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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 Farley units 1 and 2. This review is based on
information contained in the IPE Submittal along with the licensee’s responses to
Requests for Additional Information (RAI).

E.1 Plant Characterization

The Farley site contains two units, each a three loop pressurized water reactor (PWR),
located in southeast Alabama. Westinghouse was the nuclear steam system supplier
(NSSS), and Southern Nuclear Company (SNC) was the architect engineer (AE), for
both units, with assistance from Bechtel. Unit 1 achieved commercial operation in
1977; unit 2 achieved commercial operation in 1981. The design power is 2652 MW,
861 MWe (gross), for each unit. Similar units in operation are: Surry and North Anna.

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

Loss of CCW results in loss of cooling to the Reactor Coolant Pump (RCP)
thermal barriers; since the charging pumps are the High Pressure Safet)
Injection (HPSI) pumps, and these pumps use CCW for normal cooling, loss of
CCW also causes loss of seal injection and loss of high pressure ECCS
makeup, unless backup cooling is supplied to the charging pumps. This would
result in an RCP seal Loss of Coolant Accident (LOCA) that cannot be
mitigated. Therefore, use of the same pumps for both charging and high
pressure ECCS that are normally cooled by CCW tends to increase the CDF
from seal LOCAs.

Diesel driven firewater can be used to supply cooling to the charging pumps if
CCW cooling is lost; this tends to decrease the Core Damage rrequency (CDF)
from a seal LOCA due to loss of CCW.

Manual actions are required to align ECCS to recirculation from the containment
sump from injection from the Refueling Water Storage Tank (RWST) following a
LOCA.: this tends to increase the CDF from LOCAs relative to plants for which

the alignment is automatic.



The presence of 3 swing DGs tends to lower the CDF due to station blackout
relative to plants with fewer DGs.

E.2 Licensee's IPE Process

The IPE represents a level 2 Probabilistic Risk Assf.ssment (PRA), that includes
internal initiating events and internal flooding. The IPc reflects the plant design as of
May, 1991,

Utility statf were involved in the performance of the IPE. A project engineer from the
licensing department managed the effort, and one senior-level engineer was dedicated
to the IPE team for the front end effort. The major contractor for the front-end PRA
was Westinghouse, with some assistance provided by Bechtel.

Plant walkdowns were performed to verify that the PRA model represented the as-built
condition. The walkdowns were performed by members of the IPE team with specific
responsibilities for modeling of systems, structures, and internal flooding.

Major documentation used in the IPE included: the UFSAR, technical specifications,
system descriptions, plant drawings, simulator runs, operating procedures, and
calculations. Bechtel HVAC and heat load calculations were reviewed. |IPE submittals
of three other plants were reviewed, and information from other PRA studies was
reviewed.

Several reviews of the lavel 1 PRA were performed. An Independent Review Group
(IRG) was created to provide an independent in-house review of the IPE.

PLG, in consultation with the IRG, performed more intensive reviews of selected
portions of the IPE for the IRG.

The utility does not indicate in the Submittal whether or not it intends to maintain a
living' PRA.. The licensee indicated that Farley intends to maintain an updated PRA.

E.3 Front-End Analysis

The methodology chosen for the Farley IPE front-end analysis was a Level | PRA; the
large event tree/small fault tree technique with support state modeling was used,
quantification was performed with the GRAFTER code.

The IPE quantified 42 initiating events: 3 LOCAs, SGTR, Interfacing Systems LOCA,
Vessel Rupture, Two Types of Secondary Breaks, 12 Generic Transient Events, 10
Plant Specific Transient Events, and 12 internal Flooding Events. The IPE developed
11 systemic event trees for frontiine systems, to model the plant response to each
class of initiating event.



The criterion for core cooling was that core exit temperature not exceed 1200 F for a
significant time period, on the order of thirty minutes.

Loss of instrument air was considered as an initiating event. Loss of HVAC was not
considered to be an initiating event based on plant-specific analyses that were
performed.

Success criteria were developed based on thermal hydraulic analyses performed with
MAAP and TREAT, the Updated Final Safety Analysis Report (UFSAR), and
engineering judgement.

Major support systems were modeled in a support system event tree, but some minor
support systems were modeled in the system fault trees.

The IPE used plant specific data from 1984 through 1930, to Bayesian update generic
data. Generic data were used in lieu of plant specific data in situations where plant
specific data were not available. The IPE used plant specific data for system
unavailability for testing and maintenance. The plant specific data used in the IPE
were comparable with data used in typical IPE/PRAs.

The Multiple Greek Letter (MGL) method was used to model common cause failures.
The data for common cause failures were taken from standard sources, and reviewed
for applicability to Farley. Common cause failures were modeled within systems.
Some of the MGL common cause factors used in the IPE are lower than those used in
many other IPE/PRAs. The licensee discussed the process used to eliminate or
modify data from the Electric Power Research Institute (EPRI) data base for
consideration in the IPE, and concluded that in many cases common cause events
from the EPRI! database could not happen at Farley due to the plant-specific
configuration.

The Submittal describes the technique u: ed to evaluate internal flooding. All areas of
the plant were evaluated to identify those areas for which flood could result in reactor
trip; studies of the Appendix R fire zones, review of plant design documentation, and
plant walkdowns were used to finalize flocding events of potential significance .
Submergence and spray were considered. Quantification of 14 flooding events in 11
flood zones was performed.

The total CDF from internal initiating events and internal flooding is 1.3E-4/year . The
CDF from internal flooding is 1.2E-5/year.

The Submittal reported core damage sequences consistent with the systemic reporting
criteria of NUREG 1335. The top 100 core damage sequences were reported.

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



Loss of Train A Service Water (SW)  22%

Small LOCA 13%
Loss of 4160 V AC Bus F 10%
Dual Unit Loss of Offsite Power 8%
Single Unit Loss of Offsite Power 7%
Loss of In-Service CCW 6%
Loss of All CCW 6%
Flood in Cable Spreading Room 4%
Turbine Trip 3%
Large LOCA 3%.

Core damage by the major classes of accidents is as follows:

RCP Seal LOCA 47%
Loss of Heat Sink 25%
LOCA 18%
Station Blackout 9%.

Section 4 of this report contains a more complete listing of the contribution of initiating
events and the contribution of accident classes to the total CDF.

Based on the contribution to the CDF, the most important systems are as follows,
listed in decreasing importance: service water, 4160 V AC buses, component cooling
water, ECCS recirculation, and ECCS injection.

The IPE used Plant Response Trees (PRTs) that model both the front and back end
portions of the accident sequences. Therefore, traditional plant damage states (PDS)
that bin front-end core damage sequences for subsequent back-end analyses were not
used.

Based on our review, the following aspects of the modeling process have an impact
on the overall CDF:

(a) the model used for seal LOCAs

(b)  no requirement for any containment cooling with fan coolers or
containment spray to allow core cooling with recirculation from the
containment sump

(c) HVAC required only for charging and AFW pump rooms and for DG
rooms.

The licensee stated that the Westinghouse seal LOCA model was used. Other IPEs
have also used the Westinghouse seal LOCA model, but predict less likelihood of core
uncovery as a function of time, especially if the RCS is cooled down. Therefore, the
specific application of the Westinghouse seal LOCA model in this IPE tends to
increase the CDF from a seal LOCA in comparison to that in other IPEs. Also, this



IPE assumed that if CCW cooling is lost to an RCP and the RCP is not tripped within
2 minutes, a total failure of the seal occurs. It should be noted that Farley is more
susceptible to loss of seal cooling than many other PWRs since CCW is used to cool
the charging pumps and the charging pumps are the HPS| pumps; therefore, design
as well as the data used contributes to the high CDF from a seal LOCA at Farley.

The IPE assumed that no containment spray and no containment fan coolers are
required to support core cooling; best estimate containment failure pressure was used
and MAAP calculations were performed to establish that cooling with one RHR heat
exchanger is sufficient. This tends to lower the CDF by not requiring operation of
either core spray or containment fan coolers to mitigate an accident.

Based on plant-specific room heatup analyses, the IPE assumed that Heating
Ventilation and Air Conditioning (HVAC) was not required for rooms containing: CCW
pumps, core spray pumps, Residual Heat Removal (RHR) pumps, or electrical
equipment. This tends to lower the CDF compared to plants for which HVAC for such
areas is required.

E.4 Generic Issues

The IPE specifically addressed loss of Decay Heat Removal (DHR), considering DHR
as both core cooling and ultimate heat removal. Failures in the following systems
dominated the CDF due to loss of DHR: service water, AC power, CCW, high head
ECCS recirculation, high head ECCS injection, and Auxiliary Feedwater (AFW). No
vulnerabilities associated with DHR were identified as a result of the IPE.

The Submittal states that the expectations of USI A-17, “Systems Interactions”, with
respect to the IPE evaluation of internal flooding, have been met.

The licensee does not propose to resolve any other generic issues with the IPE.
E.5 Vulnerabilities and Plant Improvements
The IPE used the following criteria used to screen for plant specific vulnerabilities:
(1)  Any functional core damage sequence that contributes greater than 1E-
4/year, or greater than 50% of CDF.
(2) The dominant core damage sequences resulting in containment bypass
that contribute, when summed together as a group, greater than 1E-5/
year, or greater than 20% of CDF.

Based on these criteria, the licensee concluded that Farley has no vulnerabilities.

During the performance of the IPE, several plant improvements were identified as
important and were implemented prior to completion of the IPE. These improvements



involved procedural changes and minor hardware modifications. These improvements
were as follows:

. alignment of fire water for charging pump cooling if CCW cooling is lost

. alignment of charging pump suction to the RWST and isolating seal return flow
upon loss of cooling to the in-service CCW train to allow additional time to align
the miscellaneous CCW header to the opposite train

. alignment of the swing CCW pump to the standby train while it is powered from
the opposite train to maintain seai injection flow following loss of SW cooling to
the in-service train of CCW corabined with failure of the standby CCW pump

. stabilizing the plant with only one operating SW pump by reducing SW system
loads in order to maintain CCW cooling

. realigning ECCS to cold leg recirculation following failure to establish hot leg
recirculation
. verifying that major loads on the Emargency Safeguards Features (ESF) buses

have been shed prior to aligning a backup DG following a single unit loss of
offsite power.

The first two improvements resulted in a reduction of overall CDF from 7E-4 to 1.3E-
4/year, due to decreasing the potential for RCP seal LOCAs.

The Submittal states that during the next scheduled maintenance outage for the
RCPs, the current RCP seal O rings will be replaced with new high temperature O
rings. The Submittal indicates that installation of these new seal rings will reduce
overall COF by about 20 %.

The improvements already completed and planned to should result in a reducticn in
CDF.

E.6 Observations

We believe that the licensee analyzed the plant design and operations of Farley to
discover instances of particular vulnerability to core damage. The licensee has
developed an overall appreciation of severe accident behavior, understands the most
likely severe accidents at Farley, has gained a quantitative understanding of the
overall frequency of core damage, and has implemented changes to the plant to help
prevent and mitigate severe accidents.

in our opinion, the IPE has the following strengths. The list of initiating events appears
complete, and does consider many plant specific initiating events.

in our opinion the IPE has two shortcomings, one of which can have an important
impact on the CDF. (1) The IPE used low values for common cause failure among
certain important components such as DGs and ECCS pumps based on plant-specific
screening of generic data. Common cause failures are subtle and that the screening



may have underestimated the potential for common cause failures. The CDF would
increase if common cause failure values typically used in most other IPE/PRAs were
useu in the Farley IPE. (2) The success criteria for mitigation of a large LOCA do not
require injection from the accumulators. MAAP analyses were performed to provide
the basis for the success criteria for a large LOCA. We do not believe that MAAP has
sufficient fidelity to model the blowdown, reflood, and refill phases of a large LOCA
accident. However, the impact of requiring accumulators to mitigate a large LOCA
should have a minor impact on the CDF.

Significant level-one IPE findings are as follows:

. seal LOCAs are an important contributor to the overall CDF

. the use of firewater for providing backup cooling for the charging pumps has a
significant impact on reducing the CDF

. station biackout is a relatively small contributor to CDF.

Seal LOCAs are an important contributor to the total CDF due to the requirement to
trip the RCPs following loss of seal cooling, the use of CCW to cool the charging/HPSI
pumps, and the model used for the likelihood and size of a seal LOCA following loss
of seal cooling. The use of fire water for backup cooling for the charging pumps
reduces the likelihood of loss of seal injection and prevents the CDF from seal LOCAs
from being even higher. The CDF from station blackout is relatively small due to: the
distinction between loss of offsite power for the site and loss of offsite power for a
single unit in the IPE, the presence of 3 swing DGs at the site, and the low values
used for common cause failures of DGs in the IPE.



1. INTRODUCTION
1.1 Review Process

This report summarizes the results of our review of the front-end portion of the IPE for
Farley units 1 and 2. This review is based on information contained in the IPE
Submittal [IPE) along with the licensee’'s responses [IPE Responses] to RAI

1.2 Plant Characterization

The Farley site contains two units, each a three loop pressurized water reactor (PWR),
located in southeast Alabama. Westinghouse was the nuclear steam system suppiier
(NSSS), and Southern Nuclear Company (SNC) was the architect engineer (AE), for
both units, with assistance from Bechtel. Unit 1 achieved commercial operation in
1977; unit 2 achieved commercial operation in 1981. The design power is 2652 MWL,
861 MWe (gross), for each unit. Similar units in operation are: Surry and North Anna.

Design features at Farley that impact the CDF are as follows:
+  Use of charging pumps for high head Emergency Core Cooling system (ECCS)

Loss of CCW results in loss of cooling to the Reactor Coolant Pump (RCP)
thermal barriers; since the charging pumps are the High Pressure Safety
Injection (HPSI) pumps, and these pumps use CCW for normal cooling, loss of
CCW also causes loss of seal injection and loss of high pressure ECCS
makeup, unless backup cooling is supplied to the charging pumps. This would
result in an RCP seal Loss of Coolant Accident (LOCA) that cannot be
mitigated. Therefore, use of the same pumps for both charging and high
pressure ECCS that are normally cooled by CCW tends to increase the CDF
from seal LOCAs.

Diesel driven firewater can be used to supply cooling to the charging bumps if
CCW cooling is lost; this tends to decrease the Core Damage Frequency (CDF)
from a seal LOCA due to loss of CCW.

Manual actions are required to align ECCS to recirculation from the containment
sump from injection from the Refueling Water Storage Tank (RWST) following a
LOCA; this tends to increase the CDF from LOCAs relative to plants for which
the alignment is automatic.




The presence of 3 swing DGs tends to lower the CDF due to station blackout
relative to plants with fewer DGs.



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 Farley IPE is a level 2 PRA. The IPE Submittal is complete with respect to the
type of information requested by Generic Letter 88-20 and NUREG 1335.

The tront-end portion of the IPE is a level | PRA. The specific technique used for the
level | PRA was the large event tree/small fault tree technique with support state
modeling.

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 events. Plant Response Trees (PRT) were developed for each class of
initiating event. The PRTs model both the front-end and the back-end portions of the
analysis, and they are larger in scope than the standard event trees that model the
front-end portion of the accident sequences. Event Sequence Diagrams (ESDs) were
developed and used as the basis for the PRTs. The development of component level
system fault trees was summarized, and system descriptions were provided. Major
support systems were modeled with event trees that were analyzed to specify support
states for quantification of the accident sequence event trees; iocalized support was
modeled directly in the fault trees. Inter-system dependencies were discussed and
figures of system dependencies were provided. Data for quantification of the models
were provided, including common cause failure data. Recovery was considered. The
application of the technique for modeling internal flooding was described in the
Submittal. The IPE did not include an uncertainty analysis. The Submittal did include
a limited sensitivity analysis.

The technique uses large event trees with support states, but hased on an
examination of the event trees provided in the Submittal, complete split fractions were
not produced. The Submittal indicates that for situations in which support states did
not account for all inter-event dependencies, 'special’ events were inserted into the
event tree models to account for the dependencies. [IPE submittal, Section 2.3] [IPE
Responses]

The PRA upon which the IPE is based was initiated in response 1o Generic Letter 88-
20.
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2.1.2 Multi-Unit Effects and As-Built, As-Operated Status

Farley is a dual unit site and the two units share some systems, such as the swing
DGs. The IPE modeled Unit 1 and concluded that the results of the analysis for Unit 1
are also applicable to Unit 2. [IPE, Section 2.5]

The licensee states that where shared systems were modeled (such as shared DC
power for service water), the IPE only took credit for the Unit 1 components and did
not credit the Unit 2 components. [IPE Responses] The IPE did credit crosstie of the
following Unit 2 systems for use at Unit 1: instrument air and service water. One dual
unit initiating event was modeled, that being dual unit loss of offsite power.

Plant walkdowns were performed to verify that the PRA model represented the as-built
condition. [IPE submittal, Section 2.4] The walkdowns were performed by members of
the IPE team with specific responsibilities for modeling of systems, structures, and
internal flooding. Walkdowns included participation by utility staff knowledgeable in the
systems and technical areas to be addressed by the walkdowns. Checklists were
developed and used to collect information during the walkdowns. The checklists
considered: room environment (barriers, cooling, etc.), local indications and control,
and flood related information.

Major documentation used in the IPE included: the UFSAR, technical specifications,
system descriptions, plant drawings, simulator runs, operating procedures, and
calculations. [IPE submittal, Table 2-1] Calculations reviewed included Bechtel HVAC
and heat load calculations.

IPE submittals of three other plants were reviewed, and information from other PRA
studies was reviewed. [IPE submittal, Section 2.4.2] The specific IPEs and studies
reviewed are as follows:

IPE for Millstone

IPE for Diablo Canyon
IPE for Zion

PRA for Seabrook
NUREG 1150 PRAs

The freeze date for the IPE mode' was May 1, 1991, with some exceptions. [IPE
submittal, Section 2.1] . The Sut mittal does list several procedural and hardware
enhancements identified and imp.emented during the course of the IPE, these being:
[IPE submittal, Section 1.4.1]

alignment of firewater for charging pump cooling if CCW cooling is lost

alignment of charging pump suction to the RWST and isolating seal return flow

1



upon loss of cooling to the in-service CCW train to allow additional time to align
the miscellaneous CCW header to the opposite train

alignment of the swing CCW pump to ihe standby train while it is powered from
the opposite train to maintain seal injection flow following loss of SW cooling to
the in-service train of CCW combined with failure of the standby CCW pump

stabilizing the plant with only one operating SW pump by reducing SW system
loads in order to maintain CCW cooling

realigning ECCS to cold leg recirculation following failure to establish hot leg
recirculation

verifying that major loads on the ESF buses have been shed prior to aligning a
backup DG foilowing a single unit loss of offsite power.

The licensee states that the following four plant design changes completed after the
freeze date were incorporated into the IPE model: [IPE Responses]

replacement of charging pump seals with a new design not requiring CCWwW
cooling (charging pump oil coolers still use CCW cooling)

replacement of the plant inverters
modification of SW pump miniflow valves to fail closed on loss of air

addition of interposing relays to ensure continued operation of safety-related DC
loads at the minimum voltage supplied by the Unit 2 batteries at 2 hours with
loss of charging.

The first three of these plant changes reduced the overall CDF to a small extent. The
last change ensured that the battery lifetime used in the model for Unit 1 was also
applicable to Unit 2.

2.1.3 Licensee Padicipation and Peer Review

Two utility personne! were activeiy involved in the IPE front-end effort. [IPE submittal,
Sections 1.1 and 5.1.1). The primary contractor for the front-end PRA was
Westinghouse. Assistance from architect/engineer personnel at Southern Nuclear
Services and Bechtel was obtained for selected technical areas such as: service water
system flow calculations, room heatup calculations, and the ability to use firewater to
cool charging pumps.

The licensee indicated that Farley intends to maintain an updated PRA, but no specific
plan to maintain an updated PRA was provided. [IPE Responses]
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Several reviews of the level 1 PRA were performed. [IPE submittal, Section 5.2] An
Independent Review Group (IRG) was created to provide an independent in-house
review of the IPE. The IRG was composed of plant and corporate staff with plant
knowledge and experience who were not involved in the direct performance of the
IPE. PL&G, in consultation with the IRG, performed more intensive reviews of
selected portions of the |PE for the IRG. These reviews included a comparison of the
methodology used in the IPE to that used by PL&G in PRA/IPEs which they had
performed.

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 |nitiating Events

A plant specific initiating event, denoted as a 'special' initiating event in the Submittal,
was retained for specific analysis if it caused reactor trip and simultaneously degraded
the capability of mitigating system(s). Plant specific initiating events retained for
specific analysis were as follows:

Loss of Instrument Air

Loss of Both Trains of Service Water

Loss of Single Train of Operating Service Water
Loss of Both Trains of CCW

Loss of the Operating Train of CCW

Loss of 2 120 V ac Instrument Panels

Loss of 1 125 V dc Auxiliary Building Power Bus
Loss of 1 4160 V ac Emergency Bus.

The licensee discussed the reasons for not considering the following events as
initiating events: loss of service water building DC power, and spurious containment
isolation and the impact on seal cooling. The licensee stated that the following criteria
were used 1o screen plant specific events from consideration as a special initiating
event: (1) the event had frequency of less than 1E-8/year, and (2) the event had a low
frequency and a similar impact as a previously considered event. Loss of service
water building DC power does not trip the running SW pump and it has no impact on
other systems. The service water building DC power system was modeled in the fault
tree for the standby service water pump. Containment isolation phase A does not
result in loss of seal cooling. Containment isolation phase B isolates CCW cooling but
does not isolate seal injection; operators will have to trip the RCPs due to loss of
bearing cooling. The impact of a spurious phase B containment isolation signal has a
minor impact on CDF compared to loss of CCW or loss of SW, therefore, this event
was not considered as a special initiating event. [IPE Responses]
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The licensee discussed the basis for not considering the following specific initiating
events: loss of a non-1E 4160 V AC bus and loss of HVAC to electrical equipment
rooms and to the control room. [IPE Responses] The licensee stated that the loss of a
non-1E 4160 bus is subsumed in the initiating event “loss of reactor coolant flow”.

The licensee stated that room heatup calculations and the redundancy of room cooling
equipment support not modeling loss of HVAC for electrical switchgear rooms as
special initiating events. Loss of control room HVAC was not considered due to the
ability to implement compensatory cooling measures.

The frequency assigned to the interfacing systems LOCA is 5.4E-6/year. Information
as 1o how the IPE modeled interfacing systems LOCAs is provided in the “Interfacing
System LOCA Initiating Event Frequency Notebook". This notebook describes the
process used to identify interfacing system LOCAs, and summarizes the quantification
of the interfacing LOCA events. [IPE Responses]

The Submittal states that the small LOCA initiating event includes RCP seal LOCAs
and primary safety/relief valves failing to reclose after a transient event that results in
their opening. [IPE submittal, Section 3.1.1]

An inadvertent safety injection (SI) signal was considered as an initiating event. [IPE
submittal, Table 3.1-1] The UFSAR indicates that an Sl signal alsc results in phase &
containment isolation (Cl), note 7.0 of Table C-2 of the Submittal indicates that this was
considered in the IPE model.

The Submittal does include a figure and table, with copious footnotes, that
summarizes the systems affectec by and responding to the initiating events. [IPE
submittal, Figure C-1 and Table C-2] This information states that an interfacing
systems LOCA initiating event is due to failure of RHR suction line isolation valves.
[IPE submittal, Teble C-2, Note 8] This information also provides a description of the
impact of the loss of instrument air: the MSIVs drift closed, turbine bypass valves
close, main feedwater is lost, and CCW cooling to RCP thermal barriers is lost. [IPE
submittal, Table C-2, Note 30]

The point estimate frequencies assigned to the initiating events are comparable to
those used in typical IPE/PRAs. [IPE submittal, Table 3.1-1]

The IPE does consider both single and dual unit loss of offsite power; this is
appropriate since each unit has its own switchyard. According to the UFSAR, unit one
has a 230 KV switchyard and unit 2 has a 500 KV switchyard; the two switchyards are
interconnected by an auto-transformer. [UFSAR, Section 8.2]

The IPE does consider breaks in main steam and feedwater lines as initiating events,

and the location of these breaks which affects the ability to isolate the breaks and the
remaining steam generators, is considered. [IPE submittal, Table 3.1-1)
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The IPE evaluated 42 specific initiating events. [IPE submittal, Table 3.1-1] These
events can be categorized as follows:

Three LOCA Events (large, medium, and small)
SGTR

Interfacing Systems LOCA

Vessel Rupture

Two Types of Secondary Breaks

12 Generic Transient Events

10 Plant Specific Transient Initiating Events

12 Internal Flood Events.

The IPE developed *1 specific PRTs to model all of the 42 initiating events. [IPE
submittal, Appenaix A)

2.2.2 Event Trees

Each accident initiating event was included in an appropriate class of initiating events,
and each class of initiating events had a corresponding event tree logic model. All
functions or systems important to the accident sequences were considered. The
interfaces among the events in the event tree logic models and the corresponding
mitigating systems were cleaily indicated. The event tree logic models properly
accounted for: time ordered response, system level dependencies, sequence specific
effects on system operability- such as environmental conditions, and high level
operator actions as appropriate.

Eleven PRTs were developed, these being:

Large LOCA

Medium LOCA

Small LOCA

Interfacing Systems LOCA

SGTR

Secondary Breaks Inside Containment
Secondary Breaks Outside Containment
ATWS

Loss of Offsite Power

Station Blackout

Transients.

The mission time used was 24 hours.
The Submittal states that the criterion for no core damage is core exit temperatures

not in excess of 1200 F for a significant time period, about 30 minutes. [IPE submittal,
Section 2.3] We have a comment on this success criterion used for no core damage.
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During a large LOCA fuel is uncovered and cladding temperatures are high until the
core is refilled; the success criteria does not address, in our opinion, the transient
phases (blowdown, refiood, and refill) of a large LOCA accident.

The Submittal indicates thzt accumulators are not required in the success criteria for
mitigation of a large LOCA. This assumption was based on MAAF = alyses. In our
opinion, MAAP does not have sufficient fidelity to model the blow:: wn, reflood, and
refill phases of a large LOCA accident where the cladding temperature is of potential
significance. To our knowledge MAAP does not include delayed neutron fission
energy, an important source of energy in the first minute after the LOCA, and we do
not know if the analysis considered the impact of failure to isolate containment (not
required in the IPE success criteria for a large LOCA) which results in significant
increase in peak cladding temperature due to lower back pressure increasing the time
to reflood the core. Inclusion of the accumulators in the success criteria should have
minor impact on the overall CDF, but we consider this success criteria for the large
LOCA to be questionable. [IPE Responses)

The Submittal states that the accident sequence systems success criteria were based
on: the UFSAR, Westinghouse Owner's Group generic technical reports, plant
emergency operating procedures, MAAP analyses (for LOCAs), TREAT analyses (for
transients), and COMPACT analyses (for room heatup).

Based on our review of the PRTs, we have the following comments related to
sequence success criteria and the structure of the PRTs.

Table 3.1-2 of the Submittal uses different success criteria for the event HHI
depending on the applicable PRT. This table provides two different success criteria for
event HHI for the same PRT, namely the PRT SBO (station blackout). In one entry in
the table, the success criteria for HHI for SBO is stated to be 1 of 2 charging pumps to
2 of 3 cold legs for 4 hours. In a subsequent entry in the table, the success criteria for
HHI for SBO is stated to be 2 of 2 charging pumps to 2 of 3 cold legs for 4 hours.

The licensee stated that HH! is considered after power restoration [IPE Responses].
HHI is successful with one pump only if the turbine driven AFW pump is available and
power is restored in one hour; all other success paths involving HHI require two
pumps. This explains the use of different success criteria for event HHI.

The licensee stated that cooling with either one RHR heat exchanger or with 2 fan
coolers is required during recirculation from the containment sump. The licensee
summarized the results of MAAP calculations that support the assumption that one
RHR heat exchanger is sufficient. [IPE Responses] Cther IPEs have made similar
assumptions also supported by MAAP analyses. We balieve that MAAP is appropriate
for such analyses and we agree with th conclusions in the IPE, but the temperature
of the water in the containment sump calculated for this IPE, 175 F, seems very low in
comparison with analyses that we have seen for other IPE Submittals. However, we
performed a scoping calculation to assess the ability of one RHR heat exchanger to
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maintain acceptable temperatures, and concluded that one RHR heat exchanger is
probably sufficient. [SEA Caic 553-24]

The Submittal indicates that a reactor trip is not required for successful mitigation of a
medium LOCA. [IPE submittal, Section 3.1.3] This conclusion is based on analyses
performed for ATWS.

The PRT for a small LOCA indicates that either steam generator cooling with auxiliary
feedwater or feed and bleed are required to mitigate a small LOCA. [IPE submittal,
page A-21)

The PRT for an interfacing systems LOCA indicates that if the containment fan coolers
work (FC), high head injection works (event HHI), operator action is taken to minimize
ECCS injection (OSR) and tc establish normal makeup (OSM), and normal makeup
works (NMKF), then the LOCA is successfully mitigated. The licensee stated that the
most important interfacing systems LOCA is equivalent to a medium LOCA which can
be mitigated with one HHSI (charging) pump. The requirement for fan cooler
operation is to prevent automatic operation of containment sprays and subsequent
early depletion of RWST inventory.

The PRT for a Steam Generator Tube Rupture (SGTR) contains a subtree for use of
normal RHR, however sequences on this subtree have endstates of 'success' for the
case where RHR fails. [IPE submittal, page A-44 endstates # 2,3,7 and 8]. The
licensee clarified this point. [IPE Responses] The licensee stated that no credit for
refill of the RWST was taken in the model, but due to the time available for operator
actions to recover long term core cooling given success of HHS| and AFW, all event
sequences with success of these two systems were assumed to have successful core
cooling even if RHR shutdown cooling initially failed. In effect, the event tree credits
operator action to establish core cooling if HHSI and AFW are successful.

The PRT for a steam line break considers the case where the break is inside
containment and therefore blowdown from the ruptured steam generator cannot be
isolated. The PRT indicates that boration with high head injection is not required to
successfully mitigate a steam line break inside containment. [IPE submittal, page A-46,
endstate # 6] The licensee provided the basis for not requiring boration to mitigate a
main steam line break. The licensee stated that best estimate analyses which do not
assume that the control rod of highest worth fails to insert (as assumed in the UFSAR
analysis) indicate that boration is not required to prevent a return to criticality. [IPE
Responses)

The PRT for a main sieam line break inside containment indicates that the accident
can be successfully mitigated if event SGI fails. [IPE submittal, page A-46 endstate #
8] Table 3.1-2 of the Submittal indicates that SGI is isolation of the 2 intact steam
generators from the ruptured steam generator. The licensee stated that a Bechtel
analysis indicates that if only one motor driven AFW pump is available on Unit 1 it
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may runout and both motor driven AFW pumps running may runout on LNt 2, uniess
operator action is taken to throttie flow. [IPE Responses) The licensee states inat the
model used in the IPE for successful operation of AFW with unisolated SGs cannot be
supported by current analysis; the CDF for Unit 2 could increase by no more than
3.3% and for Unit 1 by no more than 1.05%. A final flow model is being completed
and if this mode! still indicates a problem, the IPE model will be revised accordingly.

The event tree for transients models the use of feed and bleed for successful
mitigation. For successful feed and bleed the following events are required to be
successful: operator initiated feed and bleed cooling (event OAB), 1 of 2 high head
safety injection, charging, pumps work (event HHI), and one of two relief valves and
associated block valves on the pressurizer open (event PZR). [IPE submittal, page A-
86 and Tables A-1 and 3.1-2] The Submittal does not provide the basis for the
success criteria for feed and bleed. We did a quick check on this element of the IPE
success criteria. [SEA Calc 553-024] Our calculations indicate that a more complete
analysis would support the success criteria used for feed and bleed in the IPE.

The PRT for a transient event indicates that if CCW fails (event CCT) and the operator
fails to trip the RCPs (event ORC), then a seal LOCA occurs. [IPE submittal, page A-
64, sequence # 26] The licensee stated that the seal LOCA model used in the IPE
was based on the Westinghouse seal LOCA model from WCAP-*"541. [IPE
Responses) Seal LOCAs were modeled under two conditions: loss of CCW or loss of
service water cooling, and station blackout. Event SL is a catastrophic seal LOCA of
480 gpm per pump; this event is considered for the loss of CCW/SW case. |f cooling
is not restored within 20 minutes, then the event SL occurs with a probability of 1.0. If
seal cooling is restored within 20 minutes, the likelihood of a catastrophic seal LOCA
occurring (event SL) within the 20 minutes has a value of 0.0283 (0.027 stated in the
Submittal). For station blackout, the Westinghouse seal LOCA model was used to
calculate the probability that a seal LOCA occurs and leads to core uncovery prior to
restoration of offsite power. The IPE model assumes that if CCW is lost io the RCPs
and the RCPs are not tripped within two minutes, then a catastrophic seal LOCA (480
gpm per pump) occurs; the response states that no mechanism for the failure such as
pump vibration was explicitly assumed. The mode! requires one HPSI pump to
mitigate a seal LOCA due to loss of CCW/SW: the mode! requires two HPSI pumps to
mitigate a seal LOCA due to station blackout considering the latest possible time for
recovery of offsite power.

We have a comment on the data used to model the likelihood of a seal LOCA in the
IPE. This licensee response states that this data is from WCAP-10541. We have
reviewed other IPE Submittals which have also used WCAP-10541 as the basis for
the seal LOCA model. As indicated in Table 2-1 of this repon, although the same
Westinghouse model was used in different IPEs, the actual probabilities assigned to
core uncovery as a function of time are different among the IPEs. The higher vaiues
used in the Farley IPE is one reason that the contribution of seal LOCAs to overall
CDF is higher for Farley than for other plants. (The data for Point Beach is taken
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from the licensee responses to our review of the Point Beach IPE Submittal; the data
are for unqualified seal elastomers. [TER, Point Beach])

Table 2-1. Comparison of Core Uncovery Probabilities due to Seal LOCAs

Time, hours Probability of Core Probability of Core
Uncovery as Function of Uncovery as Function of
Time (without recovery of |Time (without recovery of
offsits power) oftsite power)
No Cooldown of RCS Cooldown of RCS
Farley Point Beach |Farley Point Beach
1 0.028 0.0018 0.028 6.9E-4
2 0.028 0.0043 0.028 0.0015
3 0.028 0.010 0.028 0.0031
4 0.080 0.024 0.028 0.0065
5 0.13 0.057 0.09 0.014
6 0.28 0.13 0.13 0.029
7 0.44 0.32 0.23 0.061
8 0.64 0.76 0.42 0.13

The moderator temperature coefficient (MTC) is insufficiently negative early in core
life to be able to mitigate an ATWS under all conditions. The licensee explained how
the ATWS PRT addressed early in life core conditions when the MTC effect is small.
[IPE Responses] The licensee stated that event PR on the PRT considers the
possibility that the MTC is insufficiently negative early in life to prevent
overpressurization of the primary in response to an ATWS. The licensee information
provides the probability that pressure relief is inadequate for various sequences
considering the possibility that pressurizer PORV block valves are closed.

The station blackout PRT includes events for restoration of offsite power. [IPE
submiital, page A-142) Event 1HR in the PRT is restoration of offsite power within 1
hour, and event XHR in the PRT is restoration of offsite power before core damage.
The probability that power is not restored within 1 hour is 0.248. [IPE submittal, Table
3.3.5-1).

2.2.3 Systems Analysis

System descriptions are included in Section 3.2 of the Submittal; system schematics
are included in the Submittal. The Submittal provides system descriptions of the
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systems listed in Table 3.2-1; these are summaries of the more detailec system
descriptions developed for the |PE and retained at the utiiity.

We chose to use information from the UFSAR to supplement the information provided
in the system descriptions in the Submittal. We did find the system dependency
figures and tables in the Submittal useful in understanding system operations and
inter-dependencies, but we had to read the UFSAR to understand the dependencies
documented in the Submittal.

The list of systems on Table 3.2-1 of the submittal does not include normal makeup,
AMSAC, or nitrogen, although nitrogen is mentioned in the description for instrument
air.

The licensee stated that preliminary calculations show that one motor driven AFW
pump can provide sufficient flow, and even if two motor driven pumps are required the
increase in the overall CODF is negligible. [IPE Responses]

The system description does discuss the UPS power supply for the turbine driven
AFW pump; however, the system description does not address the ability to operate
the turbine driven AFW pump without instrument air. Note # 30 in Table C-2 of the
Submittal states that the steam admission valve to the AFW pump drive turbine will fail
closed after 2 hours with out air supply due to loss of air from the valve's accumulator.

Non-safety portions of CCW are auto-isolated on low surge tank level. CCW cooling
to the RCP thermal barriers is isolated upon phase B of containment isolation which
occurs on high-high containment pressure (seal injection with charging pumps is not
isolated); a safety injection signal calls for phase A of containment isolation, and high-
high containment pressure causes phase B containment isolation. [Sections 6.2.4,
9.2.2, Table 7.3-1 of UFSAR]

In recirculation, the containment spray system pulls from the containment sump
without using the RHR heat exchangers; thus, in recirculation the spray system by
itself removes no energy from containment. The fan cooler system removes energy
from containment by transferring heat to service water via air to water heat exchangers
in the fan coolers. The design basis for containment cooling is 2 fan coolers, or 1
spray and 1 fan cooler. [Section 6.2 of UFSAR] Adequate NPSHA is available from
the containment sump even if the sump pressure is the saturation pressure at the
sump temperature. [Section 6.2.2.2.1 of UFSAR]

The system description for containment isolation in the Submittal does not discuss the
actuation of containment isolation, the distinction between phase A and phase B
isolation, or the systems isolated.

Only DG # 2C can be used to simultaneously power equipment at both units, [UFSAR,
Section 8.3]. DG # % A is a swing DG that can power either unit. DGs # 1B and #
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2B are dedicated to unit 1 and 2. The system description indicates that the two little’
DGs can be used to power equipment other than the river water pumps. The system
description discusses the presence of the auto-transformer that allows either
switchyard (500 kV and 230 kV) to power both units. SW cools the DGs. [IPE
submittal, Section 9.2.1)

The licensee stated that the IPE used a battery lifetime of 2 hours, based on Bechtel
calculations that credit the installation of the new inverters. [IPE Responses]

CCW cools the charging pumps and the RHR pumps. [UFSAR, Section 8.2.2] Section
1.4.1 of the Submittal states that as a result of the IPE, the capability has been added
to cool the charging pumps with fire water. The system description does state that
switchover of ECCS from injection to recirculation requires manual action. The RHR
pumps have sufficient NPSHA when pulling from the containment sump even if the
sump pressure is the saturation pressure at the sump water temperature. [Section 6.3
of UFSAR]

The Submittal states that 'it was determined' that room coolers in the RHR, CS, CCW,
and electrical equipment rooms are not required. The licensee discussed the basis for
excluding room cooling requirements from the IPE model. [IPE Responses] The
licensee summarized the room heatup calculations performed to support the
assumptions used in the IPE for room cooling.

The system description for instrument air discusses the emergency instrument air
system that can be powered off 1E power. This subsystem can be used to open SG
ADVs and to operate the turbine driven AFW steam admission valves. The air
compressor aftercoolers appear to be cooled by SW. [UFSAR, Section 8.3.1] The
Submittal does not explicitly identify or discuss those air operated valves that require
air from accumulators to operate in their safety position; the possibility exists that, over
time, accumulators leak and the safety position of these valves cannot be maintained.
(As discussed earlier in this report, the Submittal did indicate in a footnote to a
dependency table that this is an item of potential significance for AFW steam
admission valves.)

The system description for the pressurizer relief system does not discuss the normal
air supply required to open the air-operated relief valves, or the dc control power
required. The system description for instrument air does state that bottled nitrogen
can be used as a backup supply to open press Jrizer relief valves, and that manual
actions are required to use this backup. The system description does not indicate
whether normal operation is with the relief block valves open or closed; the description
of event PZR in Table 3.1-2 states that for feed 2nd bleed the relief and block valves
must be opened, implying that the block vaives may be closed, at least a certain
fraction of the time. The Submittal states in Section 3.4.3 that the block valves can be
closed during power operation subject to tech spec LCOs. [IPE submittal, page 3-246]
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The system description for SW in the Submittal states that if supply of river water 10
the pond is lost, SW discharge is directed back to the pond instead of to the river by
manual action, to conserve water for the ultimate heat sink. The system description
states that non-essential portions of the service water system are isolated by either a
safety injection signal or a containment phase A isolation signal. (The UFSAR
indicates that an S signal calls for phase A containment isolation. [UFSAR, Table 7.3-

1)

2.2.4 System Dependencies

The Submittal provides three figures that delineate system dependencies, and each
figure has an accompanying table of notes. [IPE submittal, Figures C-1, C-2, and C-3)

Important asymmetries in train-level system dependencies were indicated. The
following types of dependencies were considered: shared component, instrumentation
and control, isolation, motive power, direct equipment cooling, area HVAC, operator

actions, and environmental and phenomenological effects.

The dependency figures and accompanying tables were extremely useful in reviewing
the IPE. Our specific comments on the systems dependency figures follow.

Figure C-3 of the Submittal indicates that CCW, charging/HPSI, and CS all have a
delayed dependence on HVAC. The licensee stated that room heatup calculations
indicate that the CCW, RHR, and containment spray pump rooms will not overheat
following loss of HVAC within the 24 hour mission time. [IPE Responses] The
charging/HPS| pump rooms will overheat if HVAC fails and the room doors remain
closed:; credit for operator action to open doors to provide room cooling for the
charging pumps was taken only given annunciation of loss of HVAC.

SW provides the heat sink for the CCW, HPSI/charging, and Low Pressure Safety
Injection (LPSI) room coolers. The licensee stated that loss of service water only
results in possible overheating of the HPSI/charging pumps, a long term effect
compared to the impact of loss of the SW heat sink for CCW which directly cools the
charging pumys. [IPE Responses)

Figure C-3 of the Submittal does not provide the dependencies for the atmospheric
dump valves (ADV), or for the turbine bypass valves. The licensee stated that
instrument air is required for the ADVs and the turbine bypass valves. [IPE
Responses)

2.3 Quantitative 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
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data base, including consideration given to piant-specific data, in the IPE. The
uncertainty and/or sensitivity analyses that were performed, it any, were reviewed.

2.3.1 Quantification of Accident Sequence Frequencies

The Farley IPE used the large event tree/small fault tree technique with support state
event trees. Support states were quantified prior t, quantification of the PRTs. The
PRTs are event trees that model both the front-eno «'d back-end response to a class
of accident initiating events. The PRTs are systemic. Tihe fault trees were developed
and quantified with the Westinghouse GRAFTER computer code system. [IPE
submittal, Section 3.3.5] The truncation limit for sequence quantification was 1E-11.
(IPE submittal, page 3-158) The licensee response states that only 0.14% of the CDF
was unaccounted for due to truncation and that this is a negligible residual. [IPE
Responses)

Table 3.3.5-1 of the Submittal provides data used for recovery of offsite power at three
specific times: 1 hour, 5 hours, and 19 hours. This table states that the probability of
non-recovery of offsite power by 1 hour, 5 hours, and 19 hours, respectively, is: 0.25,
0.10, and 0.017. These non-recovery values are comparable with values used in
other PRA/IPEs.

2.3.2 Point Esi i U tainty/Sensitivity Anal

Mean values were used for point estimate failure frequencies and probabilities. [IPE
submittal, Section 3.3.2] No uncertainty analyses were performed, but sensitivity
analyses were performed for several key sets of operator actions, procedural
enhancements, and system interactions. [IPE submittal, Section 3.4.5] Sensitivity
analyses were performed for each of the following topics:

Human Error Rate Sensitivity per NUREG 1335,

Effect on CDF of Removal of Procedural and Equipment Enhancements for
RCP Seal LOCA,

Consideration of Limiting Time that Fire Protection Piping in Cable Spreading
Room is Pressurized with Water, and

Effect on CDF for Unit 2 due to Different SW Pump Performance for the Two
Units

Based on these sensitivity analyses, CDF was shown to be sensitive to operator
response to prevent RCP seal LOCAs; CDF was relatively insensitive to the other
topics.
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2.3.3 Use of Plant-Specific Dala

The Submittal states that plant specific data was used based on the time period
January 1, 1984 through September 30, 1980. [IPE submittal, Section 3.3.2] Data
from both units were combined into one database. Plant specific data was used to
model maintenance unavailabilities. [IPE submittal, Section 3.2.2] For hardware
failures, generic data was Bayesian updated with plant specific data, and these
updated data were used in the quantification of the fault trees; quantification of
maintenance failures was based solely on the plant specific data. [IPE submittal,
Section 3.3.2]

Generic dcta were used in lieu of plant specific data when plant specific data were not
available.

We performed a spot check of the plant specific data from Table 3.3.2-3 of the
Submittal and compared it to data used in NUREG/CR 4550 for Surry, as shown
below in Table 2-2.

Table 2-2. Plant Specific Failure Data '

Component Submittal Point Estimate Suny NUREG/CR 4550
(Updated) Point Estimate
Table 3.3.2-3 Tables 4.9-1 and 5-2
Turbine driven AFW 6E-3 Fail to Start 1E-2 Fail to Start
pump 7E-3 Fail to Run 5E-3 Fail to Run
S| pump 2E-3 Fail to Start 4E-3 Fail to Start
1E-5 Fail to Run 7E-5 Fail to Run
RHR pump (LPCI for 9E-4 Fail to Start 3E-3 Fail to Start
Surry)’ 1E-5 Fail to Run 3E-5 Fail to Run
Diesel Generator 1E-2 Fail to Start (large DG) | 2E-2 Fail to Start
9E-3 Fail to Start (small DG) | 2E-3 Fail to Run
2E-3 Fail to Run (large DG)
1E-3 Fail to Run (small DG)
AFW MOV 1E-2 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/hr.
Surry has separate RHR and LPCI pumps; Farley uses the same pumps for
RHR and LPCI.

Based on a spot check of the plant specific data, the values in the Farley IPE for
component failures are comparable to those values used in other PRAs.
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2.3.4 Use of Generic Data

The primary source for generic data was NUREG/CR 4550, supplemented by data
form NUREG/CR 2815, IEEE 500, NUREG/CR 2728, WASH 1400, and Westinghouse
Technical Reports. The generic data used were comparable to data used in typical
IPE/PRASs.

2.3.5 Common-Cause Quantification

The method used to model common cause failures was reviewed, and the process by
which classes of components were selected for consideration for common cause
failures was reviewed.

The MGL method was used to mode! common cause failures. [IPE submittal, Section
3.3.4] The data for common cause failures were taken from a draft EPRI report of
September 1990, “A Database for Common-Cause Events for Risk and Reliability
Evaluations®. The generic events were reviewed for applicability to Farley, and events
not applicable were screened from consideration. The probabilities for certain events
retained for analysis were decreased based on an evaluation of operating practices at
Farley. The procedures used in the evaluation of common cause failure were from
NUREG/CR-4780 and the draft 1990 EPRI report.

Common cause events retained for consideration were modeled directly in the fault
trees. [IPE submittal, Section 3.2.2] The Submittal does not discuss whether or not
common cause failure was modeled among systems; evidently, the consideration of
common cause failure was restricted to within systems, which is the usual practice
except for special components (such as a HPCI turbine pump and a RCIC turbine
pump at a BWR).

The Submittal lists the components for which specific common cause failures were
considered. [IPE submittal, Section 3.3.4] The list of components for which common
cause failure was considered does not include safety and relief valves. The Submittal
states that common cause failure for these valves was modeled by using data for a
generic component from the EPRI data base. Common cause failure of these valves
can be important, and is typically considered in PRA/IPEs.

The IPE used single composite MGL values for the commor: cause failure factors for
numerous diverse components such as relays, inverters, and air compressors. The
licensee stated that no plant-specific evidence existed for common cause failures
among these components, and that the values used were based on a composite
component using plant-specific impact vectors and information from the EPRI data
base and from NUREG/CR-4780. [IPE Responses) The licensee considers the values
used to be conservative.

Table 3.3.4-1 of the Submittal lists the common cause failure data MGL factors.
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We compared selected beta factors from this table in the Submittal to those used in
the NUREG/CR 4550 PRA of Surry; Table 2-3 of this report summarizes the

comparison.

The data in Table 2-3 of this report indicates that the common cause factors used in
the Farley IPE are typically lower than used in other IPE/PRAs, especially for ECCS
pumps (HHI and RHR) and diesel generators.

Table 2-3. Comparison of Beta Factors for Two Like Components

component)

Component Beta Factor from Table Surry NUREG/CR 4550
3.3.4-1 of Submittal Beta Factor
Table 4.9-3

AFW Pump (Motor 0.034 0.056

Driven)

RHR Pump (LPCI for 0.0098 0.15

Surry)

HHI Pump 0.0018 0.21

Containment Spray Pump | 0.081 0.1

MOV 0.012 0.088

Diese! Generator 0.0059 0.038

Safety/Relief Valve 0.023 (for generic 0.07

The licensee stated that the generic data were screened for application to Farley
thereby resulting in the lower values. Common cause failures are subtle; the
screening may have underestimated the potential for common cause failures. In our
opinion, the licensee has not provided enough information to support the use of low
common cause failure values for important components such as DGs and ECCS
pumps. The licensee states that the contribution of common cause hardware failures
to the overall CDF is about 5%, and that a factor of 10 increase in all common cause
failures increases the overall CDF by about 75%.

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.
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2.4.1 Front-End and Back-End Intedaces

As discussed in Section 2.2.2 of this report, the IPE model requires operation of either
1 RHR heat exchanger (during recirculation) or 2 fan coolers to support core cooling
when energy is released into containment.

As discussed in Section 2.2.1 of this report, containment isolation phase A does not
result in loss of seal cooling. Containment isolation phase B isolates CCW cooling but
does not isolate seal injection; operators will have to trip the RCPs due to loss of
bearing cooling.

The IPE modeled front and back end aspects of accident sequences in the same
event trees. Plant damage states (PDS) were assigned to sequence endstates, but
these PDS bins address both core damage and ultimate containment state. [IPE
submittal, Secticns 3.1.7 and 4.7]) (In most PRA/IPEs, PDSs address the factors
associated with core damage that influence the back-end analysis.) The assignment
of PDSs in the IPE based on core damage characteristics is comparable to standard
PRA practice.

2.4.2 Human Factors Interfaces

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

operator actions to prevent an RCP seal LOCA on Loss of CCW or SW,
involving tripping RCPs and establishing seal cooling

operator action to transfer ECCS to recirculation from the containment sump
operator action to provide water supply for AFW after the CST is depleted
operétor action to initiate feed and bleed cooling

operator action to cooldown and depressurize the primary using secondary
depressurization and primary spray/PORVs.

Numerous recovery actions were modeled. Section 2.3 of the Submittal indicates that
recovery was applied to dominant sequences; Section 1.3.1 states that recovery was
considered in the success criteria. Recovery actions of note include:

Response to RCP seal LOCA

Recovery of Offsite Power

Event RPW (operator restores power systems)

Event ORS (operator action to restore failed systems).
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2.5 Evaluation of Decay Heat Removal and Other Safety Issues

This section of the report summarizes our review of the evaluation 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 IPE specifically addresses DHR and its contribution to CDF as described in
Section 3.4.3 of the Submittal. No vulnerabilities associated with DHR were identified
as a result of the IPE.

Although section 3.4.3 of the Submittal provides a summary of the methods for
providing DHR, it contains no insights into DHR; it merely states that DHR was
modeled and that no vulnerabilities related to the loss of DHR exist.

The licensee provided the following contribution of system failures to the CDF where
the indicated percent is the percent of the total CDF represented by a failure of the
system on a sequence basis: [IPE Responses)

Service Water 27.4%
AC Power 26.6%
CCW 25.8%
High Head Recirculation 25.5%
High Head Injection 24.0%
AFW 22.6%
Normal RHR 17.0%
Containment fan coolers 10.8%
Pressurizer PORVs 9.5%

Service water, AC power, and CCW all are important for supporting front-line systems
that provide DHR. High pressure injectior and recirculation for feed and bleed, and
AFW are important for providing heat removal following a transient. The licensee
states that the high relative contribution of these systems is as expectad and that no
cost effective improvements to the systems themselves are warranted.

2.5.2 Diverse Means of DHR

The IPE evaluated the diverse means for DHR, including: use of the power conversion
system, feed and bleed, auxiliary feedwater, and ECCS. RCP seal LOCAs and
actions to prevent such LOCAs were addressed.

Section 3.4.3 of the Submittal provides a complete description of the ways for
providing DHR at the Farley plant.
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2.5.3 Unique Features of DHR

Design features at Farley that impact the CDF from loss of DHR are as follows:

Loss of CCW results in loss of cooling to the Reactor Coolant Pump (RCP)
thermal barriers; since the charging pumps are the High Pressure Safety
Injection (HPSI) pumps, and these pumps use CCW for normal cooling, loss of
CCW also causes loss of seal injection and loss of high pressure ECCS
makeup, unless backup cooling is supplied to the charging pumps. This would
result in an RCP seal Loss of Coolant Accident (LOCA) that cannot be
mitigated. Therefore, use of the same pumps for both charging and high
pressure ECCS that are normally cooled by CCW tends to increase the CDF
from seal LOCAs.

B H .
Diesel driven firewater can be used to supply cooling to the charging pumps if
CCW cooling is lost; this tends to decrease the Core Damage Frequency (CDF)
from a seal LOCA due to loss of CCW.

Manual actions are required to align ECCS to recirculation from the containment
sump from injection from the Refueling Water Storage Tank (RWST) following a
LOCA: this tends to increase the CDF from LOCAs relative to plants for which
the alignment is automatic.

The presence of 3 swing DGs tends to lower the CDF due to station blackout
relative to plants with fewer DGs.

2.5.4 Other GSI/USIs Addressed in the Submiftal

The Submittal states that the expectations of USI A-17, "Systems Interactions®, with
respect to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>