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GPU Nuciear COrporatlon
Post Office Box 388 :
Route 9 South

Forked River, New Jersey 08731 0388 4
609 971-4000

Wiriter's Direct Dial Number:

August 14, 1992
C321-92-2201

”ﬁ,U.AS. Nuclear Regulatory Commission
- Attention: Document Control Ucsk
~ Mashington, D.C. 20555

Gentlemen:

Subject: Oyster Creek Nuclear Generating Station (OCNGS)
Operating License No. DPR-16
Docket No. 50-219
Response to Generic Letter 88-20, "Individual Plant
Examinations for Severe Accident Vulnerabilities (IPE)"

In response to the subject generic letter, enclosed are the following reports:

1. Oyster Creek IPE Submittal Report
2. Oyster Creek Probablistic Risk Assessment (Level 1), 6 Volumes
3. Oyster Creek Probabilistic Risk Assessment (Level 2), Volume 1 of 1

E:The Level 1 and 2 Probabilistic Risk Assessments (PRAs) were conducted in
. -accordance with the guidance contained in Generic Letter 88-20 and NUREG-1335.
.. The analyses were conducted on the plant as it was configured in 1989 with the
‘fo]1owing planned 14R modifications:

l. An interconnection to the combustion turbine generators on the
adjacent Forked River Site to provide an a]ternatg AC power sourca.

2. A hard-piped containment vént system.
3. Provisions for an all manually initiated containment spray system.
"The IPE report addresses specific issues identified by the NRC staff in the

generic letter, including the containment performance issues and USI-A4S, Decay
Heat Removal Requirements.
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As indicated in the IPE Report, no vulnerabilities to severe accidents were
identified. A number of potentially cost-effective improvements were identified
for consideration to further enhance reactor safety. These improvements are
being evaluated and are currently being planned for implementation by completion
of the 15R outage, with the exception of the portable DC generator and associated
equipment. The feasibility of implementation of the portable DC generator will
be considered and a decision on its implementation will be reached by the 15R
refueling outage.

Final scheduling for implementation for all identified improvements, as
appropriate. will be in a~cordance with the OCNuS Integrated Schedule.

If you have any questions on this information, .please contact us.

Sincerely,

. a toé:
( Vige ﬁ%e ident and Director :
Qyster\ Zreek Nuclear Generating
\‘-’Station
JJB/DJD/ amk
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1. Oyster Creek IPE Submittal Report
2. Oyster Creek Probabilistic Assessment (Level 1), 6 Volumes
3. Oyster Creek Probabilistic Risk Assessment (ievel 2), Volume 1 of 1
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cc: Administrator, Region I, (w/Enclosure 1 only) - ML060550287

NRC Resident Inspector, (w/Enclosure, All)
Mr. Alex Dromerick, Jr. - Project Manager. (w/Enclosure 1 only)
J. Butler, NUMARC, (w/Enclosure 1 only)
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1.0 Introduction

The GPU Nuclear response to Generic Letter £8-20, "Individual Plant Examination®, Supplement
1 is comprised of three reports: r ,

1.  The IPE Submittal Report
2. The Oyster Creek Probabllistic Risk Assessment (Level 1)
3. The Oyster Creek Prolbablustrc Risk Assessment (Level 2)

The IPE Submittal Report (this report) serves as an overview summary of the methods and results
of the level 1 and 2 PRAs, provides a cross reference (‘roadmap®) for locating appropriate
sections of the level 1 PRA with respect to the requested IPE submittal format, and provides the
documentation of the GPU Nuclear responsé to specific Issues such as the loss of decay heat
removal issue and resolution of selected USIs and GSls. It also contains conclusions,
recommendations and planned actions emanamng irom the IFE and planned schedules for their
implementatron . o r .

1.1 IPE Approach and Scope

GPU Nuclear Corporation chose to respond to Generic Letter 88-20 Supplement 1 by performing

level 1 and 2 PRAs for the Oyster Creek Nuclear Generating Station. The PRAs utilize state of
the art techniques of the “large event tree small fautt tree" methodology Recent advances in

personal computer speed and calculational ability has allowed for the logrc of the plant model
to be entered as logic statements and eliminates the need for pictorial event trees. These logic

statements (reforred to as “rules files* or *modules”) can be directly linked ellmlnattng the need

for support states. Details on the methods used in the OCPRA ‘in the development and

quantification of the plant model are presented In Section 7.1 of the level 1 PRA report,

The level 1 and 2 PRAS are considered full scope PRAS for internal évents. A separate analysis
using screening techniques was conducted for internal ﬂoods and is documented in Section 10
of the level 1 PRA report. ' v

1.2 IPE Team

The study was conducted in a manner that maximized the use of in-house personnel. . GPUN in-
house PRA analysts engineers and operators who ar" farniliar wrth the detatls of the design,

controls, procedures ‘and system confi igurations were heavily involved in the analysrs aswellas.

the technical review. PLG Inc., as prmcrpal contractor devetoped initial approaches onmuchof
the analysrs as well as provrded gurdance and assrstance in us!ng the PC software package, ,

RISKMAN. " ' o / \ L ,

The makeup of the team d:ffered dependrng upon the specifc task or portron of the study.
Acknowledgement section in the level 1 and 2 PRA reports.

1.3 Plant Dfocurne‘ntation Sources |

The development of the level 1 and 2 PRAs required the collection and review of many sources

IPE , 1-1 05/29/92



of plant information and documentation. These sources included:

Final Updated Safety Analysis Report (FSAR). The FSAR was used In the development of the
plant model with emphasis on the plant response to design basis accldents. Also, the FSAR was
used to determine the original list of systems to be modeled. _

Operation Plant-Manual (OPM). ‘The OPM provrdes detalls on system design, operation and "
controls and was used extensively in the development of the individual systems analyses and in
the determination of system dependenores

Emergency Operatmg Procedures (EOP) Emergency operatlng procedures were used in the
development of the plant model and operator ac'tron analysis -

System Surveillance, Abnormal and Operating Procedures were used in the development of the
individual system analyses as well as for the collection of system demands in the data analysis
task. Abnormal and operating procedures were used in the human action analysis task.

Piping and Instrument Diagrams (P&IDs) and Electrical Diagrams were used In the system
analyses as well asin determrnatron of system dependencres o

Transient Assessment Reports (T: 4lll?s) were used In the development of the plant model (actual
data on plant response to transrents) as well as the data analysrs task (aotual trip data)

Maintenance Work Orders (MWOs) and Swrtchrng and Taggrng Requests were used in the data
analysis task to provide plant specrf ic component | malntenance and failure data.

Technical Data Reports (7DRs) and Thermal Hydraulrc Calculatrons were used inthe development
of success criteria and mtegrated plant response to off normal events. s

Each section of the level 1 and 2 PRAs contain a list of the references used to develop the
analysis.

1.4 Plant Familiarization

Englneerlng knowledge of plant systems and rntc=grated plant response to oﬂ-normal events are
essential elements of a PRA ‘The OCPRA team performed walkdowns of Oyster Creek at various
pornts inthe prolect to assure correct modelrng of the plant and plant systems.. Walkdowns early
in the project assured familiarization of the OCPRA team wrth the general arrangement of the
plant and plant systems. Walkdowns were also performed in support of the systems analysis, -
human action analysis, plant modeling and the Internal fiooding analysis tasks.

General Walkdowns The fi rst walkdowns p«erformed by the OCPFlA team consrsted of
generalized walkdowns to familiarize the team wrth the arrangement of the slte and plant systems.

Systems Analysis Walkdowns. The first step in the preparation of the qualitative system analyses
is the development of the system workbooks (Appendix F). System workbooks are developed
using all available documentation of the system including FSAR, system descriptions (OPMs),
plant procedures (maintenance, testing, operation and abnormal), system drawings and plant
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walkdowns. Following the review of all pertinent information, plant walkdowns were performed
by the responsible GPU systems analyst. These walkdowns were often performed with the
assistance of knowledgeable plant engineers STAs, and operations personnel. Also, system
engineers responsible for the review of the OCPRA systems regularly walkdown the systems for
which they are responsible.

Human Action Walkdowns. The OCPRA team members responsible for the performance of the
human action analysis task performed walkdowns to familiarize themselves with the operator
actions modeled in the OCPRA as well as 1o verify operator action questionnaires. These
walkdowns were performed with experienced operations personnel.

Plant Model Walkdowns. Knowledge of the integrated plant response to}off-normal events is
essential in assuring the validity of the plant model. Walkdowns were performed to verify impacts
of initiating events, system interactions and system dependencies. :

Internal Flooding Analysis Walkdowns. Initial walkdowns were performed in the internal ﬂoodlng
analysis to verify component locations, collect source Information, determine propagation paths
and determine fiooding impacts. Subsequent walkdowns determined the potential for flood
mitigation including verification of flooding impacts, drain system mmgatton and operator
intervention.

Containment Walkdown. A walkdown of the containment was conducted to verify pertinent

containment features and configurations. A videotape of the reactor vessel pedestal area and
drywell was made and used for reference durmg performance of the level 2 PRA analysis

1.5 lndependent Review
Level 1 PRA

Two Iindependent reviews of the level 1 study were performed: one conducted by an independent
in-house review group consisting of managers of key organizations, and one performed by an
external consultant. The purpose of the independent in-house review was to ensure the accuracy
of the documentation and to validate the PRA process and its results. The external consultant
review was conducted to ensure that proper PRA techniques were employed and that key issues
were addressed. The results of these reviews are provided in Appendix D of the level 1 report.

Level 2 PRA
Two independent reviews of the level 2 study were also performed: one conducted by an
independent in-house review group consisting of managers and senior engineers from key

organizations, and one performed by an external consultant. The results of these reviews are
provided in Appendix D of the level 2 PRA report.

1.6 Other PRAs Reviewed
A number of other PRAs were reviewed in conjunction with different parts of the study. The

purpose of these reviews was to gain some knowledge of the approaches taken on certain
issues in other studies and to compare results. Generally, these reviews were not fully
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comprehensive or done in great depth, but were sufﬁcuently detailed to grasp the essentials of
the approaches and the conclusions or results. The pnncuple contractor for the study, PLG Inc.,
had extensive experience in performing PRAs and in reviewing other PRAs, and this experience
and added perspective was applied to this stucy. Other PRAs reviewed included:

NUREG-1150, Peach Bottom and Grand Gulf
Fermi
~ Beznau
 TMI-1 -
Beaver Valley 2
Shoreham
~ Millstone 1
Pilgrim

In addition various NSAC reports, and specifically NSAC-152, “EPRI PRA Repository” were
selectively revaewed as were many NUREG reports and ANS Transachons .

Specific references that apply dlrectly to various portlons of the analyses are listed in their |
respective sections in the level 1 and 2 reports.

1.7 Report Organization
The level 1 PRA effort was begun prior to the Issuance of Genenc Letter 88-20 Supplement 1
therefore, the report organization differs from that described in NUREG-1335. A"Roadmap"® which
compares the NUREG-1335 format and the applicable sections of this report and the level 1 PRA
report is provided in Table 1.1-1. - ’ ‘

The level 2 PRA report is organized using the NUREG-1335 suggested format.

PE | | 14 . 05/29/92



Table 1.1-1 Comparison of NUREG-1335 and OCPRA Report Formats

——

NUREG-1335 IPE Report (this report)

1. Executive Summary

1.1 Background and
Objectives

1.2 Plant Familiarization

1.3 Overall Msthodology

14 sgmmaty of Major Section 2.0 Resulis Summary Section 30 Major Hosulu , -8
Findings | Appendix C Detalled Results .

2. Examination Process

2.1 Introduction
2.2 Conformance with Section 1 1 IPE Approach and Scope R o
Generic Letter and " | Section 1.2 IPE Team - e s ‘
Supporting Materlals Sechon 13 Plam Documemm i o o - '
Section 1.4 :Plant Famlliarizaﬁcln T e e e e ;
| Section 1.5 Independent Review -
Section 1.6 Other PRAs Revievwed
Section 1.7 Report Organtzaﬂcn o
2.3 General Methodology  [ic. : Sechon 2.0 Risk Model Developmant Process

1 Overvlew of the Data Analysis Process
1 5.1 'Overview and Scope of System Analysis
AN Operator Action Analysis Approach

Introduction to the Plant Model

' introduction to Endstates e

: Introduction to Uncertalnty Fropagaﬂon
: Secbon 10 1 Introducuon 1o the internal Floodmg
Analysis o

2.4 information Assembly

3. Front-End Analysis |

3.1 Accident Sequence

) $ecﬁon 7.0: Plant Model
Delineation R it

3.1.1 Inktisting Events | Section 72 Definttion of Inttiating Events

3.1.2 Front-Line Event

Sec‘hon 75 General Transient Module e
Trees .

Section 7.6 :Loss of Feedwater Control e
Section 7.7 Long Term General Translent Modula
Section 7.8 Small LOCA Module - - - - -

Section 7.9 .Large LOCA Module k

Section 7.10 Long Term LOCA Response
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X

NUREG-1335 IPE Ropon (thh upon) 4 OCPRA (Lavel 1)

3.2.3 Special Event Trees % Section 7.11 Recovery Module

3.1.4 Support System Event

Section 7.4 Support System Module
Troes ’ '

3.1.5 Sequence érouping
and Backend
intertace

Section 8 Plant Model Endstates

3.2 Systemn Analysis

821 SystemDescriptions |2 | Appendix F Individual System Analyses

3.2.2 System Analysis (fault
.trees)

38.23 Sy#tam Depeﬁdenci_gp
(dependence
matrices)

Appendxx F Indnvidual Sysiem Analyses
 Section 7.3 Dependenca Matrices

3.3 Sequence Quantification

3.3.1 List of Generic Data E

8.3.2 Plant Specific Data
and Analysls

3.3.3 Human Fallure Data -
(generic and plant

specific)

‘Section 6 Human Action Analysis

3.34 wCommon Cause

Section 4.4 ‘animown.‘Cause Failure Parameters
Failure Data B . '

|

3.3.5 Quantification of
Unavallability of
Systems and
Funcﬁoné

»; Appe;idii' F lndividué! System Analyses

; ot applicable In meﬁ odology used in OCPRA
qu’ntlﬁcanon.i ;_'_ o

3.36 Generahon of Support
System States and
their Probabiliues

3.3.7 Quantification of
Sequence
_Frequencies

Appendxx c 5 lnduvlduai Sequence lmportance to
: CDF

3.3.8 Internal Flooding

Section 10 |nian'm Flooding Analysis
‘Analysis - e B _

3.4 Flesults and Screening ‘Sectiqn 2.0 Results Summary Secuo 3.0 ‘ngovry Besults v

Process

3.4.1 'Application of Generic | Section 3.0 Apphcat:on of the 4.aeneric Ai:p;ndix c Detglleci Hésuhs k
Letter Screening " Letter Screening Process | ~ ' '
Process Sectlon 3.1 Reportable Sequences
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NUREG-1335

—

IPE Report (this report)

3.4.2 Vuinerabllity
Screening

Section 3.2 Vulnerabllity Scresning

Fl

3.4.3 Decay Heat Removal
Evaluation

Section 5.0 Unresolved Safety lssue
A-45 - Shutdowr: Decay
Heat Removal
Requirements

3.4.4 US! and GS!
Screening

Section 6.0 Other Unresolved Safety
lssues (USls)

Section 7.0 Generic Safety kisues
{GSls)

§. Utility Participation and
internal Review Team

Section 1.2 IPE Team

Acknowledgement Page

OCPRA (Lavel 1)

Section 1.1 Background and Objectives

Organization

5.1 IPE Program !Q;;} &

............................

- -] Acknowledgement Page

5.2 Composition of
Independent Review
Team

Appendix D independent Review

5.3 Areas of Review and
Major Comments

6. Plant improvements and
Unique Safety Features

5.4 Resolution of Comments Eg“ o

Section 8.0 Conclusions and Planned
Actions

7. Summary and
Conclusions (including
proposed resolution of
USIs and GSls

Section 5.0 Unresolved Safety Issue
A4S

Section 6.0 Other Unresolved Safety
Issues

Section 7.0 Generic Safety Istues

Section 8.0 Conclusions and Planned
Actions

Section 3.0 Major Results
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2.0 Results Summary

The major results of this study are provided in Section 3 and Appendix C of the level 1 PRA
report and Sectson 12 of the level 2 PRA report. Salient points are excerpted below.

2.1 Level 1 Analysis Results
The calculated mean core damage frequency due to internal Inftiators in this study Is 3.69x10°

per year. The uncertainty due to dispersion in the input data, that is, uncertainty in the fallure
rate database, and human action error rates are reflected in Figure 2.1-1.

Figure 2.1-1 Calculated Total Core Damage 'Frequency
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coas DAMAGE FREQUENCY -

A detailed dISCUSSIon of the uncertamty in the c.alculated total CDF is prowded in Sect:on 9 of
level 1 PRA report, however Figure 2.1-1 depicts that the uncertainty due to input data resultsin =~
a calculated core damage frequency (CDF) between 1.81x10°® (5% confidence) and 9.62x10°
(95% confdence) The point estnmate mean c‘ore' damage frequency is calculated to be 3. 69x1 0

per year. ‘
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2.4.1 Initiating Event Importance to Core Damage Frequency

There are a total of 28 initiating event groups modeled In the level 1 PRA. These are described
in detaif in Section 7.2 of the level 1 report. These initiating event groups can be categorized into
three general types: : e

* . General Transient (15). Events that lead fo a demand for a turbine or reactor trip
but are not a loss of coolant accrdent

. Small Loss of Coolant Accidents (6). Loss of coolant accidents small eneygh to
require ADS actuation to depressurize the reactor vessel to ensure adequate core
cooling using low pressr.rre,lnjection systams. '

»  Large Loss of Coolant Accidents (7). Loss of coolant accidents large enough not

to require ADS actuation to depressurize the reactor vessel to allow adequate core
~ cooling using Iow pressure injectron systems

A breakdown of the indrvidual initratmg events by importance rs given in Table 2 1-1 for the top
10 contrrbutors ‘ _

Table 2.1-1 Inftiating E\_rent lhportance (Top 10 C:oniributers) |

Description * Initiator Cére' Damage | ~ Percent

| L Designator | . Frequency | Contribution
Loss of Ofisite Power | osp | 120t | scex
Turbine Trip | - | ~ 48sx107
Reactor Trip R v o RT | 2.83xt07
MSIV Closure | ‘cMsv |  2sexi0” |
Total Loss of Feedwater / . LOFW | . 209x107 5.7%- . “
Loss of Condenser Vacuum , . Locv. | 1.4sx107 4.0% H
Loss of TBCCW LOTB 1.47x107 4.0%
Loss of Intake Structure : LoIs 1.20x107 3.3% “
Electric Pressure Hegulator Far(ure ~ EPRL 1.19x107
(Sensing LOW) B Y E R SR EREEE -
Large Below Core Inside Contarnmentlf;”;}, | 1o08xi0” |, . 29% .

‘ " TOTAL (Top 10 Contributors) | ABOVE | 3oexto® |

IPE o 2.0 ~ 05/29/92



2.1.2 System (or Top Event) importance to Core Damage Frequency

System importance provides the relative contributions of the systems modeled in the level 1 PRA
to total core damage frequency. System top events reflect the individual functions modeled in
the level 1 PRA. Split fractions developed for each top event provide the probability of failure of
a system to function as defined in the system success criteria (see Section 5 of the level 1.
report). '

Twenty-five (25) systems are modeled in the Ievel 1 PRA. lndrvrdual system availability results
are provided in Appendix F of the leve! 1 report. These systems (in addition to other special
analyses) resulted in the development of 53 top events or system functions. Table 2.1-2 -
illustrates the top ten system contributors to the total CDF and percentages of independent
failure.

Table 2.1-2 Top Event lmportance;(l:lankedby Independent Fallure)

Description - Percent
.. CDF**

EMRV Closure o ... 48
4160 VAC essential Bus 1D 37%
4160 VAC essential Bus iC -' 8%
125 VDC Bus C s |
125vDCBusB . | s% |
Recovery from Loss of Ofisite Power |  26% "
Core Spray ‘ et FI
Reactor“Scram' I 6% N
4160 VAC Bus 1A I
4l60VACBus1B e

**  The percent CDF listed is that percentaqe resultlng from the’ summatlon of the frequency
of all sequences involving failure of the top event. It represents the percentage decrease
in the CDF that would result if the top event failure rate could be made zero.: The sum
of all percentages is greater than 100% because more than one top ¢ event failure will
typlcally occur in any given core damage sequence
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2.1.3 Operator Action Importance to Total Core Damage Frequency

This section describes the importance of operator actions to total core damage frequency. The
operator actions modeled in the level 1 PRA, range from the normal post trip control of the plant,
to Emergency Operating Procedure actions, to recovery from systemic or functional failures.
Detailed operator action failure rates are provided in Section 6 of the level 1 report.

Of the 66 separate operator actions modeled, many are functionally similar but have varying
support systems out of service or changes in time available for performance of the action. For
example, four (4) separate operator actions were modeled for the injection of boron following
failure of the reactor trip function. Therefore, in actualrty, there are only 34 functronally difierent
operator actions.

All of the modeled operator actions contribute epproximately 21% of the total CDF. That is: if
these actions could be made perfect (zero error rate) the total CDF would be reduced by 21%.
The operator actions are grouped into nine (9) general categories. These are presented below
with their respective contributions to the total core damage frequency:

Table 2.1-3 Operator Action Importance to Total CDF

Group | .~ Descripion | Percent
Number | ’ o CDF
1 Operator Actrons During Normal 21%
3 Plant Trip Response .. B T
2 | Operator Actions to. Maintain IC. - 15%
Makeup D T 1 R IO
3 Operator Actions tcr Estabhsh RPV " 43% 1
| Injection ' R
IR Operator ~Act§ons to Remove - | {.3% o
.| Containment 'Heat I
, 5 Operator Actions to Mitigate -23%
r "~ | Reactor Scram Fallure (ATWS) R
6 Operator Responsr= to Support ‘ 26%
| System Failures . , , : o
T preratorResponse toRecover | - 04%
x| from Actuation Loglic"F'a'iIures Sl e

‘I "8 | Operator Actions to Recgver from | os%-
I Errors or Failures :

9 Operator Actions to Recover 2.7%
Containment Heat Removal

IPE ' | 04 05/29/02




Table 2.1-4 provides the top ten specific operator actions in order of decreasing importance to
total CDF.

Table 2.1-4 Individual Operator Action Importance

Group - Description of | ‘Tot'al |
Number Failed Operator Actions |  CDF
| Contribution

‘41 ,Initlatlon of Contamment , | 2.76%
- {Cooling. -~ -

3 | Core Spray (Manual initiate or |  2.70%
' injection with fire protection) ' ‘

Il ‘ 9 Recovery of DC power =~ | 2.50% |
| 6 Recovery of Oﬁ‘sne Power 1 2.20%
1 2 | Initiation of IC makeup | 1s1%
4 | ContainmentVerting. | 147%
3 | Manual Inftiation of ADS | 1.23%
5 | Initiation of Boron Injection |  1.22%
- | Following ATWS I
5 | Leveland Power Control | 1.08% |
Foliowing ATWS Y
1 | Control of Post Trip RPV Level | = 1,08% ||

2.1.4 Individual éequence Inipoﬁence tcv A‘Core Damage Frequency‘_;‘ e

The individual sequence importance to the total core damage frequency provides, in ranked
order, the sequences which contribute srgnuf c.antly to the total core damage frequency This -

information provides msughts into plant specific behavior followrng inftiating events which resutt

in core damage. This perspectnve also reflec'ts_the m:tnatmg event |mportance and system ,
importance hrghhghted in prevuous sub-sectron=~ ' ( -

Table 2.1-5 provides the top ten sequences of the le»el 1 PRA with their frequency, percent of
total CDF and cumulatlve percent oftotal CDF o Lo o B
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Table 2.1-5 Top Ten OCPRA Core Damage Sequences

- Sequence | Percent of | Cumulative
‘Frequency Total - Percent of
.CDF Total CDF

Description

Loss of all AC power (station
blackout) with failure of an EMRV to
reclose.

Turbine trip with loss of all DC power.

Reactor trip with loss of all DC power. 2.10x107

Inadvertent MSIV closure with loss of | 1.28x107 33% | 87%
all DC power. . : 1.

Loss of offsite power with EMRV Ctaexto? | 32% 40%
fallure to close and core spray failure. SRS o

Loss of TBCCW with EMRV fallureto |  1.04x107 | - 2.8% 43% I

close and core spray failure,

Large below core loss of coolant with 0.61x10° |  26%  45%
failure of core spray. U .

RWCU Overpressunzation with core | 7‘;25’)&10* " 20% 4%
spray failure. , B IR e

Loss of intake flow with EMRV failure | 7.24x10% | 2.0% 49%
to close and core spray failure. o : SR P

Loss of condenser vacuum with loss | 6.52x10%. | 1.8% ..
of all DC power.

2.2 Internal Flooding Results

The level 1 floodrng analysis (Sectlon 10 of the I¢=vel 1 report) made the observatron that no flood'.
could be identified which resulted in core damage due to the impacts of the ﬂood alone This
then required each of the floods of interest tobe quantrf ied through thea revised version ‘of the
level 1 plant model, as opposed to estrmatrnlg specific core damage frequencres for each
scenario manually, as had been done in fiooding analyses for some other plants.

Therefore, flooding frequencres were generatecl for 24 potentrally signrf cant ﬂoods as detarled ,
in Sections 10.5 (reactor building), 10.6 (turbina building) and 10.8 (other areas) of the level 1

report.  Of these, 17 can occur in the reactor bullding and 7 can occur in the turbine building.

Due to the approximate nature of the flooding data and the approximations made in these
calculations, the results described below are juciged to represent a bounding calculation, rather
than the less approximate (that is, more rigorous) results shown for the internal event model, as
described in Section 3 of the level 1 report. In other words, the point estimate mean value of

IPE | o6 ' 05/29/82



core damage frequency due to internal floods is expected to be no higher than that shown
below. At this bounding value, core damage due to internal flooding represents approximately
5% of the level 1 core damage frequency.

Overall, the damage frequency results from internal flooding initiators can be summarized as
shown in Table 2.2-1, below. :

Table 2.2-1 Summary of Internal Flooding Results

_ Plant Darnage Frequency
Core from Floods in the: Total
Damage Reactor Turbine
f Building Building
Frequency 4.60x10° 1.62x107 2.08x107
Percent 22% 78% 100%
of Total '

2.3 Level 2 Analysis Results

Detalled analysis results are presented in Section 12 in the level 2 PRA report. In summary the
individual release categories are binned into six major groups. See Table 2.3-1 below. -

Table 2.3-1 General Flelease Category Groups

General Release Description Percentage of
Category Group ) CDF Analyzed*
1A Large, Early Containment Fai?ures 156.8
B Bypasses ‘ 7.3 Jl
i Small, Early Containment Fallures 005 |
{11 Late Containment Failures 26.3 “
v Long-Term, Contained Releases 0.00
(containment intact following vessel breach)
‘ \Y Vesse! Breach Prevented 50.4
lr * CDF Analyzed = 3.17x10°® per reactor year Jl

As can be seen from this table, large early containment failures account for 15.8% of the CDF
analyzed. Late containment failures account for 26.3% of analyzed CDF, and vessel breach is
expected to be prevented in 50.4% of the CDF analyzed. Containment bypass (2.11x107 per
reactor year) accounts for 7.3% of the analyzed CDF.
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3.0 Application of the Generic Letter Screening Process

The Oyster Creek PRA utilized a plant modeling approach that produces systemlc core damage
sequences. Therefore, the reporting guidelines in Section 2.1.6 of NUREG-1335 for systemic
sequences were used.

3.1 Reportable Sequences

The top ten systemic sequences which represent 51% of the total calculated core damage
frequency are reported in summary fashion in Section 2.0 above and in Section 3.2.5a in the level
. 1 PRA report. A list of the top 100 scenarios (s equences) which represent 82% of the calculated
core damage frequency are provided in table C.5-1 in Appendix C of the level 1 report. Detalled
narrative descriptions of 26 of the most important scenarios are provided in Sections C.5.1

through C.5.26 in Appendix C of the level 1 report.

Regarding the reporting guidelihes in NUREGi-1335 for systerhie core damage sequences, the
following points are no’;ed: , , L ;

1. The te_p_1‘00 sequences are reported in the level 1 PRA report.

2, Only the top six sequences have frequencies greater than 1x107
per reactor year See Table 2.1-5.

3.  Four sequences contnbute more than 1x1 0'a per reactor year to
containment bypass frequency: .

Sequence No. 8- RWCU overpressurrzatlon with core spray
failure (7.25x10° per reactor year).

Sequence No. 22 - Loss of offsite power with SDV failure to
isolate and core spray fallure (2.68x10® per
reactor year).

Sequence No. 23 - ISLOCA overpressurization of core spray
with fallure of core spray and feedwater
(2.48x10°® per reactor year).

Sequence No. 25 - Loss of feedwater with SDV failure to isolate
and failure of ADS (2.18x10° per reactor
year).

All sequences are binned into plant damage states (PDSs) according to endstate characteristics.
Then a set of key plant damage states is selected for input (initiators) to a containment event tree
(CET) which is phenomenologically based. The core damage sequences selected to represent
each key PDS are described in Section 8 of the level 2 report. The CET sequences contributing
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to each release category are provided in Section 12 of the level 2 PRA report All sequences with
frequencies above 1x1 0" per reactor year are reported.

3.2 Vulnerabllity Screening

A vulnerability is defined as any core damage sequence that exceeds 1x10™ ber reactor year, or
any contamment bypass sequence or large early comtainment failure sequence that exceeds
1x10° per reactor year.

No vulnerabilities were found. However, a number of potential areas for low cost improvements
were identified that could enhance overall reactor safety. These areas were ldentlf ed by a review
of:

1. The detailed reso@ contained in the level 1 and 2 PRA repors.

2. The contributors to system unavailability contained in Apperrdix F
of the level 1 PRA report.

3. The contributors to operator actlon error rates in Section 6 of the
level 1 PRA report :

The results of the reviews for items 2 and 3 are contained in Appendices A and B respectively
of this report. The conclusions and planned actions from the ‘above revrews are provided in
Section 8 of this report.
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4.0 Containment Performance Improvement (CPI) Issues

In Enclosure 2 to Supplement 1 of Generic Letter 88-20, the NRC staff identified certain
containment performance improvements that could reduce the vulnerability of the Mark |
containment to severe accident challenges, and requested. licensees to . consider these
rmprovements as part of the IPE. The specific improvements which the NRC staff requested to.

be considered are listed below:

The desrrabrlrty of each of these improvements was e»valuated for Oyster Creek The results of

. Altemative Water Supply for Drywell Spray/Vessel Injection

. Enhanced Reactor Pressure Vessel (HFV) Depressurrzation System . |
Rellabilrty . o , : ‘
. Emergency Procedures and Train‘ilng

the evaluations are reported in the following subsectrons

4.1 Alternative Water,Supp_ly for \Drywell,SprayNegs,sel ln]ection

The staff stated in Enclosure 2 of Supplement 1 to Generic Letter 88-20 that:

IPE

) ‘,would be éffective was juc

An important rmprovement would be to employ a backup. or alternate supply of

-

water and a pumping capability that is independent of normal and emergency AC - |

power. By connecting this source to the low pressure residual heat remaval - -
system (RHR) as well as to the exrstrng dryweil sprays, water could be dslivered .

either into the reactor vessel or into the drywell, by use of the approprrate valwng ,

arrangement.

An alternate source of water injection into the reactor vessel would greatly reduce .. -

the likeliiood of core meit due to station ‘blackout or loss of long-term decay heat

u removal as weII as prowde srgnrflcant accrdent management capabrlrty

headers 10 assure a spray were compared 0 havrng water run out the spray

water pool on top of the core debris.

f‘fWater for the drywell sprays would also prowde srgnn‘”cant mrtrgat/ve capabrlrty to .‘ . _
""cool core debris, to ‘cool the contamment steel shell to delay or prevent lts failure,~ R R
: and scrub arrborne parti Iate i ssion products from the atmosphere .

,,A rewew of some BWR Mark|i fac:lrtles rndlcates that most plants have one or more .

B dresel driven’ pumps which could be used to provrde an alternate water supply. -~ . .
‘The flow rate using thrs backup water system may be. srgmfrcantly 'lsss thanthe . . -
'desrgn ﬂow for drywell sprays. . The potentr.al benefrt of modifying the spray -~ .

__nozzles. Fission product removal in the small.crowded volume in which the sprays .- ... ..
_be sr_nall compared with the penef‘t of havrng - R

4-1 05/29/92




A. Response: Alternative Water Supply for Vessel Injection

The Oyster Creek Nuclear Generating Station (OCNGS) currently has a low pressure flre
protection water system which is independent of normal and emergency power. This system
consists of two redundant dlesel driven pumps whrch supply the fire protectlon suppression
water to Oyster Creek.

Existing connectlons of the fire protection header to the core spray system can provide vessel
inventory makeup in long-term station blackout scenarios following successful manual
manipulation of several valves. Both divisions of core spray have a connection to the fire
protection water header. Both the hardware and operator actions essociated with the cross-tie
of fire protection water to core spray are modeled in the level 1 PRA performed for Oyster Creek,
and thus the results reflect the benefits of this feature

It should be noted that in many accident ¢ equences the ﬂre protectlon cross-tie was
conservatively assumed to take place too late to prevent core damage but timely enough’ and
sufficient to prevent vessel breach. This phenormena is modeled in the level 2 PRA in which an
in-vessel recovery event for those sequences in which the fire protection system was successfully
aligned to the low pressure core spray. In vessel recovery is addressed by top event VB in the
level 2 PRA.

B. Response. Alternatlve Water S_gglv for lrvwe Sgrag

The OCNGS has no altematlve water supply for the ‘drywell spray system The stafl has stated
that the benefits of a connection of fire protectnon water to the drywell spray system are: prowde
a capability to cool core débris, to cool the containment steel shell to delay or prevent its fallure
and scrub airborne particulate fission products.

The results of the level 1'OCPRA indicate that those core damage scenanos which result ln 'no
water to the core debris ‘account for’ 323x10 per reactor year of the total ‘core damage
frequency of 3.69x10® per reactor year. “Therefore, the *no water to core debris* eridstate
contributes 8.75% to the total calculated core damage frequency The addition of a connection
between the fire protectlon system 1o the drwvell sprays would not result in the complete
elimination of this contribution.” Il fact, the sizable fraction of thls percentage ls esult of the
failure of the fire protection pumps to operate and operators failure to align the system Also,
model conservatisms contribute an additional sizable fraction of this percentage. Therefore the
addition of a connection between the fire protecl.lon water system and the drywell spray system
would not significantly reduce the contribution of the “no water to core debns endstate. In fact,
the decrease in contribution of the endstate * no water fo core debris* as a resuit of the proposed
modification would llkely be Iess than 1x1 0’ or less ‘than 2% of the total 8 75% contrlbutlon

The addition of a connectlon between the ﬁre protectlon water system and the'riy‘ﬂrywell spray

system would provide no reductlon in total ‘core’ damage freq)_ cy since the fire protectlon

' The contribution of “no water to core debris" is determined by the addition of the

contnbutlons of all “xxHx" and "xxGx" plant damage states from Table C. 4-2.
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injection through the core spray systeni is already available. In actuality, the reduction in CDF
would be zero since the additional flow paths for fire protection water would not provide water
to the in-vessel core. The incremental improvement in the ability to cool core debris ex-vessel
is judged to minimal since core damage and subsequent vessel breach would allow fire
protection injection through core spray to exit the bottom of the reactor vessel through the same
path as the exiting corium and therefore provide water to the debris. :

Addrtronally, slnce the existing fire protection water systemis signifc:antly lower in design flowrate
than the drywell spray header, exiting water would not develop a full spray distribution, rather it
would run out of the spray nozzles. Without a fully developed spray, the capability to cool the
containment shell is greatly reduced. It is highly likely that fire protection water exiting the hole
in the vessel left by the exiting corium would provide a comparable degree of containment shell
cooling because the drywell would rapidly fill to the height of the torus downcomers. Also,
without a fully developed containment spray, fi ssion product scrubbing effectiveness would be
greatly reduced ,

Despite these shortcomings, several options for implementrng this Improvement were
investigated. , _

. Installation of an extenslon of the fire protectron prping to the
‘containment spray system upstream of the existing pump manual =
isolation and check valves, and the addrtron of two remotely o
operated motor or air operated valves . -

. Manual operation of one of these valves and remote operatron of
a second isolation valve with extension of the fire protection piping W
to the containment spray sysiem upstream of the contarnment
spray pump manual isolation and check valves

. Entirely local manual operation of both valves wrth extension of the
fire proteotron piping tothe cont arnment spray system upstream of
the containment spray pump manual isolation and check valves o

The most likely sequences in which f re protec-tron water rnjeotlon through the drywell sprays is
necessary are long term statlon blackout events The first two ‘options which utilize motor or air
operated valves would not provrde assurance that the system could be operated followrng these
events and therefore are not analyzed further e et i s e = e

The third option, entlrely'manual operatron,“ would be éccep"*tébre for rnitigat'ionln these scenanos,
however, the local manual operation of these valves would most likely occur post core damage
and radrologrcal dose would be a srgnrf‘cant fan*tor and thus shieldrng would be requrred as part

G e s wl s

In summary, the rnstallatron of a connectron beMeen the fire- protectron water system and the .
drywell sprays is ]udged to have minimal beneit due to the factthat it would have no rmpact on
total core damage frequency and only a mrnorlmpact on the avallability of water to core debris,
containment shell cooling and fission product s«..rubbrng Because of these mrnrmal benefits and
the anticipated high costs, it was ‘concluded that the modification would not be cost beneficial.
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OCPRA References

1. Sectlon 8, Plant Mode! Endstates, Section 8.3, Plant Damage States

2. Appendix C, Detailed Results, ‘Appendlx .5, Plant Damage State Importance
3. Appendix F, System 'Analyses, Appendix E.s, Core §pray System

4, Appendix F, System Analyses, Appendix F.19, Fire Protection System Analysis

4.2 Enhanced Reactor Pressure Vessel (RPV) Depressurization System Reliabllity

In Enclosure 2, to Supplement 1 of Generic Letter 88-20 the staff has defined a containment
improvement entitled *Enhanced Reactor Pressure Vessel (RPV) Depressurization System
Reliability". The staff further states that: c e : ‘

The Automnatic Depressurization System (ADS) consists of relief valves which can
manually operated to depressurize the reactor coolant system. Actuation of the
ADS valves requ:res DC power and pneumatlc supply In an extended statlon
blackout after station batteries have been depleted the ADS would not be available
and the reactor would be re-pressurized. With enhanced RPV depressunzatlon
system reliability, depressurzation of the reactor coolant system would have a
greater degree of assurance. Together with a low pressure alternate source of
water injection “into =~ the ‘reactor vessel, t.‘le _major benefit of enhanced
depressurization relrabil:q/ would be to prowde an addmonal source of core cooling
which could significantly reduce the llke/ll"lOOd of hlgh pressure severe acc:dents
such as from the short-term station blackout. =

Another Important benefit Is in the area cvf acc:dent mitIgatIon Reduced reactor
pressure would greatly reduce the posslbllrty of core debris belng expelled under
high pressure, given a core melt and failure of the reactor pressure vessel.
Enhanced RPV depressurization system reliability would also delay. containment

~ failure and reduce the quantlty and type of fissioi cts ultimately released to
“the enwronment. In order to inc the rellablllty of the ‘RPV depressunzatron -
“system, assurance of electrical power beyond the . fequirements .of existing -
regulations may be necessary. Performance of cables needs to be reviewed for
temperature capablhty dunng severe accldents as well as the capacity of the . -
‘ pneumatlc supply . L '

Respcnse' Enhanced Reactor Vessel De pressur zatnon System Rehabtlltv Response

The Oyster Créek Nuclear Generatm Statlon Auicmatnc D,‘ resst :,‘System (ADS) consistsv
of five electromatic relief valves v nually .opere , S
pressure vessel (only three of the fiv ve need to open to ensure*successful ADS) The. system is

des1gned such that only DC power | is requn’ed for its operatlon no pneuma’acs are requured
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In extended station blackout scenarios, the batteries are not expected to be depleted for at least
three hours. The likelihood of an extended station blackout is significantly reduced by an
alternate AC source connection which is scheduled for implementation in the 14R refueling
outage. The current system design and the planned addition of an alternate AC source are
judged to provide an enhanced RPV depressurization system reliability at Oyster Creek.

4.3 Emergency Procedures and Tralning

in Enclosure 2 of Supplement 1 of Generic Letier 88-20 the staff has defined a containment
performance improvement entitled "Emergency Procedures and Training”. The staff states:

NRC has recently reviewed and approved Revision 4 of the BWR Owners Group
EPGs (General Electric Topical Report NEDO-31331, BWR Owner's Group
"Emergency Procedure Guidelines, Revision 4, March 1987).

Revision 4 to the BWR Owners Group EPG is a significant improvement over early
versions in that they continue to be based on symptoms, they have been simplified,
and all open items from previous versions have been resolved, The BWR EPGs
extend well beyond design bases and include many actions appropriate for severe
accident management.

The improvement to EPGs is only as good as the plant specific EOP
implementation and the training that operators receive on the use the improved
procedures. The NRC staff encourages licensees to implement Revision 4 of the <-
EPGs and recognize the need for proper implementation and training of operators. *

Response: Emergency Procedures and Training

. The Oyster Creek Nuclear Generating Station has implemented Revision 4 of the EPGs. These
procedures are trained on extensively and as such this CPl Issue Is considered implemented.
The operator actions associated with these procedures are modeled in the PRA. See Section
6, Human Action Analysis, of the level 1 PRA report.
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5.0 Unresolved Safety Issue A-45 - Shutdown Decay Heat Removal Requirements
Generic Letter 88-20 states that “You should ensure that your IPE particularly identifies decay heat

removal vulnerabilities.", and consider the decay heat removal insights provuded in Appendix 5
of the generic letter. The response to the Unresolved Safety Issue A-45 is given below.

Response: _(_Jmesolvedjafeﬂ Issue A-45

The loss of decay heat removal at Oyster Creek requires the failure of the following decay heat
rejection paths:

e Decay Heat Removal Through the Main Condenser. This path is the normal
path for decay heat removal and normal shutdown. Use of this decay heat
removal path requires that MSIVs are open and that the maln condenser and
its support systems are available. -

»  Decay Heat Removal Through the Isolation Condenser. This decay heat
removal path is utilized following reactor isolation transients where either the
main condenser is unavailable or MSIVs are closed. This path requires
successful initiation of 1 of 2 isolation condensérs and successful long term
shell side makeup -from elther the condensate transfer system of the fire
protection water system. In this path, decay heat is discharged to the
atmosphere via boil-off of shell side inventory.

e Decay Heat Removal Through Containment Spray/Emergency Service Water.
Should the isolation condensers or their support fail, core decay heat is
discharge into the containment through the operation of relief or safety valves
or through the break in the event a LOCA has occurred. The decay heat is
removed by the containment spray/emergency service water system to the
intake canal.

. Decay Heat Removal Through the Hardened Vent. This decay heat removal
path utilizes the hardened vent system following the failure of the
containment spray/emergency service water system when decay heat is
being rejected to the containment. Decay heat is discharged to the
atmosphere via the hardened vent piping and the plant stack.

The level 1 PRA models successful mitigation as the various combinations of reactor vessel
inventory makeup and the above decay heat removal rejection pathways. Section 8.2 of the level
1 report presents the complete success endstate paths. Minimal credit is taken for human action
recoveries. Appendix B.4 outlines the recovery of containment heat removal. Section 7.11
(Recovery Module) of the level 1 report identifies the application of the recovery in the plant
model.

Failure to remove decay heat is reflected in the level 1 PRA damage states which consist of the
designator xLLHx where the *x" represents any character and the “LH" represents the loss of all
containment decay heat removal. Therefore, the sum of the *xLHx" damage states represents
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the probability that core damage would occur due to the failure of the decay heat removal
function. This value is given in Appendix C of the level 1 report, Table C.4-2, as 1.46x107 per
reactor year and represents 3.96% of the total calculated core damage trequency. This value is
considered low and thus A-45 is considered cicsed.

OCPRA References:

1. Plant Model, Section 7.11, Recovery Module

Endstate Assignment, Section 8.3, Plant Damage States

Recovery from a Loss of Containment Heat Removal, Appendix B.4

Detailed Results, Appendix C.4, Plant bamage State Importance -

oA @ op

System Analysis, Appendix F.25, Containment Vent
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6.0 Other Unresolved Safety Issues (USls)

NUREG-0933 was revrewed to determine those unresolved and genenc safety rssues which were
treatable by probabilistic techniques. The following unresolved safety issues (USIs) were
determined to be directly treatable by PRA techniques and could be readily addressed by the
Oyster Creck PRA models and/or results: g

s A17 - System Interaction in Nuclear Power Plants
. _A-47 - Safety lmphcations of Control Systems -

are treated by ‘reference to specit”c sections c»f the OCPRA In other cases additional analysis .
was required to address the issue and this analysis appears in the mdnvrdual subsections.

6.1 Unresolved Safety Issue A-17 - System lnteractlon In Nuclear Power Plants
Generic Letter 89 17 entltled Flesolutlon of Unresolved Safety Issue A-17 "Systems Interactlons'

in Nuclear Power Plants" informs llcensees and eppllcants of the fi nal resolution of A-17. In
enclosure 1 the staff. outlines the actions: recjuired by the, llcensees The actions which are -

appropriate to Oyster Creek and treatable by PRA techniques as stated in the generic | Ietter are .

given below. It should also be noted that Generic Safety Issue 77, Flooding of Safety Equipment
Compartments by Backflow through Floor Drains has been subsumed into USI, A—47 and is also -
- addressed In the following paragraphs e . e L

(a) Water Intrusion and Flooding From Internal Sources

As part of the resolut/on of sl A-17 the staff has :dentn‘”ed that water intrus:on and,,,i-b,,

flooding of equipment from internal plant sources may result in risk. srgnlf‘ cant adverse e
systems interaction. Such events could cause a transient and could also disable the
equipment needed to mitigate the consequence of the event. The appendix to NUREG-
1174 (reference 1) provides insights regaralng plant vuinerabilities to flooding and water - - .
intrusion from internal plant sources. It is expected that these inisights will be considered
in implementing Generic Letter 88-20 [Indrvidual Plant Examinatron (IPE) ] which Includes;;»(.
an assessment of mternal ﬂoodtng e R s LTI ; e

The statt contunues and states

.....

{cl Probabrlrst/c Rrsk Aha Lv_ses or Other Systematic Plant Rewews B

Exlst/n Plant o .

The Cornmission's Severe Accident Policy, 50 FR 32128 (August 8, 1985), calls for all
existing plants to perform a plant specific search for vulnerabilities. Such searches,
referred to as individual plant examinations (IPEs), involve a systernatic plant review
(which could be a PRA-type analysis). NRC is issuing guidance for performing such
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reviews. One subject area to be treated by the IPEs is common-cause failures (or
dependent failures). USI A-17 recognizes that ASls are a subset of this broader subject
area and, therefore, Is providing for the dissemination of the insights gained in the A-17
program for use ln the IPE work :

A. Resolution: ~Water Intrusion and Flooding from Internal Sources

The level 1 OCPRA contains a screening anaiysis of the probability of core damage to internal
flooding. This analysis is presented In Section 10 of the level 1 PRA. The upper bound of core
damage frequency due to internal flooding at Oyster Creek Is 2.08x1 07 per reactor year. The
analysis considered the frequency of internal pipe breaks and the effect of the resutting flood and
its propagation. ‘The frequency of the floods and resuitmg falled systems (impacts) were
incorporated into a *flooding version® of the internal evénts model. ‘Limited credit is assessed for
mitigation in the form of operator actions. ‘No vulnerabiliities were identified in the Oyster Creek
flooding anaiysus ) ‘ » o o
Also, part of the Oyster Creek bounding ﬂocvding analysis, backﬂow through floor drains
(previously, Generic Issue 77, Flooding of Sefety Equnpment Compartments by Back-Flow
Through Floor Drains) was considered. During Phase 2 "Définition of Floodmg Initiating Events",
component and source location information was used to define the internal flooding initiating
events including associated propagation paths and impacted equipment ‘The propagation paths
included the poteritial for backflow through drainage pathways. - Also, Phase 4 - "Mitigation of
Significant Flooding Scenarios* investigated the potential for the mitigation of individual flooding
scenarios and included credit for drainage system isolation and operator intervention. The
probability of drainage isolation failure was also incorporated into the flooding study.

No vulnerabilities were identified. Although flooding events do not contribute significantly to total
calculated core damage frequency a recommendation for a change to plant procedures is
expected to improve operator response to miternal ﬂooding events See Conclusaons and
Planned Actions section of this report o

. :w .

[

B. Fiesolutlon Pl’ObablliSth Risk Anaiysesfpr ()ther Systematic Piant Reviews/ . R

The Oyster Creek PRA anaiyzes the effect of common-cause failures extensnvely" Plant specifc
data is coliected on components modeled in the OCPRA and common cause failures were also
investigated on a plant specific basis. Plant specific data collection consisted of the review of
maintenance work orders, switching and tagging requests, licensee ‘event report- (LERs) and
transient assessment reports (TARS). Details on the plant specific and generic data as well as
methodology used in the assessment of common-cause data are presented in Section 4 ‘of the
level 1 PRA report. Each system of the PRA (Appendix F.1 through F.25) presents the application
of plant specific and common-cause failures. On the basis of the above, this issue is considered
closed.

- i . . Jros
. ST s G e e ™ e e et e £
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OCPRA References:
1. Section 10, Internal Flooding Analysis, all sub-sections
2 Sectlon 4, Data Analysrs all sub-sectlons - |

3. Appendlx F Indlvrdual System Analyses IF1 through F.25

6.2 Unresolved Safety lssue A-47 Safety Ilmpllcatrons of Control Systems

Genenc letter 89-1 9 entrtled Request for Actlon Related to Resolutlon of Unresolved Safety Issue.
A-47, "Safety lmpllcatlons of Control Systems in LWR Nuclear Power Plants* Pursuant to 10 CFR
50. 54(f) states: . i ; S

As a result of the technical resolution of US| A7, *Safety Implications of Control Systems
in LWR Nuclear Power Plants", the NRC has concluded that protection :should.be
provided for certain control system failures and that selected emergency procedures
should be modified to assure that plant transients resulting from control system failures .
do not conipromise public safety.

The staff further states:

.. all BWR plants should provide automatic reactor vessel overfill protection, and that
plant procedures and technical specifications for all plants should include provisions to
verify periodically the operability of the overfill protection and to assure that automatic
overfill protection is available to mitigate main feedwater overfill events during reactor
power operation....

Resolution: Unresolved Safety Issue A-47

The level 1 OCPRA plant model addresses reactor overfill events. Both an initiating event entitled -
*Loss of Feedwater Control (LOFC)" and a top event “Control of Feedwater (RF)" are assessed.
The initiator is modeled as the result of a failure of the main feedwater control system while at
power operation. The top event models the failure of feedwater control system (low level -
setdown) following all other initiators modeled in the PRA. The initiating event (LOFC) and the
failure of the top event (RF) result in a demand for the automatic closure of the MSIVs on either
high steamline flow or low steamline pressure. The automatic MSIV closure on high flow is the
assumed result of two phase flow passing through the steamline venturis. Should this fail to
cause automatic closure of the MSIVs, the main steamline pipe downstream of the MSIV is
assumed to rupture due to the loads associated with two phase flow through the steamline.- The
rupture of the steamllne creates a demand for the automatic closure of MSNs on Iow steamlme
pressure T e S, . . -

Following a loss of feedwater contro! and failure of the MSIVs to;close a loss of coolant outslde
the containment is assumed to occur. Spatial impacts of the induced loss of coolant accident
are in turn assumed to result in the Ioss of safety related equlpment either in the reactor or
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turbine buildings. Details of the modeling of the loss of feedwater control initiator are available
in Section 7.6 of the level 1 PRA report.

The level 1 PRA reports total calculated core damage due to thls mduced loss of coolant
accident as 8.38x10® per reactor year (PRA level 1 report Table C.1-1a) from’ the loss of
feedwater control (LOFC) initiating event and 4.06x1 0® per reactor year from failure of top event
RF? for a total core damage frequency due to overfill events of 1 :24x107 per reactor year. This
corresponds to approximately 3.4% of the total calculated core damage frequency. While the
contribution to core damage frequency Is low, the likelihood of the initiating event and the failure
of the operator to recover before significant damage to the main steam lines (estnmated fo be
approximately ax10° per reactor year’) is judged to be high enough to warrant plant changes.
Therefore, while the loss of feedwater control is not considered a vulnerabllrty from a core
damage standpoint, the transient could pose a considerable economic loss in terms of damaged
equipment and unit down time. Therefore, Oyster Creek currently plans to install a Reactor
Overfill Protection System (ROPS) ln 15Fl refuehng outage

OCPRA References. ' ’ |

1. Sectron 7 6, Loss of Feedwater Control Moclule

2. Section 7.5, General Transient Module, Top Event RF
3. Sectton 3 Malor Results

4, Appendtx C, Detailed Results a

Contnbutron of top event RF’ ls calculated by multlplymg its mdependent top event"
importance from Table C.2-1 (Appendlx C of the level 1 PRA report) by the total core
damage frequency (1 1% of 3. 69x10 ) ,

Estimate based on the product of LOFC lnmator frequency and spllt fraction RF1
(operator fails to recover from feedwater regulator valve lockup).
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7.0 Generic Safety Issues (GSls)

NUHEG-OQSS was also revnewed to determlne which genenc safety issues (GSls) were treatable
by probabllrstrc technlques The following generic safety issues (GSls) were determined to be
treatable by PRA techniques, and could be rezdily addressed by the Oyster Cresk PRA models
and/or results: .

. Gl-1b1 VBWR Water Level Redundar&cy ) |

. Gl-105 Interfacing System LOCA at BWRs
The above generlc safety issues (GSls) are addressed ln individual sub-sectlons below.
74 GiI-1 01 BWR Water Level Redundancy | o

The staff has lndrcated in NUREG-0933 Supplement 10 that a break in a smgle water Ievel ;

instrument reference lme wrll cause a false "high'l level lndlcatlon and will result in all
lnstrumentatron whrch utilize that reference column to indrcate full scale high. The subsequent
transient may occur wrthout safety system actuatron Also a snngle failure of the second
reference column may completely drsable safety systems '
The Oyster Creek reactor vessel water level me asurement employs two general systems acold

leg system and a heated reference leg system with each of these systems containing two

reference legs. Several reactor water level subsystems are associated with the two referenceleg

system. These are:

. }Wde range GEMAC level E o . ?“‘Low vessel level
*  Narrow range (GEMAC) level o -« Control room vessel level
* . Barton low-low-low _Ievel . o Lowlowyvessellevel .

LFuel zone level

These subsystems utrlrze dlffe nt dlffe

 an actuate vanous'fff;ff ,

Oyster Creek systems rncludlng'lndr n, ECCS, vurbrne and: reactor Pprote ction systems and e
feedwater control.” The cold and heated reference leg water level measurement systems are Ve

discussed under individual headrngs below.

Cold Reference Leg System f P
All GEMAC instruments are connected to the cold reference leg system. The wide range GEMAC
provides level indication in the control room in the range of 70 to 43 inches above the top of
active fuel (TAF). No automatic actuations are associated with th“ Lwide range vessel level
GEMAGC instrument (LT 1A12). Two narrow range level GEMAC instrur provide indication
in the range of 90 to 186 inches above TAF. in the control room el 4F (feedwater
controller) and on panels 5F/6F. The two narrow range level lnstruments» utilize the cold
reference leg system and are density compensated. The narrow range GEMAC instruments
provide input to the feedwater control system. . .
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The low-low-low level Barton instruments (RE18A through RE18D) provide indication on
instrument raciks RKO1 and RKO2 in the range of £6 to 206 inches above TAF. The Bartons input
level signals to various control and logic circults to initiate the following actions: RBCCW to
drywell isolation and Automatic Depressurrzatlon System (ADS) actuation as well as low-low-low
level alarms. The Barton instruments utilize the cold leg reference system.

The fuel zone level instruments are off during normal power operation and have no inaication or
automatic actions associated with them and as such they are not discussed further in this
analysis.

Given the above configuration a cold reference Ieg failure w1ll cause GEMAC instruments to
indicate high which will result in a feedwater runback and subsequent reactor trip on vessel low
level sensed on the heated reference leg level system. All RPS and ECCS systems remain
unaffected by the failure of the cold leg vessel level measurement system and the plant response
to the transient is similar to that of a partial loss of feedwater event. Coincident failure of the
heated leg reference system is accounted for in the OCPRA model by the top event RL which
models failure of low-low level Iogtc sensors, transmitters and relays Other actuation system
fallures are also modeled in the OCPRA Includrng; the failure of hlgh RPV pressure (at top event
PR) and high drywell pressure (at top event DP) As such this event is considered accounted
for by the partial loss of feedwater initiator in the level 1 OCPRA (See page 7.2-6) which
contributes a calculated core damage. frequency of 7. 80x10 pe' reactor year or 2 1% of total
CDF. (See Table Ci-1a of the Ievel 1 OCPRA)

Heated Reference Leg System : P
The low reactor water vessel level instruments (REOSA and B) provide level indlcatlon in the
control room cver the range of 85 to 185 inches above TAF. These instruments support a turbine
trip at 175 inches above TAF and a reactor scrami (and low level alarm) at 138, lnches above TAF.
The low level instruments utlllze the heated refel ence leg system

The contro! room vessel level Instruments (RE-05/19A and B) provrde analog indlcatnon in the
control room (panels 5F/6F and 18R and 19R) over the range of 85 to 185 inches above TAF.
A digital indicator on panel 4F indicates over the same range. These instruments are supplied
by the same varrable‘ and "referenc legs (heated Ieg reference leg system) as the low vessel level
instruments a prov e autom atic| turbrne tnp (at 175 mc; 2
alarm) at 188inches.” = "

The low low level instruments (RE-02A through D) provide level indication in the control room
(panels 18R and 1SR) over the range of 85 to 185 inches above TAF. These instruments
automatically actuate the followrng .

tStandby Gas Treatment System
isolation Condenser ‘
Diesel Generator Start
Alternate Rod Insertion (ARI)

e & o o0 8 @ )
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These instruments are supplied by the $ame variable and refetence legs (heated leg reference
system) as the instruments FlEOSA/B 18A/B.

Given the above confrguratron of the Oyster Creek reactor vessel Ievel measurement systems a
heated leg reference leg failure will result in flashing of the reference leg such that all instrument
subsystems will read offscale high. An automatic turbine trrp (at a sensed reactor water level of
175 inches above TAF) will result in an automatic reactor trip on turbine stop valve closure.
Although two channels of actuation logic are failed due to the single reference line fallure, RPS
and ECCS equipment which actuates on low low RPV level will automatically actuate on the
remaining two channels. A single failure of the remaining channels would disable ECCS
automatic actuation, .however the main feedwater system and  level indication (GEMAC
subsystems) remain avallable. Isolation condr=nsers initiate following the pressure spike due to
the closure of the turbine stop valves (hlgh pressure actuatron logic remarns unaffected by the
loss of the heated leg reference system).

Therefore, a heated reference leg failure and a single failure will not result in core damage.

Following & heated reference leg failure, without an additional single failure, ECCS systems will
automatically. actuate and, in any scenario, manual operator action to rnltrate ECCS systems-
remains an option.. Since the loss of reactor. c‘oolant from the reference line remains within the
capabliity of the CRD, and the CRD system remains available during this event the . heated,
reference leg failure most closely resembles a turbrne trrp with corncrdent degradatron of the low
low level. ac~tuat|on Iogic B R e ;;;,,, IR S s

The frequency of a turblne trrp corncrdent with a random farlure of the reactor low Iow Ievel logic
is modeled with the turbine trip inrtratmg event contnbutrng approxrmately 13.1% or 4.85x107 to
total core damage frequency. The independent failure contribution of the reactor Iow Iow Ievel
logic to total core. damage frequency s lnsignlf cant (0. 00%) et e et

However the level 1 OCPRA does not specrf c.ally model turblne trrp wrth heated |eg reference
line break (i.e. with coincident degradation of the Iow low level Iogrc) Therefore, :

requantification of the OCPRA model was performed for the turbine trip mitratrng event with the

reactor low low level logic (top event RL) conservatively set to a guaranteed failure. Atthoughthe .
probability, order and.composition .of indiviclual 'sequences - did change as a result of the
requantrt" catron, the total calculated core damage frequ ,cy drd not change S e e

None of the srgnrﬂcant contrrbutors or conclusnons were altered by the model run As such thls'j : -

transient is considered bounded by the original OCPRA and no vulnerabilrtles have been
identified. This issue is considered closed. LR P g

OCPRA References: ... |
1. Section 7.2, Definition of Initiating Events, Page 7.26.

2. Appendix C, Detailed Results

,Table CA41A... . . ..
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7.2 GI-105 Interfacing System LOCA at BWRs
- Appendix B.3 of the OCPRA, Interfacing Systems LOCA Analysrs (ISLOCA) presents the methods
and results of the Oyster Creek plant specific ISLOCA analysis. The OCPRA interfacing loss of
coolant analysis found two systems whlch have the potentral to create an lSLOCA. These are:
. Core Spray
. Reactor Water Cleanup System (FlWCU)
The OCPHA ISLOCA analysis determlned the frequency of the various potentlal failures and
incorporated these frequencies and impacts into the plant model ln the form ot initiating events.
A summary of the findings are presented below: '
Core Spray )

The core spray system has a desrgn pressure of 4130 psig The boundary for the design pressure

change'to RPV deslgn pressure occurs &t the (normally open) common drscharge valve for each

loop, with the parallel isolation valves actrng as the actual pressure boundary between RPV and
core spray system pressure ' :

The system Is normally lined up wrth both parallel Isolatron valves closed ln each |oop Parallel
isolation valve failure is mitigated by the presence of parallel testable check valves, both of which
must seat to isolate the system from reactor operatrng pressure if erther parallel isolatlon valve‘ “
fails, - ’ : o

Following failure of at least one parallel lsolatrch vawe‘ ‘and at least one’téstable check valve to -
seat, system overpressurization protection is provided through a 2 inch relief valve, which relieves
to the reactor building equipment drain'tank. Ove rllow of thls tank can Iead to spatlal |nteracl|ons
with equrpment ln the southwest corner room f .

The initiating’ event small below core and outside the drywell LOCA (SBO) is |ncorporated into

the plant model. The probabilrty of an ISLOCA ‘due to failure of the core spray system dueto
overpressurization (SBO)is 2.86x10° per réactor year. The potential for the core’ spray system -

to rupture is also analyzed. See Appendix B.3, Sectron B. 3 4 of the Ievel 1 PRA report for the.
calculatron of the total SBO frequency calculatlon S

Reactor Water Cleanup System (RWCU) e e R LD L

The reactor water cleanup system has a design pressure of 150 psig. Following faliure’of the
pressure regulating valve and the automatic system isolation function the system wil

Unisolated LOCAs which are not induced by overpressunzatron such as unisolated
LOCAs outside the containment and the scram discharge volume (SDV) failure to
N isolate (discussed In Appendix B.3) are ‘not considered ISLOCAs: rather they are
considered isolation failures and are incorporated into the model as containment
bypass events.
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overpressurize. The subsequent failure of the reactor water cleanup system due to overpressure
results in three possuble outcomes.

The fi rst outcome of HWCU overpressunzatlon is the dlscharge of reactor coolant to both the
reactor building equipment drain tank through a one inch relief and to the torus through a six
inch relief valve. Due to the unique combinations of impacts for the discharge of reactor coolant:
to the reactor.building (RBEDT is located in the southwest corner room) and the large discharge

to the torus, the initiating event deﬂned asa lelrge below core LOCA msnde/outsnde containment

(LBIO) consisting of RWCU overpressunzatlon, was incorporated into the: plant model. The
frequency of LBIO initiating event is 8.23x1 0% per reactor year (point estlmate) or 8.37x10® per
reactor year (monte carlo calculation)...See Section B.3.3 of Appendix B.3 of the level 1 PRA
report.

The second outcome of RWCU overpressurization is the discharge to the torus with failure of the
one inch relief valve. This RWCU overpressurization impacts the plant in a similar manner to the
large below core LOCA and inside the containment. However, due to its.low frequency of
occurrence (2.7x10®) this event is presented for information only and not considered in the plant
model. : L L T

The third outcome of RWCU overpressurization is the failure of system piping (due to the failure . -
of adequate relief). However, due to the low frequency of occurrence of this event (1 08x1 0"2)
it is presented for information only and not considered in the plant model. ;

Total Interfacing System LOCA (ISLOCA) Frequency

An interfacing system LOCA is defined as a loss of coolant due to the failure of low pressure

system piping due to the pressurization by high pressure systems. In the Oyster Creek model,

these ISLOCAs do not include loss of coolant accidents which are outside the containment and

not due to overpressurizdtion. Initiating events for unisolated LOCAs and SDV failure to isolate

are not included. Therefore, the frequency of ISLOCAs at Oyster Creek is equal to the sum of:
. Core Spray System Overpressurization (SBO)

- Discharge to RBEDT 2.86x10°
- Piping or Pump Seal Failure : 5.58x10™"

. Reactor Water Cleanup System Overpressurization (LBIO)

- Discharge to Torus and RBEDT 8.23x10°
- Discharge to Torus Only 2.70x10°
- System Rupture 1.08x1012

. 1.11x10‘5J

The ISLOCA frequency is incorporated in the plant model as contributors to the small below core
and outside (SBO) and large above and below core (LBIO) LOCA initiating events.

| TOTAL ISLOCA FREQUENCY _
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ISLOCA Contribution to Total Core Damage Frequency -

The contribution of ISLOCA to the total core damage frequency is calculated by the sum of the
SBO LOCA (due to co’fe spray system overpreSSIurizatiOn) "and'th’e LBIO LOCA cOntributions

The contrlbutlon of the SBO'initiator to total calculated eore damage is 2.64x1 0‘8 per reactor year
or 0.7% of total-core damage frequency.’ The contribution of the LBIO initiator to total core
damage frequency is equal to 7.70x1 o® per reactor year or 2.1% of total core damage frequency.
Therefore, the total contnbu’aon of ISLOCA to con e damage frequency is:

SBO (due to core spray system overpressurization) + LBIO =

2.64x10° + 7.70x10° =

ﬂ 1 03x107 per reactor year or 2. 8% of total CDF

No vulnerabllmes were Identn' ed and as such this issue ls consldered closed

OCPRA References
1. Appendix B 3 lnterfacmg Systems LOCA Analysis.
2. Appendix C, Detailed Results, Tables C.1-1b and c.
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8.0 Conclusions and Planned Actions' '

This section presents the level 1 and 2 PRA conclusions and planned actions in individual
subsections below.

8.1 Level 1 PRA

The results of thrs study mdncate a total calculated point estimate mean core damage frequency
from internal Initiators from at power conditions to be 3. eox10® per year, which is comparable
to other BWRs. Generally, this reasonabiy low value is concluded to be due to the many ways
(success paths) available to cool the core ‘at’ Oyster Creek. In addition to the normal heat
rejection paths to the main condenser under post trip conditions, the plant is equipped with two
redundant isolation condensers (ICs) which initiate independent of AC power in the event of -
reactor isolation. Multiple makeup sources, condensate transfer and fire, protection water
(supplied from electric driven or diesel driven ﬁre pumps) make this a very rehable long term
means of removing decay heat. If ICs become unavallable, EMRVs can be used to reject heat
to the torus for extended periods without cooling. With torus cooling and an RPV injection
source this heat rejection path can be maintained indefinitely. Even without cooling, a hard piped
vent (planned for instailatlon in 14R) can be used to protect from a contalnment overpressure
source is available. Under LOCA conditr ‘ns two fully redunda t core spray systems can be
used. ‘Other- makeup sources include feedwater, and under low RPV. pressure conditions: the
condensate system can provide makeup through the feedwater system or fire protectnon water
can be injected through the core spray system This versatility provndes numerous success paths
for cooling the core, all of which have been uncorporated mto the procedures In addmon,
operators are trained extensively on their use. VP

The study found that losses of offsite power events are important contributors to core damage
frequency. This is ameliorated, to some extent, by a reasonably reliable onsrte system and an
alternate AC source (combustron turbines Iocated on the Forked aner slte) whrch can be used .
(after 14H) in the event of a statlcn blackout ‘ : o , AR

The study also afﬂrms the importance of DC’ power as the source of e i,ntrol power for much of
the plant equipment. While DC sources are generally reliable, the’ consequences of their failure
are very difficult to cope wrth and thus battery malntenance and momtonng contlnue to be
important. : : A L e

The ADS valves (EMRVs) are DC operated and require no air. Therefore, their operation is not
degraded under elevated pressure conditions inside the drywell. However, failure of these valves
to close is an important contributor to total CDF, and thus their maintenance must be regarded-
as a priority in maintaming plant safety. The resuits of this study also re-emphasize the
then removed by containment spray/ESW system Whlle this coohng 'mo e IS a vrable backup -
to the main condenser and the isolation conciensers, there is httiebackup it it.should fail...
Ventlng of the ‘contairimént would be the’ only alternatrve at point, and while |
it is not a preferred coohng mode ‘Therefore maintarnmg a rehable contalnment spray/ESW
system is important. e .
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ATWS is not a major contributor to total CDF because of modifications to the plant to improve
reactor scram system reliability and the mitigative operator actions which have been incorporated
into the Emergency Operating Procedures (EOPs). This study also showed that the EOPs are
well thought out, incorporated in the operations staffs’ philosophy, and provide a number of
options for dealing with degraded core cooling conditions.

The most likely ways to experience a severe accident involve multiple AC electrical plant failures
coupled with an EMRV fallure to close. Other likely ways are transrents of various’ kinds coupled
with multiple DC power fallures, Overall however, It is concluded that the total core damage
(severe accident) likelihood' due to lnternally initlated events ls reasonably small, and that no
vulnerabilitles exist . -

However, a review of the detailed results and the contnbutors to indrvrdual system unavailabllrtyf ,
and operator -action error rates lndrcates that certain low cost improvements could be .
lmplemented that would improve overall reactor safety These planned actions are descrlbed »
below N 0 L , . : .

8.1.1 Loss of Offsite Power

The loss of offsrte power lnftratrng event contnbutes 33% to \the total calculated core damage,, .

frequency. The risk profile due to the "iamily" of loss of offsite. power events consists of-both :

short and long term losses of offsite power, Short term losses of offsite power followed by other
fallures such as the common cause failure of both diesel generators combined with EMRV failure
to reclose or other ECCS systems failure contribute signifi cantly to the risk profile. Long term
losses of offsite power concurrent with fallures of dliesel generators and ECCS systems combined
with battery depletion result in eventual core damage

A station blackout technical basis document is under development Thrs document ls to serve., )

as the basis for the creatlon of a statlon blackout procedure. Completion of the statron blackout

technical basis report and the creation ofan Oyster Creek | p ant speclﬂc mtegrated loss of offsite -

power procedure (larger in scope than the original station blackout procedure) could provide
improved operator coping ability in loss. of offsrte power events. Thls procedure will be -
completed and will lnclude provrsions for e e

J Recovering offsite power or onslte sources and appropnately alignlng or
cross-tieing buses to power critical equipment.

* The startup and alignment ofthe altemate AC capabiiy.

8.1.2 DC Power

The failure of all DC power events contnbute srgnlf‘ cantly to total core damage frequency Long B =
term loss of DC power follow ng station’ blackout events;is also a slgnifcant contributor to the .+ -

risk prof ile, - Following a long term statl,, ,
contributes” srgnlﬂcantly to the OCPRA risk profile. . Several actions could increase operators
ability to cope with loss of all DC power events and reduce the contribution of DC power failures

to total core damage frequency. '
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1. A loss of all DC power procedure will be developed ‘and coordinated with the
integrated loss of all AC power procedure. it will include gurdance on the cross
connection of essential Ioads to the "A" battery.

2. A portable DC generator and equipment necessary to supply essential loads will
be considered for procurement. If procured, it will be staged and procedurally
directed for use in coping with long terim losses of DC power. :

8.1.3 COntainment SpraylEmergency Service Water

Based on the observations in Section 11 of Appendix A of this report the foiiowing actions are
planned:

1. Since the operator plays a ‘major role in successtul initiation of the containment
spray system these actlons wiii be emphasized in training

2. Changesto the coordmation of preventive maintenance on the containment spray
system could result in decreased outage: time. Therefore, containment spray heat
exchanger, containment spray pumps, ESW pump preventive maintenance should
be coordinated to coincide with planned refueling outages. 'For example, planned
refueling outages will include the replacement of heat exchanger anodes and
cleaning as needed. In cases where maintenance must be performed during
operation on a single component in the system (which results in the unavaliability
of an entire system) other system preventive maintenance tasks will be considered
and scheduied to be performed dunng this same outage time if possibie

3. Efforts to reduce the inkeiihood of heat exchanger biockage ‘will continue.
Removal of the damaged sections of the ESW pipe coating and the chlorination
system modification have been major improvements.  Further enhancements to
the chlorination system (to chlorinate & larger segment of the system) that are
planned for the next refueimg outage wnll be completed as scheduled

8.1.4 Reactor Feedwater Controi (RPV high Ievei excursion)

Based on the observations in Section 13 of A|ppendix ‘A of this report the foiiowing action is
planned:

The loss of feedwater control or high level excursion contributes less than 2% to the total core
damage frequency, however high level excursions represent potentially severe transients and may
possibly proceed to main steam line fallure in the most severe cases. The pianned modifi cation

to post trip -reactor feedwater :control 'system (Reactor Overfill Protection System (FiOPS)) o

scheduled for implementation In 15R is expected to substantiaily decrease the nsk of reactor -
vessel high ievei excursions and thus wiii be innpiemented as scheduied ' )
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8.1.5 Operator Action Error Rates

Based on the observations in Appendix B of this report, the following actions will be reviewed
and considered for appropriate implementation. Refer to Appendlx E of the level 1 PRA report
for specifics on each operator action. . :

1. Consider the development of specific procedures guidance and training on
reactor overfill translents, specifically for operator actions (OF1 and ME2).

2. During operator training point out that consistently successful performance of the
following actions can positlveiy affect overall core damage risk as determined by
the PRA. : > s ,

e. Operator injects through core spray with fire protection dunng loss
of all AC power (CSS) .

b. Operator lines up fi ire water ln]ection 'throughcore spray 'during
LOCA conditions outside containment (unlsolated LOCA) (FSf)

c. Operator lnhlbits ADS and controls level near TAF during ATWS
~ with FW avallable and condenser failed with EMRV/SV closure
~(oL2) o

d. ,Operator inhibits ADS dunng ATWS with FW failed and EMHV/SV '
. closure (OL3) , , :
e.  Operator rnanually relenergizes ‘b\us'1A1"I1 B andk re-starts at loast
one TBCCW pump following a Ioss of ofisite power (TBS) ‘

g. o Operator secures or isolates condensate transfer header to reactor .
building within 1 to 2 hours after condensate transfer supply line
break in the reactor bullding (FTB)

h. Operator trips plant and isolate': feedwater following feedwater lme
- break in the trunnion room (FTD) ST «
8.2 Level 2PRA

The results of the study indrcate that a reasonably Iow fractlon of the CDF analyzed (15 8%)
would resutt in Iarge early failure of containment.. The likelihood of containment bypass is

2.11x107 per reactor year or 7.3% of analyzed CDF. Late containment failures constitute 26.3%
of analyzed CDF which Is. considered a conservative result-bécause no post-vessel breach

recoveries were modeled. Approximately half (50.4%) of the analyzed CDF is due to sequences
that are recoverable in-vessel, thus no containment breach would be expected to occur.
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The study highlights the importance of certain containment features to the mitigation of severe

accidents. The drywell floor concrete curb is a main contributor in reducing the likelihood of a

liner melt-through, and the structural upgrades to the torus in the early 1980’s improved its

pressure capacity by 25%. The sandbed region of the drywell has experienced some thinning

due to corrosion and was determined to be the limiting location with respect to pressure

capacity. Drywell head lift was judged to be a slightly less likely overpressure failure mode, but
this conclusion is sensitive to assumptions made In the analysis.

The earliest release would be expected to take place no sooner than two hours after an accident.
The largest (worst) release would be due to a containment bypass scenario involving failure of
the scram discharge volume to isolate. Such a release would occur some 10 hours after the
accident.

Because of the relatively low frequencles associated with the various containment fallure modes,
no specific hardware modifications or changes to existing procedures beyond those identified
in the level 1 analysis are planned at this time. The level 2 PRA will be used as a major input to
the development of accident management guidelines.

8.3 Schedule for Implementation
All of the actions identified in Section 8.1 are planned for completion prior to startup from

refueling outage 15R, except item 8.1.2.2. ltem 8.1.2.2 will be considered and a decision reached
on its implementation prior to refueling outage 15R.
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h Intrc»duction

The purpose of this document is to present a summary of major system analysis results, and to
provide a list of insights and observations on the significant contributors to system unavailabnlny
of the 25 systems modeled in the level 1 PRA. This document contains recommendations for
improvements and serves as input to the Coniclusions and Planned Actlons section of the IPE.
Submlttal Report (Section 8.0). The format of the individual system summaries is as follows:

. System na:me and top“‘_event o

. System contribution to total core damage frequency

. Narrative description of the significant contributors to system unavaliability
. Observations =

e Recommendations

. S_Hmmarv Tables (by,tqp eyerst.)

T I

System name and top event. The system name provides the name of the system and the
corresponding level 1 PRA Appendix F section number. These names occasionally differ from
plant nomenclature due to system boundary and PRA modeling simplifications and restrictions. -
Therefore, system functions which are more appropnately modeled together from a PRA
perspective appear \ within a snngle system analys1s This frequently results in multlple top eventsy
being analyzed within ‘a single systems analysis These top ev{e‘ ts_are described in the
introductory paragraphs. Additional information on any system or top event Is available in
Appendix F of the level 1 PRA report.

System contribution to core damage is provided to give a perspective on the relative
importance of the system within the plant model. The percentage given is the sum of the
frequency of each sequence in which the top event (split fraction) are failed, divided by the total
core damage frequency. This results in a total core damage frequency due to all top events of
more than 100%, since, due to the redundancy of the Oyster Creek design, all sequences contain
more than one failed top event (split fraction).

Narrative description of significant contributors to system unavailability presents the narrative -
description of the major contributors to system unavailability as well as any assumptions,
conditions or observations which impact its contribution to total core damage frequency. The
narratives typically describe hardware contributors, maintenance outage time, manual actuation
and partial loss of support systems where appropriate.

= Hardware contributors contain those components of the system
which significantly contribute to system failure rate. Several sub-
sections are used to present each significant contribution
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separately.

n Maintenance outage time presents the contributlon of system
maintenance to system unavailability and the conditions under
which maintenance most significantly contnbutes to overall system
' unavaxlabnhty ,

. Manual actuation presents the conditions under which the system
is expected to be manually cperated and the contributions
(operator survey results) which contribute slgmf cantly to the
calculation of the operator error late t . t

. Fartial loss of support presents the affect (shift in contributors) of
degraded support system operation, such as the loss of one
division of electric power. ;

Observations. This section provides a list of insights and observations regarding the significant
contributors to system unavailability.

Recommendations. This section provides recommendations to improve system availfability. This
section includes only those recommendations which would result in changes in maintenance
practices, procedures, training or hardware modifications that are deemed necessary, based on
the observatnons regardmg system unava!lablllty , T

Summary tables (by top event) prov:de the cnre damage contnbutnons due to each of the
individual spllt fractlons These tables also show the relative contributions of various s:gnificant :
contributors to’ system fallure under the various analyzed cond:tlons The slgnif‘cance of each
of these contnbutors is dlscussed inthe narratwe section.. e :
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. Isolation 'Conclenser (Appendi‘x F.1)

A. System Contributors. The isolation condenser (IC) system is analyzed as OCPRA top event
IC. Failure of this top event contributes 0.6% to total CDF. See Table 1.

1. Valve fallure. Condensate return valve failure dominates (96%) IC fallure rate with |
both ICs available (IC1) and significantly impacts (60%) IC failure when only one
IC is available or following reactor trip failure (requiring both ICs to actuate)

2. lIsolation condenser fallure. Independent Ic fallure (heat exchanger blockage or .
fouling) contributes slightly (4%) to system fallure with both ICs avallable and
contributes 28% of system failure when one IC is available or followrng reactor tnp '
failure. ‘ , ~

e

3. Maintenance outage time. System failure whrle’ performiné marntenance';on?one
" train Is a significant (11%) contributor for split fractions followrng failure of 4160V ‘
- bus 1C or 1D or following reactor tnp failure. ﬂ :

4. Manual actuation. Following failure of lC actuation Ioglc (high RPV pressure or
low-low RPV water level), manual IC actuation is required (lC4) This- splrt fractron :
is dominated (89%) by operator aotlon failure.-

5. Partial loss of support. “The loss of one train of support (41 60V bus 1C or 1D ‘
split fraction IC2) results in an increase in’ system failure rate by a factor of -
approximately 30. This also reduces the relative lmpact of the domrnant,j-.

- contributor to system fallure (valve failure) shitting failure rate contributiontowards -;
IC fallure (28%) and maintenance outage time (1 1%)

6. ATWS conditions. Following reactor trip fallure (A'IWS) 2 of 2 ICs are required = -
to actuate (IC3). The contributions to this split fraction are similar to those when
only one train is available (IC2). The more stringent success cntena for thrs case
effectively doubles system failure rate from lCZ ‘ r I

B. Observations. The followrng observatrons can be noted by mspectron of above

1. Due to the relatively low failure rate of the components in thls system condensate
return valve failure to open contnbutes srgnlﬂcantly to alI cases wrth automatic
actuation. t

2. Operator failure to actuate isolation con densers domrnates system farlure following s
failure of actuation logic. Due to the relrabrllty of the actuatron Iogrc system this -
does not contribute measurably to core damage frequency Co

3. Highlights the continued importance of maintenance on condensate return valves.

C. Recommendations. None. : L.
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‘Table 1

Isolation Condenser System Contributors

m—— ey — e
- Split Split Fraction Relative Failure Rate Contribution Split Fraction | Total
Fraction ~ Description » ‘ ( Contribution | Failure
' Retum | IC fallure | Operator | Maintenance| AN | toDamage | Rate
valve | ‘| action | outage time | other | Frequency
| failure | - _fallure | | fallures'| -
IC1 | Automatic actuationof 1 of | 85.7% | ~40% | — - 03% | 050%

- 2isolation condensers . B i 1 | . '
| -1c2 | Automatic actuationof1of| 60.9% | 278% | —~ | 109% ‘| 04% | 006% |3.01x10° “
| ~ 1 Isolation condenser - o , i | | 1

IC3 |Automaticactuationof2of| €0.3% | 282% | — 114% | 02% | 001% |592x10°
- 2isolation condensers o i G o
_ 'during ATWS S .' | |
| 1ca | Manualic actuation 09% | — | eso% ~ dooz% | ooo%w |1.01x10°
I following logic failure S IR | ) - |
" "7 Total system contribution to core damage frequency - . 057%
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2. Turbine Trip and Bypass (Appendix F.2)

A. System Contributors. The turbine trip and bypass functlons are modeled in OCPRA top
events TT, BV and BT. These top events contribute a total of 0.6% of core damage

frequency See Table 2.

1. Valve fallure. Valve failure Contrrbutes significantly (13 to 35%) to turbine trip
failure split fractions and dominates the turbine bypass valve trip split fraction (BT1
- 98%). This also dominates (99%) turbine bypass valve operation following
reactor trip failure (ATWS) which requrres 90of9 valves to open .

2. EPRfallure. Electric pressure regulatc»r (EPR) farlure dominates automatic turbine
trip (split fractions TT1 - 64% and TT2 - 62%), as well as turbine bypass valve
“operation following reactor trip (splrt fr actron BV1 76%) 3

3. Manual actuation. Operator response to trip the turblne has a dommant (e3%)
effect on split fraction TT3. The evaluations for this action show a relatively broad
“ range (factor of 39). All but two operators evaluated this action as skill based,
(performed from memory) as opposed to rule based (performed with procedures
in hand). . ;

B. Observations. The followrng observatrons can be noted by inspectlon above:

1. Due to the overall relrabilrty of the hardware in_these . systems EPR failure
" contributes significantly to system farlure under normal condrtlons ~

2. Individual valve failure to close dominates the turbine bypass system failure rates
for loss of condenser vacuum and ATWS cases. This only contributes measurably
to core damage frequency followmg foss of condenser vacuum pnmarily due to
the overall reliability of the reactor tnp system S :

3. Operator failure to trip the turbrne domrnates the turbine trip farlure rate following
failure of actuation logic. -Due to the overall reliability of ithe actuatlon logic
system, this does not measurably impact core damage frequency

4. Highlights the contrnued rmportance of malntenance on turbrne stop and control
valves. o T '

C. Recommendations. None.
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" Table 2 Turbine Trip and Bypass Contributors

— L

Spiit Split Fraction Relative Failure Rate Contribution Spiit Fraction |  Total
Fraction Description Contribution | Failure
‘| Stopand | EPR | Operator | Al | to Damage | Rate
| control | fallure | action | other | Frequency ~
| valve , failure - faulures o '
! | failure ‘ T - ,
™m Turbine trip or stop valves close| 35.2% | 63.6% - 1.2% - 010% | 236x10*
following reactor. trip :
TT2 | Turbine trip on high RPViwater || 34.4% |620% | — | 36% | o004% |242x10*
level j L o ;
TT3 Manual turbine mp“ | 127% | - | ssan | a0% | 000% - |1.20x10%
BT1 Turbine bypass vaives close on | o98.4% - —_— . :1‘.6%5 - 0.42% 1.54x102
loss of vacuum' ‘ R f | ‘
BV1 | 2 of 9 turbine bypass valves open | .23.8% | 75.7% — 05% | 000%. |[1.98x1 0"'
following reactor : trlp AR I S o : \
BV2 | Allturbine bypass valves open | ose% Joe% | — | o6% | oo00% |135x10%
following reactor trip fallure o A 1
Total system cgntrlbutlon 3‘toé‘~'*‘¢ofre' damage frequency '0.56%
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A.

3. AC Electric Power (Appendix F.3)

System Contributors independent failures of the AC electric power systems are analyzed
in top events EA, EB, EC and ED. The failure or these top events represent the failure of
4160 VAC buses 1A, 1B, 1C and 1 D and as;socrated swrtchgear respectively The failure of .
these top events appear in a total of 45% of core damage scenarios. See Tables 3, 3a and

3b.

1. Circuit breaker fallure. Circult breaker fallure dominates (98%) the non-essential
switchgear failure rates and lmpacts (35%) the essential switchgear fallure rates
in the cases where all support is avallable (splrt fractions EC1 and EDf)

in the case of non-essential power, this is partrally due to the requirement to
separate both non-essentlal buses 1A and 1B from the main transformer followmg V
plant tnp and reconnect the bus supplies to the startup transformers o

This type of failure also dominates essential bus failure’ durrng turbine buildrng‘ *
flooding events (split fractions EC3 and EDS5), primarily due to the assumed
requirement to separate the 1A1 and 1B1 motor control centers due to groundlng o
Otherwrse, loss of the entrre bus lS assumed o

2. Fan fallure. ‘Fan failure oontnbutes sngnlf‘cantly (60%) to essentral switchgear o
failure when all support is available ‘(split fractions EC1, ED1 and EDA) “This is
assumed to cause room overheating and failure of electronic components,
primarily due to transformer. heat load. The exposure time for thrs failure is.
assumed to be 4 hours, since the operator logs require these spaces to be toured
twice per shift (assumption 7 of the AC Power system analysis).

3. Partral loss of support. Due to the relrance on dlesel generators the loss of o
~ offsite ‘power fesults- in"an’ ‘increase in- “system - fallure ‘rate by-a factor of
' approxrmately two decades (a factor of 100) ThlS also shrfts the domlnantm ‘

‘contributor to sys m failure to dlesel glenerator operatlon - o

4. Bus failure. Independent bus fallure contnbutes srgnrt" cantly (35%) to sp
" fractions EC1 and ED1 only.- S

- 5. Diesel generator fallure. - Diesel generator failure dominates (91%) the

IPE

independent failure of essential swrtchgear followrng loss of offsrte power (split = -
‘fractions EC2, ED2 ‘and EDD). ' Also, these are the only system split fractlons
o which slgnlf’ cantly impact core damage frequency D

' The fallure of "diesel generators is currently dominated by run ,
(approximately 70%), with the remaining contribution primarily due to diesel start”
failures. These runtrme farlures have been segmented |nto fallure dunng the fi rst_

conservative since the recovery of offsite power ‘only includes recovenes within 1
hour, such that a successful diesel generator would only have to run for 1 hour
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for success. Loss of offsite power""re:‘:overy is analyzed in Appendix B.1 of the
level 1 report.

Observations. The following observations can be noted by inspection of the AC electrical
power system analysrs results and sngnif cant contnbutors -

1. Circuit breaker fallure to transfer dominates the failure of non-essential buses 1A
and 1B, primarily due to the need to transfer power to the startup transformers
followmg plant trip. Both split fractions EA1 and EBA (lndependent faflure of non-
essential power to transfer, simulatlng a.loss of ofisite power) contnbute
measurably (2 to 3%) to core damage fraquency.

2. Ventllation fan failure contributes signnf cantly to’ the lndependent fallure of
essential buses 1C and 1D when offsite power is available. Due to the impact that
failure of these buses has 'on plant systems this form of failure does contribute
shghtly to core damage frequency. :

3. Diesel generator fallure domlnates essential bus 1C and iD failure followung Ioss',_ .
of offsite’ power or failure of buses 1A/1B. These split fractlons contribute |
significantly (15 to 20%) to core damage frequency, primarily due to the impact
of the loss of offsite power lnltlating event. The significance of diesel generator
fallure is partially due to the conservative treatment of diesel generator mission
time for success v ; S

4. nghlights the contlnued importance of malntenance on the duesel generators andn
- circuit breakers. R L

Recommendations. The loss of offsite power initiating event contributes 33% to the total
calculated core damage fre ency.. The risk profile due to the *family” of loss of offstte power
events consusts of both short and Iong term losses of offsite:power Short term. Iosses of
offsite power followed by other failures such as the common cause. fallure of both diesel
generators combined with EMRYV failure to reclose or other ECCS ‘systems failure contribute
significantly to the risk profile. Long term, losses of offsite power concurrent with failures of
diesel generators and ECCS systems combined with battery depletion result in eventual core
damage.

A station blackout techmcal bas:s documenlt ls under development This document ls to
serve as thé basis for the creatlon of a station blackout procedure Completion of the statlon
blackout technical basis report and the creation of an Oyster Creek plant specific integrated
loss of offsite power procedure (larger in scope than the onginai station blackout procedure)
could provide improved operator coping :abllity . in . loss of. offslte power events.. i is

. Recovenng‘ oflsite power or onsite ources and appropriately aligning Aor cross-
tieing buses to power. crltlcal equnpment S PR _

* The startup and alignment of the alternate AC capability.

AB 05/29/92



IPE

Table 3 Non-Essential AC Power Contributors

Split Split Fraction Relative Failure Rate Contribution | Splfit Fraction| Total
Fraction Description Contribution | Failure
Circuit | Transformer | Al to Damage Rate.
breaker fallure . other | Frequency
fallure failures
EA1 " Failure of bus 1A 97.9% 1.6% 0.5% 2.51% 2.33x10°
EB{ Failure of bus 1B 97.9% 1.6% 0.5% 0.27% 2.16x10°
EBA Failure of bus 1B, given | 99.9% - ].01% 2.16% 7.00x102
(EF1) failure of bus 1A '
..~ - Total system contribution to core damage frequency 4.94%
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Table 3a Essential Bus 1C Contributors

Split Split Fraction Relative Fallure Rate Contribution Split Fraction| Total
Fraction | Description — Contribution | Failure
Fan Bus | Circuit | Diesel Al to Damage Rate
failure | failure | breaker | generator| other Frequency
, ‘ ' faillure | failure | failures
ECt * Bus 1C failure with 1A 59.6% | 34.8% | 53% - 0.3% 1.73% 3.69x10™
success : ' .
EC2 Bus 1C failure afterloss of | 2.1% 1.1% 2.7% 91.2% 3.0% 18.30% 5.84x102
‘ ‘bus 1A . : ' :
EC3 Bus 1C failure during 233% | 1.7% | 69.9% - 5.1% See note | 9.50x10™
turbine building flooding v :
Total system contribution to core damage frequency 20.03% "
— — — _.__—l
Note:

Spilit fraction EC3 is used only In the internal flooding analysis, which was done as a screenlng analysls only (see
Section 10 of the Ievel 1.PRA reporl) «Itis listed here for completeness
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Table 3b Essential Bus 1D Contributors

Note:

Split Split Fraction Relative Failure Rate Contribution - Split Fraction | Total
Fraction | .- . Description " 2 : .| Contribution ;| Failure
‘ o Fan Bus | Circult | Diesel Al | toDamage Rate
fallure | fallure | breaker | generator| other | Frequency
| o fallure: | - faflure | failures
EDt | Bus 1D failure with 10 | 596% |'348% | 53% | — | oa% 1.73% | 5.90x10™
’ ’: - success . = S D ) _
| ep2 |BustiDtalure aftertossat | 21% | 14% | 27% | ot2% | 30w | 1830% |se2x10?
S| bustB s B R |
ED5 |  BusiDfalluredurng | 37.7% | 68% | 554% | — | 01% | Seenote |[1.17x10°
turbine burldlng ﬂooding & ‘ ‘ ‘ S
EDA | Bus 1D failure afierioss of | §6.7% | 208% | 19.1% ~ 34% | 000%  |5.93x10*
(EE1) bustc L - R B N U ’
EDD ',%Bus 1D fallure afterlfossof | 17% | 1.4% | 21% | 925% | 28% | .000%
| (EE4) .| “buses1A;1Band1Cc | - v R |
 Total system contrlbﬁtiori to core damage frequency - - 20.03%

Split traction' E05 is used only In the tnternal ﬂoodtng analysis whtch was done as. a screenlng analysis only (see
Sectlon 10 ot the level 1 PHA report) It is Iisted here. for completeness PR

- A1

05/29/92




4. 125 VDC ‘i"ower (Appendix F.4)

A. System Contributors. The 125 VDC power system is modeled in OCPRA top events DB,
DC, XB and XC. Failure of these top events contributes a total of 31% of core damage
scenarios, all due to fallure of top events DB and DC See Table 4,

1. Battery failure. Short term DC bus fallure Is dominated (93%) by battery failure,
either on initial demand or during the 3 hour time horizon defined for short term
operation. This failure is due to the failure of battery capacrty on demand (based
on failure during test discharge survelllance testrng) N

Since the design of the Oyster Creek electric power system requires system re-
alignment to the startup transformers following plant trip, at least a momentary
discharge is expected, during which time the battery output would be’ expected
to dip slightly. This is conservative in that the fallure data is more representative
of a longer term discharge of the battery, but is a customary plant modeling
technique. Even though battery A could be cross-connected to battery B loads
for some fallure scenarios, it is not credited in this analysis (see Assumption 6 in
the system analysis). Model changes that would take these factors into account
would not be expected to change the basic conclusion that’ battery failure
represents a signrf cant contributor to the rrsk profile at Oyster Creek ‘

2. Battery charger fallure. Long term DC bus failure is dominated by battery -
charger failure durrng the assrgned 22 hour mrssron trme Alrgnment of the ‘
Power system analysis) Nevertheless the Iong term Ioss of DC power (splrt
fractions XB1 and XCt) do not contrrbute measurably to core damage frequency

power system analysrs ‘results and signifcant contrrbutors

1. Battery failure on demand- domrnates short term system farlure which contributes
significantly (15°to 20%) to core damage frequency. This may be partially
mitigated by the analysis of battery failures, though industry datais sparse in this
area (i.e. the specific conditions of battery failure). “Also, due to the impactof DC
bus C on containment heat removal recovery of this system is modeled in
Appendix B.4 of the level 1 PFiA report A L :

2. Battery charger failure dominates long term system failure Due to the less
rigorous requirements for DC power several hours after plant trip from power, ,
particularly after short term actuation of frontline. response systems this does not
measurably impact core damage irequenvy o e - i’° :

3. The above results highlrght the contrnued importance of battery and DC bus/panel‘
maintenance. = .
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C. Recommendations. The failure of all DC power events contribute significantly to total core
damage frequency. Long term loss of DC power following statron blackout events is also a
significant contributor to the risk profile. Following a long term station blackout the eventual
depletion of DC batteries contributes significantly to the OCPRA risk profile. Several actions
are recommended which could increase operators abillty to cope with loss of all DC power
events and reduce the contribution of DC power {allures to total core damage frequency

1. Develop a loss of all DC power procedure, ooordmated with the integrated Ioss -
of all AC power procedure (see AC Power system contributors). This procedure
should Include guidance on the cross connectron of essential loads to the "A"

battery.

2. Consider procuring, staging and proc: edurally dlrectrng the use of a portable DC
generator and equipment necessary to supply essentral loads for coping with long
term losses of DC power. S . :



Table 4 125 VDC Power System Contributors

Spiit Split Fraction Relative Failure Rate Contribution Spiit :fTot'?a“l
Fraction Description } Fraction | Fallure- ji
—1 Contributicn’| Rate ||
Battery Bus Circuit | Battery | All to Damage | -
fallure | fallure | breaker | charger | other | Frequency
failure | failure | failures IS I &
DB1 125VDC bus Bshorttern | 922% | 21% | 67% | — | 00% | 1500% [s64x10*)
DC1 125VDCbus Cshortterm | 931% | 21% | 48% | — | 00% | 1590% |s56x10* |
XB1 Long term DC bus B —~ — | 15% | 982% | 0a% | oo00% |s78xto*|
XCt Long term DC bus C - — | 29% | 97.0% | 01% | 000% |437x10*f:

IPE
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A. System Contributors. The ESF actuation logic systems are modeled in OCPRA top events
PR (high RPV pressure), RL (low-low RPV water level) and DP (high drywell pressure). These

5. ESF Actuation Systems (ESFAS - Appendix F.5)

top events contnbute a totai of 3.0% to core damage frequency See Table 5.

1.

B. Observations. The foilowrng observatrons can be drawn by inspection of the ESF actuatron '

Sensor fallure. Active sensor failure dominates (74 10 99 9%) actuation logic
failures for the cases with both trains of DC power support available.

Partial loss of support. The Ioss of one train of support (1 25 VDC bus B or C)
results in an increase in system failure rate by a factor of approximately 60 to 80.
This also shifts the dominant contributor to system failure towards failure while in .
test alignment. ’

. ~Test airgnment System failure rates are dommated (79to 92%) by test airgnment

“ whenever one train of DC power is unavailable. This is due to the assumption

‘that the affected components are disab led during tésting, as allowed by Technical
‘Specifications for up to 2 hours, after which the affected channel must be placed g

in a tripped condition (see Page F.5-6 of Appendrx F)

system analysis results and sigmfcant contributors:

- Sensor fallure domrnates all split fractions wrth both trains of DC power avarlable

-Due to its impact on plant system actuation, only failure of Iow-low FiPV water ievei

contributes more than 1% to core damage frequency.

Time spent in testrng alrgnment on the unaffected train dominates system farlure :
following | failure of one train of DC power, This is partraily due to the conservative.
assumption that the channel in test is not placed in a tripped condition until this
is required by Technrcal Specrﬁcatrons (2 hours per channel per month)

C. Recommendistions None.;f.‘: SO
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Table5 ESF Actuation System (ESFAS) Contributors

IPE

Split Split Fraction ~ Relative Failure Héte Contribution Split Fraction |  Total |
Fraction Description Contribution | Failure
- Sensor Test Relay | - Al | toDamage } Rate
“fallure | alignment | failure’ | other | Frequency '
) B - time "] failures , . o
PR1’ High RPV pressure | 99.9% ) 8.42x10°
actuation with all support - |
available ; o
PR2 High RPV pressure | 8.2% 91.8% —~ | oo% 064% | 5.97x10°
actuation with one 125 - - . '
VDC bus available . ,
RL1 | Low-low RPV water level .| 83.2% — 120% | 3.9% 1.36% | 1.14ax10 |
logic with all support - | © ' . ‘
available N PR : , ) R
RL2 | Low-low RPV water level | - 7.5% 850% | 7.3% | 02% | 002% |esg2x10°
logic withone 125VDC | L B I
bus available 1 ' o , o
DP1 | High drywell pressure logic| 73.6% — | 239% | 25% 0.50% | 9.90x10° || -
with all support available | - . | L o : _
DP2 | High drywell pressurelogic | 7.0% | 79.2% | 135% | 03% | 050% |64sx10%f
withone 1256 VDC bus | - - o ' )
available - S -
H Total system contribution to-core damage frequency
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6. Reactor Protection System, (Appendix F.6)

A. System Contributors. The reactor protecfron system (RPS) is modeled in OCPRA top event
RS. Failure of this top event contributes a total of 28% to core damage frequency. See
Table 6. - » :

1. c°ntrol rod fallure. Control rod failure dominates (59 to 72%) the cases where
the automatic reactor trip function is available (Spllt fractions RS1, RS2 and RSS5).
Due to the large amount of redundancy in the system, this is dominated by the
global failure term (i.e. individual failure of control rods does not measurably
contribute, compared to the possrbihty ofa common mode failure mechanrsm)

2. Air operated valve failure. . Farlure of the scram outlet valves to operate '
contributes between 22 and 28% of system failure rate following automatic reactor
trip. Again, this form of failure is dominated by common mode failure. "

3. 'Manual actuation. Due to the relative reliabilrty of the reactor tnp system, manual
operator actuation of the system dominates splrt fractrons RSG (1 00%) and RS4
(99.9%). u

4. Partial loss of support. Loss of instrument air has vrrtually no impact on the
fallure rates for the reactor: trrp system (compare RS1 and RS2). Loss of support
to the alternate rod injection (ARI) system has a minor impact (approxrmately a
20% increase) on system failure rate.

B. Observatrons The following observatronls can be ‘drawn by rnspectlon of the reactor trrp
system analysis results and srgnrf icant’ contrrbutors ,

1. Due to overall system relrabrllty, global common cause failure of control rods tc .
insert dominates the automatic system actuaticn spllt fractions. Of these cases, -
RS1, which is currently evaluated at. 1.68x10, is the only split. fractron that -
contnbutes materially (2. 7%) to core damage frequency

2. Operator failure dominates thrs farlure r.ate followrng failure of actuatron loglc Due
to the overall reliability of the aotuatron logrc system thrs does not measurably -
impact core damage frequency . R

C. Recommendations. None.
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Table 6 Reactor Protection System Contributors

Split Split Fraction - Relative Failure Rate Contribution Split Fraction |  Total

Fraction Description Contribution | Failure
o Control |- Air | Operator | Relay | Al to Damage | Rate
" .rod | operated | -action | failure | other Frequency

fallure |- valve | failure fallures
4 S Mailure | - . '
RS1 Reactor scram with all support | 721% | 27.7% | = — = | oz% | 274% |1esx10°
available : Sk - . ) . : ‘

RS2 Reactor scram following lossof | 722% | 2r7% .| — - |oa% | o0.08% 1.68x10° ||
instrument air o - : : . ¥ S A

RS3 | Manual scram following turbine - = | 100% — | oo% | ooo% |asoxio?|
fallure to trip o 3 A 1 - ~. .

| Rsa Manual reactor scram followlng c01% | — | 999% | — | oo% | oo01% |20mi0%]
“ act“atic,nloglcfanure S A L DU B ¢

"RS5 | Reactor scram following faliare of | 59.1% |<227% | ‘— | 163% | 19% | o000 [20sa0t|
support to alternate rod: in]ection e i i : 1 L :

(AR) | 1 o |
" Total system contribution to fcore:‘:dia’mage frequency v 1 2.81%
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7. Service Water (Appendix F.7)

A. System Contributors. The service water system is analyzed as top event SW. Failure of this
top event contributes a total of less than 0.1% of core damage frequency See Table 7 ‘

1. Manual actuation. Operator action to tart the standby pump foilowrng failure of
the running pump has a measurable impact (6 to 11%).on split fractions SW1 and -
SW2 (offsite power available). From Table 6.3-4 (Page 6.3-29), this action has a
relatively broad distribution (range between estrmates of a factor of 67) between/ -

evaluators.

2. Partial loss of support. The loss of power to the runmng servrce water pump
(SW2) increases system failure rate by approximately & factor of 100. This also
shrfts the dominant failure contribution to maintenance on the available pump :

3. Pump fallure. Pump failure dominates system farlure rate for the all support
available case and following loss of offsite. power, where both pumps would
receive a start signal on diesel generator start. Due to the overall reliability of this
system, this does not measurably impact core damage frequency

B. Observations. The following observatrons can be drawn by mspectron of the service water =
system analysis results and significant coni tnbutors /

1. Pump failure dominates system failure rates when all support is available or
following loss of offsite power. Neither of these cases contnbute measurably to
core damage frequency. ,

2. System maintenance alignment contnbutes sngnifcantly to- system faiiure rate
when only one train is available (i.e. rnaintenance is being performed on the’
unaffected train). Again, this does not matenally impact core. damage frequency

[

C. Recommendations. None.
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Table 7 Service Water System Contributors

Split Split Fractic)n Relative Failure Rate Contribution Split Fraction | Total
Fraction Description : Contribution | Failure
| Pump | Operator |Maintenance| Al . | !oDamage | - Rate
fallre | . action | alignment | other -| Frequency | -
o . failure time = | failures | o
SW1 |1 of 2 service water pumps |- 7'911’?@% . 6.4% — “1.8% | 000% - |221x10*
with all support available | = - , . e V ' 7
sw2 | 1senvicowaterpump | 237% | 11.1% 641% | 11% | - 005% |231x10%|
available N o ’ o :
SW3 |1 of 2 service water pumps | 98.4% — - 16% | 000%  |527x10%
following loss of offsite ; : : '
power

Total system contribution té;core damage frequency .
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8. Turbine Building Closed Cooling Wc,at,er~ (Appendix E-&)

A. System Contributors. The turbine burldrng closed coohng water (TBCCW) system is
modeled in OCPRA top event TB. Failure of thrs top event contrrbutes O 2% of total core
damage frequency. See Table 8 ' .

1. Heat exchanger fallure. Heat exchanger failure (blockage foulmg or rupture)
dominates (72%) the case where all support available (T B1) v :

2. Partial loss of support. The loss of one train of support (4160V bus 1C or 1D ,,
split fractions TB2 and TBS) results in an increase in system failure rate by a factor
of 3 (TB2) to 300 (TB3). This also shifts the largest contributor to system failure
due to the failure of the opposing check valve to reseat (TB2) and the dominant

. contributor to pump maintenance on the remaining pump for TB3 (91%). -

3. ‘,Manual alignment. Operator actron to align the TBCCW heat exchangers to
“service water cooling is analyzed in TB4 and TBS (fcllowrng loss of offsite power)
B. Observations. The followrng observatrons canbe noted by inspection of the turbrne bulldrng
closed cooling water system analysis results and signlfcant contnbutors -

1. Heat exchanger failure dominates system failure rate when all support is available

2. Failure of the drscharge check valve to close on the failed pump contnbutes
significantly to system farlure followrng loss of bus 1D. B,

3. Maintenance on the avarlable pump dornlnates system fallure followrng Ioss of bus
1C. T ; :

4 Operator failure domlnates system failure rate followmg both loss of crrculatmg
water cooling to the heat exchangers and following loss of offsrte power

Due to the overall reliabllity of the TBCCW system ‘and the Oyster Creek plant desrgn, none of f
these split fractions contribute materially to.core damage frequency

C. Recommendations. None. -
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Table8 Standby Gas Treatment System Contributors

— — =

-Spilit Split Fraction | Relative Failure Rate Contribution Split Total
Fraction Description ‘ o Fraction Failure
~ e Contribution | - Rate

~ Heat - | Manual | Check | Pump | Maint. | Al | 4o Damage
exchanger | valve | 'valve | fallure | align. | other Frequency

“fallure | transfer | failure ; time | failures |
< | closed | - i R
TB1 All support available 727% . | 8% | - | — — | 12% | o000% |7.78x10®
TB2 |10f2TBCCW pumps after| 17.7% | 7.4% | 435% | 202% | — | 22% | o0o% |2sexto®
loss of bus 1D 1 A , T ‘
TB3 | 1 TBCCWpumpafterloss|{ — | 02% | 05% | 87% | 906% | 00% | o000% |270x10°]|
of bus 1C I I T . « :
TB4 Manual.alignmentto |~ 100% of failure rate tue to fallure of operator action | 0.03% | 9.01x10°
seivice water afler Joss of | = L o " - ‘
" circulating water

and alignment to service
water cooling during loss
of offsite power

“ ‘TBS Manual TBCCW restart 100% of failure ré‘)‘t‘eg bue to fa’llitfxre,vof operatér action - | 0.04% 2.00x1o-2 ;

" Total system contribution to core damage frequency’ | o1e% f "
IPE . a2 o5f2982




9. Main and IC Steam Isolation (Appendix F.9)

A. System Contributors. The main and isolation condenser steam isolation systems are

analyzed as OCPRA top events MS, ME and MI. The independent failure of these top events

contribute a total of 1.0% to core damage frequency. See Table 9 and 9a.

it is assumed (see Assumption 4 in the system analysis) that instrument air is not required
to maintain the MSIVs closed following system isoiation "

1. Valve fallure. Valve failure to close dominates (8. 8%) the fallure rate for MSlV ‘
closure on low-low RPV water level and MSIV closure during a high RPV water‘
level excursion (86%). In the case of closure during high RPV water level
excursion, the operator acts to backup sensor failure for the assumed hrgh flow -
condition as RPV water level approaches the main steamlines.

,‘Valve failure is also the most signifi cant failure mode for IC isolation

2. Relay fallure. Relay failure is the dominant failure mode for MSIvV farlure to close
on low steamline pressure (ME1). ‘

3. Manual actuation. Operator response is modeled in split fractions ME2, M12 and
MS3. Of these, MI2 (IC isolation on high RPV water level) was judged to beaskil
based action (performed from memory, then verified ‘by "procedure) by all
evaluators (see Page 6.3-17). The action to close MSIVs on lowering RPV water
leve! following failure of low-low level actuation logic (M83) was evaluated by 7
operators as a skill based action. The remaining 3 operators identified thsasa
rule based action, which would be performed with procedures in hand ‘

'B. Observations. The following observatron' can be drawn by inspection of the marn and IC
‘ steam isolation system analysis results and slgmf icant contributors

1. Valve failure to close and actuation relay failure contnbute slgmf' cantly to both
analyzed conditions for IC rsolation :

2. The overall core damage frequency contnbutron for these systems is small

C. Recommendations. None.
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Table9 Main Steam Isolation System Contributors

,‘T.Split Split Fraction Relative Failure Rate Contribution Split Fraction " Total
Fraction Description Ny " —T = ) ~.Contribution to Failure
. Valve failure | Relay. | Operator “All other ‘Damage Frequency | - Rate
to close | | failure | action failure| . fallures B
ME1 MSV closureonlow | 268% ' | 733% | — © 04% 063% °  [4.0m0*
steam line pressure with all | o ' '
support available - , ; o V
ME2 Manual MSIV closure” | 86.3% | | — 12.8% 1 0.9% © 0.00% | 1.2ax10* |-
during high level excursion ; C e N - : 1
MS1 | MSIV closure onlowlow | 99.8% | < ~i 0.2% 000%  |1.08x10*|
RPV water level with all- e ’
support available » ‘ 0
MS3 | Manual MSIV closure on ST, 0 ) - 08.0% 0.1%
" lowering RPV water level | 7 ST
" Total system contribution to ;céte damage frequency
IPE * A24 05/29/92




Table 9a IC isolation System Contributors

Split - Spllt Fraction: - Relative Failure Rate.Conirlbution ; Split Fraction Total
Fraction Descriphon T — ; . Contribution to ‘Fallure
S . } ~Valve | Pressure ‘Relay failure All other Damage Frequency | Rate
o~ faillure to| switch | ’ failures ‘
| : 5 - close | failure 1t B ;
M1 {iC Iéﬁlaﬁdh on high ;sté"arﬁ’* . 437%, | sta% | 248% 0.9% 0.00% 1.22x104
S T flow o : ,’ x .
}Ml2;, | 1c 1sotation on high an ea.o%: | 26% B31% 1.3% - 0.21% 1.26x10°
B water level B v , ' o "
“ Total system contribuﬁon to core damage frequencyE o - 021% * “.‘
Note Al Wiz

IPE
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10. Core Spray (Appendix F.10)

A. System Contributors. The core spray system is modeled in OCPRA top event CS. Failure
of this top event contributes a total of 17.0% to core damage frequency. This system analysis
also accounts for the capabillity to cross connect fire protection to inject to the reactor vessel
through core spray (split fraction CSS5). See Table 10. t

1. Pump start fallure. Pump start failure clomrnates the failure of the core spray
system for all cases involving automatic actuation (split fractions CS1, CS2 and
CS3) following plant trip. For the cases with core spray piping fallure (split
fractions CS7 and CS8), pump start fallure contributes significantly (63%) to
system fallure only when one main and one booster pump are available, The data
for this mode of failure are in line with inclustry averages.

2. Manual actuation. Operator response has a domrnant effect on. splrt fractions
CS4, CS5 and CS6. ,

3. Partial loss of support. The loss of one train of support (4160V bus 1C or 1D,
split fractions CS2, CS3, CS6 and CSB8) results in an increase in system failure rate
by a factor of approximately 2 to 5. Due to the dominance of pump start failures
for CS1, CS2 and CS3 and the supply of one main and one booster pump in each
loop from each division of essential AC power, this does not result in a shift in
system contributors, though a shift does occur in the case of core spray line
break (shifting the dominant contributor from guaranteed failure while performing
maintenance on the intact train to pump start farlure) -

4. Valve fallure. Failure of the parallel or the serial inject valves cdntrilautes less
than 9% to all split fractions analyzed. This type of failure is of note since
*supercomponents" were used to model these components. The individual failure
of any single piece of equipment within these groupmgs is therefore not
separately identified within the system cause table .

For those cases with degraded support avarlable to the parallel |nject valves (i e .
power available to only 1 of 2 valves - see assumptlon 10 in the system analysis),

_two main and two booster pumps are also failed, which causes the relative. -~
contribution to system farlure due to valve fallure to drop to 2 4% for splrt fractrons
CS2 and CS3. ;

5. Maintenance outage time. Since each core spray subsystem has one main and
one booster pump powered from each essential 4160 VAC bus, system failure due
to train maintenance only appears as a srgnlfcant contributor for cases with core
spray line failure in the opposite loop (i.e. splrt fractions. CS7 (83%) and CS8 .
(34%» 2 . .:.*‘. ¢ 5 ;

6. Alignment to inject with fire protection. While operator alrgnment to inject

through core spray with fire protection (split fraction CS5) is only modeled for
those cases with all core spray pumps failed due to loss of motive power (failure
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of 4160 VAC buses 1C and 1D), the dominance of pump start failure for split
fractions CS1, CS2 and CS3 indicates that this ailgnment may also be a viable
accident management mitigation strategy following independent failure of core
spray pumps to start. The extremely broad variance between operator evaluations
for this-action, however, including two evaluations as guaranteed failure, indicate
that successful completion of this action, particularly before fuel cladding
perforation and substantial core degradation is questionable. As noted above,
though, this may be an effective means of providing long term cooling water fiow

to core debris.

It should be noted that this action would only be taken following site blackout
scenarios with loss of RPV inventory (i.e. with stuck open EMRV or IC failure). -
Otherwise, the operator would align fire protection to provide IC makeup, rather
than inject fire pond water into the reactor vesse! Both of these actions are
addressed by existing EOPs .

B. Observatuons The following observations can be made by inspection of the core spray
system anaiysis results and signrt‘ cant ccntnbutcrs

1.

Pump start faliure dominates the ca51=s where automatnc actuatlon takes place .
with both loops intact. Of these, split fraction CS1 contnbutes significantly (11.7%) ' -
to core damage frequency.

Operator fallure to actuate the system dominates the cases where actuation lcglc

s not avallable and both IOOps are intact

Maintenance time on the available train contributes srgmﬁcantiy to system failure
when one |oop is falled due to pipe break.

Exrsting EOPs address injectron with fire protectuon water as a backupto the core”
spray system :

C. Recomrneindations, None. -
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Table 10 Core Spray System Contributors

. Spilit Split Fraction Relative Failure Rate Contribution Split Fraction | Total
Fraction Descriptiop ; Contribution Failure
Pump | Operator | Valve | Maint. | Al to Damage | Rate
start action | failure | outage | other | Frequency
: failure failure | - time | failures'|
CSt RPVinjection with 1 of 2main | 89.3% | — 89% | — 18% |  11.70% | 1.77x10%
and booster pumps in either loop ' , .
with all support available ! . s :
CS2 | RPV injection with 4160 VAC bus | 96.5% - 2.4% - 11% | 1.14%  |9.27xi0*
1C failed (fails one main and one B a A ~
booster pump in each loop) : , »
| cs3 |simitarto CS2 with 4160 VAC bus |  96.4% — |2e%w| — | 12% | 120% |osexio*| -
1D failed (1C available) : L L f
©S4 | Manual actuation with all support | 1.7% | 97.9% — - 04% | 0.00% |8.18x10° |
avallable 4o o | I
'CS5 Manual alignment of fire — 99.5% - — 0.5% 0.88% 1.91x10% ||
protection to inject to the RPV ’ ‘ »
after failure of buses 1C and 1D : . : ‘
CS6 Manual actuation after failure of 10.4% | 89.1% —_ -— 0.5% - 1.78%  |egex10? |
bus 1C or 1D: ‘ o B ' ' , ‘
CS7 | Injection with second loop after | 68% | — |'87% | 83.1% | 1.4% 2.00%  |9.05x10°
failure of core spray line:. L - e o : | -
CS8 | Similar to CS7 with 4160 bus 1C | 631% — | 17% | 343% | 09% 0.00%  |219x102
or 1D failed ', I a S : 1 T
Total system contribution to core damage frequency 17.02% - | "
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11. Containmernt Spray/ESW (Appendix F.11)

A. System Contrlbutors Containment spray and emergency service water (ESW) are analyzed
as a single top event (CC). Failure of this top event contributes & total of 4.0% to core

damage frequency See Table 1.

1. Manual actuatron. The system is mor:leled as a manual start only design. This
significantly affects the system fallure rate and its impact on the plant model, since
operator failure to properly actuate the system is a significant contributor to
virtually all of the split fractions analyzed.

Operator response has a dominant (95% or more) effect on split fractions CC3,
CC4 and CC5. From Table 6.3-5, the actions for-operator actuation of torus
cooling (dynamic test) (CC3 and CC4) have fairly close agreement (0.005 versus
0.007), whereas operator actuation. of contamment sprays had an overall mean
failure rate approxlmately twice as hrgh (0 01 3) 2 . : ~

2. Partlal Ioss of support. The loss of one traln of support (41 60V bus 1C or 1D,
split fractions CC7, CC8 and CC?9) results in an increase in system failure rate by
a factor of 2 to 3. This also.shifts the dominant contributors to system failure
towards heat exchanger blockage (approximately 20%) and maintenance outage - -
time (approximately 40%). The contribution due to guaranteed failure while
performing maintenance on the unaffected system is artificially high due to the
conservatrve modelrng assumptrons (see Marntenance outage trme below)

3. Heat exchanger blockage. Heat exchanger blockage contributes Iess than 3% ‘
to total system failure rate for those conditions with both trains available, primarily
due to the availability of a redundant train.

For those split fractions with loss of 4160V bus 1C-or 1D, the loss of one train of
containment spray/ESW pump effectively removes this redundancy, such that the
two heat exchangers in the operable train must continue to: operate throughout
the mission time of 24 hours. The design of the containment spray system
prevents jsolation of a single heat exchanger for cleaning with the other remaining =~
in operation. In other words, blockage ofa single heat exchanger wrll fall the heat B
- removal capabilrty of the affected trarn : A
it should be noted that the system data records 7 farlures. 4 of whrch occurred‘ i
during a single period of two months. Following this period, a significant amount
(but not al) of the protective coating Initially installed in the ESW piping was -
removed. Continued observation of component data over time may justrfy Iower
component failure rates. ._ :

4. Maintenance outage time. : System failure while performing maintenance on one - '
train is the most significant contributor following failure of 4160V bus 1C or 1D. °
This is primarily due to the mode! simplification of evaluatrng the system for only
one maintenance alrgnment and conservatrvely assumrng that the system is farled
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whenever the assigned train is in maintenance and either 4160V bus 1C or 1D is
not available. This model simplification effectively doubles system failure due to
train maintenance outages, a conservatism that is addressed in Appendix B.4
(recovery from loss of containment heat removal) of the level 1 PRA report,

Also, the Oyster Creek maintenance duration dzta are rather high compared to
the industry. . Thersfore, reducing system anc component maintenance and
outage times could significantly improve system failure rates for the cases with
one train of support failed. ;

B. Observations. The following observations can be made by inspection of the containment
spray/emergency servrce water system analysis results and signlf cant contrrbutors

1. Operator actlon failure dominates system faxlurei rate for the cases where both
trains are available. The containment spray/ESW system failure rate Is dominated
by operator failure to actuate the system for split fractions with both trains
available (CCS CC4 and CCS) TR , e

2. Mamtenance ‘outage time on. the available tralnl. heat exchanger blockage and
operator failure all contribute slgnlticantly to sys tem failure rate followmg lossof
bus 1C or 1D. c o . :

3. Overall the heat exchanger fallure rate is higlher than the mdustry average,
predominantly due to the occurrence of a relatwely Iarge number of blockages
durmg atwo month period several years ago R : . :

C. Recommendations.

1. Since the operator plays a major role in successful imtiatnon of the containment:
spray system these actrons should be emphasu'ed in traimng EECE
2. Changes to the coordination of preventrve malntenance on the containment spray
system could result in -decreased :outage - tirne.- - Containment : ‘spray -heat -
- exchanger, containment spray pumps, ESW pump preventive maintenance should
be coordinated to coincide with planned refueling outages. For example, all
planned refueling outages .could include the replacement of heat’exchanger
anodes and. cleaning. In cases where maintenance must be performed on a
single component in the system {which results in'the unavailability of an entire -
system)-other system preventive maintenance tasks should be performed dunng e
this same outage time. -

3. Efforts to.reduce the likelihood of heat exchanger: blockage should ‘continue. * -
Removal of the damaged sections of the ESW pipe coating and the clorination
system modification have been major improvemants. ~ Further enhancements to
the chlorination system (to chlorinate a larger segment of the system) that are °
planned for the next refueling outage should be completed as scheduled.
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Table 11  Containment Spray System Contributors

Split Split Fraction Relative Failure Rate Contribution Split Fraction Total
Fraction Description - : Contribution | Failure
| operator | Heat | Pump: |Maintenance| AN | toDamage | Rate

;| .action | exchanger | start ' | outageitime | other | Frequency
i : failure blockage failure |~ . | failures

—

|| cc3 " Operatorstarts . ‘| .958% | 24% | — | — | 14% - 0.02% 1.87x102

‘| containment spraytocool - f .- © - | . S B

torus (IC successful with :
fallure of makeup) . }

ccs Operatorstats  © | 959% | 20% | — | — 2.1% 064% |207x10%
; containment spraytocool | © - o |- a R I : '
‘ torus after IC failure .. | -

ccs | Manual ESW/containment o50% | ‘sow | — | — o0%: |  1.36% 1.37%102
1 sprayactuation(1 of2) | . R :

cC6 | Manual actuation during | :557% | 20% ‘| 87a%|| @ — 50% |  0.02% 2.87x102
1 reactor trip failure - main % L - : R S ,
and backup pumps S

2 required

cC7 | Similar to CC3 with 41qui 330% | 227% | 22% | 408% | 13% | oo02% |s25010%
, bus 1Cor 1D failed - | v - = |~ o oo - ' , - :

cC8 | Similar to CC4 with 41sov‘{ ‘a59% | 219% | 26% | s04m | 02% | 146%  [5.44x10°
bus1C oriDfailed | . = [ oo | | |

CCo | Similar to CCS5 with 41 60V 7526‘;7%‘ - 250% | 20% | 4s0% | 03% | o0s0% |4a76x102
B bus1Cor1Dfa|Ied g \ R i EE o

4

Total system contribution to core damage frequency o ‘ ‘ 402%




A. System Contributors The automatic trip of the reactor recirculation pumps on IC actuation
(high RPV pressure and low-low RPV water level) Is modeled in OCPRA top event RP. This
top event also includes the trip of all § recirculation pumps during reactor trip failure (ATWS)
conditions. None of the individual split fractions for this system contribute srgnit‘cantly (more

12 Reclrculation’ Pun’ip’ Trip (Appendix F.12)

than 0.00%) to core damage See Table 12.

1.

Circuit breaker fallure. System failure during automatic operatron (RPt) is
dominated (97%) by fallure of any recirculation pump supply circuit breaker to
open. This is conservative in that it more than doubles the system fallure rate for
cases in which reactor trip Is successful (see assumption 3 in the system

analysis). Following reactor trip, only the *A* and "E* recirculation pumps would

be required to trip to prevent lC isolation on high condensate return flow.

" While this affects the lndividual system fallure rate, it does not materially affect

B. Observatrons The followrng observatrons can be drawn by mspectron of the above results

1.

plant model results since split fraction RPt contributes 0.00% to core damage

Relay failure. The alternate actuation IClglC path from relays 1K19, 1K20, 2K19
and 2K20 is riot modeled (see. assumption 5 in the system analysis). Since relay-
failure contributes 1.2% of system failure rate for automatic actuation (splrt fraction
RP1), thls does not materially affect the results for this system. ' .

‘Manual actuation Operator response has dominant (87%) effect on split 1 fractron
“RP2, which Is used whenever IC actuation logic, which also trips the recirculation

pumps, fails. Of the 11 evaluations for this actlon, 5 operators evaluated this as
a skill based action (performed from mernory, then verified with procedures) as
opposed to rule based (refer to the procedure before performrng the actron)

Reactor trrp fallure (ATWS) h shouicl be noted that the manual actron for
operator tnp of the reactor recirculation pumps ‘includes the manual actuation of
liquid poison (boron) injection following failure of reactor trip. This is due to the

close lrnkage between successful reactor trip and the timing constraints on liquid =~ -

porson injectron Thrs evaluatron is cons ervatrve for the non—A1WS case.

System farlure rate Is domlnated by crrcuit breaker farlure when actuation logrc is
avarlable S ; 5 . 4 .

Operator farlure dominates system farlure followrng failure of lC aotuatron logic.

Contrnued emphasrs on crrcuit breaker marntenance is appropnate

C. Recommendations. None.
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| Table 12 Reactor Recirculation Pump Trip Contributors

n‘.

Split Split Fraction Relative Fallure Rate Contribution Split Fraction | \ Total
Fraction Description ‘ _ —| Contribution | Failure
] P Circuit *|. Trip | Valve | Operator | An | -to Damage Rate
breaker-.| "coll | fallure| - action |- other ‘| Frequency
| v oo | fallure | failure | Aallure | failures.|
. RP1 . “‘Automatic trip of 5 of 5.reactor | 67.0% | 15% | 12% | — | oa% | 0.00% 2.82x107
'(RPa), .reclrculation pumps on high RPV |+ ] ‘ 1
o 1pressure or low-low RPV water
| levet - L L |
RP2 Hecirculation pump. trip following - 128% | — — | 868% | 04% | o000% |254x10%|
S fallure of IC actuation logic B I R -
(manual actuaﬂon) , ,
Total system contrlbuﬂon to.core damage frequencv 0.00%
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13. Condensate and Feedwater (Appendix F.13)

A. System Contributors. Independent fallures of the condensate and feedwater systems are
analyzed in top events CP and FW, respectively. The independent failure of these top events
contribute a total of less than 0.1% to core damage frequency See Table 13. ’

RPV water level control is separately analyzed in top events RF and OF, which contribute
a total of 1.36% to core damage frequency. See Table 13a i

1. Blockage of steam seal exhauster. Since the steam seal exhauster represents
a single common point in the system flow path, blockage of flow through this
component will significantly degrade condensate makeup capability. Blockage of
this component dominates (96%) condensate system failure with all support
available (split fraction CP1) and contributes 26% to system failure following loss
of bus 1A,

Manual valve transfer is also included in the failure of this flow path. This farlure
contributes 4% of system failure in the all support available case (splrt fractron
CP1).

Due to the extremely high reliability of the condensate system, this mode of fallure
does not measurably impact plant mode! results e i

2. Partial loss of support. The loss of one train of support (4160V bus: 1C or 1D

split fractions CP2, CP8, FW2 and FW3) results in an increase in system failure

rate by a factor of approximately 3 to 5. This also shifts the dominant contributors

to system failure towards pump train failure and marntenance outage. trme on the
unaffected components o : _

This mode of fallure increases the joint condensate/feedwater system failure rate
from 4.89x10°° with all support available to 3.13x10™ following failure of 4160 VAC
bus 1A and 2.58x10 after fallure of bus 1B.. Accordingly, feedwater failure after
loss of bus 1B (split fraction FW3) is the only condition under whrch this system
contrrbutes measurably (0 04%) to total core damage frequency :

3. Pump train failure. Pump train failure contnbutes srgnif‘ cantly (73%) to
condensate system failure following failure of bus 1A and ‘dominates (99%)
feedwater system failure for the all support available case and followrng failure of
bus 1A. This mode of fallure includes pump failure with failure of the associated
discharge check valve to close, as well as inadvertent drscharge valve closure and
common mode pump failure between trarns : : .

4. Maintenance outage time. System failure while perform’ing maint'énance on one 3
train is the most significant contributor for split fractions following failure of 4160V~ ~
bus 1B. This is primarily due to the loss of supply power to 2 of the 3 system . -
trains, causing a guaranteed failure condition whenever the remaining train is
undergoing maintenance. This contributes 78% of condensate system failure rate
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and 96% of feedwater system failure rate. Due to the overall reliability of these
systems and the redundancy of the overall plant design, this does not significantly

impact core damage frequency

5. RPV water level control fallures (Table 13a). Operator response is assumed to
be required for long term RPV water level control, with or without successful
operation of the low level setdown system. If the level setdown system functions
properly, the operator has significantly more time available in which to respond
before flooding the IC steamlines and hazarding marn steamline carryover.

This response has a domrnant rmpact on splrt fractions RF1 (98%) RF2 (88%) and ‘
OF1 (88%) l

Since the operator response to a high FlPV level excursion or feedwater regulatrng
valve lockup includes tripping all 3 feedwater pumps, failure of any of the supply
circuit breakers to trip contributes 12% to system failure. This is conservative in
that the operator would not have to trip all 3 pumps for success, but only the -
pump with the failed regulating valve. This has a minimal (less than 0. 3%) effect
on core damage frequency . o

B. Observatrons The following observatlons canbe made by inspectlon of the condensate and "

feedwater system analysis results and srgrut' cant contnbutors

1. Due to overall system rehabilrty, the condensate system failure rate is dominated
.by tlow blockage when &ll support is avarlable (CPt)

2 Pump fallure dominates feedwater system failure when all support is avallable and
both condensate and feedwater system failure rates followrng loss of 4160 VAC
bus 1A. _ R L L B

3. Train malntenance dominates both condensate and feedwater system failure
followrng failure of bus 1B. . : o : -

4. Operator farlure.domrnates;FiP;Vlevel controlfailure for all cases; SR

C. Recommendatrons. Although the feedwaler end condensate system as well as RPV level
control do not contribute sigmﬂcantly to the total calculated core ‘damage frequency they do
represent srgnrf icant challenges to operators abilrty to mitlgate or prevent a transient

The loss of feedwater control or hlgh Ievel excursron”contnbutes less than 2% to the total
core damage frequency, however hlgh level excursions represent potentlally severe translents

and may posslbly proceed to. main steam line failure in the’ most severe cases. The planned ‘

modification to post trip reactor feedwater control system (Reactor Overi‘ll Protection System
(ROPS)) scheduled for implementation in 15R is expected to substantially decrease the risk
of reactor vessel high level excursions, and thus should be implemented as scheduled.
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Table 13 Condensate and Feedwater System Contributors

Split Fraction

Relative Fallure Ratsl Contribution

, : ! Split Fraction | Total
"Fraction . - Description : - , Contribution | Failure
| o Steam | Manual | Pump |Maintenance| = Al to Damage: | = Rate
seal | valve fallure | outage time ‘other | Frequency
- | exhauster | transfer ‘ | fallures
; bIockage . closed S ‘
f 1of 3 condensate pumps:| 957% | 4.0% - —. 03% | o000% |asoxi0®
| with all support : avallable - N , ‘ - ;
cP2 ' | 1 of2 condensate pumps | 26.1% - 732% | - 0.7% 0.00% 1.79x10°*
" | after failure of 4160 VAC ‘ ) ‘ '
, bus 1A(1B avallable) "} : 1 L [ ; '
cP3 | t.condensatepump | 21% - | 191% | 788% | 0.3% 000%  |220x10% |
avauable after ioss of 4160 |- A ' V
_VAC bus 1B (1A avallable) | oo o |
" FW1 | 1 of 3teedwater pumps | — — | '992% - | o8% - 0.00% - |957x10°
with ‘all' support (including : o oo o :
condensate) available 4 A
Fw2 i'; 1 of 2 feedwater pumps —_ — . 99.9% - — 01%  0.00% 1.34x107 ||
- aﬂer failure of 4160 VAC- ’ ' . ‘
bus 1A (1B avallable) o . o ,,
FW3 | . 1feedwaterpump | — ~ |'34% | 965% [ 01% | 004% . |1.36x102
' avallable after loss of 4160 |. ’ ' - R : e
VAC bus 1B (1A available) |=. 5 ; L L
0o Total system contrlbutlon to core damage frequency - 0.04% | {
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“Table 13a RPV Level Control System Contributors

—
I Split Split Fraction Relative Failure Rate Contribution Split Fraction
Fraction Description ‘ — — Contributiqn
| Operator | Level Circuit | = An: | toDamage
action | control | breaker | other | Frequency
fallure | failure fallure .| failures , ‘
e N : ' ; ' ’ .
RF1{ Long term post-trip RPV | 98.3% | 1.7% - 0.0%. 1.00%
level control with all ' ' o '
: support avallable _ , o
RF2 | Recovery oflevel control | 885% | — 11.5% | 00% 0.05%
after regulating valve 3 - « ‘
lockup = : , | .
OF1 Recovery from highRPV | 885% | — . | 11.5% | 0.0% 031%
water level initiating event | ‘ o - o
n Total system contribution to core damage frequency ,. 1.36%
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14. Circulating Water (Appendix F.14)

A. System Contributors. The circulating water system Is modeled in OCPRA top event CW.
Failure of this top event contributes a total of less than 0.1% of core damage frequency. See :

Table 14.

1. Partial loss of support. The loss of one train of support (4160V bus 1A or 1B,
split fractions CW2 and CW4) results in an increase in system fallure rate by
several decades. For CW4, this also shiits the dominant contributor to system
failure to maintenance outage time. Due to the overall reliability of the system and
plant design, though, this does not have a sigmﬂcant impact on core damage \
frequency. ‘

2. Maintenance outage time. System failure whlle perlorming marntenance on one
train Is the most significant contributor for the . non-reactor trip split fraction’
following failure of bus 1A or 1B. This is pnmanly due to the success requirement
for both pumps to be available. Otherwise, system failure is assumed Thls'
contributes 98% of system fallure rate for CW4.

B. Observations. The followrng observations can be made by inspection of the circulatmg
water system analysis results and signrﬂcant contnbutors

1. Dlscharge valve failure dominates systenn fallure rate when all support is ’aVailable :

2 Pump failure contributes significantly to s.ystem failure rate following Ioss of power
from 4160 VAC bus 1A or 1B. . .

3. Train maintenance dominates system failure rate for non-reactor tnp events wrth
failure of bus 1A or 1B (CW4). ' R o

C. Recommendations. None.
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Table 14  Circulating Water System Contributors

Split Split Fraction AelatiVe Failure Rate Contribution Split Fraction |  Total
Fraction Description — Contribution | Failure
. " Pump | Discharge | Maint. | An | toDamage |: Rate
| _fallure .| valve | outage | other | Frequency
| failure to time | failures
|. close.
CW1 | 1.0f 4 circulating water pumps | 136% |- 86.3% — ].01% 0.00%  [1.29x10°
| . ““with all support avallable o S ; , )
cw2 | 1 of 2 circulating water pumps 65.7% . |- 43.8% - 0.5% 0.00%  |2.16x10°
: . after failure of 1A or 1B -+ S . ' N
cw3 | 2of 4 circulating water pumps. | 21:7% | = 782% | — -0.1% 0.00% 6.35x10°
, aﬁer non-reactor trip events with R B ' ; '
all sunnort availahla ™ o
- e — ; ‘
CW4 2 of 2 circulatmg water pumps - 1‘.57%/; - 98.2% 0.1% 0.03% , 1.51 x‘lO‘2
) after non-reactor trip eventswith | = oo . :
failure of 4160 VAC bus 1A or 1B |- I .
Total system contributlon to core damage frequency 0.03%
| A9 05/29/92
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15. Automatic.Depressurization (Appendix F.15)

A. System Contributors. The automatic depressunzation system (ADS) is analyzed as top
event AD. This top event includes manual (emergency) depressurization, as well as
automatic system actuation and contnbutes a total of 2 5% to CDF. See Table 15,

1.

EMRYV failure to open. Due to overall system reliability when all support is
available, EMRV failure to open contributes significantly (90%) to split fraction AD1,
This mode of fallure also contributes 31% to system failure during manual

actuation (emergency depressurization) on low RPV water level (split traotlons AD4

and ADS).

Manual actuation. Manual system actuation is modeled under 3 conditions: v

“Emergency depressurization on Iowenng RPV water Ievel followrng IC failure to

actuate (AD3).

Emergency depressurization on Iowering RPV water level following failure of lC
makeup (AD4). . _

Emergency depressurization on hlgh suppression pool temperature (ADS).

Operator response has a signiﬁcant (67%) efieot on split fraotrons ADS and AD4

_and a dominant (95%) impact on AD5. This is partially due to the allowance for
- the redundant and diverse indication available to the operator on lowering RPV

water level (see note on Page F. .16-6), which was not applled to ADS5, since this
action would only be periormed on increasmg suppresslon pool temperature

Partial loss of support. The Ioss of one train of support (1 25 VDC bus Bor C

split fraction AD2) results in &n.increase in system failure rate bya factor of
approximately 9. This also shifts the' idominant contnbutors to, system failure
towards &actuation logic failure (71 %) and transfer relay tailure (25%)

B. Observatlons The followmg observatlon' 'can'be made py irisp.'eot;ion of ADS ‘System
analysis results and srgmﬁcant contnbutors :" T ‘

1.

Due to overall system reliability, systemiiailure rate is dominated by EMRV fallure
to open when all support is available g . 8

2. Actuation logic failure dominates system failure rate followxng Ioss of one division

of 125 VDC power (AD2).

3. Operator failure dominates system failure rate for all manual actuation cases (AD3,

AD4 and ADS).

C. Recommendatio_ns: None.
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Tablé 15 Automatic Depressurization System Contributors

b spiit
Fractvion

. Split Fraction
.Description

Relative Failure Hate Cont{ibuﬂqn

EMRV -~
faﬂure to ’

‘open’

" Loglc
. f’éilure'

| Transfer

" relay
failure

Operator- ‘
action failure

Al

other
failures

Split Fraction

‘Contribution

_ to Damage

Frequency

~ Total

. Failure

‘Rate

AD1
(ADS)

Automatic ADS actuation
with aII support available :

901%

L 70%

20% |

0.02%

1.03x1 o’

AD2

Automatic ADS actuatlon .
with one 125 VDC bus

7 failed

14%

L T15%

24.6%

0.5%

0.64%

4.16x10°

" AD3

Mﬁanual depressurization‘ !

aﬂer IC failure

- 3 ;g%* 1

| 666%

22%

1.36%

1.35x10° “

,?_ AD4

Manual depressurization
{;;’_‘aﬂer CHD and IC. makeup

failure B

- 666%

2.2%

0.02%

1.35¢10° ||

AD5

Manual depressunzation :

on high:suppression pool
temperature

1 95.2%.

0.6%

0.50%

9.45x10° |:

IPE
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16. Standby Liquid Control (Appendix F.16).

A. System Contributors. The standby quurd control (SLC) or llquld poison system is modeled
in OCPRA top event Bl. Failure of this top event contrrbutes a total of 2. 3% to core damage

frequency. -See Table 16

1. Manual actuation. Manual operator actuation of the system dominates the cases
where both trains are available (splrt fractions Bl (52%) and BIS (65%))

2. Partial loss of support. The loss of one train of support (4160V bus 1C or 1D
split fractions BI2, Bl4'and BI6) results In an increase in system farlure rate by a
factor of approximately 5. This shifts the dominant system contnbutors to pump
failures (more than 70% of system fallure rate). i

3. Pump fallure. Pump failure to start or run for the 2 hour mrssron time contrrbutes
more than 20% for all _split fractions. This is primarily due to the relatrvely high -
plant specific iailure rate. Plant data collection included common mode failure
(control fuse failure) of both trains during surveillance testmg, which mcreases the -
failure rate for splrt fractions with both tr.arns available -

Following farlure of one train of support pump tailure contributes more than 70%

of system failure, prrmaniy due to the relatively high failure rate for pumps -of this -
type. Also, this mode of failure contributes more than 70% to both hardware only -
cases evaluated (BIS and BI6), where the operator -action is included in split -
tractron FiP2 , S

4. Maintenance outage 1 trme and test alignment. Test alrgnment only contrrbutes S
more than 5% to system fallure when both trains of support are available.
Otherwise, neither testing or malntenance contribute more than 5% of system
fallure rate for any analyzed condition. It should be noted that recovery from test
alignment is not modeled (see assumptron 7 in the system analysls) though an
operator would be statroned near the equipment while pertorming this test.”

B. Observations. The tollowrng observatrons t,an be noted by inspectron results above:

1. Operator failure to actuate llqurd porson in;ectron |n time to prevent core damage

contributes slgmﬁcantly to system failure when both trains are available (81 and
BI3). A S s ,

2 Pump failure contributes more than 70% of system fallure rate for all other cases ]
3. This highlights the |mportance of contrnued monitoring of the SLC relief valves to
ensure the new valves perform as expected. e e i
C. Recommendations. None.



Table 16 Liquid Poison Injection System Contributors

Split Split Fraction - ~+ Relative Fallure Rate Contribution Split Fraction'|  Total
Fraction Description ' , : | Contribution | Failure
Operator { Pump | Test Maint. | ~ An | toDamage | Rate
action | fallure | alignment| outage | other | Frequency
faflure | time time | failures
BN Operator starts 1 of 2trains of | 51.5% | 320% | 7.8% — | 7% | 125% [1.75¢102
liquid poison (boron) injection |-. - : : B P ,
with turbine bypass available , 4 S o 7
| B2 |Similarto BIf with 1 train avallable | 12.7% | 78.1% | 1.6% | 41% | 45% | o000% |86sx10%
BI3 Operator starts 1 of 2trains of | 66.3% | 234% | 5.6% — | 58% | 1.02% |24sx10%
liquid poison with no turbine | - N EOREE B : : 8
bypass , C :
Bi4 | Similar to Bi3 with 1 train available| 18.3% | 729% | 1.5% 38% | 35% | 000% |9.25x10%
BIS 1of2trains of liquid poison | — | 70.6% | 16.1% — | 133% 0.00% |8.49x10%
injection start after manual C s ﬁ : k
recirculation pump trip due to
logic failure 1 3 N , , F ‘ ;
" BI6 | Similar to BI5 with 1 train available | “— | 89.3% | 18% | 47% | 42% | o000% |[7.56x102
“ ‘ Total system contribution to core damage frequency o 221% : “
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17. Prima’ry Containmen Isolation ‘('Appendix F.17) |

A. System Contributors. The primary containment isolation system is analyzed as top event

PI.
17.

1.

Fallure of this top event appears in a total of 0.4% of core damage frequency. See Table
Manual actuation. Operator response has a dominant (92%) effect on splrt
fraction PI2. S

Partial loss of suoport. The loss of actuation logic requires manual system
actuation, which mcreases ‘system failure rate by approxnmately a factor of 8

Valve fallures. Valve failures, particulal 1y solenoid valve fallure (84%), domlnate

(96% total) the system fallure rate when automatic actuation logic is available.”

For manual actuation (PI2). ‘valve failure only contributes 8. 1% of total system

fallure rate

B. Observations. The following observations can be made by inspectron of the pnmary
containment isolation system analysis results and signif‘cant contributors:.

1.

The failure of primary contalnment lsolatlon is dominated by solenoid valve fallure

‘when actuation logic | ls available

Following failure of actuation logic (Pl2) system fallure rate is domlnated by
operator fallure s . ,

Slnce the independent failure of this system does not slgmﬁcantly contribute to the PRA
scenario database, further attentron to system farlure is not rndlcated

C. Recommendations. Norie. e

IPE
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Table 17  Primary Containment Isolation System Contributors

Split
Fraction

Split Fraction
Description:

Relative Failure Rate Contribution

" action.

Operator | Solenoid:
valve -

fallure .

fallure

Arr

operated -
valve

failure -

All
other.

failures |

Split Fraction

Contribution
to Damage:

Frequency .

- Total'
Failure
" Rate

Pi

A“;harnatié;contalnment
: isclation -

= ea0%

12.4% |

3e% |

0.04%

“11.21x10°

PI2

Manual ‘containment
isolation from the' control
) room:. :

“o2s% | 6%

18%

12%

1.62¢10%

_ Total system contribution to core damage frequency

039%

!
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18. Standby Gas Treatment (Appendix F.18)

A. System Contributors. The standby gas treatment system ls modeled in OCPRA top event
SG. Fallure of this top event appears in less than 0.1% of total core damage frequency.
Since this system determines the filtering and release point of reactor building exhaust, it
does not directly impact core damage, but appears only in the results  due to independent
system fallure in scenarios with existing core damage (predominantly in scenarios following
loss of one train of system support from 4160 VAC bus 1C or 1D). See Table 18.

Manual actuation of this system is included in reactor buildmg Isolatnon top event Fil. '

1. Partial loss of support. The loss of one train of support (41 60V bus 1Cor 1D
split fractions SG2 and SG3) results in an increase in system faliure rate by a
factor of almost 100, This also shifts the dominant contnbutor to system iailure :
due to the available train being in maintenance (82%) 3

The difierence between split fractions SG2 and SG3 Is based on the assumptlon |
that train A Is selected as the lead train (see Assumption 4 in the system: ‘analysis).
Therefore, split fraction SG2 includes the fallure rate for the low ﬂow switch for
train A.

2. Fan failure. Failure of the standby gas treatmentfans to start and run contributes
78% of system failure rate when power is available to both trains (split fraction
SG1). Following loss of power to one train (split fractions SG2 and SG3), the
contribution of fan failure drops to 12% of system failure rate

3. Maintenance outage time. The unavailablility ot one ‘train due to maintenance
contributes significantly (82%) to systern” failure’ following loss ‘of power to the
other train. While recovery from this condition before system actuation is possuble
it has not been separately analyzed due to the sma!l contnbutlon of thls system
to core damage frequency. ) o

‘B. Observations. The following observations <an be made by inspection of the standby gas
treatment system analysis results and significant contnbutors

1. Fan failure dominates system failure rate when both trains are available (SG1).

2. System failure due to maintenance on the unaffected traln dominates system
failure rate following fallure of 4160 VAC bus 1C or 1D (SG2 and saa)

%

T

C. Recommendations. None.
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Table 18 Standby Gas Treatment System Contributors

Split Split Fraction * Relative Failure Rate Contribution Split Fraction| Total
Fraction Description - , —| Contribution | Failure

Fan | Sypply | Maint. | Al | to Damage - | . Rate-
faillure | damper | outage |- other. | Frequency o
fallure” - time | failures |

SG1 1of 2trains with all support | 78.0% | 157% | — | 63% | o000% |274x10”
available o . . , ; Eo

§G2 | Train 2 following loss of support | 120% | 39% | 81.5% | 26% | 004% “|1.61x102
to train 1: o nl 1 - -
SG3 | Train.1 following loss of support | 12.1% | 39% | 828%:| 51% | 002%  |1.59x10°
to train 2 N i B P R -
“ Total system contribution to core dani‘vévg;ie;rf“rfequendy ST | o08% o “
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19. Fire Protection (Appendix F.19)

A. System Contributors. The fire protection system is analyzed as OCPRA top event FP The
independent failure of this top event contributes a total of 0.5% to core damage frequency
See Table 18. : ;

1. Diesel driven pump fallure. Cutsets with dresei driven pump failure dominate (97
to 98%) system failure. This is due to the reiatrvely high failure rates of dresel
driven components. o t S

2. Partial loss of support. The loss of offsite power (splrt fractron FP2) which taiis o
motive power to the redundant fire pump, increases system faliure rate by
approximately a factor of 90, but does not shitt the relatlve contnbutrons
srgnrf cantly. : ;

3. Manual system ahgnment. Operator iallure to align the redundant f re. pump
does not measurably impact the failure rate for this system

-~.,

B. Observations. The following observatrons can be made by inspectlon of the f ire protectlon
system analysis results and significant contributors

The independent fallure of the fire protection system does not materially affect piant
model results. System fallure rate is dominated by failure of the diesel drrven pumps,
both due to the general failure rate of diesel dnven equrpment :

C. Recommendations. None.
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Table 19 Fire Protectldn System Contributors

Split " Split Fraction Relative Failure Rate Contribution

Fraction .. Description

i3
!

fallure” ~ | fallures

‘Diesel driven pump All other .

Split Fraction

.. Contribution
- to Damage
.| Frequency |

Total
~Failure |
. Rate

FP1 5| Alsupportavailable | | o74%. - 2.9%

. 0.03%

1.30x10% |

“ P2 | Lossofofisitepower | | o7.8% |  22%
| tedundenttrepumpy | - |

| o4s%

9.22x10*

Total system doﬁtributioh5 to core darﬁ;ag;i‘a frequency

| ose% |
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20. Condensate Trensfer (Appendix F.20)

A. System Contributors. The condensate transfer system is modeled in OCPRA top events CT
(condensate transfer), MU (makeup to the isolation condenser) and ST (CST availability).
Failure of these top events contribute a total of 1.7% to core damage frequency See Table
20.

1. Pump start failure. Pump start failure contributes more than half (58%) of system
failure rate for the condensate transfer system (split fraction CT1). Due to the
relatively low fallure rate for this system, this does not measurably impact plant
model results.

2. Manual valve fallure. Manual valve transfer closed contributes more than athird
(388%) of condensate transfer system failure (split fraction CT1). Again, duetothe
relatively low failure rate for this system, this does not measurably impact plant
“model results.

3. Manual actuation. Operator response has a dominant (99%) Impact on spllt
" fractions MU1 and MU2. :

4. Partial loss of support. The loss of condensate transfer for ic makeup has a
minor impact on the tallure rate of top event MU, primarily because this top event
has a very long response time and is dominated by failure of the operator action
for both splrt fractions. Also, recovery of the condensate transfer pumps, which

- would require the operator to locally reset the supply breaker |s not modeled
following loss of ofisite power. \

5. Air operated valve fallure. -Failure of the hotwell makeup and reject valves :
dominates (78%) condensate storage tank failure rate. Due to the reliability of this =
system, this does not significantly impact plant model results

B. Observations. The following observations can be made by inspectron of the condensate
- transfer system analysis results and signifi c.ant contnbutors E o
1. Only IC makeup contributes materially 1o core damage frequency, prlmarlly due L
to the requirement for operator action. Due to the amount of time availabletothe
operator, transit to the area and manual local valve operatlon does not matenally '
impact the results (compare MU1 and MU2). L :

2. Pump failure and manual valve transfer closed both contrrbute srgnlﬁcantly to the:; o
failure rate for the condensate transfer system. e

3. CST failure rate is dominated by failure of air operated controlyyalyeﬂs_.m”’

C. Recommendations. None.
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.,Tgble 20 Condensate Transfer System Contributors

Split Split Fraction Relative Failure Rate Contribution Split - Total
Fraction Description . Fraction | Failure
R 8 : _ . Contribution | Rate
Pump | Manual | Operator |. AIr- | Al to Damage
failure valve | action | operated | other | prequency
transfer failure | valve | failures _
S closed | | failure | - ,
CT1 | Condensate transfersystem |585% | 370% | — | — | as% | oo00% |1.31x0*
MU1 | IC makeup from condensate | — | — 99.4% | ~— 06% | 025% [4.0210°
.+ transfer R 1 | U
MU2 |IC makeup fromfireprotection | — | — | 990% | — | 1.0% | 140% |404x10°|
ST . csTavaltable - li— | qgan ] — | 77ew | aew | cosew l1esxeSl
2 _ " Total system contribution to core damage frequency = - - 1.70% |
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21. Instrument Alr (App_epdix F.21)

A. System Contributors. The instrument air .ystem is analyzed as top event IA. lndependent
failure of this top event contributes a total of 0.2% to core damage frequency. See Table 21.

1. Stuck Open relief valve. Due to the removal of check valve interna!s to facrlrtate
component maintenance, any of 7 relief valves opening and sticking open will
depressurize the instrument air system with no recovery available until the failed
valve is reset or gagged or the receiver isolated. This mode of failure contributes
nearly half (49%) of system failure rate when all support is available (1A1) and 19%
of system failure when support is lost to one of the operable air compressors

2. Manual operation. Operator action is required followrng Ioss of offsite- power
‘(IA3) and to align fire protection to provide compressor cooling following loss of
"TBCCW (1A4). This form of failure dominates both tailure rates (71% and 80%
respectively).

3. Partial loss of support. The loss of one train of support (4160V bus 1C or 1D,
split fraction 1A2) results in an increase in system failure rate by a factor of
approximately 2. This also shifts the most slgnifcant contrrbutor to system failure
to compressor failure. . ;

Also, it is assumed that, when power is Iost it is lost to the running, or lead air
compressor, requiring the standby air « ompressor 1o start for system success.
This assumption contributes 17% of the compressor failure term shown in Table
21 for IA2, )

4. Alr drier blockage. Air drier blockage or farlure to ‘shift” properly into’ dryout
alignment contributes nearly a third (32%) of system failure when all support is
available. This failure could be partially. recovered by operator alrgnment of air
driers C and D after failure of air driers A and B but was not modeled

system analysrs results and significant contnbutors

1. The conservative modeling of the instrument air system does not signrﬂcantlye
impact plant model results. s ;

2. System fallure due to inadvertent rellef valve operatron does not slgnifoantly w4
impact core damage frequency. However. thrs situation can present a significant

challenge to operators to prevent a plant transient. This highlrghts the continued
importance of preventative maintenance on relief valves, :

C. Recommendations. None.



Table21 Instrument Air System Contributors

Split Split Fraction Relativé Féilure Rate Contribution Split Fraction | | Total
Fraction Description , , : Contribution | Failure
o Relief | Air | Compressor | Operator | - Al | toDamage :} Rate
valve | drier | fallure ~action | other | Frequency
operation | failure , faflure | failures _ :
IA1 1 of 2 avallable air 40.4% |323%| 09%. | = |174% | o000% |212x10°
compressors A , e o ' B
1A2 1 of 1- available air 186% |122%| 50.3% - 189% |  001% |5.61x10°
compressor after-loss of . : : S
support to second unit. .| ‘ , s
IA3 | Manualrestartfollowing | 54% | 35% | 144% | 71.4% | 53% | 004% |1.96x102]
loss of offsite power with. L L , E . 1
TBCCW available - ‘ ,
| w4 | Manusiangnmenttofie | 37% | 24% | 9.9% 804% | 36% | 011% |286x102]
protection after loss of o o : o o : 1 ,
“ " Total system contribution to core damage frequency 0.16% “
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A. System Contributors. The use of the control rod hydraulic (CRD) system to provrde reactor
vessel makeup after plant trip is modeled in OCPRA top event CD. Independent failure of this -

22. Control Rod Hydraulics (Appendix F.22)

system contributes a total of 0.1% of core damage frequency. See Table 22,

1.

B. Observations. The following observations can be made by lnspectlon of the control rod

Manual alignment. Operator alignment of the test bypass valve which is
assumed to be required for system success, dominates (98%) the cases where
2 CRD pumps are avallable (CD1 and CD2). For split fractions with one pump
available, operator response contributes 25% (CDa) and 28% (CD4) respectwely,
of system failure rate.

Partial loss of support. Loss of support to a CRD pump tollowrng tailure of 4160
~VAC bus 1C or 1D increases system failure rate by a factor of 40 5, pnmanly due

to failure while in malntenance as described below.

" ‘Malntenance outage time. Malntenance outage tlme hasa pronounced impact

on the split fractions with only one CRD pump available (CD3 and CD4), nvith
contnbutrons of 63% and 50% respectrvely, of total system fallure rate

CRD pump tallure Pump fallure does not signlﬁcantly contribute to any of the
analyzed system configurations, though this does contribute up to 5.7% of total
system failure rate for split fractron CD4. . i

Strainer blockage. System failure due to strainer blockage only contnbutes

significantly to split fraction CD4 (10%). For all other analyzed altgnments this
mode of tailure contributes less than 1% of system failure rate. )

drive hydraulic system analysis results and signrficant contributors.

2.

Operator failure dominates system failure rate when both CRD pumps are
" available (CD1 and CD2). : : : P

Pump maintenance outage time contnbutes signiﬁcantly to system failure rate for
cases when only one CRD pump is avallable o -

Overall, independent failure of the CFlD hydraulrc system includrng manual
operator alignment of the test bypass valve does not matenally impact plant -
model results. o : B S

C. Recommendations. None.
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Table22 CRD Hydraulic System Contributors

. Relative Failure Rate Contribution

Split Fraction|

IPE

Split Split Fraction ~ Total
Fraction Description , ; ‘ Contribution | Failure
Operator | Maint. | CRD | Strainer | Al | toDamage.) Rate
action |outage | pump.| blockage | other | -Frequency
failure time | failure ‘ faflures | B
CD1 Both CRD pumps available (1 986% | — | 05% | 06% | 03% |- 008% |507x10°
running) and operator opens test ' e I
bypass valve ‘
CD2 | 1 of 2 CRD pumps start after loss | 97.5% — | 14% | o6% | o5% | .002% |si3x10°
of power and operator opens test ' ‘
bypass , ] S 2
CD3 | 10f 1 CRD pump starts after loss | 247% |627% | 46% | 08% | 72% | o002% [1eexi02f
of power and failure of 1C or 1D R : .
and operator opens test bypass
valve . :
CD4 Running pump loses power, 27.7% |502%| 57% | 96% | 68% | 0.00% 2.49x102 ||
operator starts standby pump and | , - o
opens test bypass valve , . , .
| Total system contribution to core damage frequency e | 012%
AS5 ~05/29/92
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23. Reactor Bullding Isolation (Appendix F.23)

A. System Contributors. Reactor building Isolation is modeled in OCPRA top event Rl. The
failure of this top event occurs In scenarios that contribute a total of less than 0.1% to core .
damage frequency. It should be noted that the fallure of this system does not lead to core
damage, but determines the status of ..econdary contamment for radroactrve release
considerations. See Table 23 .

1. Ailroperated valve fallure. Dueto the predomlnance ofalr operated valves ln the
reactor building Iisolation system, this mode of failure dominates (99%) the splrt
fractions with actuation logic avallable 1Rl1 and Fll2) '

2. Manual actuation. Following tallure of actuation logic, manual lsolatlon of the
reactor building from the control room l..ontrlbutes 98% to split fractron RI3.

B. Observatrons The following observations can be made by lnspectron of the reactor bulldlng

isolation system analysis results and srgnlf‘ icant contributors, .

1. Valve failure dominates system failure rate when all support is avallable and
following loss of instrument air.

2. Operator failure domlnates system fanlure rate followrng failure of actuatlon loglc
(RI3). , ;

C. Recommendations. None.
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Tab]é 23 Reactor Building Isolation System Contributors

- Split- Split Fraction Relative Failure Rate Split Fraction | Total
Fraction Description ~ Contribution | Contribution | Failure
' : - toDamage | Rate °
. Alr Operator | _All _ tFch;iiengy ‘
operated | action | other |
~valve . faiture - | failures
. failure. B , ,
R | Reactor building isolation | 96.5% ~ | 15% | - 001% |209x10*
with all support avallable |- . Lo
RI2 | Reactor bullding Isolation |-/996% | — | 04% | ~o0o00% |206x10*
after loss of instrument air | _ L L .
RI3 Manual reactor bullding | - 2.2% | ©7.8% | 00% | . 000% |921x10%]"
o isolation B S I R )
Total 'syste'm:coritribution to cbre damage frequéndy o ' 0,.01%‘;
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24. Main Steam Safety and Relief Valves (Appendix F.24)

A. System Contributors. The main steam safety valves and EMRVs are modeled in OCPRA top
events SO, SR, VO and VR. Failure of these top events contribute a total of 25.7% to core
damage frequency, primarily due to independent tallure of EMRV reclosure at top event VR
(24.8%). See Table 24 and 24a. ;

1. Valve fallures. Valve failure dominates (98% or more) alt analyzed spllt fractlons
for this system. :

2. Success criteria. Since it is uncertain that a second EMRV would not open when,
VO1 is questioned, the success criteria for valve reclosure include an additional
valve, above the number required to inmally open. Also, It Is assumed that any
‘valve failure will result in uncontrolled reactor vessel depressurization (i.e. the

“valve fails full open, as opposed to & partlally closed state. or failure to fully
reseat) , , ,

These assumptions (see Assumptions 1 and 2in the system analysis) eﬁectnvety
double the system fallure rate for split fraction VR1 and contributes 20% to the
fallure rate for split fraction VR2. Since each of these split fractions have a
pronounced impact on the plant model and core damage frequency, this. -
assumption also has a pronounced effe-ct :

B. Observahons. The following observations can be made by inspectnon of the main steam
relief system analysis results and significant contnbutors

Valve failure dominates system failure rate for. all cases and hlghllghts the importance of
continued preventatlve maintenance of the relief valves .

Recommendations. None.
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Table 24 Main Steam Safety Valve Contributors

Split
Fraction

Split Fraction
Description

Relative Failure Rate Contribution

Common cause

fallure to open | falls to close

' Safety valve

Split Fraction
Contribution
to Damage
Frequency

Total
Failure
Rate

Tt

4 of 9 safety valves ope;a

-~ 100% e

'0.00%

‘ ot |
1.07x10°

7 of 9 safety valves open

0% | —

0.00%

13.17x10°

4 of 4 open safety valves reclose |

~ | to0%

. 0.48%

1.15x102 |

0.30%

2.30x10? ||

B of 8 open safety valves reclose

- | 100%

Total system coﬁtributioh to core daﬁiag’e ;freqdency

 0.78%

Table 242 EMRV ‘Contﬁbutors o

Split
Fraction

Split Fraction = *
Description |

 Reldtive Fallure Fiate
, . Contribution- . -

1 EMRv .
- failure

Pressure | - All
switch

failure -

VO1

. 1of 5?‘EMHV§,openi‘;},«,

| o90% | —

“other .
failures

Split Fraction
| Contribution
| ‘to-Damage
‘| . Frequency

‘Total
Failure
" Rate

2;92:(10’51 '-

vOo2

4of 5 EMﬁv(é; open

| 97.6%

16% | 08%

0.16%

7.52x10%

VRi

2 of 2 open EMF{Vs reclose

| 97.8% °

22% | “0.0%

E | 17.60%

2.49x102 |

VR2

5 of 5 open EMRVs reclo#e

| o7e%

1.8% | 0.4%

6.21x102f

Total system ciigntributibnfiﬁgo cofe"f"da‘r'naégé frequency -

A-59
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25. Contalnment Vent (Appendix F.25)

A. System Contributors. The containment vent system Is analyzed in OCPRA top event OV.
Independent failure of this system contributes a total of 1.1% to core damage frequency See -
Table 25. - (

The recovery from contarnment vent iailure due to loss of support systems is modeled in top
event RV.- ;

1. Solenold valve fallure. Solenord valve failure dominates (63%) system fallure
when both torus and drywell vent paths are avallable (i.e. no core damage present
- OV1). Following core damage, when only the vent path through the torus air-
space Is used (to preserve suppression pool scrubbrng), solenoid valve fallure
contributes 20% of system failure rate. - .

2. Operator alrgnment of vent. Operator failure to alrgn the torus vent. domlnates
(74%) system fallure followrng core darnage (OV2). Operator: evaluations of this
action (Page 6.3-28) show a relatively broad drstributron. with & range of 49
between high and low estimates for this action. This is believed to be partrally
due to operator hesltation to provide & vent path from the primary containment
followrng core damage. even with supprlession pool scrubbing of ﬁsslon products

The evaluatrons for containment vent before core damage (OV1). show somewhat
closer agreement with a range of 16 beiween high and low estimates. - Due tothe

. extremely long time available to perlorm this action, this failure rate was adjusted
by a factor of 0.1 to account for the presence of the relrevrng shifts and off site
drrection dunng thrs trme in the scenario. - .

B. Observatrons. The following observations can be made by inspectron ot the contarnment
vent system analysls results and srgnif‘cant contrrbutors :

1. Solenord valve farlure domlnates system farlure rate when all support is available f‘“;f
- and core damage has not yet occurred S S
2 Operator tallure dominates system farlure rate iollowrng core damage

C. Recommendations. ;Non‘e.

IPE A-50 ' 05/29/92



Table 25 Containment Vent System Contributors

Split Split Fraction Relative Failure Rate Contribution Split Fraction| Total
Fraction Description Contribution | Failure
Solenoid | Operator | Relay | Air operated | Al to Damage Rate
valve action | failure | valve failure | other | Frequency
fallure failure failures
ov1 Operator vents 63.0% 158% | 12.6% 8.4% 0.2% 1.08% 1.71x10°
containment to relieve ‘
pressure
ov2 Operator vents torus air | 196% | 73.6% 3.9% 2.6% 0.3% 0.00% 2.31x102
~ space following core | :
damage ,
Total system contribution to core damage frequency 1.08% "
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APPENDIX B
CONTRIBUTORS TO OPERATOR ACTION ERROR RATES
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B. CONTRIBUTORS TO OPERATOR ACTION ERROR RATES

The purpose of this appendix is to report the results of a review of the human action analyses
to determine if any outlier performance shaping factors (PSFs) exist which may indicate a
potential for possible changes to procedures, operator interfaces, training or personnel available

to improve operator response. .

Collectively, the actions of plant operators at Oyster Creek have an estimated contribution of 21%
to total core damage frequency. No single operator action, .contributes more than 8%. Thus it
is not expected that improvements in an indiviclual human error rate would have dramatic effects
on the calculated core damage frequency. Nevertheless, a separate review of the human action
surveys was performed to determine if any outlier PSFs exist in individual operator opinions,
which may indicate areas where incremental improvement in error rates could be achreved

The review of the PSFs was performed by inspectlon of Table 6 3-4 Performance Shaping Factor
Results and Table 6.3-5, Summary of Human Action Results from the level 1 PRA. Those actions
which contain outlier PSFs which may indicate inadequate time available, procedures, training
or indications (especially those actions with guaranteed fallure) are descnbed in subsectlon B 2
below. . :

B.1 Performance Shapfng Factors

The performance shaping factors (PSFs) used for the OCPRA operator actron evaluatron canbe
grouped into the following major categories: : ,

Time related factors
Operator training and experience
Procedural direction avaflable to the operator - - oy
Plantindications . . ... . .. . . oo
Personnel avaflabflrty :

" Consequences assocrated wfth the actron

These major factors can then be broken down into the followrng performance shaprng factors:_ A

. Tme avaifable

- Actual time available to complete the action (V1).

- Perceived time available to diagnose the problem and identify the
correct response (V2).

- Perceived time available to complete the action (V3).

. Training and experience
- In identifying the need to perform the action (V8).

- In diagnosing the need to perform the action (V9).
- In performing the action (V10).

PE B1 05/29/22



Indications

- Initial indications (V13).
- Later mdications (\4l 4)

Procedural direction

- Procedural direction available in the given scenario (V1 1)

- ‘Non-scenario related procedures avaiiable to direct the action‘

(V1 2).
: Persc»nnel availabllrty

- Adequacy of manning in the coritrol room, both initiaily (V15) and
~ later (V30), relative to periormrng the required action in'time. .
- ~Adequacy of manning outside the control room, both initiaiiy (V1 6)
and Iater (V17)

Consequences associated with the action

- Consequences of performing the action - to the plant (V5) and to

the operators (V6).

- Consequences 'of falling to perform the actuon to the plant (V1 9)

and to the operators (V20).
Operator confusion
- Preceding related successful actions’ (V7)
- Preceding related unsuccessful actions (V21)

- Number of preceding and concurrent unrelated actlons in progress
while the operators are performmg the required action (V22).

3 -

The Individual performance shaping factors used, variable designations, and associated reference
values are shown In Figure 6.2-1 in the level 1 PRA report. Each of the above performance B
shaping factor. categones is discussed in more detail in Section 6.1 in the’ level 1 PRATeport.
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B.2 Results of Performance Shaping Factor Review

This subsection presents those operator actions which were judged to have "outlier” PSFs that
indicate a potential for improvements to procedures, training or operator interfaces. This review
included an investigation of each shaping factor at either extreme end of the scale (typically 0
to 10, as indicated in Table 6.3-4 of the level 1 OCPRA report). ‘The detailed operator action
descriptions-are located in Appendrx E of the level 1 OCPRA report

B.2.1
A.

IPE

Operator controls/trips feedwater dunng high RPV water Ievel excursion (OF 1 )

Description. On a loss of feedwater control transient (flow failed high), the operator
identifies the transient and takes positive action to prevent covering IC and main steam
lines. The assumed rate of level increase for thrs actron is 15 inches per mrnute until

‘turbrne tnp at 175 inches.

Observations.

1.  This action may not be as clearly directed by plant procedures (V11) as
the other post-trip immediate actions.

2. - Personnel outside the control room arrive too Iate to assist in performance
of action (V16 and V17).

,Recommendatron Consrder increased traming emphasls on hrgh level excursnon

mitigation Includrng simulator exercrses e

Operator tnps reactor after TT farlure (hlgh level) ‘( , A 3)

'Description. "Operator manually scrams reactor after farlure of the main turbrne tnp on

high RPV level.

Observations.

w ..m; .

1. A marginally adequate amount of txme Is avarlable to perform the actron )
- (V1, V2 and V3).

2. Minimal procedural guidance Is avallable for this action (Vi1). -

Recommendation- Consider procedural enhancements. . ..o = oo

Operator manually closes MSIVs after fa ng to control RPVy ater Ievel (hlgh) at top event

RF (ME2)

Descrlptron. Operator manually " closes ‘MSle before ﬂoodzng RPV steamline
penetrations after failure to control RPV water level. This action is not procedurally
directed.
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IPE

Observations.

1. A marginally adequate amount of tlme ts avattable to perform the actlon
(v1, V2 and V3) ' :

2. No procedurat gurdance ls avatllable for this a"otion (Vi1).

Recommendation. Consnder procedurat enhancements and training to direct MSIVs
closure on 'severe high level excursions.

Operator injects through core spray wlth fre protectron durlng loss of aII AC power (CS5)

Desoriptnon Follownng a plant trip vmth loss of injection, operator Ilnes up for Fire

Protection Water injection through core spray lines and injection valves. This action
includes manual operation of at least one of the foliowing sets of manual valves:

‘Injectsat Close  open
Loop | Booster Pump Suction - V-20-91 (2"); - V-20-83 (6"
Loop Il Booster Pump Discharge = V-20-80 (2") o f V-20-82 (6"

Note that ECCS procedure 308 also has the operator depressunze the RPV below 137

- psig before initiating fire protection water in]ectlon This step appears wnth those listed

in the EOP (LR-5), but only after level has dropped to 0 inches TAF.

This action Is assumed to take place following a loss of both divisions of vital AC power
(core spray failed due to loss of support). Depressunzatron will be possible with EMRVs,
but only until either station batteries discharge or vital power is regained through recovery
of offsite- power or at least one diesel generator. )

Observations.

1. Operators perceive a potential for consequences to the plant (V5, pnmarily
: - due to the introduction™of fire po nd water into the reactor vessel).-

2 Operators expect severe consequences to the ptant |f the action is not
performed (V19)."

3. The variance between evaldatioﬂ"s”fbr this action is extremely broad (factor
of 1100 between highest and lowest evaluation), primarily due to two of the
14 evaluations with insufficient time available to. complete the action (V1) . -
-and to perform the ‘action, ‘once the 'decision has been made to perform . -
the action (V3). This indicates a greater amount of uncertainty as to the
requirements to perform this acticn, particularly dunng lossofall AC power
condmons than for some other .achons evaluated. e
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B.2.6

Recommendation. Consider increased training emphasis on this action, particularly in
station blackout events where an EMRV may be stuck open

Operator lines up fire water infection through core spray dunng LOCA condrtrons outside
containment (unisolated LOCA) (FS1) - : t :

.crlptron Operator lmes up for f re protectron water injectron through core spray lines
and injection valves. This action involves the manual mampulatron of the same manual
valves as for the action above. : SR ‘

Observations.

1. Operators perceive a potential for consequences to the plant (V5, prrmarily
due to the introduction of fire pond water |nto the reactor vessel)

2. - ‘Operators expect severe consequences to the plant |f the actron is not
performed (V19). ST -

3. The individual evaluations for this action showed a very broad variance
(factor of 167 between highest and lowest evaluation), with agreement
between group averages that was consistent with other actions evaluated.

“This was primarily due to one evaluation that was more than a decade
below the next lowest evaluation. This evaluation included 16 (of 21)
shaping factors evaluated at the extreme end of the scale. o

Recommendation. Consider increased fraining emphasis on this action including

-simulator exercises.

Operator lnhibits ADS and controls Ievel near TAF durrng ATWS wrth FW avarlable and
condenser farled wlth EMRV/SV closure (OL2) , L L

Description. During an ATWS with loss of main &6naéﬁ§ér"Ftéét“smk’“’the control room
operator inhibits ADS by placing ADS timer switch to RESET; as directed by Power/Level

- Control (EOPs), (After successful boron injection and recirculation pump trip). The

operator then lowers reactor water level to the top of active fuel by terminating and

) /preventrng all rn]ectron except boron and CRD untrl water Ievel reaches 0 inches TAF

IPE

""'flnhlbrtrng ADS when mtentronally Iowenng RPV water Ievel

Note: ADS actuation was noted as a frequent occurrence in simulator trarntng by one
crew member (i.e. timer was NOT successiully reset), Other crew members had dlfﬁoulty

1. A marginally adequate amount of time is avzilable to perform the action

(V1, V2 and V3).
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IPE

: -Recommendatlon. Consider lncreased training emphasis at the snmulator

2. There is & potentlal lor consequences to the plant (V5)

3. Severe consequences are expected to the plant if the action is not
performed (V19). o

4. The broad variance between operator evaluatrons tor this action (factoi of
321 between highest and lowest evaluation) reflects two (of 12) evaluations
as havrng lnsufﬂcrent tlme to complete the actlon (V1).

'Recommendation Consider lncreasecl training emphasis at the simulator exercises.

Operator inhrblts ADS during ATWS with» FW falled and EMRVISV closure (OL3)

Descriptlon. Dunng an ATWS wlth feedwater available, the control room ooperator inhibits
ADS by placing the timer switch to RESET, as directed by the EOPs. MSIV closure is
assumned successful, isolating turbine bypass. Boron in]ectxon and recrrculatlon pump trip
are also assumed successful.

°bse“’a“°"s' L

| 1. A marginallym edequate amonnt of time is avallable to perform the actlon-
(V1, V2 and va) - | b

2. There isa potentral for consequences to the plant (v5).

3. Severe consequences are expected to the plant if the actuonis not

performed (V19).

4. - The broad variance between operator evaluations for this action (factor of
212 betwsen highest and lowest evaluatlon) reflects one evaluatlon (of 12)
as having insufficient time to correctly dlagnose the action (V2 = 0)
resultrng in guaranteed fallure e T

o

Operator manually re-energizes bus 1A1/1B and re-starts at least one TBCCW pump
follovwng a Ioss of offsfte power (l‘BS) A

.Description. Following a loss of offsile power and restoratlon of bus 1Ail1 B1 and

service water, the operator manually shifts heat exchanger coollng to service water
following failure of circulating water. Time available to perform the action is dependent
on the loss of TBCCW to cool the condensate pump motors and plant air compressors.
Observations. | S

1. A marginally adequate amount of time is available to perform the action
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(V1, V2 and V3).

The extremely broad varlance between evaluations for this action (factor
of 2280 between highest and lowsst evaluation) shows broad uncertainty
between operators concerning the performance of this action. One
operator evaluated this action as a guaranteed fallure due to inadequate

. time to perform the action following the ‘decision to perform the action

(v3). Only one other evaluation resulted in an error rate of more than 0.05
for this action. This other evaluatlon Included a slrghtly greater amount of

time to perform the action (V3).

Recommendation. Consider increased training emphasis at the simulator.

Observations

Mmimal prooedural gundance |l$ available for thls actron (V11)

Flecommendation. | Consider adding prooeduralhg_uldanoe and trainln_g.

Operator secures or isolates condensate transfer header to reactor building within 1 to 2
hours after condensate transfer supply line break In the reactor building (F1B) *

Description. Following a condensate line fallure (rupture or large leak) In the reactor
building, operators secures or lsolates condensate transfer fiow to the ‘affected header
within 1 to 2 hours R

B 2, 10 Operator trips plant and Isolates feedwater followlng feedwater Ime break In the trunnlon

A.

IPE

Observatio

. Vi, v2and va).

o Mrnlmal p:,ooedural gulda nce e avallable tor thls actlon (V11‘

~room (FTD) > R

A marglnally adequate amount of time. is avallable to perform the action

There is a potentral for oonsequenoes tothe p ant (V5) for performlng this
action. The plant consequences are partially due to the induced loss of
feedwater caused by perlormlng this actron : :

The evaluations for this action Indmted a relatrvely broad varianoe (factor
the broad uncertainty between operators as to the type of action this

B-7 .

Descrlptlon Followmg a feedwater lme break in the trunnion room, control room
‘Operators tnps the plant and isolates feedwater ﬂow Into the reactor

of 81 between highest and lowest evaluatlon) “This was' partrally due to
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c.

, involved.

. 5 assessed this as a skill based _action, which would be
perlormed from memory, then verlﬁed wlth procedures

. 4 assessed thls as a rule based action. whloh would be
performed with prooedures in hand. e

. The remaining 5 operators evaluated thls action as knowledge
based, for which no written procedural guidance Is avallable (see
V11 above).

Recommendation. Consider enhanced procedural guidance and training.

B.3 8ummary°fRe°°mm9"daﬂ0ns B

The following recommendations are made based on Inspection of the above results

1.

2.

IPE

“ Conslder the development of sper:iﬁc prooedures, guldanoe and tralnlng on

reactor overfill transients, specifically for operator actions (OF1 and ME2)

During operator training point out that consistently successful pertormanoe ot the
following actsons can posttively affect overall core damage risk as determined by
the PRA.

a.  Operator Injects through core spray with fire f‘p‘m’laéﬁea durin'gw loss of ll
AC power (CSS)

‘b, o Operator Irnes up fre water ln]ectron through core spray dunng LOCA

conditions outside contalnmrant (unlsolated LOCA) (FSt)

c. Operator lnhlblts ADS an'f' oontrols Ievel near TAF during ATWS wlth FW

available and condenser failed with EMRV/SV closure (OL2)

(oL |

e. Operator manually re-energlzes bus 1A1/1B and re-starts at least one
TBCCW pump followlng a Ios.s ot otlslte power (TBS)

f; '» L"Operator trlps réactor after TI‘ tallure (hlgh Ievel) (RSS)

g. Operator secures or lsolates oondensate transfer header to_reactor
building Wwithin 1 to 2 hours ‘after condensate transfer supply line break in
the reactor burldrng (F-TB)

h _Operator tnps plant and lsolates teedwater followlng feedwater Irne break
~ In the trunnion room (FTD) - i

B-8

d Operator inhibits ADS during ATWS with FW falled and EMRV/SV olosure
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