used for important components
based on the time period January 1, 1980 through December 31, 1988. [IPE submittal,
Section 3.3.2] The plant specific data were used to bayesian update generic data
from the PLG generic data base. Generic data was used in lieu of plant specific data
for components not evaluated with plant specific data. Pant specific data for
maintenance unavailabilities were collected and used to update the PLG generic
maintenance unavailability data base.

We performed a spot check of the data from Table 3.3.2-2, the listing of the updated
data used in the IPE, to values used in the NUREG/CR-4550 studies, [NUREG/CR-
4550, Me:hdology] The comparison is summarized in Table 2-2.

Based on this spot check, the plant specific data used to quantify component failures
are comparable to data used in typical IPE/PRAs.

The iPE modeled recovery of offsite power following a station blackout. ['PE submittal,
Section 3.3.3.4] The licensee provided information about the data used for recovery of
offsite power and for recovery of DGs that were used in the analysis of station
blackout. [IPE Responses] These recovery values are comparable to those used in

typical IPE/PRAs.
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Table 2-2. Component Failure Data '

Component

IPE Mean Vaiue
(Submittal Table 3.3.2-2)

|

NUREG/CR-4550
Point Estimate

Turbine driven AFW pump

2. 1E-2 Fail to Start
8.8E-4 Fail to Run

3E-2 Fail to Start
5E-3 Fail to Run

3.4E-5 Fail to Run

HHS!| pump 1.2E-3 Fail to Start 3E-3 Fail to Start
2.6E-5 Fail to Run 3E-5 Fail to Run
LHS! pump 2.2E-3 Fail to Stant 3E-3 Fail to Start

3E-5 Fail to Run

Diesel Generator

1.8E-2 Fail to Start
5.3E-3 Fail to Run during
First Hour

3E-2 Fail to Start
2E-3 Fail to Run

Pressurizer PORV

4.0E-3 Fail to Open
1.8E-2 Fai' to Reclose

2E-3 Fail to Open
3E-2 Fail to Reclose

Typical MOV

1.BE-3 Fail to Open

3E-3 Fail to Open

' Failures to start or open are probabilities of failure on demand. Failures to run are frequencies in 1/nr.

2.3.4 Use of Generic Data

The PLG generic data base was used for the source of generic data. We have

reviewed this same generic data base numerous times as part of our review of IPEs,
and found the data to be comparable to generic data typically used in PRA/IPEs.

2.3.5 Common-Cause Quantification

The MGL method was used to model common cause failures. [IPE submittal Section
3.3.4) The data for common cause failures were taken from the PLG generic data
base; the generic data were screened for applicability to Beaver Valley 1 by staff from
PLG. The process used to model common cause failure followed the procedure
specified in NUREG/CR-4780. Common cause failures were included directly in the
fault trees. [IPE submittal, Page 3.2-6] The submittal indicates that common cause
tailures were considered for components within a given system.

Table 3.3.4-5 of the submittal lists the common cause failure data MGL factors.

We compared selected beta factors from this table in the submittal to those used in
the PLG South Texas PSA and those used in NUREG/CR-4550. [STP PSA]
[NUREG/CR 4550, Methodology] Table 2-3 of this report summarizes the
comparison.

Air Operated Valve (AOV) commnn cause failure values were used for the PORVs.
[IPE Fax]
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Table 2-3. Comparison of Beta Factors for 2 of 2 Components

Component | IPE Beta Factor (from Beta Factor from Beta Factor from
Table 3.3.4-5 of Submittal) STP PSA NUREG/CR 4550
Table 6.2-1'

AFW Pump |0.066 Fail to Start 0.054 Fail to Stan 0.056
0.0062 Fail to Run 0.0065 Fail to Run

CCW Pump |0.0082 Fail to Start 0.0096 Fail to Start 0.026
0.0054 Fail to Run 0.00098 Fail to Run

LHS!| Pump |0.034 Fail to Start 0.042 Fail to Start 0.15
0.0062 Fail to Run 0.0081 Fail to Run

HHSI Pump |0.033 Fail to Stant 0.062 Fail to Start 0.21
0.0051 Fail to Run 0.0074 Fail to Run

Containment |0.033 Fail to Stan 0.085 Fail to Start 0.11

Spray Pump |0.0087 Fail to Operate 0.0083 Fail to Run

MOV 0.06 0.05 0.088

Diesel 0.0075 DG Fails to Start |0.0029 Fail to Start 0.038

Generator 0.012 DG Fail to Run 0.015 Fail to Run

Pressurizer Not Provided 0.01 0.07

PORV

Air Operated |0.07 0.07 0.10

Valve

' All Beta Factors in NUREG/CR 4550 are for Fail to Start

The beta factors used in the Beaver Valley 1 IPE are generally consistent with those
used in other PRAs and IPEs. However, in some cases, they are a factor of 2-3 lower
than the values used in other PRAs.

2.4 Interface Issues

This section of the report summarizes our review of 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.

2.4.1 Front-End and Back-End Interfaces.
The IPE assumed that no containment cooling is required to support core cooling.

The IPE did not consider spurious isolation of containment as an initiating event.
Containment isolation results in loss of CCW to the RCPs, requiring operator action to
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trip the RCPs to prevent a possible RCP sea! LOCA. This is of minor impact on the
overall results.

The submittal states that containment bypass/isolation failure contributes 21% to the
total CDF. Other information in the submittal indicates that containment bypass due to
SGTR or interfacing systems LOCAs contributes about 6% therefore, failure to isolate
is associated with about 15% of the CDF.

The IPE did not require the use of plant damage states (PDS) to perform the back end
analysis. The front and back end analyses were automatically linked together. [IPE
submittal, Page 1.3-1, Section 3.1.1, and Section 4.3) That is, the level 1 even! trees
were directly linked to the containment event tree. [IPE submittal, Page 4.3-1] Level
1 end state bins were used for the purposes of presentation and understanding. [IPE
submittal, Section 3.1.6] Core damage sequences were binned based on four
parameters: RCS pressure at core damage, containment isolation status, the size of
the opening if not isolated, and the status of containment heat removal.

2.4.2 Human Factors Interfaces.

Based on the front-end review, the following operator actions were noted for possible
consideration in the review of the human factors aspects of the IPE:

. actions to provide compensatory cooling for the emergency switchgear rooms

. actions to use alternate feedwater pump

. actions 1o trip RCPs given loss of CCW cooling to the motors

. operator actions to refill RWST in response to SGTR that cannot be isolated,
interfacing systems LOCA, or LOCA with loss of recirculation from containment
sump

. operator actions to initiate feed and bleed

. operator action to provide a long term supply of water for AFW.

2.5 Evaluation of Decay Heat Removal and Other Safety Issues

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

2.5.1 Examination of DHR.

The submittal summarizes the importance of systems and options contributing to
decay heat removal, these being: [IPE submittal, Table 3.4.3-1]

Main Feedwater

Auxiliary Feedwater
Feed and Bleed Cooling
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Depressurization with SGs
Residual Heat Removal (RHR).

The submittal discusses the relative importance of these five systems and functions,
and the failures contributing to loss of them. The licensee concludes that there are no
vulnerabilities in these systems and options used for decay heat removal. [IPE
submittal, Page 3.4-56] The licensee does identify vulnerabilities in emergency AC
power- as discussed later in this report- but the IPE does not consider these
vulnerabilities to be vulnerabilities directly associated with DHR.

2.5.2 Diverse Means of DHR.

The IPE evaluated th2 diverse means for DHR, including: use of the power conversion
system, feed and bleed, auxiliary feedwater, the dedicated feedwater pump,
depressurization, and ECCS. Cooling for RCP seais and cooldown/depressurization of
the primary to reduce the impact of a seal LOCA were considered. All of these means
of DHR were quantified with event trees and fault trees.

2.5.3 Unique Features of DHR.

Design features at Beaver Valley 1 that impact the CDF from loss of DHR are as
follows:

. Automatic switchover of ECCS from injection to recirculation. This feature
tends to reduce the CDF by not requiring operator action in response to a large
Loss of Coolant Accident (LOCA) to provide timely switchover of the Emergency
Core Cooling System (ECCS) from the Refueling Water Storage Tank (RWST)
to the containment sump.

’ Operation with 2 of 3 PORV block valves closed. This feature tends to increase
the CDF by reducing the pressure relief capability in response to an ATWS.

. This

power operation.

2.5.4 Other GSUU'SIs Addressed in the Submittal.

The submittal does not propose to resolve any other iss'ies besides DHR directly with
the IPE.
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2.6 Internal Fiooding

This section of the report summarizes our reviews of the process used to model|
internal flooding and of the results of the analysis of internal fiooding.

2.6.1 Internai Figoding Methodology.

The submitta. summarizes the tasks performed for the analysis of internal flooding.
[IPE submittal, Section 3.3.8] The tasks were as follows. (1) Plant Familiarization.
Key plant design information was reviewed. (2) Flood Experience Review. Flood
data from Nuclear Power experience through 1987 were reviewed and used in the
quantification of flood initiating event frequencies. (3) Flood and Equipment Location.
Flood snurces, locations, anc flood propagation were studied. (4) Plant Walkthrough.
The plant was walked down to confirm details of the flooding effects. (5) Scer ‘rio
Quantification. Flood scenarios were postulated, evaluated, and quantified.

Flooding events from river water and fire water survived initial screening and were
quantified. The quantification used the PRA event trees developed for internal
initiating events to quantify the effects of additional random failures, given the failures
as a direct result of the flood.

The licensee described how spray-induced failures were considered in the IPE. As a
result of the plant walkdown, spray-induced effects were judged to be localized.
Based on this conclusion, consideration of spray effects was limited to inadvertent
actuations, leaks, and breaks in the fire suppression system. For most portions of the
fire protection system, inadvertent actuation was not considered as significant due to
the low capacity of the sprinklers and the presence of alarms to alert operators. The
frequency for inadvertent actuation of portions of the fire suppression system in the
rooms containing the CCR pumps was low. Therefore, the contribution of spray-
induced failures to the total CDF from internal flooding was judged to be insignificant.
[Licensee Responses]

2.6.2 Internal Flooding Results.

River water and fire water were identified as critical flood sources. [IPE submittal,
Section 3.3.8) Flood frequencies for flood sources in critical flood locations were
summarized in the submittal, as summarized in Table 2-4 of this report. Data from
Nuclear Power Experience were used to quantify the frequencies of flood initiating
events.

T e submittal states that the CDF from internal flooding was calculated to be 3.02E-
6/year which is 1.4% of the total CDF from internal initiating events and internal
flooding. The relative contributions from the flood locations listed in Table 2-4 of this
report to the total CDF from internal flooding are as follows: [IPE submittal, Figure
3.3.8-2]
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Table 2-4, Important Flood Locations

Flood Location Flood Source Flood Mean Frequency
1/year
Turbine Buiiding River Water 7.7E-3
Intake Structure River Water 9.8E-3
Auxiuary Building River Water 3.0E-4
Control Building River Water 3.3E-6
All Fire Water 1.5E-8

Auxiliary Building 50%
intake Structure 36%
Turbine Building 12%
Control Rcom 1%
Other Locations 1%.

Table 3.3.3-5 of the submittal lists four operator actions credited to mitigate the effects
of flooding. '

The intake structure is shared by Units 1 and 2, and flooding in the intake structure is
36% of the overall CDF from flooding at Unit 1. The licensee stated that flooding in
the intact structure for Unit 1 does not pose a significant potential for dual unit CDF,
because components for the two units are in separate cubicles within the intake
structure. [IPE Responses]

2.7 Core Damage Sequence Results

This section of the report reviews the dominant core damage sequences reporte~ o
the submittal. The reporting of corc damage sequences- whether systemic or
tunctional- is reviewed for consistency with the screening criteria of NUREG-1335.
The definition of vulnerability provided in the submittal is reviewed. Vulnerabilities,
enhancements, and plant hardware and procedural modifications, as reported in the
submittal, are reviewed.

2.7.1 Dominant Core Damage Sequences.

The IPE utilized systemic event trees, and reported results using the screening criteria
from NUREG 1335 for systemic sequences. [IPE submittal, Section 3.4.1]

The total CDF from internal initiating events and from internal flooding was estimated
to have a mean value of 2.14E-4/year. [IPE submittal, Section 3.4.0] Internal flooding
contributed 1.4% to this total CDF; the CDF from internal flooding was 3.02E-6/yr.

30




The total CDF to 95% confidence was calculated to be 3.56E-4/yr and the total CDF to
5% confidence was calculated to be 1.02E-4/yr.

Figure 2-1 of this report summarizes the major contributors to core damage by internal
initiating event. Definitions of the acrony.c 2nd abuoreviations used in this figure are
as follows:

LOSP Loss of offsite power

AC Train Loss of Emergency AC Train
Partial FW Partial Loss of Main Feedwater
River Water Loss of River Water

Non-l1s SLOCA Non-lsolable Small LOCA

Excess FW Excessive Main Feedwater

DC Train Loss of Emergency DC Train
SGTR Steam Generator Tube Rupture
Is SLOCA Isolable Small LOCA

Swgear Vent Loss of Ventilation for Emergency Switchgear
Other Total oi ail Other Initiating Events.

The 'other' category is comprised of numerous initiating events. The licensee provided
a detailed list of these initiating events and the CDF for each. [IPE Fax]

Figure 2-2 of this report summarizes the contribution of accident categories to overall
CDF. [IPE submittal, Section 1.4] These accident categories are not mutually
exclusive; for example, station blackout and loss of switchgear ventilation both
contribute significantly to an RCP seal LOCA.

About 16% of the failures associated with the containment bypass/isolation failure
category are due to loss of the ability to isolate containment after loss of emergency
switchgear ventilation. [IPE Responses] Loss of ventilation results in loss of electrical
power and consequently loss of the ability to provide core cooling and to isolate
containment.

The submittal provides the 100 highest frequency sequences; these sequences in total
represent 82.7% of the total CDF. [IPE submittal, Section 3.4.1]

The top five sequences are summarized in Table 2-5 of this report.

31




Initiating Event

LOSP
AC Train

Partial FW 7, ‘

River Water

Non-Is SLOCA

Excess FW

DC Train

SGTR

ls SLOCA |

Swgear Vent
Other

Contribution of Initiating Events to CDF
for Beaver Valley Unit 1

Total CDF is

2.14E-4/year

5 10 i5 20
Per Cent Contribution to CDF

Figure 2-1. CDF by Initiating Event
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Contribution of Accident Categories to
Overall CDF for Beaver Valley Unit 1

ATWS (20%)
RCP Seal LOCA (47%)

Loss of Switchigear HVAC (16%)

Bypass/Fail Isolate (21%)

Station Blackout (30%)

Note: Categories not Mutually Exclusive and Do
Not Represent Absolute Contributions to CDF.
Percentages Total to More than 100%

Figure 2-2. CDF by Accident Category
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Table 2-5. Top Five Systemic Core Damage Sequences

Initiating Event Subsequent Sequence Frequency
[Failures as Direct Independent 1/ year
Result of Initiating Event] Failures and % of Total CDF
Loss of River Water None 2.0E-5 9.7%

[Loss of Cooling to RCPs
and to HHS! pumps
resulting in RCP seal
LOCA that Cannot be

Mitigated)
Loss of Offsite Power Failure of Both AC Fower Trains, 1.8E-5 8.7%
Failure to Recover AC Power,
Result is Station Blackout and RCP
Seal LOCA that Cannot be Mitigated
Loss ot AC Train A Failure of River Water Train B, 1.2E-5 6.0%
Result is Loss of All River Water
[Loss of River Water which causes Loss of Cooling to
Train A} RCPs and to HHSI| pumps resulting
in RCP seal LOCA that Cannot be
Mitigated]
Partial Loss of Main Failure to Trip Reactor, Inadequate |1.1E-5 5.5%
Feedwater Pressure Relief from Primary leading
to excessive LOCA that cannot be
Mitigated
Loss of Offsite Power Failure of AC Train A, Loss of 9.2E-6 4.4%

Emergency Switchgear Room
Ventilation, Result is Station
Blackout and RCP Seal LOCA that
Cannot be Mitigated

The submittal lists the split fractions which are the major contributors to CDF. [IPE
submittal, Table 1-4] (The split fractions listed are the non-guaranteed- that is,
independent- failure type split fractions.) These split fractions and their contribution to
CDF are as follows:

Failure to Trip Reactor 19.8%
Failure of AC Train A 19.7%
Power Level > 40%- ATWS 19.0%
Failure to Recover AC Power 15%

Failure of AC Train B 13.7%
Failure of RCS Pressure Reliel-ATWS 10.9%
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Failure of River Water Train A 8.0%
Failure of River Water Train B 8.5%
Failure of Rod Insertion- ATWS 6.6%

The submittal states that the dominant cause for loss of both AC trains following loss
of offsite power is independent failure of both DGs. [IPE submittal, Table 1-7]
Common cause failure of both DGs was determined to be a minor contributor.

Sensitivity analyses were performed for six cases. [IPE submittal, Page 3.4-37] These
cases and the effect on CDF are summarized in Table 2-6 of this report.

Table 2-6. Sensitivity Analysis Results

Change to Base Model Per Cent Change in CDF

Factor of 10 increase in all Human Error +795 %
Probabilities (with Upper Limit of 1.0)

Factor of 10 Increase in Non-Recovery +228 %
of Offsite Power

No Common Cause Failure -14.9 %
All Common Cause Failures Fixed at 47 %
95% Confidence Vaiues for Respective

PDFs

No Recovery of Emergency Switchgear +6137 %
Room Ventilation

Perfect Recovery of Switchgear Room -14 %
Ventilation

These results indicate that the credit given to the recovery of ventilation for the
emergency switchgear rooms in the IPE is an importart ~antributor to reducing risk.
The base model! credits operator actions to open -and use portable ventiiation
fans. CDF is not highly sensitive to changes in cummon cause failure values. CDF is
significantly impacted by human error and the ability to recover offsite power.

Station blackout is a high contributor to overall CDF, as is the case for many PWRs.
RCP seal LOCAs contribute significantly to overall CDF, as is the case for many
PWRs.

As indicated in Figure 2-2 of this report, ATWS is a relatively high contributor to the

overall CDF at Beaver Valley 1, more so than at most PWRs. The high contribution of
ATWS is due to failure to provide adequate pressure relief. [IPE submittal, Page 3.4-
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41) As noted previously in this report, the plant operates with iwo of the three
pressurizer PORV block valves closed. The licensee has reevaluated ATWS and
concluded that the contribution of ATWS to the total CDF is significantly less than
reported in the submittal; this is discussed in Section 2.7.3 of this repon.

Loss of emergency switchgear room ventilation is an important plant-specific
contributor to overall COF, considering both its impact as an initiating event and as a
failure during the mitigative phase of accidents. This is because emergency power
requires ventilation as a necessary support system.

Excessive feedwater is predicted to contribute almost 4% to overall CDF, as indicated
in Figure 2-1 of this report. Based on a review of the dominant sequences, this is due
to ATWS following this initiating event. [IPE submittal, Table 3.4.1-1 Sequence # 25)
The mean frequency for excessive feedwater is 0.235, which is high, and the event
results in loss of feedwater. [IPE submittal, Tables 3.3.1-4 and 3.1.1-2] The high
probability of failure to provide insufficient pressure relief for an ATWS with loss of
main feedwater leads to core damage.

2.7.2 Vulnerabilities.

The IPE defined vulnerabilities as “the fundamental contributors to risk” in the
important scenarios.

The licensee identified the following vulnerabilities: [IPE submittal, Table 6.3-2]

AC Power after Station Blackout

Reactor Trip Breaker Failure

Pressurizer PORV Block Valve Alignment

Loss of Emergency Switchgear Room HVA®

RCP Seal Cooling for Station Blackout

Battery Capacity for SG Level during Station Blackout
Pressurizer PORV Sticking after Loss of Offsite Power
Fast 4160 V Bus Transfer.

2.7.3 Proposad Improvements and Modifications.

The submittal describes potential enhancements that are being implemented or that
are under review. The enhancements are discussed relative to each, and the stats
of each enhancement is provided. [IPE submittal, Table 6.3-2] Table 2-7 of this report
summarizes these enhancements.
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Table 2-7. Enhancements

Vulnerability Enhancement Impact of CDF Importance Status of
Enhancement Enhancement
%CDF* Risk
Reduction
Worth"
AC Power Crosstie Capability Allows Unit 1(2) DGs |30.4 0.86 |Implemented,
Generation Between Units 1 and [to power Unit 2{1) if credited in revised
Capability 2 both Unit 1(2) DGs IPE
work
Reactor Trip Enhance Procedures [Enhanced Recovery |18.8 0.79 |Dropped trom
Breaker Failure [to De-Power Bus for ATWS consideration; not
credited in IPE
Pressurizer Operate with ail Block |Increase Pressure 15.6 089 !Revised model
PORV Block Valves Open or Relief Capacity for indicated greater
Valve Alignment |Provide Procedure to |ATWS capacity for each
Open Block Valves PORYV and that
on Loss of Main single PORV
Feedwater generally adequate,
new model credited
in revised IPE
Loss of Enhanced Procedures |Prevent Overheating |15.5 0.87 |Completed; not
Emergency of Switchgear credited in IPE
Switchgear
Room HVAC
RCP Seal Use of improved seal |Reduce Likelihood of [13.8 i New seals will be
Cooling for materials RCP Geal LOCA in installed as existing
Station Blackout Station Blackout spare stock is
expended; not
credited in IPE
Battery Capacity |Enhanced Procedures |Extend time of SG [10.7 0.89 |[Dropped from
for SG Level for Load Shedding Level Indication consideration; not
during Station  |and Using Portable  |under Loss of AC credited in IPE
Blackout Battery Chargers Power
Pressurizer Eliminate Challenge [Reduce Frequency (2.0 0.98 Dropped from
PORV Sticking |by Defeating 100%  |of PORV Openings consideration; not
after Loss of Load Rejection credited in IPE
Offsite Power Capability
Fast 4160 V Bus |Enhanced Procedures |Reduce Frequency |1.5 0.98 Implemented,
Transfer and Training that Breaker Failures credited in IPE
will Challenge DGs

* Percent of Sequences containing Vuinerability
® Fraction of Original CDF Remaining if Failure Probability of Affected System Reduced to 0.0
" Included in Risk Reduction for AC Power Generation Capability
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The licensee provided mo:e information on the status of these enhancements. [IPE
Responses)

t i r mH

More specific response procedures have been developed to provide temporary
ventilation for the emergency switchgear areas through the use of portable fans;
howe ver, the human factor model in the IPE was not revised to account for these
enhancements to the procedures, and thus the CDF was not affected.

Fast 4160 V Bus Transfer

Procedure ECA 0.0 provides direction to operators to transfer power manually to
offsite sources in the event of a failure, and procedure 1/2.36.4A provides specific
direction for racking breakers in and out. These procedures were in place hy the time
of the IPE submittal, and thus the CDF has not changed.

Battery Capacity for Steam Generator Instruments

This item is considered resolved as a result of installation of the 4160 V station
crosstie, since one train of the emergency battery chargers will be powered from this
source. Therefore, the enhanced procedures for shedding battery loads are not
needed. The reduction in CDF associated with this vulnerability is realized by the
installation of the station crosstie.

2 fite Sheian i

This enhancement was identified to address ATWS. With the changes to the PORV
ATWS mode!, as subsequently discussed, the contribution to CDF from ATWS is
substantially reduced. Therefore, this enhancement was not pursued.

AC P ; ion Capabil

Installation of the station crosstie connecting the 4 KV normal buses of Beaver Valley
1 and Beaver Valley 2 is now complete. The PRA model was revised to reflect this
modification, which now takes credit for the Unit 2 DGs, if both are available, given the
failure of both Unit 1 DGs following loss of offsite power.

RCP Seal Gooling for Station Blacl

The CDF associated with seal LOCAs has been greatly reduced by installation of the
4160 V crosstie. Seal injection can be provided within 1 hour after station blackout
using this crosstie. Also, DLC will install new RCP seal materials on a replacement
basis as the stock of current spares is expended.




Pr rizer POR ickin ri ite P r

The IPE assumed Beaver Valley 1 would experience a challenge to the pressurzer
PORVs following loss of offsite power. This is due to the 100% load rejection design
feature which was assumed to be unsuccessful, and the resultant delayed reactor trip
leads to challenges to the PORVs. The addition of the station crosstie reduced the
impact of this vulnerability on CDF to about 0.4%. Therefore, this item is no longer
considered a vulnerability.

8 zer PORY Block Valve Al

The IPE identified ATWS as a significant contributor to the CDF, 20%, due to
operation with two of the three PORV block valves closed. The IPE made
assumptions that were later found to be inconsistent with WCAP 11993, the
Westinghouse analyses for ATWS. Reanalysis with the appropriate assumptions
resulted in the reduction of ATWS from 20.1% of the CDF to 6% of the original CDF;
with the contribution involving inadequate pressure relief changing from 15.6% of the
CDF to 2.87% of the original CDF.

The two changes that affected the COF are: installation of the station crosstie and
reanalysis of ATWS with more optimistic assumptions. The licensee states that the
net effect of these changes results in a 44% reduction in the total CDF, resulting in a
new CDF of 1.2E-4/year. '
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3. CONTRACTOR OBSL ™' ATIONS AND CONCLUSIONS

This section of the report provides our overall evaluation of the quality of the front-end
portion of the IPE based on this review. Strengths and shortcomings of the IPE are
summarized. Important assumptions of the model are summarized. Major insights
from the IPE are presented.

Strengths of the IPE are as follows. The consideration of plant specific initiating events
in the IPE is thorough compared to some other IPE/PRA studies.

Based on our review, the following modeling assumptions are somewhat unigue and
can have an important impact on the overall COF:

(a) the RCP seal LOCA model used,

(b) no requiremer. for containment heat removal to suppor core cooling, and

(c) the ability of operators to provide compensatory ventilation for the emergency
switchgear rooms, and

(d) two of three PORV block valves normaliy closed and unavailable for pressure
relief for ATWS event.

The NUREG 1150 RCP seal LOCA mode! was used; this tends to increase the CDF
in comparison with IPEs that used the Westinghouse seal LOCA model. The IPE
assumed that containment spray and heat removal are not required to support core
cooling; most IPE/PRAs assume that the ability to cool the core is either lost or
degraded if containment cooling is not provided during accidents in which mass/energy
are released into containment. This assumption tends to decrease the CDF. The
credit for operator action to provide ventilation to the emergency switchgear rooms by
opening doors and using portable fans tends to reduce the CDF.

Significant level-one IPE findings are as foilows:

. RCP seal LOCAs after station blackout are an important contributor to the total
CDF

. the CDF associated with failure to isolate containment is relatively high

. the CDF from internal flooding is small.

One reason that RCP seal LOCAs during station blackout are an important contributor
to CDF is because the NJREG 1150 model for seal LOCAs was used. IPEs that
have used the Westinghouse seal LOCA model typically predict less of a contribution
from seal LOCAs to the total CDF. The CDF associated with failure to isolate
containment is relatively high due to loss of ventilation for electrical switchgear causing
loss of electrical power and the inability to isolate containment. The CDF from internal
flooding is small due to the layout of the plant.
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4. DATA SUMMARY SHEETS

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

The total CDF from internal initiating events, including internal flooding, was 2.14E-
4/year. Internal flooding contributed 1.4% to the total CDF (In responses to RAl, the

licensee provided summary information of an updated analysis; this update is
discussed in previous sections of this report.)

itiati ibuti

" lnitiatinent (IE) IE L COF ~ | Percent of CDF
(1/year) (1/year)

Loss of Offsite Power |[0.0664 5.10E-5 24
Loss of Emergency AC 19
Train

Orange Train 0.0383 3.38E-5

Purple Train 0.0383 6.10E-6
Partia’ Loss of Main 0.745 2.26E-6 12
Feeuwater
Loss of River Water 2.3BE-5 2.38E-5 11
Non-lsolable Small 4 83E-3 1.20E-5 6

lLoca

Excessive Main 0.235 8.2BE-6 4
Feedwater
Loss of Emergency DC 4
Train

Qrange Train 9.37E-3 8.58E-7

Purple Train 9.37E-3 6.67E-6
SGTR 0.0132 6.14E-6 3
Isolable Small LOCA |0.0137 5.94E-6 3
Loss of Ventilation for |4.62E-6 4 61E-6 2
Emergency Switchgear
Other Initiating Events  |-es=semeeemms

41




Dominant Hardware Faiiures and Operator Errors Contriputing to CDF

Hardware failures contributing significantly to the total CDF are: failure of AC train A,
failure of Reactor Coolant System (RCS) pressure relief in response 1o an ATWS,
failure of the river water system, and failure to trip the reactor.

Operator actions contributing significantly to reducing CDF are: recovery of ventilation
for the emergency switchgear rooms, and recovery of AC power for the 1E buses.

Bomiiant Accidar o et gina 10 GDF

The submittal summarizes the contribution to overall CDF by accident category, as
follows:

RCP Seal LOCA 46%
Station Blackout 30%
Containment Bypass/Isolation Failures 21%
Loss of switchgear HVAC 16%
ATWS 20%.

These accident categories are not mutually exclusive, and the percentages noted do
not represent absolute contributions.

Desian i B tor COF

The following design features impact the CDF:

Dedicated feedwater pump powered off the emergency response facility Diesel
Generator (DG) as an Appendix R backup for auxiiiary feedwater.

Automatic switchover of ECCS from injection to recirculation.

Operation with 2 of 3 PORV block valves closed.

Requirement to provide ventiiation to the emergency switchgear rooms.

The impact of these design features on the overall CDF is discussed in Section 1.2 of
this report.

Modificati

After completion of the IPE, two changes were made, one a change to the plant, and
the other a change to the assumptions in the IPE model. These two changes were:
installation of the station crosstie and reanalysis of ATWS with more optimistic
assumptions. The licensee states that the net effect of these changes results in a
44% reduction in the total CDF, resulting in a new CDF of 1.2E-4/year.




Other USI/GS1s Addressed

No other GSI/US!'s are directly addressed by the IPE submittal.

sianificant PRA Findi

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

. RCP seal LOCAs after station blackout are an important contributor to the total
CDF
. the CDF associated with failure to isolate containment is relatively high

the CDF from internal flooding is small.
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