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1.0 EXECUTIVE SUMMARY

In November 1988, the U.S. Nuclear Regulatory Comrission (NRC) staff
issued Generic Letter B88-20, "Individual Plant Examination for Severe
Accident Vulnerabilities - 10CFRS0.54(f)," which established a formal
request for utilities to perform an Individual Plant Examination (IPE).
Beyond the performance of the IPE, this letter requested utilities to
identify potential imnrovements to address the important contributors to
plant risk and implement improvements that they believe are appropriate
for their plant.

In August 1989, the NRC issued Supplement 1 to Generic Letter 88-20,
"Initiation of the Individual Plant Examination for Severe Accident
Vulnerabilities - 10CFRS0.54(f)," accompanied by NUREG-133L, "Individual
Plant Examination Guidance." These documents provide direction for the
performance of the IPE and reporting of summary information to the NRC,
The period of performance was three years following utility response
regarding the planned methodology and schedule for the IPE performance.

This report provides tne requested information for the Wolf Creek
Generating Station (WCGS). WCGS is jointly owned by the Kansas City
Power & Light Company (47%), Kansas Electric Power Cooperative, Inc,
(6%), and Kansas Gas and Electric Company (47%). Wolf Creek Nuclear
Operating Corporation (WCNOC) is the Operating Agent for WCGS.

1.1 Background and Objectives

In its Severe Accident Policy Statement (50FR43621) issued in 1985, the
NRC concluded that operating nuclear plants pose no undue risk to the
public health and safety. However, recognizing that these generic
conclusions were derived from a diverse but sm21] sample of the existing
plants, the NRC requested that all licensees perform a “limited-scope
accident safety analysis" to determine if there might be any unique
plant-specific vulnerabilities leading to a core damage accident or to
poor containment performance given a core damage event.

WCNOC has responded to Generic Letter 88-20 and its Supplement 1 by
performing a Level 1 and Level 2 Probabilistic Risk Assessment for WCGS

WCNOC's goals in performing these analyses include fulfilling the NRC
Individual Plant Examination (IPE) requirements and developing a tool
which may be used to optimize planning, Plant Modification Request
(PMR), and operational decisions and Justifications for Continued
Operation (JCOs) on a risk basis. WCNOC intends to uce the PRA as a
decision optimization tool that can be used with a reasonabie effort to
aid in the continuation and enhancement of the safe, reliable, and
eff;cient operation of WCGS. Specific functional objactives for the PRA
include:

1. The ability to quantitatively assess changes in core damage
frequency due to: (a) modifications to component and system design;
(b) changes to existing operating and maintenance procedures;
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1.3 Overall Methodology

The WCGS IPE was performed by conducting a Probabilistic Risk Assessment
(Level ) PRA), including an analysis of internal flooding, and a
Containment Per ormance Analysis (Level 2 PRA) of the plant, In
performing the IPE, standard PRA systems analysis practices such as
those out?ined in the PRA Procedures Guige (NUREG/CR-2300) were used.

The WCGS PRA is a full scope investigation of the plant systems and
operator responses to transient and accident initiator events. The
focus of investigation was on the performance of a realistic assessment
of the response of plant systems and the operators to potential accident
sequences. The models of plant systems are developed to a level of
detail that includes the performance of all key components. The success
criteria used to determine whether plant systems achieve their intended
safety function were determined for the most important severe accident
sequences. The success criteria definition involved consideration of
both system capability and the timing of operator responses and system
recovery. The Modular Accident Analysis Program (MAAP) code was
Jtilized to determine key success criteria and estimate source terms.

Well known approaches frr common cause failure and human error were
adopted for the WCGS PRA. In determining the parametric values to be
used in the quantification, the available industry databases were
reviewed to assure that events and failure modes appropriate for the
WCGS ant its equipment were utilized. For common cause analyses, the
Multiple Greek Letter (MGL) method was used. Human Reliability Analysis
(HRA) was performed wusing THERP (Technique for Human Error Rate
Prediction) methodology. Realism was achieved through detailed modeling
of operator actions and thorough treatment of operator recovery.

The WCGS containment performance and source term analysis includes plant
models and physical processes which reflect the overall plant behavior
following cure damage. Attention was paid to the interface between the
traditional systems analysis and containment analysis portiosns of the
PRA, through the development of a containment safeguards event tree and
containment event tree. This process coupled a probabilistic assessment
of containment response to postulated initiating events with a physical
model to examine plant response. The probabilistic models are embodied
in Containmert Event Trees (CETs) while the plant physical model is
defined in a MAAP parameter file.
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1.4 Summary of Major rindings

WCNOC has not identified any vulnerabilites. The results of the PRA
indicate that the station blackout event contributes approximately 45%
to the total core damage frequency, followed by loss of cffsite power
contributing 12%. WCNOC has also identified two separate flooding
sequences, that combined, contribute approximately 16% to the total core
damage frequency. The total core damage frequency or 4.2E-05 is
considered acceptably low and typical for the WCGS vintage plant

.
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2.0 EXAMINATION PESCRIPY ON
2.1 Introduction

The WCGS IPE has been performed to identify and resolve severe accident
issues. To assure that this purpose was accomplished, WCNOT has
performed a Level 1 PRA, including an analysis of internal flooding, and
a Level 2 PRA for containnent performance analysis.

WCNOC has conducted the FRA to be in compliance with NRC Generic Letter
88-20 and its Supplement. The approach to the PRA has been to perform
realistic evaluations of WCGS, with the focus on learning more about the
capability of the plant to prevent severe accidents and on the need to
effectively respond to accident sequence progression in the event of a
severe accident. These evaluations were carried out in a manner that
will support management decision-making processes relative to potential
enhancement of plant design and operation, aimed at reduction of the
risk of core damage and poor containment performance. The PRA process
included task planning, methodology development, analysis and
documentation. The PRA can be maintained, updated, and used.

The WCGS PRA consisted of major tasks that involved WCNOC and contractor
personnel and resources:

Project Management

Training and Technology Transfer

Plant Definition and Information Gathering

Initiating Event Analysis

Event Tree Analysis

Systems Analysis

Database Development

Human Interaction Assessment, Including Recovery Actions
Dependency and Common Failuie Analysis

10. Internal Flooding Analysis

11. Final Core Dama?e Analysis and Scoping Mcdel Development
12. Sensitivity Analysis

13. Containment Performance Analysis

14. Final Report and IPE Report

WO OO SO U B LD P e

The analysis was divided into four phases of effort, although
considerable overlap occurred during the progression of the above tasks.
Phase 1 consisted of plant information collection, data collection, and
data analysis., Phase 2 consisted of the event tree and systems analysis
to establish system responses to initiating events and the resulting
dominant accident sequences. Phase 3 consisted of the performance of
tasks related to containment response characterization and the
determination of source terms. Phase 4 consisted of the evaluation and
documentation of the results.

2.2 Conformance with Generic Letter and Supporting Material
Generic Letter 88-20 requested each utility to perform an Individual

Plant Examinailion for the purpose of: (1) developing an appreciation of
severe accident behavior; (2) understanding the most likely severe

2-1



accident sequences that could occur at its plant; (3) gaining a more
quantitative understanding of the overall probabilities of core damage
and fission product releases; and, 1if necessary, (4) reducing the
overall probabilities of core damage and fission product releases.

General requirements provided in the Generic Letter for fulfilling the
stated purpose are:

(1) The utility staff should be used to the maximum extent possible in
the performance of the IPE to insure th. ¢ they: (a) understand the
plant procedures, design, operation, maintenance and surveillance;
(b} understand the quantification of the expected sequence
frequencies; (c) determine the leading contributors to core damage
and unusually poor containment performance; (d) identify proposed
plant improvements for prevention and mitigation; (e) examine each
of the proposed improvements; and (f) identify which proposed
improvements will be implemented and their schedule.

(2) The wutility should proceed with the examination of internally
inftiated events including internal flooding.

(3) The method of examination should either be a PRA that follows the
PRA procedures described in NUREG/CR-2200, NUREG/CR-2815 or
NUREG/CR-4550, “Analysis of Core Damage Frequency," plus a
Containment Performance Analysis that follows the guidance of
Appendix 1 to Generic Letter 88-20 or the Industry Degraded Core
Rulemaking (IDCOR) front-end method with NRC enhancements, or
another systematic mathod that is acceptable to the staff.

(4) The utility should resolve Unresolved Safety Issue (USI) A-45,
“Shutdown Decay Heat Removal Requirements," as part of the IPE.

(5) The utility should carefully examine the results of the IPE to
determine if there are worthwhile prevention or mitigation measures
that could be taken to reduce the frequency of core damage or
improve containment performance.

(6) The utility should report the results of the IPE to the NRC
consistent with the criteria nrovided in ti.» Generic .etter and
subsequent guidance provided in NUREG-1335.

(7) The utility should document the examination in a traceable manner
and retain it for the duration of the license unless superseded.

(8) The wutility should conduct future evaluations for iccident
management and external events when the guidance for them have been
developed,

In response to the Generic Letter, WCNOC issued a letter on October 31,
1989 stating its intent to perform a full scope Level 1 PRA and a
Containment Performance Analysis for the WCGS in order to identify,
evaluate, and resolve severe accident issues germane to the plant.
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Checklists were developed to collect information that was needed for the
PRA anialysis. The scope of these checklists for WCGS included:

Verify components against plant drawings,
Assess room environment (cooling, barriers, open area, etc.),

Assess diligence of maintenance (cleanliness, leaks, equipment
condition, stored special equipment, etc.),

Identify local controls and indications available,
Verify dependencies,

Id=atify flooding information (critical equipment, source of
flooding, room drainage, etc.),

Identify potential room hazards.
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TABLE 2.4-1
WCGS IPE INFORMATION SOURCES
Page 1 of 3

Plant Sperific

WCGS Updated Safety Analysis Report (USAR).

WCGS Technical Specifications, NUREG-1136, June 1985,
WCGS System Descriptions.

Plant System Piping and Instrumentation Liagrams.
Plant Equipment Location Drawings.

Electrical One-Line Diagrams and Schematic Drawings.

Engineered Safety Features Actuation and Reactor Trip Signals Functional
Diagrams.

Emergency Procedures (EMGs).

Norma®! Operating Procedures.

WCGS Off-Normal Procedures (OFNs).

WCGS Alarm Procedures (ALRs)

WCGS Licensee Event Reports (LERs).

Inservice Testing Program for Pumps and Valves, WCOP-02, Rev. 8.
WCGS Maintenance Instruction Set.

WCGS Surveillance Test (STS; Procedures.

Generic Sources

NUREG-0651 "Evaluation of Steam Generator Tube Rupture Events"

NUREG-0509 "January 25, 1982 Steam Generator Tube Rupture at R,
E. Ginna Nuclear Power Plant," April 1982.

NUREG-1335 “Individual Plunt Examination: Submittal Guidance,"

August 1989,

NUREG/CR-0677 “The Protability of Intersystem LOCA: Impact Due to
Leak Testing and Operational Changes"

NUREG/CR-1174 "Evaluation of Systems Interactions in Nuclear Power
Plants," August 1989.

29
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TABLE 2.4-1
WCGS IPE INFORMATION SOURCES
Page 3 of 3

“Individual Plant Examination for Severe Accident
Vulnerabilities," November 23, 1988. (and Supplements
as applicable)

"Effects of Internal Flooding of Nuclear Power Plants
on Safety Equipment," July 1990,

IDCOR Technical reports.

INPO SOER 85-5

"Internal Flooding of Power Plant Buildings," Dezember
1985,

Westinghouse WCAPs

WCAP-8330 "Westinghouse Anticipated Transients Without Trip
Analysis," August 1974,

WCAP-9914 "PORV Sensitivity Study for LOFW-LOCA Analyses," July
1981.

WCAP-10019 "Summary Report on Reactor Vessel Integrity for
Westinghouse Operation Plants," December 1981.

WCAP-1054] "Reactor Coolant Pump Seal Performance Following a
Loss of Ail AC Power," Rev. 2, November 1986.

WCAP-10590 “Probabilistic Safety Study"

WCAP-11206 “Loss of Feed Flow, Steam Generatur Tube Rupture, and

WCAP-11992

WCAP-1223]

WCAP-12530

Steam Line Break Thermalhydraulic Experiments (MB-2
Tests)," NUREG/CR-4751, October 1986.

“Joint West .nghouse Owners Group/Westinghouse Program:
ATWS Rule Admini: ration Process," December ]1988.

“Station Blackcut Coping Assessment for Wolf Creek
Generating Station," April 1989,

"Nuclear Parameters and Operations Package for Wolf
Creek Unit 1, Cycle 5," April 1990.
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Figure 2.4-5
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Event Tree Success Criteria Summary for

Front-Lise Systems a-

“perator Actions

T

T ———

Pm . Oy lo
TOP EVENT EVENT SYSTEM SUCCESS CRITERIA NECESSARY OPERATOR ACTIONS SYSTEM DEPENDENCIEN EXPECTED
TREES RUN TIME
Accumulator 1) Large LOCA | 1) aed 2) Successful discharge of 3 Confirm operation of sysiem Nooe Nt applicabie
e tion 2} Medmm accumulstors mio 3 intact loops
ACC LOCA 3) Successfui dincharge of 3
3) Swmall LOCA | sccumulators mte 3 of 4 loops
Inverter 1) SWS Operstor Action sfier faslere of 120 Align two of the four 120 VAC mstrument Per OFN G021 unesformens Varnabile
Alcenate Power Volt vital AC wveniers due o buses 1o allemaie power sources XNNOS and XNNO6 mst be
Supply overheating aveiiable
ACNN
Ausihary 1) Mediam Feed any | of 4 stcam gencrators with Confirm operstion of system 13 OST and Bow path Run for 24
Feodwaicr LOCA any AFW pump combmnation 2) Elecinic power Bowrs
AF} 1) Actuation signal
4) Marn steam sysicm and relel
valves
Aunthary 1) Small LOCA | Feed any 2 of 4 steam generators Confiran operstion of systen 1) CST and flow path Rou for 24
Feedwatcr ) CCW with any AFW pump combenation 2) Electric power hows (30
AF2 31 Actustion signal mummste deiny
4 Masn steam system snd relef wcceptable)
valves
Auxihary 1 TRA Same as AF2 plus credst s taken for Start 8 MDP (AFW pomp)® sfter fashore of | Same as AF2 Same as AF2
Feedwater operstor action (OFN 00.0.20) assocmted DC bus.
AFR * {locally ot the switchpear)
Auxifisry 1) LSP Same as AF2 but no credit s taken for Same ss AF2 Sacwe sy AF2 Same as AF2
Fecdwater steam dumyp valves
AF2WO
Auxilisry i} TRO Same as AF2WO plus credit s tsken Start & MDP (AFW pumpi® after fsiluee of | Same as AF2 Same as AF2
AF2WOR | * (oally ot the swichgear) ]
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Table 3.1-1
Page 6 of 10
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EVENT EVENT SYSTEM SUCCESS CRITERIA NECESSARY OFERATOR ACTIONS SYSTEM DEPENBENCIES EXYECTED
TREES RUN TIME
Man 1) Transient Feed sny 2 of 4 steam geaerators using | “Tumper” feedwater isclation signal withen 1) Elecers power Run for 24
Fecdwater with power & “onacsate pumg and erther of the 30 munutes. siart conde nsate pemp. sart 2} Comdensate system hears (3060
MF1 comversor tollowmg MEW or startup pamp or depressurize SGs | 53 Air supply for feodwater munste delay
system 13 1 of 2 RIFW pumps. 5o 560 pug (see EMG FR-HI) comtrol valves acceptable )
(TRA) 2) the startup FW pumg, or 4 Mawn steam system and rele!
23 Loss of 3) SG depressuruation, valves
L. cCw condensate
Comdemomal Iy CCW Coaditicanl probabelity of Corcoedt Na NA 24 howrs
Medwm LOCA grven that 2 medimm LOCA size RCP
Coremeh seal LOCA occurs
MLOCCW
Maneal Tip of i) ATWS 1 of 2 RDMG breskers opened aihee 2 | Manually tnp RDMGS por EMG FR S 1) Elecincal power Noxt appitcahic
ROMGs mtes
MRT
Mam Sieam 1) SGTR Isolaton of ruptured SG closure of Dragnoze cuptured $45. close MSIV on 1) Electric power Nt appiecabic
Taortatsom MSIV on any SG (wathen sbout 15 ruptared SG o chose MSTVs on any mtact 2) Hydraslc actuston
MSi mumstes for & & mgn bams SGTR) SG used for watiel conlduwn (see EMG E
3)
“%ain Steam Iy Scondary Isclation of fauhed SG - closure of any | Venfy steambine mofaton 1) Blectr power Not appincabie
_olation break 3 of S MSIVs 2) Hydrawic actuston end
452 _sgnal
Stabilize RCS " SGTR Stabili ¢ RCS pressure with ruptured Tl rapid coxldows useg at feast one 1) Electne power Nest appiscable
and Ruptured SO SG pressure before overfill of the tact SG. depressurire RCS using spray o | 1) OST ane flow path
Pressure Before ruptured SG (within about 30 m mites ot Prr PORV, tervmnaie hagh pressuec ST 3 Steam rehef valves
¢ 56 Owveonid for a design bass S5TR) flow (see &MG E-3) end aw spply (SG PORVS
oDl or steam domp s condenser)
s -
1 RCS depress. equip. (apeay
WRCP or Por RRV)
Stabii. e RCS Y SGTe Susbilize RCS pressure with ruptoesd Imstste capid covidown umng o beast onc Same a3 OD7 Nt apphcable
and Fiptersd SO SG pressure efier overfili of tae intact SG. depressunse RCS usniz spo 15 or
| Bressure After ruptured SG fassu-ac spproximately %0 | one Prr PORV  terminate high presswee S|
SG Overfill mpates) fow (see EMG E-3) i
G2 3
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Page 7 of 10
| EVENT EVENT SYSTEM SUCUESS CRITERIA NECESSARY OPERATOR A THONS SYSTEM DEPENDENCIESN EXPECTED
- TREES RUN TR
Offsite AC 1} SBO Fraction of 2{" recovery attributed NA NA NA
Fraction EDG recovery)
WE
Biced and Feer ) Lossoia 1 of | Per PORV opens, 1 of | Samec ws OFC Same as OFC Ruoa for 24
OF2 Vel DC chargiag pump and 1 of | HHSI pemp [Ty
Bus upects 1o 4 of 3 cold legs  (Bloed and
feed itiated poor 1o secondary dryout
- aswarre ot 20 oumstes }
Bleed and Feed 1) Sealt LOCA | 2 of 2 Por PORVs oncn (dleed and feed | Manuaily open PORVs and blick valves. 1} Electrc power Run 6o 24
oFB 23 SGTR imtiated poyor to secondary dryowt - venfy S pumps minmag (sec EMG FR H1) hesars
) Secondary assume 11 30 munates)
hreak
E. 28 s Feed 1) Transients, 2 of 2 Par PORVs apen. | of & high Manually opzn PORVs sod block valves, 1) Electow powe: Bun for 24
OFC (TRA. TRO, | pressure S pamps imect 1o § of 4 cold | stant ST pamps (sec EMG FR H1) 1) OCW comling wr ST pumps Besers
5 ] legs. (Meed and feed wntisted poor to 1) RWST and flow path
scoonoary dryout - sssume of 30
_— - Sites)
Comddown aod ‘1 medam Opermor mitiated conidown started Perform comidown veny stcam damp 1y CST aad flow path Appro annatzly
Decpressunze AMCA withie 15 nwautes usiag ot jesst | SG condenser or SG PORVs (per EMGs ES 11, | 2) Steam relie! vaives and s 1 hvoser (unmid
toe RCS supphicd with feedwater FRC2, wr possibly FR-C1) suppiy (SG POURVS or steam reak Qow and
o damp to Ccndenser ) o el S5
3 Anwhary fcedwister floow wez abie W
rerwve decay
hewt)
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TOP EVENT EVENT SYSTEM SUCCESS URITERIA NFCESSARY OPERATOR ACTIONS SYSTEM DEPENDENCIES EXPECTED
TREES RUN TIME
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TABLE 3.1-2
SUMMARY OF EVENT TREE NODES

Page ? of 2
RCPTRIP Trip RCPs
RRI Restore RCS Inventory
RT Manual Reactor Trip or Rod Insertion
SBCOOL DC Switchboard Room Cooling
Sil Low Pressure Injection
SI2 High Pressure Safety Injection
SI13 High Pressure Safety lijection
SLOCCW Conditional Small LOCA Coremelt
SLOLSP Conditional Small LOCA Coremelt
SSv 5 Integnity
SWR Restore ice Water Coolin
XHR Restore AC Power within X Hours
YHR Restore AC Power within Y Hours
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Figure 3.1-2
Large LOCA Event Tree

LLo

ACC 811 LC1

5.00E~04

LLO SEQUENCE NUMBERS

1

2

3

LLO - Large LOCA

ACC = Accumulator Injection

§11 - Low Pressure Injection

LC1 -~ Low Pressur. Recirculation

3-21

Success

AL 1.146E~06
AE 2.829E-)7
AE 2.140E-09

— - J——

T ——

R Ty w———

e






‘r

3.1.2.3 Small LOCA

The Small LOCA event tree is presented iu Figure 3.1-4. Small LOCAs are
ruptures of the RCS in which the break ) .ow exceeds the capacity of the
normal charging system but is insufficient to depressurize the system or
to allow core decay heat to be removed via ejection of coolant water to
the containment. Generally, oreaks from 3/8" to 2" equivalent diameter
are included. A failed-open, nonisolated PORV and random failure of a
Reactor Coolant Pump (RCP) seal are included in the initiating event
frequency estin. te.

RCS deprescurization foilow’~9 a Small LOCA causes reactor trip, ESFAS
actuation of the ECCS, ana secondary system isolation. Failure of
reactov trip is treated in the ATWS model, Section 3.1.3.1 balow. High
pressure safety injection maintains primary system inventory, while
auxiliary feedwater provides for decay heat removal. If secondary
cooling is not established, operator action to establish bleed and feed
cooling using the pressurizer PORVs is required. In the long-term, high
pressure recirculation can be established, or, ~ore preferably, the
operators will foilow emergency procedures directing them to cool down
and depressurize the RCS and align the RHR system for continued cooldown
to cold shutdown. High pressure inj:-tion or n¢rmal charging may be
used te maintain RCS inventory after depressurization, if necessary.

Dependencies displayed in the event tree model include: (1) when high
pressure injection is availabie, then operator depressurization of RCS,
accumulators, low pressure 1injection, and low pressure long-term
recircuiation are not considered; (2) when secondary cooling s
available, bleed and feed operation is not addressed; (3) when high
pressure injection and auxiliary feedwater are nut available, early core
damage is assumed; (4) when high pressure injection fails, then operator
depressurization of RCS, accumulators, and low prossure injectior must
be available to prevent early core damage; (5 given high pressure
injection, then either auxiliary feedwater or bleed and feed alignment
must succeed, as well as long-term cooling: (6) given successful short-
term cooling and safety injection, then either successfu)
depressurization and RHR alignment or successful high pressure
recirculation cooling must be established.
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Figure 3.1-4

Small LOCA Event Tree
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3.1.2.4 Steam Generator Tube Rupture

The Steam Generator Tube Rupture (SGTR) Event Tree is presented in Figure
3.1-5. This model applies to breaches of the primary coolant pressure
boundary between the primary and secondary systems within the steam
generator that exceed the capacity of the normal charging system.
Initially, RCS pressure decreases as flow through the tube rupture depletes
primary coolant inventory. Reactor trip occurs on either low pressurizer
pressure or over-temperature delta-T. Failure of reactor trip is modcled
in the ATWS event tree, Section 3.1.3.1, below. Typically, reacter trip is
followed by ESFAS actuation on low pressurizer pressure. For smaller tube
leakage, the operators may manually trip the reactor and initiate ;afety
injection prior to the automatic actuation. Normal feedwater is isolated
on ESFAS, and auxiliary feedwater is initiated for removal of decay heat.
Operator action is required to control AFW flow to the unfaulted generators
and isolate flow to the ruptured generator.

The operator is relied upon to perform a number of recovery actions
following a SGTR. Specifizally, the operators are directed by eme gency
procedures to: (1) identify and isclate the faulted steam generator by
terminating auxiliary feedwater flow to the generator and by closing the
MSIV on thec generator and any auxiliary steam paths such as the steam
supply line to the AFW turbine driven pump and SG blowdown lines; (2)
perform an initial cooldown of the RCS wusing the intact generators to
assure subcooling margin in the primary coolant; (3) depressurize the RCS
to equilibrate pressures in the faulted generator and the RCS and to refill
the pressurizer; (4) terminate safety injection to prevent RCS
repressurization and overfill of the pressurizer; and (5) perform a post-
SGTR cooldown and depressurization to cold shutdown.

In the event the above actions are not performed in a timely manner or in
the event of multiple tube ruptures, the steam generator may fill, which
may lea. to failure or the secondary pressure boundary, by failure of the
secondary safety or relief valves in the open position. In this case, loss
of reactor coolant via the faulted generator to the atmosphere may occur.
The operators are then directed by emergency procedures to cooldown and
depressurize the RCS to stop primary coolant inventory loss. The operators
have roughly 10 to 20 hours before depletion of RWST inventory to
accompiish this cooldown.

Dependencies dispiayed in the SGTR event tree model include: (1) if
auxiliary feedwater to the intact steam generators is not established, then
he faulted generator must be used; {2) failure of auxiliary feedwater to
all SG requires bleed and feed operation “nd long-term high pressura:
recirculation; (3) given secondary cooling, if safety injection fails, then
core damage may be avoided by either successful RCS depressurization and
faulted SG isolation sufficient to stop primary fluid loss or rapid
cooldown and depressurization to near atmospheric conditions and initiation
of FHR cooling: (4) failure of the operators to initially depressurize the
RCS to terminate primary to secondary flow requires either successful
isolation of the fau.ted SG and maintenance or restoration of secondary
integrity or rapid cooldown and depressurization for RHR cooling; (5) given
successful auxiliary feedwater and safety injection, isolation of the
faulted generator is required to avoid leakage of reactor coolant to the
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Figure 3.1-5

Steam Generator Tube Rupture Event Tree
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3.1.2.9 Steamline/Feediine Break

The steam)ine/feedline break event tree is presented in Figure 3.1-8.
This event tree applies to those secondary pipe breaks or valve operings
that are large enough to cause safety injection actuation and require
isolation c¢f the ruptured steam generator. High pressure safety
injection is initiated to provide makeup to compensate for reactor
coolant volume shrinkage associated with the cooldown and to provide
boration for additional shutdown margin. [f the break is isolable
(downstream of the MSIV or upstream of the MFIV), the initial RCS
cooldown will be terminated upon automatic isolation of the rupture and
decay heat will cause the RCS to heat up to no-load conditions. If the
break is nonisolable, the cooldown will continue and then reverse after
the faulted SG completes most of its blowdown. Operator action to
terminate high pressure safety injection is required to limit RCS
inventory and prevent overfill of the pressurizer, Auxiliary feedwater
and secondary cooling using the intact SGs is required for decay heat
removal. If secondary cooling 1is wunavailable, the operators are
directed by emergency procedures to align bleed and feed.

Reactor trip occurs in these events, but the indications that lead to
trip depend upon the size and type of break. A large steamline rupture
leads promptiy to low steamline pressure MSIV closure and an SI1, which
also trips the reactor. A medium size blowdown of the SG causes a
reduction in Tave, which the reactor control responds to by stepping the
control rods out of the core. Trip may occur on either over temperature
delta-T or overpower delta-T. SI actuation follows on iow pressurizer
pressure, low steamline pressure, or high containment pressure. For
feedline breaks, the reactor will be tripped by low SG level. If the SG
blows down, MSIV closure and SI actuation will occur on low steamline
pressure. Smaller breaks progress less quickly than the larger breaks,
but the systems will respond similarly.

Displayed dependencies in the steamline/feedline break event tree
include: (1) if high pressure safety injection and auxiliary
feedwater/secondary cooling succeed, operator action to terminate SI is
addressed; (2) operator failure to terminate SI bafore filling the
pressurizer results in a consequential small LOCA; (3) 1f high pressure
SI fails but main steam isolation and auxiliary feedwater are
successful, the accident sequence is terminated; (4) if auxiliary
feedwater and secondary cooling fails but high pressure SI succeeds,
bleed and feed is addressed: (5) bleed and feed requires long-term high
pressure recirculation cooling to be aligned to avoid late core damage;
and (6) failure of high pressure SI along wiith either failure to close 3
of 4 MSIVs or failure of the auxiliary feedwater system results in early
core damage.

Failure of reactor trip is ¢udressad in the ATWS model, Section 3.1.3.1,
below. The freguency of consequential small LOCA caused by the sequence
of success of high pressure SI and auxiliary feedwater (regardless of
successful main steam isnlation) and failure of the operator to properly
terminate SI injection flow before filling the pressurizer and causing
the failure of a relief valve is included in the initiating event
frequency of the Small LOCA event tree.
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3.1.2.10 Loss of Offsite Power

The loss of offsite power event tree is presented in Figure 3.1-9. This
mode! applies to those transients that begin with the loss of main plant
AC power from the switchyard, in which at least one emergency diesel
generator has started and is fully available to mitigate the transient,
Failure of both standby generators results in station blackout, which is
modeled in Section 3.1.3.5, below.

Reactor trip is assumed to occur following deenergization of the trip
breakers. Failure of the reactor to trip is addressed in the ATWS
model, Section 3.1.3.1, below. Following trip, decay heat is normally
removed via the secondary, with auxiliary feedwater flow to the SG and
steam venting to the atmosphere through either the PORV or the safety
valves, Steam venting using the steam dump valves is not considered due
to the unavailability of the circulating water pumps and the condenser.
If auxiliary feedwater fails, bleed and feed cooling woul” be available,
requiring the operator to initiate high pressurs safety injection and
open the pressurizer PORVs to remove heat from the RCS. Luag-term
cooling requires later alignment of high pressure recirculation, using
the RHR system to supply the high pressure ECCS pumps and cool
recirculation flow.

Modeled dependencies include: (1) if auxiliary feedwater is successful,
the transient is terminated; (2) if auxiliary feedwater fails, operator
action to establish bleed and feed and long-term high pressure
recirculation is addressed; and (3) if auxiliary feedwater and operator
bleed and feed both fail, early core damage results.

The loss of offsite power event tree includes a fifth scquence which
models the coremelt probability due to a possible RCP Seal LOCA
occurrence, If the Component Cooling Water (CCW) train which was
opei-ating at the time of the LSP event (Train A is assumed) fails; RCP
seal cooling is lost due to loss of flow through the CCW Service Loop to
the RCP Thermal Barrier Cooling Coils (TBCC). Seal injection flow is
also assumed to be lost due to loss of fube 0il cooling to the charging
pump which was aligned for normal seal injection. For this sequence,
the "standby" CCW train (Train B by assumption) is considered to be
functional and operating. However, the operation of CCW Train B will
not, in and of itself, result in re-establishment of RCP seal cooling.
Operator action to establisn RCP seal cooling is required by either 1)
realignment of the CCW Service Loop to CCW Train B, or 2) alignment of a
charging pump being supported by CCW Train B cooling (i.e. CCP B) to the
alternate or normal seal injection flow path. Failure to re-establish
at least one of the above two RCP seal cooling methods within a
reasonable period of time (approximately 30 minutes) is assumed to
result in an RCP seal LOCA. The RCP seal LOCA for this sequence is
assumed to be of a Small LOCA magnitude. Mitigation of this small LOCA
is considered using the systems and sequences of the Small LOCA event
tree without the support of the offsite AC power source and CCW Train A.
gailure to mitigate this small LOCA is assumed to result in early core
amage.
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Figure 3.1~-8

Steamline ; Feedline Dreak Event Tree
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3.1.3 Special Event Trees

Separate event trees have been used to analyze several spe ial events,
including Anticipated Transient Without Scram (ATWS), Loss of Component
Cooling Water (CCW), Loss of All Service Water (SWS), Loss of a 125 VDC
bus (DCC), Station Blackout (SBO), and containment safeguards. These
models are described in the following subsections.

3.1.3.1 Anticipated Transient Without Scram

The anticipated transient without scram (ATWS) event tree is presented
in Figure 3.1-10. This model applies to those transient and accident
events in which there is a failure of the control rods to drop into the
core when needed. Failure of reactor trip coincident with loss of
secondary heat sink results in a high pressure transient in the RCS.
This model reflects operator and system operations failure to shut down
the reactor and prevent overpressurization of the primary system. It is
assumed that overpressurization leads to unrecoverable early core
damage. The estimate of initiating event frequency includes all
transient and accident scenarios in which the reactor trip function
fails given a demand. The loss of main feedwater initiating event leads
to the most severe RCS pressure transient and is therefore the limiting
ATWS precursor. The loss of main feedwater has been analyzed for the
ATWS event,

The severity of the RCS pressure transient is a function of initial core
conditions determining core power and reactivity feedback conditions.
Higher core power at the time of the ATWS and times late in the core
cycle will exhibit less negative temperature reactivity feedback, both
of which contribute to peak pressures. The peak pressure can be reduced
by rapid operator actions to manually trip the reactor or insert the
contiol rods and initiate full auxiliary feedwater flow Lo the steam
generators. WCGS also has installed an ATWS Mitigating System Actuating
Circuitry (AMSAC) system, which provides redundant, nonsafety-grade
reactor and turbine trips and auxiliary feedwater actuation on low steam
generator level. AMSAC is automatically available whenever reactor
power is above 40%. For events initiated at power levels below 40%, the

peak pressure in the RCS is not predicted to excend the allowable 3200
psig limit.

Following a transient in which reactor trip fails, the operators are
instructed by emergency procedure to: (1) trip the reactor b, (in order
of preference): initiating a manual trip, manually stepping the control
rods into the core, or dispatching an operator to manually open the
breakers for the rod drive motor generators (RDMGs); (2) verify or
manually trip the turbine: (3) verify auxiliary feedwater actuation; and
(#) initiate emergency boration. Emergency boration is too slow to
prevent RCS pressurization for limiting ATWS events, and it has not been
addressed in this model.
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In general, the recovery from this event ultimately requires recovery of
CCW flow. If operator cooldown of the RCS is sufficient to minimize
seal leakage and the chance of a seal LOCA, it is assumed that CCW flow
must be restored in about 8 hours after the transient to prevent core
damage. This time period is less than the time for core uncovery given
expected RCP seal leakage (non-LOCA).

Dependencies modeled in the event tree include: (1) if all feedwater is
lost and CCW is not restored within two hours, an early core damage wil)
result; (2) if CCW has been restored before core damage is postulated (2
hours or 8 hours, depending upon feedwater availability), then high
pressure safety injection is required: (a) if feedwater is available,
then 1 of 4 SI pumps is sufficient to restore RCS coolant inventory, or
(b) if no feedwater 1s available, then it 1is assumed that 2 of 2
charging pumps are necessary to establish bleed ard feed coo]in?; (3) if
safety injection is successful, then it is assumed ihat long-term
recirculation cooling is necessary to prevent late core damage.

The loss of component cooling water event tree includes sequences 30 and
31 which model the coremelt probability due to possible RCP seal LOCA
occurrence. If the operating Component Cooling Water train (Train A
assumed) fails on a per year basis, RCP seal cooling is lost due to loss
of flow through the CCW service loop to the RCP Thermal Barrier Cooling
Coils (TBCC). Seal injection flow is also assumed to be lost due to
loss of Tube 0il cooling to the charging pump which was aligned for
normal seal injection. For these sequences, startup and operation of
the "standby" CCW train (Train B) is considered to be successfui.
However, the operation of CCW Train B will not, in and of itself, resuit
in re-establishment of RCP seal cooling. Operator action to esiablish
RCP seal cooling is required by either 1) realignment of the CCW service
loop to CCW Train B, or 2) startup and alignment of a charging pump
being supported by CCW Train B coc’ing (i.e. CCP B) to the alternate or
normal seal injection flow path. Failure to re-establish at least one
of the above two RCP -»~al cooling methods within a reasonahle period of
time (approximately 37 minutes) is assumed to result in an RCP seal
LOCA. Loss of CCW ccoling to the RCPs will not automatically result in
a trip of the RCPs. If the operator fails to trip the RCPs within 10
minutes of Toss of all RCP seal cooling, an RCP seal LOCA of medium LOCA
magnitude 1is assumed. If the operator successfully trips the RCPs
within 10 minutes but fails to re-establish seal couling within 30
minutes, an RCP seal LOCA of small LOCA majgnitude is assumed.
Mitigation of the medium or small magnitude RCP seal LOCA is considered
using the systems and sequences of the medium and small LOCA event
trees, respectively, without the support of CCW Train A, Ffailure to
mitigate the medium or small magnitude RCP seal LOCA is assumed to
result in early core damage.
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3.1.3.3 Loss of the Service Water System

The lovs of Service Water system (SW) event tree is presented in Figure
3.1-12. This mode) applies to the transient initiated by failure of the
service water system and failure of the Essential Service Water system
(£ESW). The ESW supplies cooling water to the CCW and to several safety-
relaied pumps and roum ccolers. In addition to losing CCW-cooled loads,
the motor driven AFW pumps and the condensate pumps will be lost, as
well as the safety-grade backup water supply to the -uxiliary feedwater
system. For identification of CCW loads, see Section 3.1.3.2 above.
The loss of service water causes loss of cooling to the turbine
generator auxiliary systems and a turbine trip, which causes a reactor
trip. Following the loss of ESW flow, the operator: will have to trip
the RCPs, CCW pumps, and the charging pumps. If auxiliary feedwater
automatically actuates, the motor-driven AFW pumps also will have to be
stopped to prevent damage (assumed due to loss of room cooling), and the
turbine-driven AFW pump used for reactor cooldown and depressurization.
Failure of reactor trip is addressed in the ATWS event tree.

The RCP seals, with neither CCW flow or seal injection, will eventually
begin to leak and may fail resulting in significant reactor coolant
losses. This loss of reactor coolant will ultimately lead to core
damage if ESW, CCW, and safety injection are not recovered. If a safety
injection actuation occurs, the operators have to prevent the high
pressure SI pumps from starting or turn them off to prevent damage.
This allows the pumps to be used later for injection if ESW and CCW are
recovered.

To reduce the chance of seal damage, the operators are instructed to
cool down and depressurize tha RCS with the turbine-driven auxiliary
feedwater pump and the SG PORVs or steam dump valves to the condenser.
These steps reduce the thermal and pressure challenge to the RCP seal;
O-rings and reduce the driving head and consequential loss of coolant
rates. Depressurization also makes the injection water from the
accumulators available to replenish lost RCS inventory. These actions
extend the time available to recover ESW and CCW before the core is
damaged.

If all sources of feedwater are lost, the steam generators would start
to dry out and the RCS would heat up and pressurize due to the loss of
secondary heat sink. The pressurizer PORVs and safety valve would
release RCS inventory, eventually leading to core uncovery and damage
after the reactor coolant saturates. The challenge to the RCP seals is
a function of RCS pressure and time. From expected leakage through the
RCP seals, the time available before damag.ng the core is expected to be
about 2 hours from the loss of all feedwater flow.

The recovery from this event ultimately requires recovery of ESW and CCW
flow. If operator cooldown of the RCS is sufficient to minimize sea)
leakage and the chance of a seal LOCA, it is assumed that ESW flow must
be restored in about 8 hours after the transient to prevent core damage.
fhis time period is less than tne time for core uncovery given expected
RCP seal leakage (non-LOCA).
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3.1.3.4 Loss of a Vital DC Bus

The loss of a vital DC bus event tree is presented in Figure 3.1-13.
This model applies to events resulting in a loss of one vital 125V DC
bus. The event will progress as a transient without main feedwater
where one train of front line safety systems will be rendered
unavailable in response to an automatic actuation signal or manual
actuation from the control room. Loss of a DC bus causes a
consequential loss of the associated vital AC bus, disabling various
flow, temperature, pressure, and level indications as well as causing a
loss of control power to various pumps, valves, breakers, and the
associated =mergency diesel generator. The event tree is identical to
that of Transient without Power Conversion System, Section 3.1.2.8
above, except that system success criteria reflect the unavailability,
without local manual componert actuation, of one train of safety
systems.

The electric power loss causes c'osure of the main feedwater isolation
valves, leading to reactor trip on low steam generator level. Failure
to scram the vreactor is modeled in the ATWS event tree. Modeled
dependencies include: (1) if auxiliary feedwater succeeds, the transient
is assumed to be terminated; and (2) if auxiliary feedwater fails,
operator action to initiate bleea and fe«l operation is modeled, with
long-term cooling provided by high pressure recirculation.
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Figqure 3.1-13

Loss of a Vital DC Bus Event Tree
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3.1.3.5 Station Blackout

The station blackout event tree is presented in Figure 3.1-14. This
model depicts the loss of offsite power transient with coincident loss
of all onsite AC power. The reactor will trip upon deenergization of
the control rod trip breakers and Control Rod Drive Motor (CRDM) coils,
and the turbine driven auxiliary feedwater pump will provide flow to the
SG tc remove decay heat. Steam dump to the atmosphere will occur
through the steam generator PORVs and safety valves. The operators are
instructed by emergency procedures to verify auxiliary feedwater ficw.
to isolate the RCS, perform and verify containment isolation, strip all
but essential loads from the DC buses, and initiate RCS cooldewn. If no
consequential events (e.g., RCP seal LOCA) occur, these actions maintain
the plant in a safe, stable condition for at least the time that OC
power and the condensate storage tank supply of water to the auxiliary
feedwater pump are avazilable.

The station blacko.t results in a loss of cooling flow from the CCW
system and from the charging system to the RCP seals. The seals will
leak, and may fail resulting in significant reactor coolant losses which
will ultimately lead to core damage if AC power and safety injection are
not recovered. To reduce the chance of seal damage, the operators are
instructed to cool down and depressurize the RCS with the auxiliary
feedwater system and the SG PORVs. These steps reduce the thermal and
pressure challenge to the RCP seals O-rings and reduce the driving head
and consequential loss of coolant rates. Depressurization also makes
the injection water from the accumulators available to replenish lost
RCS inventory. These actions extend the time available to recover AC
power before the core is damaged.

If auxiliary feedwater is lost, the steam generators would start to dry
out and the RCS would heat up and pressurize due to the loss of
secondary heat sink. The pressurizer PORVs and safety valves would
release RCS inventory, eventually leading to core uncovery and damage
after the reactor coolant saturates.

Recovery from station blackout ultimately requires recovery of some AC
power source, either from the grid or the diesel generator(s). The
timing of events is critical to this analysis, inasmuch as the DC
batteries wilil give the operators indication of parameters such as
pressurizer level (which is indicative of RCP seal leakage) and contrel
of PORVs and the turbine-driven auxiliary feedwater pump. The batteries
are expected to provide approximately 8 hours of power, with shedding of
selected DC loads. After the batteries discharge, auxiliary feedwater
flow may be manually maintained by local control and monitoring of local
flow indicators (turbine-driven pump failure is nonetheless modeled
because while the throttle valve to the turbine fails as is or loss of
OC, the speed governing valve fails open, which may result in pump trip
on overspeed). In addition to the above, the 8 hour period was chosen
since it reflects the availability of the safety-grade backup air supply
accumulators to the AFW turbine control valves and the steam generator
PORVs (ignoring the possibility of charging the accumulators from
nitrogen tanks). This time period also assures the availability of the
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Figure 3.1-14

ftation Blackout Event Tree
Page 1 of 8
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RCD
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2.324E-O£
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I Sequences 1-8 (Fig ® 1-14 Pg 2)
Il Sequences 9-16 (Fig 3.1-14 Pg 3)
I11 Sequences 17-24 (Fig 3.1-14 Pg 4)
IV Sequences 25-32 (Fig 3.1-14 Pg §)
V  Sequences 33-38 (Fig 3.1-14 Pg 6)

Event designators are described on Pages 7 and 8 of Figure 3.1-14,
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- Less than the 2.25E-11 cutoff

17
18
1%
20
21
22
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SBO SEQUENCE NUMBERS

SUCCESS

CM 2.050E~09
CM *
SUCCESS

CM 3.0851E-09%
CM 1.240E-10
CM 5.40BE-09
SUCCESS

CM NA

CM N2

CM NA

CM NA

24 CM #8 Minimal

Event designators are described on Pages 7 and 8 of Figure 3.1-14.
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Figure 3.1-14
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Event designators are described on Pages 7 and 8 of Figure 3.1-14,
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of Offsite Power, RCD Successful

8 Hour AC Power Recovery (8HR) due
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2 Hour AC Power Recovery (2HR) due
of Offsite Power, RCD Fails

4 Hour AC Power Recovery (4HR) due
of Offsite Power, RCD Fails
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of Offsite Power, RCD Fails

(2HR) due
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RCD Fails
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3.1.3.5 Containment Safeguards

A1l of the baseline and special event trees have been linked to a
containment safeguards event tree model for calculation of plant damage
states. The containment safeguards event tree is presented in Figure
3.1-15. For each core damage sequence, there may be up to 8 plant
damage states, reflecting various operating states of the Containment
Cooling System (CCS), Containment Spray System (CSS), and Containment
Isolation (CIS). Dominant core damage sequences are further analyzed
and identified for the Containment Performance Analysis by the
functicning of each containment safequard system.

There ure no dependencies explicitly modeled ‘n this event tree.
Support system dependencies are modeled in the fault tree models for
each system.

3.1.4 Support System Modeling

The WCGS IPE uses fault tree linking to quantify the accident sequences,
thus no support system event trees were created. The fiult tree linking
method requires the development of a system fault tree for each of the
front-1ine systems and for each of the support systems medeled. Each
front-1ine system fault tree calls in the appropriate support system
fault tree or trees and the linking £ oacess quantifies tne accident
sequences without double-counting support systems.
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Figure 3.1-15

-

Event Tree Defining Status of Containment Safeguards

P
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Event = Event Description

CMS Core Melt Sequence Occurs :
cCs Containment Cooling System :
SE Containment Spray System
cIs Containment Isolation

A Available

f Failed

3-58

R R S TSRS 1, e e e e e e e —— e e TR —




3.1.5 Sequence Grouping and Back-End Interface

The event tree analysis identifies the results of events affecting
reactor aru turbine-generator availability and subsequent failures of
safeguards systems. To preserve core integrity, certain functions must
be achieved following an event: shutdown of the reactor and removal of
reactor decay heat. Mu,.iple systems and methods are available to carry
out these functions. These systems are explicitly analyzed by the event
tree. When different systems fail, it is possible that core damage will
occur. For the PRA, once conditions that might yield core damage were
identified by an event tree sequence, core damage was postulated.
Weither recovery of systems nor wuse of non-traditional emergency
safeguards methods that hypotheticaily could be attempted by the
oprrators are addressed beyond this point.

The following different modes of core damage are modeled:

Small LOCA (S5) - This category i1s composed of core damage following a
small break of the primary system piping, where a
direct release path to the containment atmosphere
exists.

Transient (7) - This category 1s characterized by the release of
primary inventory through the pressurizer PORVs or
safety valves to the pressurizer relief tank.

Large LOCA (A) This release category is characterized by a rapid
depressurization of the RCS, core uncovery, and core
damage, such as could occur following a large pipe or
reactor vesscl rupture.

V Sequence (V) - This release follows a large interfacing systems LOCA
outside containment.

SGTR Release - This release category is also a bypass of containment

(v2) with primary coolant being discharged from steam

generator PORV or safety valves.
The timing of the core damage is also addressed, reflecting the effects
of decay of short-lived radioisotopes inside the core., The two times
modeled are:
Early Damage (E) - Occurs when short term core cooling is not available.

Late Damage (L) - Occurs when short term core cooling is available but
the operator fails to establish long term cooling.

The core damage categories developed with the above defined parameters
are summarized in Table 3.1-3.
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TABLE 3.2-1
OUTLINE FOR SYSTEM NOTEBOOKS

SYSTEM FUNCTION

SYSTEM DESCRIPTION

2.1 Support Systems

2.2 Instrumentation and Controls

2.3 Technica) Specification Limitations
2.4 Test and Maintenance

2.5 Component Location

SYSTEM OPERATION

PERFORMANCE DURINC ACCIDENT CONDITIONS

4.1 Success Criteria
4.2 Initiator Impact on the System

OPERATING EXPERIENCE
INITIATING EVENT REVIEW
SYSTEM LOGIC MODELS

7.1 Assumptions and Boundary Conditions
7.2 Fault Tree Logic Models

QUANTIFICATION AND RESULTS
SYSTEM INSIGHTS
REFERENCES
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TABLE 3.2-2

SYSTEMS MODELED IN THE WCGS IPE

System

Auxiliary Feedwater System

Chemical and Volume Control System (Portions)

Component Cooling Water System

Containment Cooling System

Containment [soiation

Containment Spray System

Electrical Power System

A Power System
JC Power System
Class 1€ Electrical Equipment HVAC

Emorgency Core Cooling System

Accumulator Safety Injection
Low Prossure Safety lnéoction/kecirculation

Intermediate Pressure

High Pressure Coolant Injection/Recirculation

Essential Service Water System

Instrument and Control Systems

Reactor Trip System
Enginecved Safety Features Actuatiun System
ATWS Mitigation System Actuating Circuitry

Main Feedwater and Condensate Systems

Main Steam System

Pressurizer Relief System
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3.2.1.1 Auxiliary Feedwater System

The Auxiliary Feedwater System (AFW) provides a safety-grade water
supply to the steam generators for removal of reactor decay heat
following transient and accident scenarios in which main feedwater is
isolated or lost. The system ensures adequate makeup to the steam
generators to prevent the reactor coolant system (RCS) pressure from
increasing and causing release of coolant through the pressurizer safety
or relief valves. For the PRA analysis, the AFW system is the primary
scurce of water to the steam generators for secondary system heat
removal . Figure 3.2-2 shows the ?1mp1ified PLID of the system.

The AFW corsists of two 100 percent capacity motor-driven pumps, one 200
percent capacity steam turbine-driven pump, and associated piping,
valves, and instriments. T<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>