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ABSTRACT

The U.S. Nucicar Regulatory Commission is sponsoring probabilistic risk
assessments of five operating commercial nuclear power plants as part of a
major update of the understanding of risk as provided by the original WASH-
1400 risk assessments. In contrast to the WASH 1400 studies, the NUREG 1150
risk assessment will include a detailed analysis of risks due to
earthquakes, fires, floods, etc., which are collectively known as " external
events" for at least two plants. This report presents the external events-
probabilistic risk assessment for the Peach Bottom Atomic Power Station,
(Unit 2).

In keeping with the philosophy of the internal events analyses for NUREG.
1150, which are intended to be " smart" PRAs making full use of all insights
gained during the past ten years' developments in risk assessment metto-
dologies, the corresponding external event analyses are being performed by
newly developed methods which are an improvement over past methodologies in
terms of completeness and reproducibility and which, in many cases, provide
significant simplifications in calculational effort. These methods have
been under development at Sandia National Laboratories (SNL) under the
sponsorship of the NRC's Division of Systems Research as part of their
Dependent Failure Methodology Development Program.

As a first step, an extensive screening analysis was performed which showed
that all external events had a negligible contribution except fires and
seismic events. Detailed analyses for fire and seismic events were then
perfermed. Final analysis of internal fires resulted in a total (mean) core
damage frequency of 1.9E 5 per year. Final analysis of the seismic events
resulted in a total (mean) core damage frequency of 7.66E 5 per year using
hazard curves developed by Lawrence Livermore National Laboratory (LLNL) .
The mean seismic core damage frequency was also calculated using hazard
curves developed by the Electric Power Research Institute (EPRI) and found
to be 3.09E 6 per year. Uncertainty analyses were performed for both fire
and seismic events. and dominant components and sources of uncertainty were
identified.
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FOREWORD

This is one of numerous documents that support the preparation of the
NUREG 1150 document by the NRC nffice of Nuclear Regulatory Research.
Figure 1 illustrates the front >end documentation. There are three
interfacing programs performing this work: the Accident Sequence
Evaluation Program (ASEP), the Severe Accident Risk Reduction Program
(SARRP), and the Phenomenology and Risk Uncertainty Evaluation Program
(PRUEP). The Zion PRA was performed at the Idaho National Engineering
Laboratory and at Brookhaven National Laboratory.

Table 1 is a list of the original prirnary doeuroentation and the
corresponding revised documentation. There are several items that should
be noted. First,- in the original NUREG/CR 4550 report, Volume 2 was to
be a summary of the internal analyses. This report was deleted. In
Revision 1, Volume 2 now is the expert judgment clicitation covering all-
plants. Volumes 3 and 4 include external events analyses for Surry and
Peach Bottom, respectively.

The revised NUREG/CR 4551 covers the analysis included in the original
NUREG/CR 4551 and NUREG/CR 4700. However, it is different from NUREG/CR.
4550 in that the results from the expert judgment clicitation are B veni

in four parts to Volume 2 with each part covering one category of issues.
The accident progression event trees are given in the appendices for each*

of the plant analyses.

Originally, NUREG/CR 4550 was published without the designation "Draf t
for Comment." Thus, the final revision of NUREG/CR 4550 is designated
Revision 1. The label Revision 1 is used consistently on all volumes
except Volume 2, which was not part of the original documentation,
NUREG/CR 4551 was originally published as a " Draft for Comment" so, in
its final form, no Revision 1 designator is required to distinguish it
from the previous documentatation.

There are several other reports published in association with NUREG 1150.
These are:

,

NUREG/CR 5032, SAND 87-2428, Modelinn Time to Recovery and Initiatinn
Event Freauency for Loss of Off site Power Incidents at Nuclear Power
Plants, R. L. Iman and S. C. Hora, Sandia National Laboratories,
Albuquerque, NM, January 1988.

NUREG/CR 4840, SAND 88 3102, Procedures for External Event Core Damagg
Freauency Annivses for NUREG 1150, M. P. Bohn and J. A. Lambright,
Sandia National Laboratories, Albuquerque, NM, November 1990.
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ITable I.

NUREC-1150 Analysts Doctementation

Orictnal Documentation |
,

i NUREC/CR-4550 NUREC/CR-4551 NUREC/CR-4700
!Analysis of Core Damage Frequency Evaluation of Severe Accident Containment Event Analysts

Froe Internal Events Risks and the Patential for for Potentlal Severe Accidents t

Risk Reduction

volume 1 Methodology volume 1 Surry Unit 1 Volume 1 Surry Unit 1 i

2 Stemmary (Not Published) 2 Sequoysh I'ntt 1 2 Sequoyah Unit 1 [

3 Surry Unit 1 3 Peach Bottoe Unit 2 3 reach Bottoe Unit 2
'

4 Peach Bottoe Unit 2 4 Crand Gulf t' nit 1 4 Crand Culf Unit 1
5 Sequoyah Unit 1 5 Zion Unit I
6 Crand Gulf Unit 1
7 Zion Unit 1

Revised Doctmentation ;

( NUREC/CR-4550 Revision 1 NUREC/CR-4531. Evaluation
,

i r Analysis of Core Damage Frequency of Severe Accident Risks
W

'

Volume 1 Methodology
.

Volume 1 Methodology
*

2 Fort 1 Expert Judgment Elicit. Expert Fanel 2 Part 1 Expert Judspeent Elicit.--In-vesect

Fort 2 Expert Judgment Elicit.--Froject Staf f Part 2 Expert Judgeent Elicit.--Containment

3 Part 1 Surry Unit 1 Internal Events Part 3 Expert Judgment Eltelt.--Structural

Part 2 Surry Unit 1 Internal Events App. Part 4 Expert Judgment Ellett.--Source-Teris !
i.

I' Part 3 Surry Unit 1 External Events Part 5 Expert Judgment Elicit.--Supp. Cale.

4 Part 1 Peach Bottoe Unit 2 Internal Events Part 6 Expert Judgment Elicit.--Froj . Staf f

Part 2 Feach Botton Unit 2 Internal Zvents App. Part 7 Expert Judgment Elicit.--Supp. Cale.

Part 3 Peach Bottoe Unit 2 External Events Part 8 Expert Judgment Elicit.--MACCS Input

5 Part 1 Sequoyah Unit 1 Internal Everts 3 Part 1 Surry Unit 1 Anal. and Results i

Part.2 Sequoyah Unit 1 Internal Events App. Part 2 Surry Unit 1 Appendices
4

6 Part 1 Crand Culf Unit 1 Internal Events 4 Fort 1 Fesch Bottem Unit 2 Anal and Results
,

Part 2 Crand Culf Unit 1 Internal Events App. Part 2 Peach Botton Unit 2 Appendices

7 Zion Unit 1 Internal Events 5 Part 1 Sequoyah Unit 2 Anal. and Results*

Part 2 Sequoyah Unit 2 Appendices i

6 Part 1 Crand Culf Unit 1 Anal. and Results
Part 2 Crand Culf Unit 1 Appendices

7 Part 1 Zion Unit 1 Anal. and Results i
IPart 2 Zion Unit 1 Appendices

e

! t

j

|
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| NUREG/CR 4772, SAND 861996, Accident Secuence Evaluation Prorgem Human
, Spliability Analysis Procedure. A,_D. Swain III, Sandia National'
' Laboratories Albuquerque, NH,. February 1987. ;

NUREG/CR 5263, SAND 88 3100, The Risk Management Imolleations of NUREE
1150 Methods and Results. A.- C. Camp et 'a1., Sandia National
Laboratories, Albuquerque, NM, December 1988.

A Human Reliability Analysis for the ATWS Accident Secuence with MSIV'

|
Closure at the Peach Bottom Atomic Power StationJ A 3272, W. J.'Luckas,

; Jr. et al. , Brookhaven National Laboratory. . Upton, NY,1986,
t

j A brief. flow chart for the' documentation is given in Figure 2. Any F

L related supporting documents to _ the back end NUREG/CR 4551 analyses _:are
delineated in NUREG/CR 4551.- A complete list of the revised NUREG/CR-
4550, volum o and parts is given below. i

General

NUREG/CR 4550,, Volume 1, ' Revision 1, SAND 86 2084, Analys i s of Core
Damare Frecuenevt Methodolorv Cuidelines for Internal Events.

NUREG/CR 4550 Volume 2 SAND 86 2084, Analysis of Core Damare Frecuency
from Internal Events! Exoert Judement Elicitation on Internal Events -
Issues Part 1 Exnert Panel Results. Part 2? Proieet Staff Results.

Part 1 and 2 of Volume 2, NUREG/CR 4550 are bound together. This volume
was not part of the original documentation and was first published . in
April 1989 and distributed in May 1989 with the title: Analysis of Core
Damago Frequency from Internal Events: Expert Judgment Elicitation. In
retrospect, a more descriptive title would be: Analysis of Core Damage
Frequency: Expert Judgnent Elicitation on Internal Events Issues.

SURRY

NUREG/CR 4550, Volume 3. Revision 1 Part 1, SAND 86 2084, Analysis of
Core Damare Frecuenevt Surry Unit 1 Internal Events.

NUREG/CR-4550, Volume 3, devision 1, Part 2, SAND 86 2084, Analysis of-
Core Damare Freguency! Surry Unit-1 Internal Events Avoendices.

NUREG/CR 4550, Volume 3, Revision 1, Part 3, . SAND 86 2084, Analysis of
Core Damare Frecuencv! Surry Unit 1 External Events.

|
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Pench Bottom

NUREG/CR 4697, EGG 2464, Cont n intrent Venting Annivsis for the Pegh
Bottom Atomic Power Station. D. J. Hansen et al., Idaho National
Engineering Laboratory (EG60 Idaho, Inc.) February 1987.

NUREG/CR 4550, Volume 4, Revision 1 Part 1, SANDB6 2084, Annivsis of
Core Damane Freauenevt Pench Bottom Unit 2 Internal Events.

NUREG/CR 4550, Volume 4 Revision 1, Part 2, SAND 86 2084, Annivsis of
Core Damane Precuency! Pench Bottom Unit 2 Internal Events Andendicco.

NUREG/CR-4550, Volume 4. Revision 1. Part 3, SANDB6 2084, Analysin of
Core Damnge Frecuency! Peach Bottom Unit 2 External fvents.

Scouovah

NUREG/CR 4550, Volume 5, Revision 1, Part 1, SAND 86 2084, Annivsis of
Core Damnre Frecuenevt Secuovah Unit 1 Internal Events.

NUREG/CR 4550, Volume 5, Revision 1 Part 2, SAND 86 2084, Annivsis o,{
Core Damare Precuenevt Secuovah Unit 1 internni Events Anoendices.

Grand Gulf

NUREG/CR-4550, Volume 6, Revision 1. Part 1, SAND 86 2084, Ann.lvsi s o f
Core Damene Freauenevt Grand Gulf Unit 1 Internni Event.g.

NUREG/CR 4550, Volume 6, Revision 1, Part 2, SAND 86 2084, Ann 1voin of
Core Damnce Freauenevt Grand Gulf Unit 1 Internal Events Anoendices.

ZiED
|

NUREG/CR-4550, Volume 7, Revision 1, EGG 2554, Annivsis of Core Damnge
Frecuenev t Zion Unit 1 Internni Events.
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EXECUT1YE SUMMARY

The U.S. Nuclear Regulatory Commission (USNRC) is sponsoring
probabilistic risk assessments of five operating commercial nuclear power'

plants as part of a major update of the understanding of risk as provided
by the original WAsti 1400 assessments. In contrast to the WASil 1400
studies, at least two of the NUREG 1150 risk assessments will include a
detailed analysis of hazards due to earthquakes, fires, floods, etc.,
which are collectively known as " external events'. * The two plants for
which external events are being considered are Surry and Peach Bottom, a
PWR and a BWR respectively. This report presents the results obtained
for the Peach bottom external event core damage frequency assessment.

In keeping with the philosophy of the internal events analyses for NUREG.
1150, which are intended to be * smart * PRAs making full use of all
insights gained during the past ten years' developments in risk
assessment methodologies, the corresponding external event analyses have
been performed by newly developed methods. The methods have been
developed under NRC sponsorship and represent, in many cases, both
advancements and simplifications over techniques that have been used in
past years. They also include the most up to.date data bases on
equipment seismic frag 111 ties, fire occurrence frequencies and fire
damageability thresholds. These methods were developed at Sandia
National Laboratories under the sponsorship of the USNRC's Division of
S y s t e tt s Research as part of their Dependent railure Methodology
Development Program. The first application of these new methods was to
the seismic analysis of six power plants as part of the NRC program for
the resolution of Unresolved Safety Issue US1 A.45 - Adequacy of Decay
llent Removal Systems. Extension of these teethods to fire, flood, etc.,
has been continuing during recent years.

In contrast to most past extsrnal event analyses, wherein rudimentary
systems models were developed -reflecting each external event under
consideration, the NUREG 1150 external event analyses are based on the
full internal event PRA systetts models (event trees and fault trees) and
make use of extensive computer. aided screening to reduce them to accident
sequence cut sets important to each external event. This provides two
major advantages in that both consistency and scrutability with respect
to the internal event analysis is achieved, and the full gamut of random
and test / maintenance unavailabilities are automatically included, while
only those probabilistically important survive the screening process.
Thus, full benefit of the internal event analysis- is obtained by
performing the internal and external event analyaes sequentially.

The external event analysis began with a review of the FSAR, related
design documents and the systems descriptions in the internal events PRA.
Important components were located on general arrangement drawings. The
utility fire study prepared to racet Appendix R of 10CPR50 requirements
formed the basis for the initial identification of fire and flood area
boundaries and barriers. Shortly thereaf ter, a plant visit- of 3 days

I
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duration was tnade , involving an integrated tearn of specialists in the
various external events. Based on the plant walkdown and the screening
anclysis described in Chapter 3, all external hazards were screened out
based on probability considetations except for seismic and fire events.

The seismic risk assesstnent was the critical path item due to the tirne
required to assemble the structural drawings and snodels. A best estiinate
structural dynamic response calculation for each building containing,

equipment itoportant to safety was inade using models used in the original
design. The results were distributions for floor slab accelerations, and
estirnates of variability and correlations. Component frag 111 ties were

,

obtained either from a generic data base or derived on a plant specific
basis as needed. Dual probabilistic screen 1ng snethods were used to
determine important cut sets while allowing for explicit incorporation of
correlation. The seismic hazard itself ves obtained by extrapolation
from the results of the NRC sponsored Eastern Seismic Hazard
Characterization Program performed at Lawrence Livermore National
Laboratory (LLNL) and the industry sponsored Electric Power Research
Institute (EPRI) Seismic Hazard Methodology for the Central and Eastern
United States program.

The detailed fire analysis tasks were performed in parallel. Fire
initiator frequencies were obtained from an updated historical data set
developed at SNL. Partitioning of building fire frequencies (for which
data are available) down to sub area frequencies was based on cable
loading, electrical cabinet locations, and transient combustible
estiinates based on walkdown observations and a transient combustible data
base developed at Sandia. Component damage temperatures (rather than
auto ignition temperatures) were based on SNL fire tests. The COMPBRN
III code was used to predict cotnponent teroperatures in fire areas where
growth and separation are itoportant considerations. Vital area analyses
using the SETS code provided sequence cut sets for quantification,
including barrier failure and random failures as appropriate. A fire
detection / suppression histogram developed at SNL was used to incorporate
firefighting timing into the analysis.

Similar approaches were used for internal and external flood, tornado,
winds, etc. A major economy is achieved by analyzing fires and floods
together, and seismic, wind and tornado events together, due to the
commonality of the analysis processes. For exatople, it is a ininor task
to extend the seismic fragility derivations so as to be applicable to
wind fragilities. Similar economies arise in the screening steps for
fires and floods.

Detailed analysis of internal fires resulted in a total (tnean) core
damage frequency of 1.95E-5 per year. The detailed seismic analysis |
resulted in a total (mean) core damage frequency of 7.66E 5 per year ;

using hazard curves developed by Lawrence Livermore National Laboratory. )
The mean seismic core damage frequency was also calculated using hazard |
curves developed by the Elcetric Power Research Institute and found to

'

be 3.09E 6 per year. Uncertainty analyses were performed for both fire
and seismic risks, and dominant components and sources of uncertainty
were iu ntified.

EXEC 2
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In general, it was found that only a few accident sequences dominated the |

results. These were station blackout sequences for both the seismic and
fire core damage assessments, For the seismic analysis, it was found that
thesa resulted from failures in the emergency service water (ESW) and i

'

,

emergency cooling water (ECW) systems which provide cooling to the four
diesel generators. For the fire analysis, it was found that these'

sequences resulted from damage to cabling in the emergency switchgear
rooms which could cause loss of offsite power and fail the ESW/ECW pumps.
It appears that modifications which would lower the contribution of these
dominant sequences to core dama6e frequency could be easily implemented.

|

\
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l1.0 INTRODUCTION

1.1 The NUREG 1150 Risk Analyses |

This report describes the Level 1 external events probabilistic risk
assessment (PRA) performed for the Peach Bottom Atomic Power Station as <

part of the NRC sponsored Accident Sequence Evaluation Program- (Ref. 1) !

power plant risk reevaluations, of ten referred to as the NUREG 1150
program (after the principal document summarizing the results of the :

program). In contrast to the original WASH 1400 risk assessments (Ref. I
2), both detailed internal and detailed external events risk analyses are !
being performed in this program, i

A Level 1 PRA consists of an analysis of plant design and operation
focusing on accident sequences that could lead to core damage, their
basic causes, and frequencies. Two kinds of accident initiators are
considered for a Level 1 PRA, initiating evente that occur within the
power plant systems themselves and accident initiators caused by events
external to the power plant systems.- Exampics of external initiators *

include earthquakes, floods and high winds. The results of both analyses
provide assessments of plant safety, design and procedural adequacy, and
insights into how the plant functions from the perspective of preventing
core damage, This report documents work performed for the Level 1
external events PRA. It describes the methodology used, assumptions,
data and models that provide the basis for the work, and the final
results.

The methods utilized in the NUREG 1150 external events PRAs represent
both advancements, and, in many cases, simplifications over techniques
that have been used in past years. They include the most up to date data
bases on equipment seismic fragilities, fire occurrence ' frequencies and
fire damageability thresholds. In addition, they provide for

'

minimization of execution time and cost reduction through the use of past
PRA experience, generic data bases and defensible methodological !

simplification where possible. A full description of these procedures is i

given in Bohn and Lambright (Ref. 3). The methods were developed to meet
'

the following objectives:

a. To be consistent with the internal event PRA analyses. The same
event trees / fault trees and random, common mode failure and test and
maintenance data are used,

b. To be transparent. A standard report format provides the data to
enable the reader to reproduce any of the point estimate results,

c. To be realistic. Best estimate data and models are used. All
important plant-specific failure modes are analyzed,

d. To be consistent. The external event analyses are intended to be
consistent with the internal event analyses due to common generic
data, and methodologe, and common 1cvel of detail.

'
11
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1.2 The External Event Methodology
4

The PRA procedures desciibed in this section are based on the following;

general concepts:,

!

a. The external event analyses are based on the internal event risk
assessment plant system models and fault trees, and (other than.
preliminary data gathering) are not started until the internal events
systems analysis (event trees and fault trees) has been finalized.

b. Rigorous and systematic screening of the full range of external-
3

events to which the plant could conceivably be exposed (e.g.,
aircraft crash, external flooding, tornado, extreme wind, etc.) is,

| performed to eliminate early all unimportant contributing events.
.

c. Simultaneous and coordinated evaluation of all non negligible
,
' external events is performed to minimize data gathering ef forts and

prevent duplication of effort. For example, building fragilities for
extreme winds can be derived directly from seismic fragilities,

i Also, simul taneous evaluation produces insights into interactions 4

) (for example, seismic fire interactions) not otherwise readily
perceived.

d. In the analysis of each types of e x t e rna'i event, . computer- aided
4

screening techniques and generic failure data are used pligI to!

detailed component failure analysis eniculations.

i The general steps in the analysis of any external event risk analysis are
shown below:

a. Determine the hazard.

b. Model plant and systems,

c. Solve fault trees with screening techniques to determine non-
negligibic cut sets,

i d. Determine responses, fragilities, and correlation for basic events in
non negligible cut sets,4

i c. Evaluate point estimate sequence and core damage frequencies,

f. Perform uncertainty analysis and sensitivity studies.

These general steps spply to the full range of external events to which a
j. power plant may be exposed. Table 1.1 presents a reasonably complete
' list of such events. Past PRA experience (Ref. 3) shows that only a very

few of these are significant contributors to risk at any given site.. In
! fact, the seismic and fire events are commonly the most important
|
i.

.

12-
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contributors. In addition, external flooding, tornado or aircraft
c-ashes are less frequent (and usually less significant) contributors.

Simplifications in Step (a), hazard determination, have been identified
for both the seismic and fire analyses. Computer aided screeningi

techniques are used for Step (c) for fire, flood and seismic analyses to!

reduce the required number of plant specific component failure
calculations. For Step (d), response determination, seismic design
fixed base structural models are utilized in conjunction with an accurate ;

and fully defensible soil structure interaction model. While not a |
simplification, this process -has been made very officient by
standardization, and c1e of variabilities and correlation factors derived
from previous detailed seismic pRA work. Thus,- in each step, defensible

: simplifications are identified which results, overall, in . a cost-
effective yet defensible analysis. 1

The-procedures used here have been applied (in whole or in part) to six
power plants as part of the U.S. NRC sponsored Unresolved Safety Issue A-
45 resolution program (Ref. 4), and have been applied at the N Reactor
(Ref. 5) and Savannah River (Ref. 6) Department of Energy reactor
facilities.

Table 1.1

List of External Events

Major PRA Considerat.igt, Minor PRA Consideration

Seismic Lightning ;

Fire Low Lake / River Level i

Internal Flood Ice Cover
Avalanche
Forest Firo
Industrial Facility Accident i

Landslide
Meteorite
Volcanic Activity-
Hail

Occasional PRA Consideration
f
4External flood j

Transportation accidents :
Pipe line accidents

|Aircraft impact !

Extreme winds '

Tornado

i

1

i
13 $
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1.3 Stens in the Analysis

1.3.1 Plant Walkdown and Data Catherinc
,

The Peach Bottom external events analysis be6an with a plant visit in
April 1987. The initial visit served as the basis for the initial plant
information request submittal. Prior to the first plant visit, the
external events team was briefed by the internal events systems analyst
as to the general character of safety systems, support systems, system;

'

success criteria and critical interdependencies identified to date. In

addition, applicable Final Safety Analysis Report (FSAR) sections were
reviewed, and a basic set of plant general arrangement drawings were
obtained for each team member. 4

The team consisted'of the following personnel:

PRA Project Manager M. P. Bohn
Team Leader J. A. Lambright
Structural Fragility Analysts J. J. Johnson, P. O, liashimoto

Firo and Flood PRA Analyst J. A. Lambright
External Event Screening Analyst R. Ravindra

During the initial walkdown, team members visited all areas containing
safety or support equipment except the containment. Two full days were
adequate for this initial visit. At the completion of this initial
visit, the following had been obtained,

n. A list of components suspected of being vulnerable to seismic damage
and requiring site specific fragility analysis,

b. A list of potential secondary seismic structural failures (masonry
walls, etc.) and components potentially damaged by these secondary
failures. -

c. A copy of the civil / structural drawing index foi che plant from which
needed drawings may be identified,

d. Sketches of typical anchorage details for important tanks, heat
exchangers, electrical cabinets, etc.

e, A visual evaluation of structural connectivity of floor slabs, wall-
to ceiling connections, location of diaphra6m cut outs etc., which
define load carrying paths. These were to be compared with
structural drawings later.

f. For each room. or ccmpartment containing essential safety equipment,
an identification of fire sources (power cables, pump - motors ,
solvents, etc.), locations of fire barriers, fire / smoke detectors,
separation of cable trains, etc., and a list of equipment in the
room.

1-4
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g. For each room or compartinent, an identification of flooding sources
(tanks, high er low pressure piping), floor drains, pumps, flood
walls, flood detectors, etc.

i

h. A brief list of key plant personnel or utility engineering /licer. sing
personnel to be contacted later if specific questions arose.

Following the initial plant visit, a list of needed drawings and
documentation was prepared and sent to the designated piac contact. A |
second visit to the plant was made by the fire analysis pecsonnel to '

al av for cabic path tracing and verification. This was undertaken after
the preliminary fire screening analysis had been performed bt sed on a
review of the plant Appendir. R submittal. A final plant visit was made
in September 1988. During this final visit initial conclur tone as to
plant vulnerabilities were reviewed with plant personnel, assumptions
were verified, and final required data was obtained.

1.3.2 Screening of other External Events

As mentioned in Section 1.1, the full range of possible external events
was considered, but based on the FSAR and the initial plant visit, the

4

vast maj crity of the external hazards was shown to have negligible
impact. The set of general screening criteria which was used is given in
the PRA Procedures Guide (Ref, 7) and is summarized as follows:

An external event car,be exc hded if:

a. The event is of equal or lesser damage potential than the events for
which the plant has been designed. This requires an evaluation of
plant design bases in order to estimate the resistance of plant
structures and systems to a par..icular external event. For example,
it is shown by Rennedy, Blej wa s and Bennett (Ref. 8)- that safety-
related structures designed for earthquake and tornado loadings in
Zone _1 can safely withstand a 3.0_ psi static pressure- from
explosions. Hence, if the PRA analyst demonstrates that the
overptessure resulting from (.xplosions at a source (e.g., railroad,
highway or industrial facility) cannot exceed 3 psi, these postulated
explosions need not be considered,

b. The event haa a significantly lower mean frequency of occurrence than
other events with similar uncertainties and could not result in worse
consequences than those events, For example, the PRA analyst may
exclude an event whose mean frequency of occurrence is less than some
small fraction of those - for other events. In this case, the
uncertainty in the frequency estimate for the excluded event is
judged by the PRA analyst as not significantly influencing the total
risk.

!
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c. -The event cannot occur close enough-_to:the plant toiaffect it. This j
is: also a function 'of. the magnitude of the event. - Exampics-of such !

. events _are lano 11 des, volcanic eruptions and earthquake fault i

ruptures. !

'

Id. The event is included in ; the- definition of another - event. 2 For-

example, storm surges and seiches t are included in external flooding;
the release of toxic gases from . sources external to the plant . is |,

I.weluded in the -effects of either pipeline accidents, industrial or.
military facility accidents, or transportation accidents. ]

These criterie art. _ usually- sufficient to exclude . all but a few "other"
external events. For-those remaining, a simple bounding analysis (Ref. !

9)- will often proride. sufficient. justification for; exclusion. The i
.

screening and bounding analyses for. Peach Bottom are given.in Chapter 3.
,

1.3.3 Seismic Rish Auenunt Methodology,

A nuc1Sar power plant is designed to ensure the curvival-of all buildings
and emergency safety . systems in a . worst-case -(" safety |- shutdown")..

earthquake. The as sumptions ; underlying this - design process are
deterministic and subject to considerable uncertainty. L It f is '_ no t
possible, for example, to accurately predict the. worst earthquake that
will occur at a given site. . Soil ' properties , mechanical properties of -
buildings, and damping in buildings _ and'- internal structures also vary
significantly. To model at,d ~ analyze the coupled : phenomena that
contribute to the total risk of radioactive release requires .;
consideration of all; significant sources of uncertainty as well! as all ''

signif! cant interactions. Total-risk.is then obtained'by:considering.the
entire spectrum of possible earthquakes and_ integrating 7their; calculated ,

consequences. This point underscores- an important requirement for a-
seismic PRA; the nuclear power plant mustthe examined in~its entirety,'as
a system.

A second important aspect which must be t addressed in. anseismiciPRA is.
I that during an earthquake, all pa r t s - o f - th_e plant 'are .- excited~

simultaneously. Thus, during an _ carthquake,7 redundant - safety system -
components experience highly correlated-base motion,:and there is-a high 1

likelihood that multiple redundant components would:be: damaged' if one is. )-

Hence, _ failure = possibility represents a pctenttally !significant risk = to
the planned for redundancy- would be comprised. 'This " common 1:~ !

cause"
nuclear power plants during-earthquakes.

The simplified seismic risk methodology reported here is based', in part,
on the results of two earlier NRC-sponsored programs. The first was the
Seismic Safety Margins : Research Program. In _ the ' SSMRP-, . a de tailed - i

-

seismic risk - assessment - methodolo6y was developed. .. This program' |

culminated . in a detailed evaluation of the seismic ' risk at the Zion
-nuclear-power station, Bohn (Ref. 10). In this evaluation, an attempt H,

-
o

s

16

o . ._ . . _ . -._ _ _ . _. , _ . _ . _ - - _ . _ . . _._.~. _ _ _ _ . . . . . ~ _ _ .. . . . - -



- _ . - . _ - - - -.- . - - - . . - . - - - - . . ,. . _ . - . . - , -- . .

)
4

was ma'do-to accurately compute th'e responses-of all walls and: floor-slabs-
in .the ' Zion structures, moments in the important piping systems,. :|

j)accelerations of all important valves, E and : the spectral acceleration .at:
each s a fe ty system L component (pump, electricain buss,Emotori control

,

i conter,'etc.), Correlation between the. responses of all components. was '
,

computed from the detailed dynamic response calculations. The.important- ;
'

- safety- and auxiliary. systems : functions were analyzed, and c f ault; trees ~
were developed Dwhich traced failure down to ' the individual component-
level,; Event trees related the system failures to accident sequences and-
radioactive release modes. Using these: detailed models'and calculations,
it was - possible : to - evaluate the- seismic risk at; ' Zion,-- and : determino q

_

- quantitatively the' risk -importance of .the components, initiating events, ;

and accident sequences, ,

i
iThe second is tho' NRC sponsored Eastern Seismic . Hazard Characterization s

program (Ref, 11).'which performed a detailed earthquake hazard assessmentz !
Result's of: these two programs iof all sites ease of the Rocky mountains. :

formed the basis for a- number of simplifications- used- in the seismic I

-

!methodology reported here,
_ :

L !There are seven steps required for calculating the- seismic c risk at .ac
nuclear power plant: |

n. Determine the local earthquake hazard-(hazard cure and- site 4 spectra),

b. Identify accident scenarios- for the. plant' which Icad to radioactive .;

release (initiating events and event trees). !

i

c. ' Determine failure modes for the plant ~ safety: and support ~ systems
~

-

_(fault trees). 1

. !.

d, Determine the = responses (accelerations or forces) of all - structures
and components (for each earthquake level). +

c. Determine-- f ragilities ~ (probabili'stic . failure ; criteria) for~ the
import..nt structures-and components. t

f, Compute the probability of core damage using: the ;information from L
steps a through c.

g. Estimate uncertainty.in the core damage frequencies,-
'

Only - the . Icvel - of detail -differentiates --a s simplified seismic analysis
from a detailed seismic PRA.-- The seven steps of the NUREG 1150 seismic
risk analysis procedure are-summarized below.

- Stoo a - Seismic Hazard Characterization

The NUREG-1150- seismic = analyses make use of = hazard curves obtained~ from
two recent programs aimed at developing sets _of-. hazard curves based +n.

i

F.

|

1-7

- . . _ - -- - - ._ ..- .. . ._ _



. _ . _ . - - . _ _ . . - - - . - - - . - _ _ , . - - -.-. - -. - _ - .

j-

;

!

|

[ consistent data bases and assunptions. The.- first ' is - the Eastern United
Sta'.;es Seismic Hazard-Characterization . Program supported by_ the USNRC at.;

Lawrence - Livermore National Laboratory. _ The ; second is' the industryf
j sponsored: Seismic Hazard Methodology program- performed 'byc the Electricl
= Power Research Institute. In both these programs , : _ hazard i curves were

developed for all U.S. commercial nuclear power plant; sites east of the -

. Rocky Mountains.'
,

Sten b Initiatinn Events and Event Trees }
i

.. The scope of. NUREG-1150 includes |all potential initiating events, j

including loss of coolant accide.nts_-(Vessel-Rupture, ALOCA,.MLOCA, SLOCA)_
| and transient _ events. Two types of transients are being considered: i

those in which the power conversion system (PCS) ;is initially available {
(denoted Type T2 transients) and those in which the -'PCS is failed as a- ;i

direct consequence of_the initiat fevent (denoted Type T1 transients), i

The event trees derived for the ! nal'even analysce are utilized.

The reactor vessel rupture 'and 1 -cgo LOCA event f requencies are based on
a Monte Carlo analysis of steam generator .and reactor coolant Lpump:
support failures. The medium and small LOCA event frequencies are ,

obtained from detailed piping failure calculations performed =in the l

SSMRP.
'

'

|

The . frequency of Type T1 transients is based on the ' probability - of
seismically induced loss of offsite power (LOSP). This is: the dominant
type of transient (for the majority of plants for which LOSP causes loss '

i o f mai n feedwater). The frequency of the Type T3 initiating event -is 1

computed from the condition that the sum of the - initiating - event t
probabilities must be unity. The hypothesis;is that, given_an earthquake

;- of reasonable size, at least.ono _of the initiating events will occur.

|. Sten e Fault Trees

Fault trees for the safety sytwems at Peach Bottom have;been developed in -
the internal events analysis for random failures only. These fault trees

are used with modifications to include basic events _ for . seismic failure.
modes. The trees are re solved for portinent seismic - cut-sets to be
included in the probabilistic calculations. Probabilistic culling is
used in resolving these trees in such a way as to assure that important
correlated failure mode's are not. lost.

Sten-d - Component and Structure' Failure Descriptions

Component seismic fragilities are obtained bcith from a generic fragility
-data base and f rom plant-specific fragilitics -deve? oped for components
identified during the plant walkdown.

a

The generic data base 'of fragility functions for seismically induced
failures was originally developed -as part of the' SSMRP (Ref. ~10) .
Fragility functions for the generic categories were developed based on-a ;

combination of experimental data, design analysis reports, and-an-

i

1-8
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extensive expert opinion survey. The experimental data utilized in
developing f ragility curves were obtained from the results of component
manufacturer's qualification tests, independent testing lab failure ' data
and data obtained f rom the U.S. Corps of Engineers extensive SAFEGUARD
Subsystem Hardness Assurat(c Program (Ref. 12). These data were
statistically combined with the expert opinion survey data to produce
fragility curves for each of the generic component categories as reported
in Reference 10. This generic data base was then updated by an
evaluation of 19 site specific seismic PRAs to yield the final generic
fragility data base used for the NUREG 1150 seismic PRAs.

Detailed structural fragility analyses were performed for all important
safety related structures at the Peach Bottom plant. These were included
directly in the risk assessment.

Sten e - Seismic Response of Structures and Components

Building and component seismic responses are estimated from peak ground
accelerations at several probability inter.als on the hazard curve.
Three basic aspects of seismic response--best estimates, variability, and
correlation are generated. Zion analysis results from SSMRP (Ref. 10)
and simplified methods studies form the basis . for assigning scaling,
variability and correlation of responses.

In each case, SHAKE code (Ref. 13) calculations are performed to assess
the effect of the loccl soil column (if any) on the surface peak ground
acceleration and soil structure interactions. This permits an evaluation
of the e f fects of non homogenous underlying soil conditions - which can
strongly affect the building responses.

Fixed base mass spring (eigen-system) models are either obtained from the
plant architect / engineer or are developed from the plant drawings as
needed. Using these models one can compute the floor slab accelerations
using the CLASSI code (Ref. 14). This code takes a fixed-base
eigensystem model of the structure and input-specified frequency
dependent soil impedances and computes the structural response (as well
as variation in structural response if desired).

Variability in responses (floor and spectral accelerations) is assigned
based on the SSMRP results. The recommended uncertainties (expressed as
standard deviations of the logarithms of the responses) are shown below:

Ouantity Random

Peak Ground Acceleration 0.25
Floor Zero Period Acceleration 0.35
Floor Spectral Acceleration 0.45

Correlation between component failures is being included explicitly. In
computing the correlation between component failures (in order to
quantify the cut sets) it is necessary to consider correlations both in
the responses and in the fragilities of each component. Inasmuch as

1-9
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there are no . da ta - as .ye t on' correlation between L fragilities, the .

-

fragility correlations between like;-components;are taken as zero,-and'the
possible effect of such correlation quantifiediin a- sensitivity ; study. |

Tb; correlation between responses is assigned-according to a set of rules 3

'.nat are explained in Chapter 4,0. j
Sten f Probabilistle Failure and Core Damace-Calculations

Given the input from- the five s teps -. above , the ' SETS (Ref.~15) code-andL
_

mean basic event frequencies are used to' calculate the required output-
(mean probabilities'of failure, core-damage, etc.).

Sten n - Estimate Uncertainties

Complete uncertainty distributions -are computed 1 for _ all1 accident-
sequences and core damage frequencies using a Monte Carlo approach.

1.3.4 Internal-Fire Assessment Methodology
,

Based on nuclear power plant operating experience over the last;20 y_ ears, ,

it has been observed that a typical uclear power plent will have three i

to four significant fires over its operating - life time . Previous-
probabilistic risk assessments (PRAs) have shown 1that fires are a-
significant contributor. to the .ove rall core ' damage frequency,
contributing- anywhere from 7 percent to 50 . pe rcent of - the - to ta l --
(considering contributions from internal,-seismic, flood, fire, and:other

events). Because of the relatively high core damage contributioni fires
are always examined in detail. An overview of the NUREG-1150 fire L PRA -
methodology is as follows:

A. Initial. Plant Visit

Based on the internal-event-and seismic analyses,-the-general location of-
cables and . components of the systems of interest is known. The plant i

visit provides the analyst with a means 'of seeing the physical
-

arrangements in each of these-areas. The analyst-will'have a fire zone
checklist which will aid the screening analysis and in the quantification,

step.

The second purpose of the initial plant visit is to confirm with plant
personnel that the documentation being used is, in J fact, :the best
available information- and. to get clarification.about any questions that--
might have ' arisen in a review of ithe -documentation. . Also, a thorough
review of' firefighting procedures is conducted.

1-10
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B. Screening

It is necessary to select important fire locations within the power plant
under investigation having the greatest potential for producing risk-
dominant acc ident ' sequences . The objectives of location ' selection are

! somewhat competing and should be balanced in a meaningful. risk assessment-
study. The first objective is to maximize the possibility that all
important locations are analyzed, and this leads to the consideration of

_

a potentially large number of candidate locations. The second objective-
is to minimize the effort spent in the quantification of event trocs and
fault trees for fire . locations that turn out to be unimportant. A proper
balance of these objectives is one that results in an ideal allocation of
resources and efficiency of assessment.

The screening analysis is comprised of:

1. Identification of relevant fire zones.

2. Screening of fire zones on probability of the fire induced initiatin5
events.

<

3. Screening of fire zones on both order and frequency of cut sets.

4. Numerical evaluation and culling based on probability -for each
remaining fire zone.

C. Quantification

After the screening analysis has eliminated all but the
probabilistically significant fire zones, quantification of dominant cut
sets is completed as follows:

1. Determine temperature response in each fire zone.

2. Compute component fire fragilities.

3. Assess the probability of barrier failure for all remaining
combinations of fire zones.

4. Perform a recovery analysis.

Finally, an uncertainty analysis is performed to estimate error bounds on
the computed fire induced core damage frequencies. The Peach Bottom fire
analysis is presented in Chapter 5.

1-11
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2,0 PLANT DESCRIPTION l

2.1 Plant Site and General Characteristics

'The Peach Bottom Atomic Power Station occupies 620- acres in York' and -
Lancaster counties of southeastern Pennsylvania, 2.5 miles north of- the ,

'
Maryland Pennsylvania state line. The; plant is 38 miles N-NE of
Baltimore, Maryland, and 63 miles _W SW of Philadelphia,-Pennsylvania. It
is located on the western shore of Conowingo Pond, formed - by the
backwater of Conowingo~ dam, 9 miles downstream on the Susquehanna River.

'
The twin BWR units (Peach Bottom Units 2 and 3) of Philadelphia Electric
Company are each rated at 1,065 MW. The reactor and generator for both
these units were supplied by General-Electric Corporation. Bechtel-acted-
as Architect / Engineer / Constructor. The plants began commercial operation
in 1974. Unit 1 is'a 40:MW decommissioned HTGR and is-now in a mothball
status. Units 2 and 3-- are' located approximately 300-ft from the
shoreline of Conowingo Pond. In addition to the reactor ; units , three
transmission substations (two of 500 kV and one of 220 kV) represent the
dominant features at the plant site.-

2.2 Descrintion of Plant Systems-

2.2.1 Introduction

This section discusses the system.. descriptions and system models of the
major frontline and support systems identified-as important~ to .- safety.
In addition to the event trees: discussed ~in Section 2.3, component fault-
trees also developed by the-internal events analysts were utilized. -Use
of the same event trees, fault trees, 'and accident . sequences' developed

3
during the - internal events analysis ' ensured -' consistency between these '

-

major studies.

The discussion of the systems that follow. includes: F

A brief functional description of the ! system with reference ' to thea.

|: one-line diagrams that were developed to indicate which components
i. were included in the model:
1

- b. Safety-related success criteria that were-applied to the system;
l '

frontlinec. Interfaces. and safety actuation p'rovisions -between the
systems and the support systems.

2.2.2 High Pressure Coolant Injection (HPCI) System
i

The function of the HPCI system is to provide a makeup coolant source to
the reactor vessel during accidents-in which system pressure remains high j
(event tree nomenclature- UL). '

|

|
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'

The HPC1 system consists of a single train with motor operated : valves and
a turbine driven pump. Suction is taken from either the Condensate
Storage Tank (CST) or the suppression pool (or torus). -Injection to the-

reactor vessel is via a ;feedwater line. The HPCI pump is rated at'5000-
gpm flow with a discharge head of 1135.psig. A simplified schematic of:-

the~HPCI system is provided by Figure 2,1. Major components - are shown j
that were modeled'in the system fault tree.

:

- The HPCI system is . automatically initiated' and > controlled. Operator- !
f

intervention is required - as follows: (a). to.._ prevent either . vessel
overfill or continuous system trip / restart cycles, (b) to manually. start ~,

the system given an auto start failure, .and (c)- to set _up tthe ' system for
continuous - operation under long term L station. blackout conditions. The;i

success criteria for . the HPCI system is inj ection; at rated flow to the
reactor vessel.

,

8

Most of : the HPCI system is- located in a separate room in ' the reactor ; 4

!
building. Local. access to the .HPCI system could :be affected 'by either -
containment venting or containment failure _ should steam be released ' to
the reactor building area. Room cooling failure ~is assumed to - fall' the. j
HPCI pump in 10 hours.

Upon system actuation, HPCI' injection valves receive = a signal to open and
HPCI test valves receive a signal to - close. The HPCI system is-
automatically initiated on the receipt of either a high drywell pressure-
(2 psig) or low reactor water level (490 inches above vessel zero) ;
signal. The low reactor water level sensors are shared with - the RCIC '

system.

2.2.3 Reactor Core Isolation Cooling-(RCIC) System =

The function of the RCIC system is to provide: a makeup coolant- source tb
the reactor vessel during accidents in which system pressure remains high
(event tree nomenclature--U2).

- The RCIC system consists--of a single train with motor operated valves andi
a turbine-driven - pump. Suction is taken from . either o the_ CST or the
suppression pool. Injection to the reactor vessel is -via _ a feedwater

~
_

line. The RCIC pump is rated at 600 gpm flow with a discharge head of
1135 psig. A simplified schematic of. the _RCIC system i is provided:by
Figure 2,2. Major components are shown that were modeled in the system
fault tree.

The RCIC system is automatically initiated and controlled. Operator
'

intervention is required as follows: (1) to , prevent either vessel =
overfill or continuous system trip / restart cycles, (2) to manually start
the system given an auto start failure, and (3)'to set up the system for ;

continuous operation under long-term station ' blackout conditions.- ,The'

success criteria for the ' RCIC system is injection at rated- flow to ' the '

reactor vessel.

!
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Most of - the RCIC system is located in.a separate room in the reactor ,

building, Local access . to the RCIC system could be affected by cither- !

containment venting ' or containment failure should s team ' be released to |

the reactor building area. Room cooling failure is assumed to- fail the
RCIC pump in 10 hours.

Upon system actuation, RCIC injection valves receive a signal to' open and
RCIC test valves receive. a signal to close. The RCIC system' is

.

#automatically initiated on the receipt of . a - low reactor water, level
signal (490. inches above J vessel zero)'. The low reactor water level
sensors are shared with the HPCI system.

2.2.4 Control Rod Drive (CRD)' System
._

The CRD system was modeled as a backup source of high pressure injection
(event tree nomenclature -U3 1, CRD ' Enhanced Mode 2 pumps required, and -
U3-2, CRD 1 pump required).

The CRD pumps take suction from the condenser hotwell in the -Condensate-

system or the CST. -A flow control station is installed downstream of the
tap from the Condensate system and ties into. the CRD ' pump suction -line
before the CRD suction filter. - The flow control station vill divert 250
gpm from the Conhnsate system. This will supply the CRD system with the-
remainder of .the water being passed on to the CST. . In the event.that
flow from the Condensate system is interrupted, the CST provides a backup
source of water to ensure CRD system operability without operator action
being required. A simplified schematic-of the CRD system is:provided~by
Figure 2.3.

The CRD pumps, together, can achieve a flow rate of approximately_210 gpm
with the reactor fully pressurized and - approximately '300 gpm with the
reactor depressurized. Two discharge paths are, provided for the CRD
pumps. One discharge . path is- through an air _-operated valve - control
station. When instrument air is lost, this path is blocked. With both
CRD pumps ' running and the reactor. at nominal _ pressure, the second '
discharge path restricts flow, by means of an orifice,- to approximately
180 gpm.

Normally one CRD pump is running, with the_ suction and discharge valves-

to the standby pump being blocked. . Should the operator be required to-

realign the CRD system as a sole source.-of carly high- pressure injectio'n, |

the standby CRD pump must be placed into operation to schieve sufficient
~

flow to the reactor vessel.

In general, the CRD success criteria (as a sole injection source to the
reactor) requires both pumps running and one of the two discharge paths
available. If some other inj ec tion sys tem has been operating
successfully for.6 or more hours following an initiator, the CRD success
criteria changes to _one pump running and .one = of two . discharge paths
available.

'

;;
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IMost of the CRD system is located'in the turbine building.. Any physical

impact of accident conditions on'the ability _of the CRD-system to perform
its function would be minimal. Since the system is .1.ocated in a large
open area, room cooling failure is not applicable to_the CRD' pumps. The
CRD pumps receive no automatic' initiation signals.

2.2.5 Automatic Depressurization System (ADS)

The ADS is designed to depressurize the primary system to a pressure at !
-

which the low pressure inj ection systems can inject coolant to the
reactor vessel (event tree nomenclature X ,' X , Xa) . -1 2

The Automatic Depressurization system' (event tree _ nomenclature -X )3

describes the automatic or, if required,-_ manual operation of the ADS /SRVs
system to depressurize the primary system. This-allows.the low pressure ,

inj ec tion systems to be used to cool the co r e . _- The Manual-
Depressurization system (event tree nomenclature X ) describes 1 manual-2

operation of the ADS /SRV system-to depressurize the primary system.- This-
allows the SDC mode of the R11R system to be:used. A_ data value is,used
for - the event tree question, "Do the ADS /SRV _ valves reopen f0110 wing
containment failure or venting?" (event tree nomenclature.-X ) . This is3

strictly a survivability concern.

The ADS conr ts of five relief valves capable of being manually opened.-

>

Each valve -ascharges via a tailpipe line through a downcomer- to the
suppression pool. Relief valve capacity is approximately 820,000 lb/hr.
A simplified schematic of the ADS is provided by Figure 2.4.

The ADS is automatically initided. The .operat_or may manually initiate
the ADS or may depressurize the reactor vessel - using- the six reli;f.
valves that are not connected to' ADS logic. The operator can_ inhibit ALS
operation if a spurious ADS signal occurs or if the operator. desires tr i

ao so (as in an ATWS scenario). The success criterion for' the ADS in
I three of five valves' opening to depressurize the reactor.

The ADS valves are located inside- the containment. ADS performance is
not normally affected by accident conditions since, the equipment is -

_

qualified for accident conditions-and the air / nitrogen supply. pressure is
judged to be sufficiently 'high to allow valve operation under most '

_

containment conditions, llowever , _ should containment -pressure be
excessively high (-85 psig or greater), the valves could not-be kept open
since the air / nitrogen supply pressure is limited to ~85 psig based ' on
discussions -with Philadelphia Electric Company (PECO). personnel

.

indicating the supply is orificed to that limit,

Automatic ADS initiation occurs upon receipt of a low-~ low reactor water
level signal - (with an ~8 minute time _ delay) , a low-low level- and high
drywell pressure signal, or notice that one LPCI or two LPCS pumps are
running.

|
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2.2.6 Low Pressure Core Spray (LPCS) System

The function of the .LPCS systemiis to provide a makeup coolant- source to
the reactor vessel during accidents 'in: which system pressure is,1_ow
(event tree nomenclature- V2) . The ADS can be used in conjunction with

~

the LPCS system to attain a low enough system pressure for injection to
occur.

The LPCS system is a- two loop _ system consisting of motor-operated valves
'

u
and motor driven pumps. There ' are two 50 percent capacity - pumps ; per --

,

loop, with each pump rated at 3125 gym with a discharge head of '105 psig.
The LPCS system's- normal suction source is the suppression -pool. - Pump-
suction can be manually realigned to the-CST. A simplified" schematic 1of- <

the-LPCS system.is provided>by Figure 2.5. Major components are- shown' as
well as the pipe segment definitions . (e.g. , - PS-27) used in = the . system

' '

fault tree.

and controlled.- OperatorThe LPCS system is tautomatically . initiated ~
intervention is required to manually start the system given an auto start-
failure and.co stop the system or manually control flow during an ATWS- if-
required. The success criterion for the' LPCS system is injection of-flow ;

from any two pumps to the reactor vessel.
_

Most of the LPCS system.is located in' the reactor building. Local ~ access
to the LPCS system could be affected by either _ containment venting _ or
failure. -Room cooling failure is assumed to _ fail the LPCS pumps in 10
hours.

Upon the receipt of a LPCS injection signal',-_ start signals are ,sent to .
all LPCS pumps, both injection valves are demanded to open, and 'the test -
return valves are demanded to n close. The LPCS system is automatically
initiated on the receipt of either a low-low- reactor water level (378
inches above vessel zero) or high drywell . pressure (2 psig)_ and. low -

reactor pressure (450 psig).
| -i

I2.2.7 Low Pressure Coolant Injection (LPCI), System '

The function of the LPCI system is to provide'a makeup coolant' source to-
the reactor vessel during accidents in which system pressure - is = low
(event tree nomenclature--V3)._ The ADS can be used in conjunction with 1

the LPCI system to attain a low enough system-pressure for- injection to
occur. The LPCI system is but one mode of the RHR system-and, as such,-
shares components with other modes,

i-

i. The RHR system is a two-loop ' system consisting of - motor operated _ valves .
' and motor driven pumps. There are -- two pump / heat exchanger trains per ;,

loor with each pump rated at 10,000 gpm with a discharge head of 450
psig. Cooling water flow to the heat ev. changers is not' required' for the
LPCI mode. The LPCI suction source is , the suppression Lpool. A:
simplified schematic of the LPCI (RHR) system is provided by Figure 2.6.
Major components are shown as .well as - the pipe segment definitions- (e 6 .
PS 19) used in the system fault tree,

i
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The LPCI system is automatically initiated and . controlled. Operator j,

intervention is required to manually start the: system given an auto start ;

failure and _ to E s top the system or control flow during . an ATWS : if- ,

required. The success criterion for_ the LPCI system is--injection of. flow
from any one pump to the reactor vessel.

Most of the LPCI system is 1_ocated'in the reactor building. Local access a
to the LPCIE system could be affected by either containment venting or

'

failure. Room' cooling failure - is -assumed to fail : the LPCI pumps :in' 10 3
hours. -t

,

1)pon the receipt of a LPCI . injectio'n signal, start signals are -sentito '

t

all pumps. Loops A and 3 injection- valves 'are subsequently demanded _ to
open when reactor pressure is low enough, and -the test return valves are
demanded to close._ -The LPCI - system is automatically initiated on the '

receipt of- either a low low reactor -water level'(378 inches above -vessel-
zero)- or high drywell pressure (2 psig) -and; low reactor pressure (450.
psig). ,

2.2.8 Residual Heat Removal: Shutdown Cooling ~(SDC) System. -

The function -of the _ SDC system is to remove : decay heat during accidents
'in which reactor vessel integrity is maintained (event tree nomenclature-

W1). The SDC system is but t one mode of the:RHR' system and, as' such,n
shares components with other modes,

,

The RHR system is a two loop system consisting _of motor operated valves
.and mo tor-driven pumps . _ There f are two pump / heat _ exchanger trainsj por
loop, with each _ pump rated at _10,000 gpm with a. discharge head of _20
psid. Cooling water flow - to the heat ~ exchanger is . required for the SDC --

-

mode. The SDC system suction source is one reactor . recirculation pump's
suction line. A simplified schematic of -the SDC -(RHR) system is provided
by Figure 2.7. Major components are shown as well' as the pipe .sogment-

definitions (e.g. ---PS 9) used in the system fault tree., . The_ SDC system:
is annually initiated and controlled. .The success, criterion for the SDC.
system is- injection of flow from any =one pump / heat exchanger' train to the
reactor vessel.

- - s
Most of the SDC system is located in the reactor building, Local access -

~

to the SDC system could be affected: by-;either containment venting; or-
-

,

failure. Room cooling failure is assumed to; fail the- SDC pumps in ten ! 7
hours.

,

SDC is initiated af ter omorgency core (injection' is successful and' reactor
pressure is low. If an inj ection signal . subsequently _ occurs , - the RHR'
-system will automatically be realigned -to. thei LPCI mode. SDC cannot-be
initiated if any of the following conditions exist: '(a)_ reactor-pressure

_

greater than 225 psig, (b) high drywell pressure (scram pressure), or
(c) low reactor water level.

)
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2.2.9 Residual licat Removal: Suppression Pool Cooling (SPC) System

The function of the SPC system is to remove decay heat from the
suppression pool during accidents (event tree nomenclature- W2). The SPC
system is but one mode of the RilR system and, as such, shares components
with other modes.

The RitR system is a two-loop system consisting of motor-operated valves
and motor driven pumps. There are two pump / heat exchanger trains per
loop, with each pump rated at 10,000 gpm with a discharge head of 20
psid. Cooling water flow to the heat exchanger is required for the SPC
mode. The SPC suction source is the suppression pool. A simplified
schematic of the SPC (RllR) system is provided by Figure 2.8. Maj or
components are shown as well as the pipe segment definitions (e.g., PS-
26) used in the system fault tree. The SPC system is 'nanually initiated
and controlled. The success criterion for the SPC system is injection of -
flow from any one pump / heat exchanger train to the suppression pool.

Most of the SPC system is located in the reactor building. Local access
to the SPC system could be affected by either containment venting . or
failure. Room cooling failure is assumed to fail the RRR pumps in ten
hours.

The SPC mode is manually initiated. If an injection signal is generated
subsequent to the initiation of the SPC system, the SPC system will
automatically realign to the LPCI mode. Besides a time delay, a
permissive indicating that the reactor water level is above the shroud
(312 inches above vessel zero) must be' present prior to aligning to the
SPC mode, flowever, this permissive may be overridden by a switch in'the
control room.

2.2.10 Residual Heat Removal: Containment spray (CS) System

The function of the CS system is to suppress pressure in the drywell
during accidents (event tree nomenclature W3). The CS system is but one
mode of the RHR system and, as such, shares components with other modes.

The RHR system is a two-loop system consisting of motor-operated valves
and motor driven pumps. There are two pump / heat exchanger trains per
loop, with each pump rated at 10,000 gpm with a discharge head of 20
psid. Cooling water flow to the heat exchanger is required for the CS
mode. The CS suction source is the suppression pool. A simplified
schematic of the CS (RHR) system is provided by Figure 2.9. Major
components are shown as well as the pipe segment definitions (e.g., PS-
25) used in the system fault - tree. The CS system is manually initiated )
and controlled. The success criterion for the CS system is injection of
flow from any one pump / heat exchanger train to the spray ring.

I
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Most of the CS system is located in the reactor building. Local access
to the CS system could be af fected by either containment venting or
failure. Room cooling failure is assumed to fail the CS pumps in ten
hours.

Reactor water level above the shroud (312 inches above vessel zero) and
high drywell pressure (2 psig) permissive signals must be present before
the CS system can be manually initiated. The water level signal can be

overridden.

2.2.11 Electric Power System (EPS)

The EPS is designed to provide a diversity of dependable power sources
which are physically isolated from each other.

The Peach Bottom station receives power from two separate off sj te
sources. If both offsite sources are lost, auxiliarv mer is supplie f
to both Unit 2 and Unit 3 from four onsite hc.el generators r'm'
between the two units. Loads important to plant safety are spli.t and
diversified. Station batteries provide control power for sp ecifi c
engineered safeguards and for other required functions when AC pour it-

not available. A simplified schematic of the EPS is provided by Figure
2.10.

Each diesel generator unit consists of a diesel engine, a generator, and
the associated auxiliaries mounted on a common base. The continuous
rating of the diesel generators is 2600 W. The engine is rated for a
ten percent overload for any two of every 24 hours.

There are two independent 125/250 V DC systems per unit. Each system is
comprised of two 125 V batteries, each with its own charger. Each 125 V
battery is a lead-calcium type with 58 cells. The chargers are full
wave, silicon controlled r- :tfiers. The two batteries for each unit are
redundant. Loads are diversified between these systems so that each
system serves loads which are identical and redundant. Power for larger
loads, such as de motor driven pumps and valves , is supplied at 250 V
from two 125 V sources. Selected batteries from Unit 2 and from Unit 3
are needed to start Diesel Generators 1, 2, 3 and 4, respectively.

E sdby diesel generator automatically starts. The diesel generator
t 'ed by the operator after determining that-continued operation
c 1 is not required.

the EPS is located in the diesel building and in com-'

p 11 zed rooms within the reactor building. Any physical impact of
acum conditions on the ability of the EPS to perform its function
would be minimal. It is assumed that room cooling is not required for
the ac switchgear or de battery rooms since the heat loads are small and
no sizeable heat loads are near these rooms, Diesel generators are
assumed to fail in less than 30 minutes without room cooling although it
is recognized that diesel performance would degrade before actual failure
of the diesel and provide a warning to the operators that a problem
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l

existed. Possible recovery actions (by opening doors) could therefore 1

take place. Complete failure of the EPS would cause a s,tation blackout, j

After a total loss of ac power, de driven components could operate until l

the station batteries are depleted (estimated at about 6 hours based on
PECO input). 1

Each standby diesel generator automatically starts on total loss of
offsite power, low reactor water level, or high drywell pressure
coincident with low reactor pressure. Two sources.of offsite power are
available to each 4 kV emergency bus. The failure of one offsite power
source results in the automatic transfer to the other offsite source,
When the diesel generators are demanded, essential loads are automati-
cally sequenced onto the emergency bus. Nonessential 480 V loads are
prevented from being automatically sequenced. Each diesel generator can'

be started locally, but can be electrically connected to its bus only
from the main control room.

2.2.12 Emergency Service Water (ESW) System

The function of the ESW system is to provide 'a reliable supply of cooling
water to selected equipment during a loss of offsite power event.

The ESW system is common to both Units 2 and 3. The system has two full
capacity pumps installed in parallel. The normal water supply to the
suction of the ESW pumps is from Conowingo pond. The pump discharge
consists of two headers with service loops to the diesel engine coolers
and selected equipment coolers. The modeled components supplied with
cooling water are the LPCS pumps and pump room coolers, the RHR pumps and
pump room coolers, the HPCI pump room cooler, and the RCIC pump room
cooler. Valves in the supply headars provide 1 cop isolation. A common
discharge header directs effluent to conowingo pond. A simplified
schematic of the ESW system is provided by Figure 2.11. Major components
are shown as well as the pipe segment definitions 'e.g., PS 8) used in
the system fault tree.

The ESW pumps are vertical, single-stage, turbine types with an 8000 gpm
capacity. Their normal discharge head is 96 ft and their shutoff head is
132 ft.

The cooling for all modeled equipment, with the exception of the diesel
generator coolers, is normally provided by the Normal Service Water (NSW) j

system which operates on offsite ac power only. |

Should the preferred flow paths described above be unavailable or the bay
level preclude normal flow path operation, the ESW system may also be |
operated in conjunction with the Emergency Heat Sink (EHS) in a closed or '

open loop fashion. In the closed loop mode, two ESW booster pumps take
return water from various coolers, boost it in pressure, and deliver the I

water to the emergency cooling tower structure. The booster pumps are
horizontal split types, with 8000 gpm flow at a head of 100 psig. One
Emergency. Cooling Water (ECW) pump then takes suction from the cooling
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tower structure. It delivers water through a motor operated gate valve
to the ESW heat loads. The ECW pump and motor are identical to those of
the ESW pumps. The only difference between the ECW pump and the ESV
pumps is pump column length. While the booster pumps veuld normally be
used in this mode, they are not required since it has been demonstrated
by tests that booster pump failure will not fail the cooling function of
the ESW. In the open loop mode, the ECW pump delivers water from the
cooling tower structure, thru the ESW loads, and back to the bay. There
is sufficient water supply in the cooling tower structure to last four
days; hence the open loop mode is considered a success path.

Upon system automatic initiation, the operator checks discharge pressure
for the two primary ESW pumps. If discharge pressure appears normal, the
operator turns off one ESW pump and the ECW pump (the ECW pump also has
an automatic trip in ~45 seconds if the discharge pressure is adequate).
At some later e.ime, if the operating ESW pump trips and the standby ESV c
pump f ails to start, the operator must manually start the ECW pump. In 4the EHS closed loop mode, cooling tower fans must be manually started.
The success criterion for the ESW system is either of the ESW pumps or 1 i

the ECW pump supplying cooling water to system heat loads.
jh

Most of the ESW system is located in pump rooms external to the reactor
and turbine buildings. Any physical impact of accident conditions on the ,;
ability of the ESW system to perform its function would be minimal. Room ]cooling failure is assumed not to fail the ESW pumps, ESW booster pumps,

tand ECW pump,
A. '

Failure of the ESW system would quickly fail operating diesel generators -

and potentially fail the LPCS pumps and RHR pumps. The HPCI pump and i

RCIC pump would fail by a loss of their room cooling 10 hours af ter a
loss of the ESW system if other recovery actions were not taken.

.

Both ESW pumps and the ECW pump start on a diesel start signal or a LOCA '

' signal (low water level /high drywell pressure). If all three pumps start
successfully, the operator will shut off one ESW pump and the ECW pomp.
If the running ESV pump f ails, the other ESW pump will receive an auto
start signal on low discharge pressure.

.

2.2.13 High Pressure Service Water (HPSW) System

The HPSW system is designed to supply cooling water from the ultimate
heat sink to the RHR system heat exchangers under post accident
cenditions and can provide an additional source of vnter to the reactor
vessel (event tree nomenclature V.) through a cross tic to the RHR
injection lines.

The HPSW system consists of four 4500 gpm pumps installed in parallel.
The pumps are a vertical multi stage turbine type with a discharge head
of 700 ft. Each pump is sized to the design heat removal capacity of one
RHR heat exchangor. Normal water supply to the suction of the pumps is
from Conowingo Pond. In the EHS mode of system operation, suction and
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discharge comes from the emergency cooling towers. The pump discharge _is
split into two headers with two pumps in each header. The headers are .

split by a normally closed, motor-operated gate valve. Each header I

delivert water to two RHR heat exchangers in parallel. The pump
discharge head is sufficient to tnaintain the HPSW system at a higher
pressure than the RHR system, thus precluding leakage of radioactivity
and permitting operation in conjunction with the emergency cooling
towers. As an injection source to the reactor vessel, the HPSW discharge
to RHR injection lines is from the pump B/D header. This connects to the
RHR header. A simplified schematic of the llPSW system is provided by
Figure 2.12. Major components are shown as well as the pipe segment
definitions (e.g., PS 10) used in the system fault tree.

The operator is required to initiate the llPSW system. lo initiate the
system in the RHR cooling mode, the operator must start the appropriate
HPSW pump and open the appropriate motor operated discharge valve
depending on which RHR heat exchanger (s) is being used. These discharge
valves are arranged with one valve downstream of each of the four RHR
heat exchangers. To inject water into the reactor vessel via the RHR
system, the operator starts B and/or D HPSW pumps and opens M 176 and M.
174

The success criteria for the HPSW system in the RHR cooling mode is one
of four pumps supplying flow to the appropriate one of four heat
exchangers. This is based upon the RHR system success criteria. 'As a

last effort injection source, either B or D pump must supply flow through
the cross tic and corresponding RHR injection line under depressurized
conditions in :he reactor vessel. Pump A or C can be used with operation
of a cross tie valve.

Most of 'he HPSW system is located in pump rooms external to the reactor.

and turbine buildings. Any physical impact of accident conditions on the
ability of the HPSW system to pot-rm its functions would be minimal
except for the injection valves (MV 174, 176) which are in the reactor
building and could be affected by harsh environments there. Room cooling
failure is assumed not to fail the HPSW pumps.

Failure of the HPSV system in the RHR cooling mode would fail the RRR ,

|j
cooling function. Failure of the HPSW system in the injection mode would
fail one source of water for reactor makeup and containment spray. The
HPSW system is initiated manually, either locally or from the main j
control room. ;

2.2.14 Emergency Ventilation System (EVS)

fThe objective of the EVS is to maintain suitable temperatures in
equipment rooms to preclude component failures.

The EVS cools the following: (1) standby diesel generator rooms, (2)
,

tpump structure service water pump rooms, and (3) pump rooms for the RHR,
' RCIC, HPCI and LPCS pumps. The pump rooms use small individual fan !

h
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coolers in each room. A simplified schematic of the rest of the EVS is
provided by Figure 2.13. Major components are shown as well as the pipe
(duct) segment definitions (e.g., PS 4) used in the system fault tree.

The service water pumps, emergency switchgear, and battery rooms are
assumed not to require room cooling. Pump room cooling loss for the RHR, I

RCIC, HPCI, and LPCS pumps is incorporated into the ESW and individual
system models. Therefore , .the EVS system model does not-include ESW,
RHR, RCIC, HPCI, and LPCS pump room cooling.

Each standby diesel generator room is provided with ventilation air I

supply fans and an exhaust relief damper. Diesel generator room cooling
requires operation of one of two supply fans. Any physical impact of
accident conditic.ns on t.he ability of the EVS to perform its function

.

would be minimal. It is assumed that failure of the EVS would fall
'

operating diesel generators in less than 30 minutes.

Diesel Generator Room Fans 7, 9, 11, and 13 outside air supply dampers
open on 60'F fan discharge temperature and fail open on a loss of
instrument air. Diesel Generator Room Fans 7, 9, 11, and 13 room air
supply dampers close on 65'F fan discharge temperature and fail closed on
a loss of instrument air. Dampors AV27, AV30, AV33, and AV36 open on
Fans 7, 9, 11, and 13 starting signals respectively and fail open on a
loss of instrument air. Fans 7, 9, 11, 13 automatically start on a
diesel generator actuation si nal. Fans 8, 10, 12, and 14 automatically6
start on an automatic start signal of Fans 7, 9, 11, and 13 tespectively.
Diesel generator room supply fans trip on a carbon dioxide discharge.
signal except when a LOCA signal is already present.

2.2.15 Instrument Air System (IAS)

The IAS provides a pneumatic supply to support short term and long term
operations of safety equipment.

The IAS and Service Air System (SAS) consist of three, in parallel, a ri

compressors supplying a common discharge header via individual a. .
receiver tanks, piping, valves, and instrumentation. A fourth air
compressor is tied into the SAS header and is common to both units. Two
compressors, one IAS and one SAS, normally supply all compressed air
requirements. The other IAS compressor serves in a standby capacity. A
simplified schematic of the IAS is provided by Figure 2.14. Shown is the
tie-in with the Instrmnent Nitrogen _ System which is the preferred supply
to the MSIVs and ADS /SRVs. In addition to these compressors, the IAS is
constantly backed up by two diesel compressors (not shown), and can be
served by the Unit 3 IAS/SAS.

Each of the three parallel compressors is a vertical, single stage,
| double acting, non lubricated, reciprocating compressor rated at 377 SCFM

at 100 psig.- Each has an aftercooler, moisture separator, and air
receiver tank.

|
!
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The standby SAS compressor consists of a non lubricated compressor,
af tercooler, moisture separator, and two receivers. This compressor is

,

rated at 400 scfm at 100 psig. |

The IAS supplies clean, dry, oil free air to EHV and ESW system air
valves, the CRD control system, and containment venting air valves and is
a backup to the Instrument Nitrogen System. When offsite power is lost, |
the air compressors trip. The operator is required to manually restart i

the air compressors when power is restored. The success criterion for ;

the IAS is any one of the compressors supplying air to system pneumatic |

loads.

Any physical impact of accident conditions on the ability of the IAS to
perform its functions would be minimal. Room cooling failure is assumed
not to fail the IAS and SAS compressors. Even if this were to occur, the

diesel compressors or Unit 3 compressors could serve the necessary loads.

Failure of the IAS does not directly fail any safety systems because
(1) accumulators are on the MSIVs and ADS valves, (2) instrument nitrogen ;

is the preferred source to the MSIVs and ADS valves, and (3) other safety
systems " fail safe" on loss of air or have dedicated air bottles.

2.2.16 Condensate System (CDS)

The function of the CDS system is to take condens. ate from the main
condenser and deliver it to the reactor at an elevated temperature and
pressure (event tree nomenclature -V1).

The CDS system consists of the condenser hotwell, three condensate pumps,
feedwater heaters and associated piping, valves, and controls. The
condenser hotwell has a working capacity of approximately 100,000
gallons. The condensate pumps provide the required head to overcome the
flow and static resistance of the condensate system, and provide excess
over the suction pressure requirements of the feedwater pumps. The
reactor vessel must be depressurized to approximately 600 psig in order
to use condensate as an injection source without the use of the feedwater
pumps. Injection to the reactor vessel is via a feedwater line. The CDS
pumps have a 10,870 gpm rated flow head. A simplified schematic of the
CDS system is provided by Figure 2.15.

The CDS system is normally running. The success criteria for the CDS
system is removal of decay heat (when the reactor has tripped). This can
be sufficiently accomplished with only one pump train operational.
Virtually all of the CDS system is located in the turbine building.

1

2.2.17 Primary Containment Venting (PCV) System j

| When torus and contejnment sprays have failed to reduce primary I

containment pressure tije PCV is used to prevent a primary containment
pressure limit from be(ing exceeded (event tree nomenclature -Y) .

1
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The pref erred primary containment vent paths include: (1) 2 in torus
vent to the Standby Cas Treatment System (SCTS), (2) 6 in Integrated Leak
Rate Test (ILRT) line free the torus, (3) 18 in torus vent path, (4) 18- |

In torus supply path, (5) 2 in drywell vent to the SCTS, (6) two 3 in
drywell sump drain lines, (7) 6 in ILRT line from the drywell, (8) 18 in
drywell vent path, and (9) 18 in dryvell supply path. A simplified
schematic of the pCV is provided by Figure 2.16.

For decay heat loads alone it is expected that the dryvell pressure rise
will be relatively slow. pCV success in this case is the 6 in vent path

(or larger) being operational.

Current venting procedure requires a vent path to be established if
containment pressure rises to 100 psig (pECO is considering changing this
to 60 psig). In the case of an ATWS, or if it can be inferred that the

suppression pool is being bypassed, the operator is required to directly
establish the 18 in vent paths.

2.2.18 Reactor Building Cooling Water (RBCW) System

The function of the RBCW system is to provide a means of cooling
auxiliary plant equipment which is located primarily in the reactor
building (e.g. recirculation pumps, sump coolers, radwaste, etc.). The
RBCW system is a backup for cooling CRD pumps and IAS compressors and

{
aftercoolers should the TBCW be lost.

,

The RBCW system is a closed loop system consisting of two full capacity
pumps, two full capacity heat exchangers, one head tank, one chemical
feed tank and associated piping, valves, and controls. The RBCW system
is designed for an operating pressure of 140 psig. A simplified
schematic of the RBCW system is provided by Figure 2.17.

The operator uses RBCW to cool certain critical loads if the TBCW system
is lost. The RBCW system usually has one pump continuously operating,

| Control and instrumentation is designed for remote system startup from
the main control room.

The success criteria for the RBCW system is one pump and one heat
exchanger train operating, providing sufficient cooling to the loads,
The cooling water pumps and heat exchangers are located in the reactor
building auxiliary bay. The head tank is located on the reactor building
refueling floor. The specific RBCW loads are distributed throughout
different areas of the plant.

2.2.19 Turbine Building Cooling Water (TBCW) System

The function of the TBCW system is to provide cooling water to auxiliary
plant equipment associated with the power conversion system,

I

The TBCW system is a closed loop system consisting of two full capacity
pumps, two full capacity heat exchangers, one head tank, one chemical

2-31-
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fuel tank and associated pip!ng, valves and controls. A simplified
schematic of the TBCW system is provided by Figure 2.18.

The TBCW system is normally running. One pump is required to supply
cooling to all TBCW loads. The success criteria for TBCW is one of two
pumps and either of the two heat exchangers operating. This will provide
sufficient cooling to the TBCW loads.

The majority of the TCW system including the cooling water pumps, heat
exchangers and associated piping, vals as and controls are located on the
turbine building ground floor. The specific TBCW loads are distributed
throughout different areas of the plant.

2.3 Eyggt Tree Analysis

Event tree analysis involves the identification of the possible accident
sequences for each. initiator. This was done using the event tree
approach which is commonly used in PRAs, Event trees are logic diagrams
at the system level of detail which represent the combinations of system
successes and failures forming possiblo sequences of events following
each initiator. The philosophy behind the event tree analysis for Peach
Bottom was to depict system successes and failures until the status of
the core and containment are safe, vulnerable, or damaged and to display
the status of other systems sufficiently to describe the plant damage
states applicable to each accident sequence.

The construction of the event trees was performed using the knowledge and
experience base already repre'sented by other Boiling Water Reactor (BWR)
PRAs and with consideration of the generic event trees created as part of
earlier ASEP efforts. Two major expansions of previous BWR event tree
work were included, however, in this study:

t

Formal analysis was conducted for more systems capabic of corea.
and containment cooling than considered before. Specifically,
credit for the control Rod Drive (CRD) system and the High

'
Pressure Service Water (llPSW) system as injection sources to the,

reactor vessel was explicitly included in the success criteria
and treated in the event trees and accompanying analyses. In

.

addition, the Shutdown Cooling (SDC), Suppression Pool Cooling
(SPC), and Containment Spray (CS) modes of the Residual lleat
Removal (RHR) system, as well as the latest containment venting
procedures (called containment venting in the tree, Y), were
explicitly analyzed,

b. The event tree analyses explicitly displayed and covered
possible system success and failure paths beyond successful
containment venting or containment failure. Therefore, the
success or failure probabilities associated with continued core
cooling were explicitly and formally analyzed rather than
assumed.
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The above expansion features of the event tree analyses provide, in
general, more realistic analyses subj ec t to less overall conservatism j

than previous analyses. However, as will become evident in the following i

subsections, conservative assumptions were still included in portions of
the analyses so that the core dama6e potential would not be inadvertently j
underestimated. ;

1

Each event tree used in the Peach Bottom 2 external event analysis is
presented in subsequent sections. These sections contain specific
success criteria considerations, assumptions, and a description of the
sequences displayed by each tree. The reader is referred to Section
2.3.8 for the nomenclature used in the event tree headings and resulting
sequence identifien.

2.3.1 General Event Tree Assumptions

There are a number of assumptions which generally apply to the event tree
analyses performed for Peach Lottom.2 regardless of the specific
initiator being examined. These assumptions are listed below with brief
explanations as required:

a. Low Pressure Core Spray (LPCS), Low Pressure Coolant Inj ection
(LPCI), and Ri!R (all modes) pumps are assumed to fail following
successful containment venting or containment failure by
overpressure / temperature conditions.

The suppressio7 pool is assumed to reach near atmospheric
saturated conditions shortly after either successful venting or
containment failure. Partial boiling of the pool water is
assumed to decrease the net positive suction head (NPSil) for the
LPCS/LPCI/Ri!R pumps such the. these pumps cavitate, if running,
causing subsequent failure,

b. LPCS/LPCI/RilR (all modes) pumps, which use the suppression pool
for suction, will successfully operate using pool water at a
temperature approaching 350'F (corresponding to saturation
conditions near the point of containment failure by
overpressure).

This assumption is based on (a) the corresponding pressure
conditions of the containment which will assure adequate NPSil,
(b) the pump seals and bearings being cooled by the Emergency
Service Water system, (c) the findings of General Electric as
reported in Section 5 of Reference 16, and (d) the fact that the
RilR pumps normally pump water approaching such temperatures
during the early phases of plant shutdown,

c. High Pressure Coolant Injection (llPCI ) and Reactor Core
Isolation Cooling (RCIC) will fail at pool temperatures of -210-
260'P,

2- ^
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) In all the accidents of interest, the llPCI system will
i eventually switch suction source from the condensate storage
i tank to the suppression pool automatically on high pool water

I
. level. Following procedures at Peach Bottom,; the operator
! switches the RCIC system when he secs IIPCI switch. Switching

back requires overridin5 certain circuits and the refore . would ;'

: not normally be performed. If, while the systems are running,
the pool water should reach the 210 260'F range (nominally

,

I ~230'F), pump failure for both systems is assumed since those
! pumps are not externally cooled.
!

d. The CRD system in the enhanced mode (two pumps) is assumed to' -

i fail following reactor depressurization for SDC-due to' low NPSil.

The CRD system pumps water from the CST .in the enhanced mode at
approximately 200 gpm, which increases to near 300 gpm following
reactor depressurization. The CST level is assumed to be too

,

low at the time of reactor depressurization for SDC to prevent
CRD pump cavitation due to insufficient NPSil.-

In some event trees, the same event occurs more than once. A system may 4

be successfully utilized in a. sequence and later 'in the same sequence,.

,

following containment venting, may fail due to environmental conditions.
! In this analysis, credit is given for three injection systems (CRD (U4),

Condensate (V1), }{igh Pressure Service Water (V4)) to operate- following
the containment venting event (Y) in many of the event trees. If, in a

i particular event tree, an injection event has been asked before and after
! the containment venting. event , then' these events have different

probabilities, although they have the same designation. In -this
,

situation, the event asked after containment venting refers to the
survivability of the system, or its probability of successfully surviving,

i containment venting. If the event is asked only before containment
venting, it refers to a hardware failure. If the event is asked only

; after containment ventin5, it refers to hardware failure and
survivability.

Core damage in many sequences is described as early or late.- Early core
damage refers to sequences in which loss of all coolant injection occurs
soon after the-initiating event and for which recovery is not performed.
A late core damage designation is found~in the T1 tree for sequences in
which station blackout occurs and either HPCI or. RCIC is functional.
Injection may continue in these sequences for a substantial amount of
time before inj ec tion f ails, and- core damage occurs. _A sequence
designated as containment vulnerable indicates - conditions (temperature
and pressure) in containment which constitute a risk of containment
failure unless containment heat removal is effected.

2.3.2 Discussion of Success Criteria

In- the following subsections, the system success . criteria for each
initiator are - presented. The identification of initiators and the
construction of the corresponding event trees is a very ._ interactive-
process.
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For the most part, the success criteria follow closely those used in the
Limerick Probabilistic Safety Study since Limerick and Peach Bottom have
similar plant thermal ratings and similar emergency core cooling system
designs and capacities. Any specific peculiarities in the criteria are
noted for each initiator in subsequent subsections.

2.3.3 Large Loss of Coolant Accident (thCA) Event Tree

This section contains information on the large lhCA event tree. Success
criteria considerations are presented along with the ' event tree and its
description.

2.3.3.1 Success Criteria

A criterion specific to the large LOCA initiator is described below.

cooling is successful up to the time of con-For scenarios where core
tainment venting or containment failure: one Condensate, one llPSW, or
two CRD pump operation is assumed to be adequate to continue successful
core cooling. This is based on the low decay heat loads reached by that
time (many hours) and the fact that only small flow rates should be
required to maintain sufficient vessel inventory and adequate core
cooling.

2.3.3.2 Event Tree

Figure 2.19 displays the event tree for the large lhCA initiator. The
following discussions define the event tree headings and describe the
sequences presented.

The following event tree headings appear on the tree in the approximate
'

,

chronological order that would be expected following a large LOCA.

6: Initiating event, large LOCA.

Q: Success or failure of the Reactor Protection System (RPS).
Success implies automatic scram by the control rods.

IASI: Success or failure to maintain offsite power.

yl: Success or failure of the LPCS system. Success implies
operation of any two of the four LPCs pumps through either or
both LPCS injection lines,

y),: Success or failure of the LPCI mode of the RilR system.
Success implies operation - of one of four LPCI pumps through
either LPCI injection line to the reactor vessel.

Wl: Success or failure of RilR in the SPC mode. Success implies at
_

least one RilR pump operating in the SPC mode with the
appropriate heat exchanger in the loop along with the llPSW
system in operation to the ultimate heat sink.

2-38
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F): Success or failure of RllR in the CS thode. Succcss implies at"

least one RilR pump operating in the CS mode with the
appropriate heat exchanger in the loop along with the llPSV
system in operation to the ultimate heat sink.

, L Success or failure of containment venting. Success irtplie s

| that the six inch integrated Icak test line or larger size
line is open so as to prevent containment failure by
overpressure. As necessary, water makeup is also eventually
supplied to the suppression pool.

; 21: Success or failure of the Condensate System. Success implies

| at least one pump operating with sufficient makeup .to the
condenser hotwell for a continuing water supply. '

,

I 16: Success or failure of the llPSW system in the inject mode to
the reactor vessel through a LPCI injection line. Success

,

implies manual operation of this injection source such that'

one llPSW pump successfully provides coolant to the reactor.
,

The following descriptions refer to the sequences found in Pigure 2.19,

4

SEQUENCE 1 c. A*C*1DS P*V2*W1

Po11owing the large IDCA (A), the RPS successfully inserts the rods into
the core (/C). Offsite power remains available (/LOSP). liigh pressure,

cooling cannot be utilized because insufficient steam is availabic to run
the turbines and LPCS is initiated to provide core coolant (/V2). The

,

suppression pool temperature is increasing since residual beat from the
reactor is being duroped to it. SPC is initiated to provide suppression

i pool cooling (/W1). With coolant makeup and containment overpressure ?

protection provided, the core and containment are safe.
>

1

SEQUENCE 2 ++ A*C*LOSP*V2*Wi*W3

Same as Sequence 1 except containment overpressure protection is provided
by the CS mode of RllR (/W3) following the failure of SPC (W1).

!

SEQUENCE 3 .. A*C*1DSP*V2*Wi*W3*Y*V1

Same as Sequence 1 except both SPC (W1) and CS (W3) fail. The subsequent
pressure rise in containment is alleviated by containment venting (/Y).

LPCS failure is assumed following containment venting due to insufficient
NPSil for the LPCS purnps. The operator then initiates Condensate (/V1) to
continue to cool the core.

2 40
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| SEQUENCE 4 A*CS LOSP*V2*W1*W3*Y*Vl*V4 !
'

i

i Sante as Sequence 3 except ilPSW provides core coolant (/V4) subsequent to
I Condensate failure (V1).
l

5EQUENCE $ * A*C* MSP*V2*Wi*W3*Y*Vl*V4
2

Same as Sequence 4 except itPSV fails (V4) to cool the core. At this4

point all coolant makmp is lost, which leads to core damage in a vented
containment.

'

SEQUENCES 6 TO 8

Same as Sequences 3 to $ except containment venting fails (Y) leading to
containment failure by overpressurization.

SEQUENCES 9 TO 16
'

,

~

Same as Sequences 1 to 8 except LPCS fails (V2) and LPCI provides inicial
,

low pressure coolant injection (/V3),

SEQUENCE 17 A*C*14SP*V2*V3

Following the large LOCA (A), the RPS successfully inserts the rods into
i- the core (/C). Of f site power remains available (/LOSP) . LPCS and LPCI

fail to provide low pressure core cooling, resulting in early core.
damage,

SEQUENCES 18 TO 19

Same as Sequences 1 and 2 except offsite power is not maintained (14SP).
. Onsite power is established which enables LPCS to cool the core (/V2) and

SPC (/W1) or CS-.(/W3) to provide containment overpressure protection.

!
SEQUENCES 20 TO 21

Same as Sequences 4 and $ except offsite power is lost (LOSP) andy

| Condensate is therefore not available following successful containment
venting.

SEQUENCES 22 TO 23
l -

Same as Sequences 7 and 8 except offsite power is lost (LOSP) and
Condensate is therefore not available following failure of containment
venting.

2-41

_ _ , - - _ . . _ . _ . _ . _ - _ . - - _ _ _ . _ , _ _ . . - _ . _ _ . - - . _ . . _ . . . . . - . - _ - _ . -



_ . ._. . - -- __ ._ - .

i

4

1
SEQUENCES 24 TO 29

Same as Sequences 18 to 23 except LPCI provides initial low pressure core i
cooling (/V3) following LPCS faiture (V2).

SEQUENCE 30 A*C*LOSP*V2*V3

Same as Sequence 17 except offsite power is also lost (LOSP).

SEQUENCE 31 A*C

Following the large LOCA (A), the RPS fails to properly insert the rods
into the core (C). The sequence is not developed further due to its low
probability.

2.3.4 Intermediate LOCA Event Tree

This section contains information on the intermediate lhCA event tree.
Success criteria considerations are presented along with the event tree
and its description.

2.3.4.1 Success Criteria

A criterion specific to the intermediate LOCA initiator is described
below.

For scenarios where core cooling is successful up to the time of con-
tainment venting or containment failure: one Condensate, one HPSW, or
two CRD pump operations is assumed to be adequate to continue successful
core cooling. This is based on the low decay heat loads reached by that
time (many hours) and the fact that only small flow rates should be
required to maintain sufficient vessel inventory and adequate core
cooling.

2.3.4.2 Event Tree

Figure 2.20 displays the event tree for the intermediate LOCA initiator.
The following discussions define the event tree headings and describe the
sequences presented.

The following event tree headings appear on the tree in the approximate
! chronological order that would be expected following an intermediate
'

LOCA. For convenience, high and then low pressure injection systems are
shown first, followed by containment related systems, and finally by
systems capable of long term continued coolant injection.

|

|
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M: Initiating event, intermediate LOCA.

C: Success or failure of the RPS. Success implies automatic
scram by the control rods.

1&E: Success or failure to maintain offsite power.

M: Success or failure of the HPCI system. Success implies
operation of the HPCI system for -12 hours until low primary
system pressure causes isolation of HPCI either automatically
or manually, til' refers to the HPCI system without pump room
ventilation.

R: Success or failure of primary system depressurization.
Success implies automatic or manual operation of the Automatic
Depressurization System (ADS) or manual operation . of other
SRVs such that three valves or more are opened allowing low
pressure injection. An intermediate LOCA may blow the vessel
down sufficiently fast to preclude XI operation.

Y2: Success or failure of the LPCS system. Success implies
operation of any two of the four LPCS pumps through either or
both LPCS injection lines,

yl: Success or failure of the LPCI mode of the RHR system. Success
implies operation of one of four LPCI pumps through either
LPCI injection line to the reactor vessel.

Y4_ : Success or failure of the HPSW system in the inj ect mode to
the reactor vessel through a LPCI injection line. Success
implies manual operation of this injection source such that
one HPSV pump successfully provides coolant to the reactor.

W1.W3: Success or failure of the RHR in the SPC mode or CS mode,
respectively. Success implies at least one RHR pump operating
in either the SPC or CS mode with the appropriate heat
exchanger in the loop along with the HPSW system in operation
to the ultimate heat sink.

X: Success or failure of containment venting. Success implies
| that the six inch integrated Isak test line or larger is open
' so as to prevent containment failure by overpressure. As

necessary, water makeup is also eventually supplied- to the

| suppression pool.
|
' yl: Success or failure of the Condensate system. Juccess implies

at least one pump operating with sufficient makeup to the
condenser hotwell for a continuing water supply,

i

,
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i |

;

; The following descriptions refer to the sequences found in Figure 2.20. l
|

2

SEQUENCE 1 $1*C*lDSP*U1'*V2*W1

Following the intermediate LOCA (SI), the RPS successfully inserts the
rods into the core (/C). Offsite power remains available (/thS P) and
!!PCI (/U1') initially provides core coolant. The primary pressure.

decreases and steam is lost through the break, which eventually fails
llPCI. LPCS is initiaud to continue core cooling (/V2). Residuni heat.
from the reactor is being transferred to the suppression pool. SPC is
successfully initiated (/W1). With LPCS and SPC providing adequate
coolant makeup and containment overpressure protection, the core and
containment are safe."

SEQUENCE 2 $1*C*LOSP*U1' *V2*W1*W3

Same as Sequence 1 except CS (/W3) provides containment overpressure
protection following the failure of SPC (W1).

SEQUENCE 3 S1*C*IDSP*U1'*V2*Wi*W3*Y*V1

Same as Sequence 1 except SPC (W1) and CS (W3) fail to function, which-
causes the pressure to increase in containment. Containment venting is
successful (/Y) which causes the LPCS pumps to fail due to low NPSil.'

Condensate is initiated (/V1) for coolant makeup resulting in no core <

damage in a vented containment.

SEQUENCE 4 S1*C*LOSP*U1'*V2*W1*W3*Y*Vl*V4

Same as Sequence 3 except Condensate fails (V1) and HPSW is initiated to
supply coolant makeup (/V4).i

SEQUENCE 5 S1*C*LOSP*U1'*V2*Wi*W3*Y*V1*V4

Same as Sequence 4 except ilPSW fails to provide coolant makeup (V4),
resulting in core damage in a vented containment.

SEQUENCE 6 S1*C*LOSP*U1'*V2*Wi*W3*YwV1

Same as Sequence 3 except containment venting fails (Y) following the
loss of containment cooling resulting in a pressure rise in containment
which leads to containment failure. This fails .LPCS due to low NPSil.
Condensate is initiated to provide coolant makeup (/V1). This results in
no core damage in a failed containment.

2-45
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|

SEQUENCE 7 - 51*C*LOSP*U1 ' *V2*W1*W3*Y*Vl*V4

i,

Same as Sequence 6 except HPSV provides coolant makeup (/V4) subsequent
to Condensate failure (vi),

SEQUENCE 8 $1*C*LOSP*U1'*V2*Wi*W3*Y*Vi*V4;

Same as Sequence 6 except both Condensate (VI) and llPSW (V4) fail to pro-
vide coolant makeup resulting in core damage in a failed containment,-

SEQUENCES 9 TO 16

Same as Sequences 1 to 8 except early low pressure coolant makeup is
provided by LPCI (/V3) following failure of LPCS (V2),

SEQUENCES 17 TO 24
.

Same development as Sequences 9 to 16 except ilPSW provides early low-
pressure coolant makeup (/V4) following LPCI (V3) failure, llPSW asked
following containment venting refers to survivability.

SEQUENCE 25 - S1*C*LOSP*U1'*V2*V3*V4

Same as Sequence 1 except all efforts to establish early low pressure
core cooling with LPCS (V2), LPCI (V3) and 11PSV (V4) fail, resulting in
early core damage in a vulnerable containment.,

i

SEQUENCES 26 TO $0
i

Same development as Sequences 1 to 25 except ilPCI fails te initiate (U1')
which requires depressurization of the primary system (/X1) to allow the
low pressure systems to provide coolant makeup,

SEQUENCE 51 S1 *C*LOSP*U1'*X1

Same as Sequence 1 except itPCI fails to initiate (U1') and
depressurization of the primary system is unsuccessful (X1), disabling
the low pressure core coolant systems, leading to early core damage in a
vulnerable containment,

SEQUENCES $2 to 57
|

Same development as Sequences 1 to 8 except offsite power is lost (LOSP)
carly in the sequence and onsite emergency power is provided by the
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diesel generators. Since offsite power is act available, Condensate
cannot be asked af ter the containment venting event, resulting in six
sequences instead of eight,

i

SEQUENCES $8 TO 63

Same development as Sequences 52 to 57 except LPCI provides early coolant
!

f makeup (/V3) following LPCS failure (V2).
i

SEQUENCES 64 TO 69

Same development as Sequences 58 to 63 except HPSW provides early coolant
makeup (/V4) following LPCI (V3) failure, itPSW asked following
containment venting refers to survivability.

SEQUENCE 70 . S1*C*LOSP*U1'*V2*V3*V4

Following the intermediate LOCA (S1), the RPS successfully inserts the
irods into the core (/C). Offsite power is lost (LOSP) and onsite power i

is established. HPCI provides coolant makeup (/U1') until the pressure
in the primary reduces sufficiently to initiate the low pressure coolant
systems. LPCS (V2), LPCI (V3) and ilPSW (V4) fail to operate, resulting

,

in early core damage in a vulnerable containment.

|SEQUENCES 71 TO 89
I

Same as Sequences 52 to 70 except llPCI fails to provide early coolant
makeup (U1'), followed by successful depressurization (/X1) of the
primary system to enable low pressure systems to initiate.

SEQUENCE 90 -- S1*C*LOSP*U1'*X1

Following the intermediate LOCA (S1), the RPS successfully inserts therods into the core (/C), Offsite power is lost (LDSP) and onsite power
is established, MPCI fails to provide coolant makeup ' (U1') followed by
unsuccessful primary system depressurization (X1), This disables all
low pressure coolant systems, resultinE in early core damage in a

jvulnerabic containment,
:

SEQUENCE 91 - S1*C
i
!

The RPS does not respond (C) to the intermediate LDCA and the sequence is
{not developed further due to a low probability.
|
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2.3.5 Small-- LOCA L Event _ Tree j
This section- contains information on:- the. small LOCA event tree. - Successi j
criteria considerations are presented: alongL with the _ event _ treeDand its--

description.
;

2.3.5.1 Success Criteria '

i

Two criteria specific to the small LOCA initiator are described below:

-a. For scenarios in which core cooling has been provided;for a period of I
a few hours or moro, two CRD- pump operation is considered-' adequate
for continued - success of core | cooling - should - the n other cooling
systems then fail. This is based on the; low decay heat levels-and ,

_

'relatively- small flow tates required by _that time to make up for the
small-break.-

_

b, For scenarios in which core ' cooling is successful up - to the time of --

s
- containment ' venting - or - containment' failure ,' -- two _ CRD- pumps or:

_

depressurization with operation of either:one: Condensate or one HPSW-
pump is considered to be adequate sto continue- successful core 'l-

cooling. ;

2,3.5.2 Event Treo-

Figure 2.21 displays the event tree for-the-small IDCA initiators. -The' '

following discussions define the event tree --headings 1and: describe the !
sequences presented. '!

.- - i
The following event tree heedings_ appear _on thei treer in - the . approximate
chronological order that would be expected following- a small IDCA _ _For i

convenience, the .Rosidual lleat Removal (RHR) containment cooling choices ; !

are shown early in the tree to - decrease 'theE size of: the event- tree.
Otherwise, _ the o tendency --is to show high -_and; then low pressure , injection'-
systems, followed by containment venting,.and finally long-term continued
core cooling possibilities.

M: Initiating event, small LOCA

G: Success _or fallure of the-RPS. Success implies automatic scram
by the control rods.

LQE: Success or failvre to-maintain offsite power.

Ql: ' Success Ar fallure of- the Power Conversion Sys tem- = (PCS)',
Success implies ~ operation of the balanceL of . plant by - removing-
heat through at least one Main" Steam Isolation-Valve-(MS1V) with
operation of tho' condenser.and circulating water system as well
as one feedwater train.

U1: Success or . failure of the HPCI - sys tem. - -Success implies
operation of the HPCI pump train so as to maintain sufficient -
coolant injection.
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M: Success or failure o f ' the-- RCIC system. Success implies
operation of the RCIC pump - train so as - to-- maintain sufficient
coolant inj ection.

K: -Success or-failure of primary system depressurization~ Success
implies automatic or manual operation . of the ADS or manual-
operation of other SRVs such that three . valves or. more are-
opened allowing low' pressure -injection.

1

y.1: Success or failure of the Condensate system. Success implies at. |
least one pump. operating with sufficient makeup to the condenser -j
hotwell for a continuing water supply,

y2: Success or failure -of the LPCS - system. _ Success - implies .
operation of any two of the . four LPCS. pumps through either -_or. ,

both LPCS injection lines. Conservative requirement sine'e > a i

small LOCA requires less makeup'than two pumps provide,

yl: Success or failure of the LPCI mode of the.RHR system. . Success
implies operation of one'of four LPCI pumps through either.LPCI
injection line to the reactor vessel. ;

yli: Success or failure of the' HPSW system in the inject modo to the.
reactor vessel through a LPCI injection line. Success implies
manual operation of this injection source such that' one~ HPSW
pump successfully provides coolant to the reactor,

,

W1.W3: Success or failure of the RHR system-in the SPC mode or'CS mode,
respectively. Success implies.at least one'RHR. pump. operating
in either the SPC or CS mode with the appropriate heat exchanger
in the loop along with the HPSV system in operation = to' -the
ultimate-heat sink.

M: Success or failure of the CRD system as an inj ection . source.
Success implies one pump operation.

Y: Success or failure of containment venting'. Success implies that
the six inch integrated leak test line or larger size. line is
open so as to prevent containment failure by overpressure, As -

necessary, water makeup is also eventually supplied to the
! suppression pool.

R: Success or failure of the containment to withstand. over-
pressurization. Success implies the containment ruptures before
core damage..

E.1: Success or failure of primary system depressurization. Success
implies automatic or manual operation' of ADS occurs subsequent-
to an initial depressurization to allow low pressure coolant
inj ec tion.
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The following descriptions refer to the sequences found in Figure 2.21.
1

SEQUENCE 1 S2*C*LOSP*Q1

A small LOCA (S2) generates a reactor scram condition and the RPS
successfully inserts the rods into the core (/C). Offsite power is

maintained (/LOSP) and the PCS functions to remove heat from the core
(/Q1), resulting in no core damage in a safe containtnent.

SEQUENCE 2 S2*C*LOSP*Q1*Ul*W1

Same as Sequence 1 except the PCS fails (Ql), HPCI is initiated to
provide core coolant (/Ul), and SPC provides containment overpressure
protection (/Wl).

SEQUENCE 3-1 -- S2*C*LOSP*Ql*Ul*W1*W3*U4

Sarne as Sequence 2 except containment overpressure protection fails with
SPC (W1) failure and CS (/W3) success. HPCI fails due to high
suppression pool temperature reached before CS is initiated and CRD is
initiated to provide coolant makeup (/U4).

SEQUENCES 3-2 TO 3-5

Same as Sequence 31 except CRD fails (U4) and the primary system is
depressurized (/X1) to allow the low-pressure coolant systems to cool the
core. Either Condensate (/V1), LPCS (/V2), LPCI (/V3) or HPSW (/V4)
functions to cool the core,

l

| SEQUENCE 3 6 -- S2*C*LOSP*Q1*Ul*W1*W3*U4*X1*Vl*V2*V3*V4

Same as Sequence 3-2 except all low pressure core coolant systems fail
(Condensate, LPCS, LPCI, HPSW) resulting in core damage in a vulnerable
containuent.

SEQU5NCE 3 7 -- S2*C*LOSP*Ql*Ul*Wi*W3*U4*X1

Same as Sequence 3-1 except CRD fails to provide coolant makeup (U4) and
subsequent primary system depressurization is unsuccessful (X1) . Since
all low pressure cooling systems are disabled, core damage results in a
vulnerable containment.

|
|
,
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I

SEQUENCE 4 1 - S2*C*LOSP*Q1*Ul*W1*W3*U4*Y*U4 ' |

Same as Sequence 2 until both SPC (W1) and CS (W3) fail to provide con- |
tainment overpressure protection. HPCI eventually trips on high
suppression pool temperatures (U1) and CRD -- is initiated (/U4). High
containment pressure is reduced by containment venting (/Y). CRD

survives the venting event and continues to provide coolant makeup,
resulting in no core damage in a vented containment.

SEQUENCES 4 2 TO 4 3

Same as Sequence 4-1 except CRD does not survive containment venting (U4)
and the primary system is depressurized (/X1) to allow Condensate (/V1)
or llPSW (/V4) to continue core cooling.

SEQUENCE 4 4 -- S2*C*LOSP*Ql*Ul*W1*W3*U4*Y*U4'*X3*Vl*V4

Same as Sequence 4 3 expect both Condensate (V1) and ilPSW (V4) fail to
provide core cooling, resulting in core damage in a vented containment.

SEQUENCE 4 5 - S2*C*LOSP*Q1*Ul*W1*W3*U4*Y*U4'*X3

Same as Sequence 4-2 except reactor depressurization is unsuccessful
(X3), precluding the use of any low pressure coolant systems, resulting
in core damage in a vented containment,

i SEQUENCES 4.6 TO 4-10
l

| Same as Sequences 4-1 to 4 5 except containment venting is _ unsuccessful
(Y) and overpressurization soon causes containment failure. All sequence
outcomes are the same except the containment is not vented but failed. I

SEQUENCE 4 11 - S2*C*LOSP*Q1*Ul*W1*W3*U4*Y*R*U4 '

Same as Sequence 4 1 except containment venting is unsuccessful (Y) and
rupture of the containment does not occur (R), although a leak .in the
containment has developed, CRD survives and continues to provide core
coolant resulting in no core damage in a leaking containment.

SEQUENCE 4 12 - S2*C*LOSP*Q1*Ul*W1*W3*U4*Y*R*U4'

Same as Sequence 4-11 except CRD does not survive the containment over-
pressurization and leak, resulting in core damage in a leaking
containment.
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SEQUENCES 4-13 TO 4 16

Same as Sequences 4 2 to 4 5 except CRD does not operate following llPCI
failure (U4), the primary system is depressurized (/X1), and Condensate
continues core cooling (/V1) prior to venting.

SEQUENCES 4 17 TO 4 20

Same as Sequences 4-13 to 416 except containment venting fails (Y) and
the containment ruptures (/R).

SEQUENCE 4-21 -- S2*C*LOSP*Q1*Ul*W1*W3*U4*X1*Vl*Y*R

Same as Sequences 4 17 to 4 20 except the containment does not rupture
(R) but only leaks following failure of containment venting. Increasing

containment pressure eventually causes closure of the SRVs and a pressure
rise in the vessel which precludes low pressure cooling, and core damage
results in a leaking containment.

SEQUENCE 4 22 - S2*C*LOSP*Ql*Ul*W1*W3*U4*X1*Vl*V2*Y*X3*V4

A small LOCA (S2) occurs which generates a reactor scram condition and
the RPS successfully inserts the rods into the core (/C). Offsite power

is maintained (/LOSP) and the PCS fails to remove heat from the core
(Q1). IIPCI is initiated for coolant makeup (/Ul). Containment
overpressure protection fails using SPC (Wl) and CS (W3), which
eventually fails I!PCI due to high suppression pool temperatures. CRD

fails to supply sufficient makeup (U4) and the primary system is
depressurized (/X1). Condensate fails (V1) followed by successful

lii h containment pressure isoperation of LPCS (/V2) to cool the core, 6
alleviated by containment venting (/Y), which fails LPCS due to low NPSil.
The reactor is again depressurized (/X3) and llPSW continues core cooling
(/V4), resulting in no core damage in a vented containment.

SEQUENCE 4- 2 3 -- S2*c*LOS P*Ql*Ul*W1*W3*U4*X1*Vl*V2*Y*X3*V4

Same as Sequence 4 22 except ilPSW fails to initiate (V4) following
containment venting, at which point all coolant makeup is lost, resulting
in core damage in a vented containment.

S EQUENCE 4 - 24 - - S 2*C*LOS P*Q1*Ul*W1*W3*U4*X1*Vl*"2*Y*X3

Same as Sequence 4-22 except reactor depressurization following
containment venting is unsuccessful (X3), precluding the use of IIPSW,
resulting in core damage in a vented containment.
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SEQUENCES 4-25 TO 4 27
|

Same as Sequences 4 22 to 4 24 except containment venting is unsuccessful .

'
(Y) and the containment ruptures (/R),

SEQUENCE 4 26 S2*C*LOSP*Ql*Ul*Wi*W3*U4*X1*Vl*V2*Y*R

Same as Sequences 4 25 to 4-27 except the containment does not rupture
~

(R) following containment venting which recloses the SRVs and precludes
reactor depressurization and HPSW initiation, resulting in core damage in
a leaking containment.

SEQUENCES 4 29 TO 4 35

Same as Sequences 4-22 to 4 28 except LPCS fails (V2) prior to
containment venting and LPCI provides coolant makeup (/V3),

,

SEQUENCES 4 36 TO 4 42

Same as Sequences 4 29 to 4-35 except LPCI also fails (V3) and HPSW
provides coolant makeup (/V4) prior to containment venting.

SEQUENCE 4 43 - S2*C*LOSP*Q1*Ul*W1*W3*U4*X1*Vl*V2*V3*V4

i Sequences 4 36 to 4 42 except HPSW fails (V4), which leaves noSame as
system available for coolant makeup, resulting in core damage in_a
vulnerable containment.

! SEQUENCE 4-44 S2*C*LOSP*Q1*Ul*W1*W3*U4*X1

Same as Sequence 4-22 until reactor depressurization is unsuccessful (X1)
following CRD failure. All low pressure coolant makeup is now lost,
which leads to core damage in a vulnerable containment.

SEQUENCES 5 TO 7

Same as Sequences 2 to 4 except RCIC provides early high-pressure coolanti

makeup (/U2) following HPCI failure (U1),

SEQUENCES 8 TO 9

A small LOCA (S2) occurs which generates a reactor scram condition and
the RPS successfully inserts the rods into the core (/C). Offsite power

.

; .
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is maintained . (/LOSP) and the PCS q fails Ito remove - heat' from the core.
(Q1). HPCI (U1) and RCIC (U2) fail to provide high pressure -coolant
makeup. The reactor is'depressurized-(/X1) and-Condensate successfully
provides coolant makeup (/V1). Containment; overpressure. protection is
provided by SPC (/W1) or CS (/W3), resulting;in no core damage in: a safe-
contairunent.

SEQUENCE 10 1;- 'S2*C*LOSP*Q1*Ul*U2*X1*Vl*Wi*W3*U4*Y*U4'

=l
Same as Sequence 8'until SPC (W1).and CS-(W3) fail to provide containment
overpressure _ protection, resulting in the eventual loss of Condensate _due-
to high primary system - pressure, which occurs af ter SRVs shut on high .
containment pressure. CRD is ~ initiated (/U4) - to cool the core. High
containment pressure is alleviated by venting (/Y). CRD continues - to.
cool the core resulting in no core damage.in a vented. containment.

SEQUENCES 10 2 TO 10-_3
f

Same as Sequence 10-1 except CRD- does not : survive containment venting,
the - reactor is depressurized (/X3), and Condensate. (/V1) or HPSW (/V4)
provides coolant makeup.

SEQUENCE 10 4 - S2*C*LOSP*Q1*Ul*U2*X1*Vl*Wi*W3*U4*Y*U4'*X3*Vl*V4

Same as Sequence 10-2 except Condensate (V1);and HPSW (V4) fail, at which
point all coolant makeup is lost, resulting in core damage in a vented.-

containment.

SEQUENCE 10 5 -- S2*C*LOSP*Q1*Ul*U2*X1*Vl*Wi*W3*U4*Y*U4'*X3-

Same as Sequence 10 1 except _CRD does not survive containment venting
(U4) and reactor depressurization is unsuccessful (X3),--leading' to core
damage in a-vented containment.

SEQUENCES 10 6 TO 10 10

Same as_ Sequences 10-1 to 10-5 except the containment is not vented-(Y)- 4

and eventually ruptures (/R).

SEQUENCE 10 11 - S2*C*IDSP*Q1*Ul*U2*X1*Vl*W1*W3*U4*Y*R*U4 *
i

| Same as Sequence 10 6 untti the containment does not rupture but forms a
leak, which does not affect CRD operation,' resulting in' no core . damage in
a leaking containment.
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SEQUENCE 10 12 -- S2*C*LOSP*Q1*Ul*U2*X1*Vl*W1*W3*U4'*Y*R*U4.

Same as Sequence -10-11 except .CRD- does . not operate following the leak in.
~

.

containment (U4), resulting-in core damage in a vulnerable' containment.

i

SEQUENCES 10-13 TO 10 14
'

Same as Sequence 10-1 until CRD fails to initiate (U41'following'the. loss-
of Condensate. .. Th e containment is vented (/Y) to- relieve the pressure -

and following reactor depressurization '(X3), Condensate' ~(/V1): or llPSW
(/V4) provides core coolant, resulting in no core damage in a vented .,

containment.

SEQUENCE 10 15 - S2*C*LOSP*Q1*Ul*U2*X1*Vl*Wi*W3*U4*Y*X3*Vl*V4'.

Same-as Sequence 10-13 except both Condensate .(V1)' f and IIPSW (V4) fail,
_

leaving no system available for coolant makeup, resulting;in core damage
in a vented containment.

SEQUENCE 10 16 - S2*C*LOSP*Q1*Ul*U2*X1*Vl*Wi*W3*U4*Y*X3 _3

Same as Sequence 10-13 except . reactor depressurization is unsuccessful'
(X3) following containment venting, - which leaves Condensate .and Ji!PSV
unavailable for coolant makeup, resulting' in core damage . in - aivented--

!

containment.

SEQUENCES 10 17 T0 10 20

Same as Sequences 10-13 to _10f 16 except containment venting . is
.

unsuccessful (Y), leaving the containment overpressurized,' resulting: in
eventual rupture of the containment (/R).

SEQUENCE 10 21 -- S2*C*LOSP*QL*Ul*U2*X1*Vl*Wi*W3*U4*Y*R i

Same as Sequence 10 17 except ,(R) ,. and . core damage results in'~ a . -!-

vulnerable containment,
q

SEQUENCES 11 TO 12

Same as Sequences 8 to 9 except LPCS . provides coolant makeup (/V2)
following Condensate failure (V1) .

SEQUENCE 13 1 - S2*C*1DS P*Q1*Ul*U2*X1*Vl*V2*W1*W3*U4*Y*U4'

Same as Sequence 11 until containment cooling with SPC (Wl) and-CS (W3)
fails. liigh containment pressure eventually clnses the SRVs~, which
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allows the primary system pressure to increase, resulting in the loss of
LPCS (V2). CRD is successfully initiated in the'one pump mode (/U4) to
continue coolant makeup. Containment overpressure protection is
accomplished by containment venting (/Y). CRD continues to provide
coolant makeup, resulting in no core damage in a vented containment.

SEQUENCE 13 2 S2*C*lhSP*Q1*Ul*U2*X1*Vl*V2*Wl*W3*U4*Y*U4'*X3*V4

Same as Sequence 131 except CRD does not survive containment venting |
(U4), the reactor is depressurized (/X3) to allow HPSW to continue. I

coolant makeup (/V4).

SEQUENCES 13 3 TO 13 4

Same as Sequence 13 2 except either HPSW fails (V4) or reactor
depressurization fails (X3), leaving no systems .available for coolant
makeup, resulting in core. damage in a vented containment.

SEQUENCES 13-5 TO 13-8

Same as Sequences 131 to 13 4 except containment venting fails (Y) and
the containment eventually ruptures (/R),

SEQUENCE 13 9 - S2*C*LOSP*Q1*U1*U2*X1*Vl*V2*W1*W3*U4*Y*R*U4'

Same as Se-quence 13 5 except (R) but develops a leak, CRD continues to
provide coolant makeup, resulting in no core damage .in a leaking
containment.

SEQUENCE 13 10 -- S2*C*LOSP*Ql*Ul*U2*X1*Vl*V2*Wi*W3*U4'*Y*R*U4

Same as Sequence 13-9 except CRD does not continue to operate following
the leak in containment (U4), resulting in core damage in a vulnerable
containment.;

SEQUENCE 13-11 -- S2*C*LOSP*Q1*Ul*U2*X1*Vl*V2*Wi*W3*U4*Y*X3*V4

Same as Sequence 131 except CRD fails to initiate (U4) following the
loss of LPCS. The containment is vented (/Y) and the primary system is
depressurized (X3) to allow HPSW to provide coolant makeup (V4),
resulting in no core damage in a vented containment.
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SEQUENCES 13-12 TO 13 13

Some as Sequence 13 11 except either HPSW fails (V4) or reactor
depressurization is unsuccessfn; (X3), leaving no core coolant system
available, resulting in core damage in a vented containment.

SEQUENCES 13 14 TO 13 16

Same as Sequences 13 11 to 13 13 except containment venting fails (Y) and
the containment ruptures (/R). |

|

:

SEQUENCE 13 17 - S2*C*LOSP*Q1*Ul*U2*51*Vl*W*W1*W3*U4*Y*R

Same as Sequence 13 14 except (R), causing closure of the SRVs and hence
no low pressure cooling, resulting in core damage in a vulnerable
containment.

SEQUENCES 14 TO 16

Same as Sequences 11 to 13 except LPCI provides early low pressure
coolant makeup (/V3) following LPCS failure (V2).

SEQUENCES 17 TO 19

Same as Sequences 14 to 16 except HPSW provides early low pressure
coolant makeup (/V4) following LPCI failure (V3).

SEQUENCE 20 S2*C*LOSP*Q1*Ul*U2*X1*Vl*V2*V3*V4

'
Same as Sequence 17 except HPSW fails to operate (V4). At this point alli

core coolant systems are lost, resulting in early core damage in a
vulnerabic containment.

SEQUENCE 21 -- S2*C*LOSP*Q1*Ul*U2*X1

Following the small LOCA (S2) and successful reactor scram (/C), offsite
power is maintained (/LOSP) . The PCS fails to remove heat from the core
(Q1). Both high-pressure injection systems, HPCI (U1) and RCIC (U2),
fail to operate. Depressurization of the reactor is unsuccessful (X1),
which leaves no system availabic for coolant makeup, resulting in early
core damage in a vulnerable containment.

SEQUENCES 22 TO 38

Same as Sequences 2 to 21 except offsite power is not maintained (LOSP)
carly in the sequence. Onsite emergency power is utilized for core
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cooling systems, with the- exception -off the Condensatie ; system, which-

requires offsite power to operate. _ All- sequence' outcomes are the same,
except the success paths for Condensate : events in the' tree are >

eliminated;

SEQUENCE-39 - S2*C

The RPS fails to . scram the reactor (C) . following the small- LOCA -(S2) .
This sequence has a low probability and-is not developed;further,

,

- 2 .= 3 . 6 Loss of Offsite. Power Event Tree
'

This section ' contains, information on the loss of offsite power = event.

tree. Success criteria considerations-are presented along with the= event
tree and its description.

2.3.6.1: Success Criteria

Two criteria specific -to the . loss of of fsite ' power ' initiator are
described below:

a, For scenarios in which core cooling has been provided for a period of
approximately 6 to 8 < hours or more , - one CRD_ pump - operation is
considered adequate for continued success of core cooling. This is
based on the low decay ' heat levels = reached by that e time nwith no - ,

significant _ breach 'of _ the primary system. While the CRD failure
model explicitly treats only the two pump - criteria . for succe s s ,-
single pump operation was treated _as success during these long-term
scenarios by eliminating (by hand) failures of the 5 CRD system which-

would. fail only one pump,

b. For scenarios in' which core cooling :is successful up to; the titte of .

''containment venting or containment . f ailure , _ one CRD pump - or
depressurization with one HPSW pump? operation -is considered - to be

~

.

adequate to-continue successful core cooling.

2.3.6.2 Event Tree

Figure 2.22 displays the _ event tree .for the iloss of offsite power
initiator. . The entire PCS, Feedwater, and 1 Condensate systems -are not
shown in the tree since_ loss of offsite-power also: prevents operation of
these systems. Should offsite power be. restored, these. systems could be.
used to mitigate the event. The following discussions. define -'the event
tree headings and describe the sequences presented,--

The following event. tree headings appear on .the tree- in the approximatec.

i' chronological order that would1be expected following a loss of offsite-
: power._ Fori convenience, the- RHR containment cooling choices are ishown

early in :the tree to decrease the size of ^ the event tree. Otherwise, the
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tendency is ' to show Thigh and L then -low ': pressure inj ection 2 systems ,
followed by containment venting, and finally ~ 1ong* term continued core
cooling possibilities. .In addition,-onsite ac power restoration is shown.
as.a' specific event so that station _ blackout-sequences.can be explicitly
depicted.'

Il: Initiating event, loss <of offsite power.

.Q : Success or' failure : of thei RPS. Success o implies ' automatic
scram by the control rods - ;

11 : Success'or f ailure o f ' Re ac tor-- Coolant Sys tem' _ (RCS) ,

overpressure protection . (if required)_- by automatic operation;
,

of the SRVs. Success implies prevention.of RCS overpressure j
so as to avoid damage to the primary system.

E: Success or failure associated'vith reclosing of any SRVs which
should -- open in response to reactor vessel' pressure rises i

throughout the : sequence. Success - implies -reclosure _ of all-
valves when vessel pressure drops below the closure setpoints.-
P1, P2 and.~ P3 refer to . the. failure to reclose one, two and 4

three SRVs, respectively.

11 : Success or failure of the onsite ac power system (diesel
generators and associated equipment: and emergency buses) in j

'

response to the -loss of offsice i power. . . Success implies
operation of at least'one emergency ac power division so that
ac powered mitigating systems can -- be : utilized, _ Failure-

implies loss of all ac, or station blackout.,

E: Success or failure of the 11'PCI system._ Success implies
operation- of the llPCI_ pump train -so as to . maintain sufficient
coolant injection. U1' refers to'the.llPCIisystem without pump,

room ventilation.'

! E: Success or failure of :the | RCIC system. Success implies?
operation of the_RCIC~ pump train so as-to maintain sufficient-

' coolant injection - U2' refera to the RCIC ! system without pump
: room-ventilation.-

[ M: Success or failure of primary - system ..depressurization.-

; Success implies automatic or manual 1 operation ofitheL ADS or.
. manual operation of other SRVs such -that three' valves or ;more.

1 are openod' allowing low pressure injection.
a

: E: Success or' failure of the CRD system as - an injection source.
SucGsss implieh tW6 putiip 6p6fation,1

'

j -- E: Success or failure of the - LPCS - system. . Success _ implies
; operation of any two 'of the four LPCS pumps = through either or

both LPCS -injection lines.
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yl: Success or failure of the LPCI mode of the RilR system. Success i
implies operation of one of four LPCI pumps through either ;

LPCI injection line to the reactor vessel.

y!t: Success or failure of the llPSW system in the inject mode to
the reactor vessel through a LPCI injection line. Success
implies manual operation of this injection source such that
one llPSW pump successfully provides coolant to the reactor.

F1.W2.W3: Success or failure of the RilR system in the SPC, SDC, or CS
,

mode, respectively, Success implies at least one RilR pump
operating in any one of the three modes with the appropriste
heat exchanger in the loop along with the llPSV system in
operation to the ultimate heat sink.

K2: Success or failure of primary system depressurization. ,

Success implies automatic or manual operation of any three of
eleven ADS valves to allow the SDC mode of RilR to be
initiated.

l!!t: Success or failure of the CRD cystem as an injection source.
Success implies operation in the one pump mode.

X: Success or failure of containment venting. Success implies
that the six inch integrated leak test line or larger size
line is open so as to prevent containment failure by-
overpressure. As necessary, water makeup is also eventually
supplied to the suppression pool.

,

R: Success or failure of the containment to withstand over-
pressurization. Success implies the containment ruptures
before core damage,

D: Success or failure of primary system depressurization.
Success implies automatic or manual operation of - ADS occurs
subsequent to initial depressurization to allow low -pressure
coolant injection.

The following descriptions refer to the sequences found-in-Figure 2.22.

SEQUENCE 1 - Tl*C*M*P*B*Ul*W1

A - loss-of offsite power occurs (Tl) which generates a reactor scram
condition and the RPS successfully inserts the rods into the core (/C).
The SRVs properly cycle to control reactor pressure (/M, /P) and onsite
emergency ac power is established (/B), llPCI is initiated (/U1) for core
cooling and SPC is initiated (/W1) for containment overpressure
protection, resulting in a safe core and containment.

|
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SEQUENCE 2 - T1*C*M*P*B*Ul*W1*X2*W2

Same as Sequence 1 but SPC fails to provide containment overpressure
protection (Wl) and SDC is initiated (/W2) following reactor. i

depressurization (/X2),

SEQUENCES 3 1 TO 3 4

Same as Sequence 2 except SDC fails (W2) and CS continues to provide
containment overpressure protection (/W3), llPCI has failed due to high

suppression pool temperatures and either CRD (/U4), LPCS (/V2), LPCI
'

(/V3) or llPSW (/V4) continues core cooling,

SEQUENCE 3 5 -- T1*C*H*P*B*Ul*Wi*X2*W2*W3*U4*V2*V3*V4

Same as Sequences 3 1 to 3 4 except CRD (U4), LPCS (V2), LPCI (V3) and
llPSW (V4) fail, leaving no system available to cool the core, resulting
in core damage in a vulnerable containment.

SEQUENCE 4 1 -- Tl*C*M*P*B*Ul*Wi*X2*W2*W3*U4 Y*U4'

Same as Sequence 2 except SDC fails -(W2), followed by CS failure (W3),
leaving the containment without overpressure protection. ilPCI eventually
fails dae to high suppression pool temperatures and CRD is initiated in
the one pump mode (/U4), The containment is successfully vented (/Y) and
CRD continues to provide core coolant, resulting in no core damage in a
vented containment.

SEQUENCE 4 2 - Tl*C*M*P*B*Ul*Wi*X2*W2*W3*U4*Y*U4'*X3*V4

Same as Sequence 41 except CRD fails during containment venting (U4) .
Prior to containment venting, due to the loss of containment overpressure
protection, high containment pressure forces the SRVs closed and the
primary system pressure increases before injection is restored with CRD.
The reactor is depressurized (/X3) and ilPSW provides ccre coolant (/V4).

SEQUENCES 4-3 TO 4-4

Same as Sequence 4-2 except itPSW fails (V4), or reactor.depressurization
prior to ilPSW operation is unsuccessful (X3), resulting in core damage in l

'a vented containment.

2-69
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k

SEQUENCES 4 5 TO 4 8

Same as Sequences 4 1 to 4-4 except containment venting fails (Y). and the-
~

containment ruptures before core damage (/R),
- >

|

SEQUENCE 4 9 T1*C*M*P*B*Ul*Wl*X2*W2*W3*U4*Y*R*U4' |

Same as Sequence 4-8 except the- containment - does not rupture _-(R) - but
develops a 1.eak. CRD. continues to operate, -resulting in no core damage
in a leaking containment.

SEQUENCE 4-10 Tl*C*M*P*B*Ul*Wi*X2*W2*W3*U4'*Y*R*U4"
. - ~ . - !

'

'Same as Sequence 49 except CRD does not continue -- to . operate - (U4);
following th'e containment leak.and because.of high containment pressure,-

ADS cannot relieve primary pressure nto allow HPSW ito operate, resulting. a
'in core damage in a leaking containment.

SEQUENCE 4 11 - Tl*C*M*P*B*Ul*W1*X2*W2*W3*U4*V2*Y*X3*V4
.

Same as Sequence 41 except CRD ' does not operate '(U4)_. following HPCI
failure' LPCS is initiated (/V2) _ to- continue core cooling - and the.

containment is eventually vented (/Y). The LPCS pumps then fail due. to -
low NPSR and the reactor is depressurized.to allow HPSW to cool the core
(/V4), resulting in a safe core in a vented containment.

SEQUENCES _4 12 TO 4 13

Same as Sequence 4-11 except HPSW fails _(V4), or; depressurization _ p'rior--
to . HPSW operation fails (X3), resulting in core - damage _ ~ in a - vented-
containment.

SEQUENCES 4-14 TO 4 16
.

-

-

4

Same as Sequences 4 11 to 4-13 except containment-venting is unsuccessful- '

(Y) and the containcent ruptures before core damageL(/R).

SEQUENCE 4-17 -- Tl*C*M*P*B*Ul*W1*X2*W2*W3*U4*V2*Y*R

Same as . Sequence 4-11 except containment venting fails (Y)_and the
j containment does not rupture _(R), thereby closing the SRVs - due to .high |
|

containment pressure and preventing low pressure cooling'. This results i

p in core damage in a leaking containment,
l
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|

SEQUENCES 4 18 TO 4-24

Same as Sequences 4-11 to 4 17 except, following LPCS failure (V2), LPCI |
provides core coolant (/V3) prior to containment venting. j

1

I

SEQUENCES 4 25 TO 4-31 1
,

Same as Sequences 4 18 to 4 24 except, following LPCI. failure (V3), llPSW
'provides core coolant (/V4) prior to containment venting.

SEQUENCE 4-32 - Tl*C*M*P*B*Ul*W1*X2*W2*W3*U4*V2*V3*V4

Same as Sequence 4-11 except LPCS (V2), LPCI (V3), and llPSW (V4) fail and
all core cooling is lost, resulting in core damage in a vulnerable
containment.

SEQUENCE 5 1 Tl*C*M*P*B*Ul*Wi*X2*W3*U4

Same as Sequence 2 except reactor depressurization for SDC is
unsuccessful (X2) and CS is initiated to provide containment overpressure
protection (/W3). IIPCI has failed due to high suppression pool
temperatures before CS is established and CRD is initiated - to cool the
core (/U4), resulting in a safe core and containment.

SEQUENCES 5 2 TO 5 4

Same as Sequence 5-1 except CRD fails to provide coolant injection (U4),
the reactor is depressurized (/X1), and LPCS (/V2), LPCI (/V3) or llPSW
(/V4) provide core cooling.

SEQUENCES 5-5 TO 5 6

Same as Sequence 5 2 except either reactor depressurization fails (X1) or
LPCS (V2), LPCI (V3) and ilPSW (V4) fail following depressurization,
resulting in core damage in a vulnerable containment.

'

SEQUENCE 6 1 -- T1*C*M*P*B*Ul*W1*X2*W3*U4*Y*U4'

Same as Sequence 5 except CS fails (W3), resulting in the loss of all
containment overpressure protection. liigh suppression pool temperatures
fail llPCI, and CRD (1 pump mode) is initiated for core coolant (/04).
Increasing containment pressure is relieved by containment venting (/Y).
CRD survives venting and the core is safe in a vented containment.

|
!
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i

SEQUENCE 6'2 -- T1*C*M*P*B*Ul*Wi*X2*W3*U4*Y*U4'*X3*V4

Same as Sequence '6 2 except CRD does not survive. containment venting, . the l
=Ireactor is depressurized (/X1),: and- HPSW continues core cooling--(/V4) .
,

I
"

SEQUENCES 6 3 TO 6 4

Same as Sequence 6 2.except either reactor depressurization. fails . (X1), .

or. HPSW fails (V4)-- following reactor depressurization, : leading to core fj
damage in a vented containment. ;

SEQUENCES 6 5 TO 6 8

Same as Sequences 6 1-to 6-4 except containment-venting _is' unsuccessful
(Y) and the. containment ruptures (/R)'.

___ __ _ - I

SEQUENCE 6 9 - T1*C*M*P*B*Ul*Wi*X2*W3*U4*Y*R*U4'

Same as Sequence 6 5 except - the containment .does - not rupture (R), but
develops a leak. This causes closure: of the _ SRVs and . the--inability z to
use low pressure cooling. CRD continues coolant inj ection,- resulting in-
no core damage in a leaking containment.

SEQUENCE 6-10 -- T1*C*fi*P*B*UI*W1*X2*W3*U4'*Y*R*U4

Same as Sequence 69 except CRD fails (U4) >following the 3 containment
,

leak, at which point all cool' ant _ makeup.is. lose, resulting in-core damage ~

in a vulnerable containment, i

SEQUENCE-6-11 -- Tl*C*M*P*B*Ul*W1*X2*W3*U4*X1*V2*W2

Same development as Sequence 61 until CRD fails to initiate -(U4) follow-
ing HPCI failure. The reactor. is depressurized ' (/X1)' . to _ initiate LPCS
for coolant injection (/V2). The reactor is sufficiently depressurized
to initiate late SDC for containment ~ overpressure protection (/W2),
resulting in a' safe core and containment,

l
SEQUENCE 6-12 Tl*C*M*P*B*Ul*Wi*X2*W3*U4*X1*V2*W2*Y*X3*V4 )

l

Same as ' Sequence 6-11 except. SDC- fails to provide containment
overpressure protection (W2), ollowed by : successful ' venting of the'

containment (/Y). Coolant inj ec tion -is restored using HPSW ;-(/V4)
following reactor depressurization (/X3), resulting in a safe core in a
vented containment.

_
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SEQUENCES 6 13 TO 6-14

Same as Sequence 6 12 except either reac:or depressurization fails (X3)
or HPSW fails (V4) following reactor depressurization, resulting in core
damage in a vented containment.

SEQUENCES 6 15 TO 6 17

Same as Sequences 6 12 to 6-14 except containment venting fails (Y) Tnd
the containment ruptures (/R).

SEQUENCE 6 18 Tl*C*5*P*B*UI*W1*X2*W3*U4*XI*V2*W2*Y*R

Same as Sequence 6-11 until containment overpressure protection with SDC
fails (W2), followed by failure of containment venting (Y), The

containment does not rupture (R), disallowing use of low pressure systems
because of closure of the SRVs. Core damage results in a vulnerable
contai:unent.

SEQUENCES 6-19 TO 6-26

Same as Sequences 611 to 618 except LPCI provides coolant makeup (/V3)
following failure of LPCS (V2).

SEQUENCES 6 27 TO 6-34

Same as Sequences 619 to 6 26 except HPSW provides coolant makeup (/V4)
following failure of LPCI (V3) .

. SEQUENCE 6 35 - Tl*C*M*P*B*Ul*Wi*X2*W3*U4*X1*V2*V3*V4
l
|

Same as Sequence 6 11 until LPCS fails (V2) following reactor
depressurization, followed by failure of both LPCI (V3) and llPSW (V4), at
which point all coolant makeup is lost, resulting in core damage in a
vulnerable containment.

SEQUENCE 6 36 - Tl*C*M*P*B*Ul*Wi*X2*W3*U4*X1 .

I

Same as Sequ"nce 611 until CRD fails to continue coolant makeup (U4) J
following itPCI failure. Reactor depressurization fails (X1), which |
disables all low-pressure core cooling systems, resulting in core damage '

in a vulnerable containment,

i
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.

SEQUENCES 7 TO 12

Same as _ Sequences 1 to 6 except ' RCIC -- provides - high pressure coolant
makeup (/U2) following failure to initiate HPCI (U1).

i

SEQUENCES 13 TO 15

Same as Sequence 1 until- failure to - initiate : HPCI - (U1) , followed by
failure of RCIC '.(U2). The reactor- is _ depressurized- (/X1) nand LPCS is-

initiated for coolant makeup (/V2) . Contaitunent overpressure protection-' ,

is provided by SPC _(/W1), .SDC (/W2), or CS (/W3), resulting . in 'a - safe >

core and containment.

SEQUENCES 16-1 TO 16 2

Same as Sequence 13 until SPC fails (W1) ~- followed -by failure of ' SDC- (W2),

and CS (W3). Without containmentloverpt essure _ protection, the pressure
in containment rises until the SRVs ci cs. . Primary: system pressure theni
rises , eventually failing LPCS (V2) . ...'D is , initiated .(/U4) for coolant
makeup. High = containment' pressar3 is ' relieved by containment- venting:
(/Y). CRD continues . co' cool the core, _oc- the reactor isLdepressurized
(/X1) and HPSW cools the core (/V4) .if CRD does not survive -the _ venting.

SEQUENCES 16-3 TO 16 4

Same as Sequence 16-1 except CRD does not survive-containment -venting and-
-

4:

either reactor depressurization is unsuccessful-(X1), or HPSW . fails (V4)-~
following reactor depressurization, . resultingcin core- damage- in a vented-
containment.

SEQUENCES 16 5 TO 16 8

Same as Sequences 16 1 to 16 4 except containment venting - fails (Y) and
the containment eventually ruptures--(/R) .

SEQUENCE 16-9 - T1*C*E*P*E*Ul*U2*2I*V2*W1*W2*W3*5*Y*R*E''

Same as Sequence 16 5 except the containment - does .- not rupture . (R) but
develops . a leak. .CRD survives --resulting 'in a safe - core . in a leaking
containment.

SEQUENCE 16-10 T1*C*M*P*B*Ul*U2*X1*V2*W1*W2*W3*U4 f *Y*R*U4

Same as Sequence 16 9 except CR0 -does not survive the_ development of a
leak in containment (U4), all coolant systems are lost, and core damage
results in a vulnerable containment.
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SEQUENCE 16-11 Tl*C*M*P*B*Ul*U2*X1*V2*Wi*W2*W3*U4*Y*X3*V4
i

Same as Sequence 161 until CRD fails to initiate (U4) following loss of
containment overpressure protection. Increasing containment pressure is
relieved by containment venting (/Y) and HPSW is initiated to cool the !
core (/V4) following priaary system depressurization (/X1) . The core is i
safe in a vented containment. '

1

SEQUENCES 16 12 TO 16-13 I
!

|Same as Sequence 16 11 except either HPSW fa.t; to cool the core (V4) or
primary system d pressurization fails (X1) prior to HPSW operation, {resulting in core damage in a vented containment. )

SEQUENCES 16 14 TO 16 16

Same as Sequences 16-11 to 16-13 except containment venting fails (Y) and
the containment eventually ruptures (/R).

SEQUENCE 16-17 -- Tl*C*M*P*B*Ul*U2*X1*V2*Wl*W2*W3*U4**(*R

Same as Sequence 16-11 until containment venting fails (?). The contain-
ment does not rupture (R) and continues to pressurize, reculting in core
damage in a vulnerable containment since the SRVs are forced closed,
preventing low pressure cooling.

SEQUENCES 17 TO 20

Same as Sequences 13 to 15 except LPC1 provides early core coolant (/V3)
following.LPCS failure (V2).

SEQUENCES 21 TO 24

Same as Sequences 17 to 20 except HPSW provides early core coolant (/V4)
following LPCI failure (V3).

SEQUENCE 25 -- Tl*C*M*P*B*Ul*U2*X1*V2*V3*V4

Same as Sequences 21 to 24 until HPSW fails (V4), at which point all
coolant makeup is lost, resulting in early core damage in a vulnerable
containment.
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SEQUENCE 26 T1*C*M*P*B4Ul*U2*X1*U3*V1 1

Same as Sequence 13 until reactor depressurization fails (X1) following
failure to initiato high pressure coolant systems. CRD is initiated in

i

the two pump mode to provide sufficient injection capacity (/U3).
Containment overpressure protection is provided by SPC (/W1), resulting |
in a safe core and containment. '

SEQUENCES 27 1 TO 27 3

Same as Sequence 26 until SPC fails to initiate (W1), the reactor is
depressurized (/X2), and SDC provides containment overpressure protectiw
(/W2). Reactor depressurization for SDC increases CRD flow rate which,
when considering CST inventory is depleting, is assumed to fail the CRD
pumps due to low NPSil. LPCS (/V2), LPCI (/V3) or llPSW (/V4) is initiated
for core coolant, resulting in a safe core and containment.

SEQUENCE 27 4 T1*C*M*P*B*Ul*U2*X1*U3*W1*X2*W2*V2*V3*V4

Same as Sequence 27 1 until LPCS fails (V2) to initiate after CRD fails,
followed by unsuccessful operation of LPCI (V3) and ilPSW (V4), resulting;

| in core damage in a vulnerable containment. .

'

SEQUENCES 28 1 TO 28 4

Same as Sequences 27 1 to 27 4 except CS provides containment
overpressure protection (/W3) following SDC failure (W2).

SEQUENCE 29 1 T1*C*M*P*B*Ul*U2*X1*U3*W1*X2*W2*W3*V2*Y*X3*V4
|
| Samo as Sequence 28 1 until CS fails to initiate (W3), at which point all

containment cooling is lost. CRD failed due to reactor cepressurization
for SDC, so LPCS is initiated (/V2) to continue core cooling. Without
cantainment overpressure protection, the pressure in containment is
increasing and eventually closes the SRVs. Containment venting. (/Y) is
successful to relieve containment overpressurization, which fails LPCS
due to low NPSil. Since the ERVs are c'osed, a pressure increase in the
primary system begins until the reactor is again depressurized (/X3) and
ilPSW cools the core, resulting in a safe core in a vented containment,

SEQUENCES 29 2 TO 29 3 |

Same as Sequence 29 1 except either llP SW fails (V4) or reactor
depressurization fails (X3) prior to llPSV operation, leaving no system
available for coolant makeup, resulting in core damage in a vented j

containment. !

|
|
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i

SEQUENCES 29 4 TO 29 6

I Same as Sequences 29 1 to 29 3 except containment venting fails (Y) and
the containment eventually ruptures (/R).

SEQUENCE 29 7 - T1*C*M*P*B*Ul*U2*X1*U3*Wi*X2*W2*W3*V2*Y*R

Same as Sequence 29 4 until the containment fails to rupture (R), which'

precludes llPSW operation because of forced closure of the SRVs. This
results in core damage in a vulnerable containm m t.

SEQUENCES 29 8 TO 29 14

Same as Sequences 29 1 to 29 7 except LPCS fails to initiate (V2)
following containment cooling failure and LPCI provides coolant makeup
(/V3),

SPQUENCES 29 15 TO 29 21,

Same as Sequences 29 6 to 29 14 except LPCI fails to initiate (V3)
following containment cooling failure and !!PSW provides coolant makeup =
(/V4).

SEQUENCE 29 22 T1*C*M A P*B*Ul*U2*X1*U3*Wi*X2*W2*W3*V2*V3*V4

Same as Seg.ence 29 11 until LPCS fails (V2) following containment
cooling failure. LPCI (V3) and itPSW (V4) also fail to initiate,
resulting in core damage in a vulnerable containment.

SEQUENCE 30 T1*CN*P*B*Ul*U2*X1*U3*W1*X2*W3

Same as Sequence 26 -until SPC fails (W1), followcd by failure of reactor
depressurization for SDC (X2). CS is initiated to provide containment
overpressure protection (/W3). Since reactor depressurization was
unsuccessful, CRD does not fall, resulting in a safo core and
containment.

,

SEQUENCES 31 1 TO 31 2

Same as Sequence 30 until CS fails (W3), at which point all containment
| overpressure protection is lost. Eventually containment venting is
| performed to relieve containment overpressure (/Y). CRD continues to
| cool the core in the one pump mode (/U4), or CRD fails on containment

venting and llPSV cools the core (/74), resulting in a safe core in a i'

l
vented containment,

l
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SEQUENCES 31 3 To 314

Same as Sequence 31 2 except HPSW fails (V4) or reactor depressurization
fails prior to HPSW operation (X3), resulting in core damage in a vented
containment.

SEQUENCES 31 5 To 31 8

Same as Sequences 31 1 to 314 except containment venting fails (Y) and
the containment eventually ruptures (/R),

SEQUENCE 31 9 T1*C*M*P*B*Ul*U2*X1*U3*Wi*X2*W3*Y*R*U4

Same as Sequence 31 5 except the containment does not rupture (R) but
develops a leak. CRD continues to cool the core, resulting in a safe

core in a leaked containment.

SEQUENCE 31 10 T1*C*M*P*B*Ul*U2*X1*U3*W1*X2*W3*Y*R*U4

Same as Sequence 31 9 except CRD does not survive the containment leak
(U4), resulting in core damage in a vulnerable containment.

SEQUENCE 32 T1*C*5*P*5*Ul*U2*X1*U3

Same as Sequence 26 until CRD fails to initiato (U3) in the two pump mode
following failure to depressurize the reactor, which leaves no system
available for coolant makeup. Early core damage results, with a
vulnerable containment.

.

F.quENCES 33 TO 34

A loss of offsite power occurs (T1) which generates a reactor scram
condition and the RPS successfully inserts the rods into the core (/C).,

The SRVs properly cycle to rontrol reactor pressure (/M, /P) and onsite-

emergency power fails to be established (B). . HPCI or RCIC is initiated
(/U1', /U2') for coolant injection until it fails in the harsh
environment or due to battery depletion, and core damage occurs late in a
vulnerable containment.

SEQUENCE 3 5 T1*C*5* P*B*U1' *U2 '

Same as Sequence 34 except RCIC fails to operate (U2') and early core
damage results with a vulnerable containment since no other coolant
injection is possible without ac power.
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SEQUENCE 36 T1*E*E*Pl*5

A loss of-ofIsite power occurs (TI) which generates a re :,c tor scrata
condition and the RPS successfully inserts the rods into the core (/C).
The $RVs open to relieve reactor pressure (/M) but one SRV fails to close
(P1), creating a loss of coolant accident. Onsite emergency power is
established (/B) and the sequence is transferred to the S2 LOCA tree.

SEQUENCES 37 TO 38

Same as Sequence 36 except onsite emergency power is not established (B)
and ilPCI (/U1') or RCIC (/U2') provides coolant injection until it fails
in the harsh environment or due to battery depletion. This results in
late core damage in a vulnerable containment.

SEQUENCE 39 T1*C*E*Pl*B*U1'*U2'

Same as Sequence 37 except both llPCI (U1') and RCIC (U2') fM.1 to provide
! : coolant inj e c t ion , resulting in early core damage in s, vulnerable

containment.

SEQUENCE 40 T1*C*E*P2*B

Same as Sequence 36 except two SRVs fail to close (P2) and the sequence i
is transferred to the S1 LOCA tree. !

| SEQUENCES 41 TO 42
-

' -
Same as Sequence 40 except onsito ettergency power is not established (D)
and late core damage in a vulnerabic containment results if HPCI (/U1)

. provides temporary coolant inj ec tion. If IIPCI fails to operate, early
'

core damege resulta with a vulnerabic containment. RCIC does not have
enough capacity to provide sufficient coolant in an S1 LOCA situation.

SEQUENCE 43 T1*C*E*P3*B
i

Same as Sequence 40 except three or more SRVs fail to close (P3) and the
sequence is transferred to the A LOCA tree.

'

SEQUENCE 44 T1*C*5*P3*B
.

Same as Sequence 43 except onsite emergency power is not maintained (B)
and high pressure coolant s y s t etu s cannot operate in a large LOCA
situation, resulting in early core damage in a vulnerable containment.
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SEQUENCE 45 - T1*C*H

A loss of.offsite power occurs (TI) which generates a scram condition and
the RPS successfully inserts the rods into the core (/C). The SRVs do
not open to reduce reactor pressure (H). The sequence is not developed
further because of its low probability.,

SEQUENCE 46 T1*C-

A loss of.offsite power occurs (T1) which generates a scram condition and
the RPS fails to insert the rods into the core (C). The sequence is
transferred to the AWS tree which was analyzed only in the internal
events analysis.

2,3,7 Transient With PCS Initially Available Event Tree

This section contains information on the transient with the PCS initially
available event tree. Success criteria considerations are presented
along with the event *ree and its description.

2.3.7.1 Success Criteria

Transients in which the PCS remains initially available do not represent
significant concerns for the plant unless the PCS is subsequently lost
while the plant is being shut down. Should the PCS be lost, the sequence
of events then proceeds similar to a transient in which the PCS was
unavailable from the start. T3A represents all- the transients of this
type except Inadvertent Open Relief Valvo -(IORV) events and a loss of
foodwater which can have somewhat different effects on plant conditions.

2.3.7.2 Event Tree

The T31 transient event tree is depicted by Figure 2.23 and 2.24. The
following discussions define the event tree headings and the sequences.

The events in the tree include:

Ill: Initiating event, transient with PCS initially available.
.

Q: Success or failure of Reactor Protection System (RPS),
Success implies automatic scram by the control rods.

LQ1El: Success or failure to maintain offsite power. _The designa -
tion LOSP1 in used instead of LOSP for purposes of computa-
tional efficiency within the SETS code.

Q: Continued success or subsequent failure of the PCS.
,

i Success implies continued operation of _ the PCS such that a
I safe cooldown of the plant is achieved using the PCS.
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H: Success or failure of Reactor Coolant System (RCS) over- [
pressure protection (if required) by automatic operation
of the SRVs. Success implies prevention of RCS
overpressure so as to avoid damare co the primary system,

f:
Success or failure associated with reclosing vi any SRVs
which should open in response to reactor ' vessel pressure
rises throughout the sequence. Success implies reclosure
of all valves when vessel pressure drops below the closure
setpoints. P1, P2 and P3 refer to the failure of one, two ,

'

or three or more SRVs to reclose, respectively.

The following descriptions refer to the sequences found in Fi ure 2.23. ;6

,

SEQUENCES 1 TO 36 T3A*C*LOSP*Q*M*P

A transient occurs with the PCS initially available (T3A) which generates
a reactor scram condition and the RPS successfully inserts the rods into
the core (/C). Offsite power is maintained (/LOSP1). The PCS fails (Q)
and the SRVs properly cycle to control reactor pressure (/M, /P). All

sequences then transfer to the T2 tree at the T21 branch.

SEQUENCE 37 T3A*C*LDSP*Q

Same as initial development of Sequences 1 to 36 except the PCS remains j

available (/Q), resulting in a safe core and containment, ,

!

SEQUENCE 38 T3A*C*LOSP*Q*M*P1 ,

Same as initial development of sequences 1 to 36 except one SRV fails to
close (P1) and the sequence is transferred to the S2-LOCA tree.

SEQUENCE 39 T3*C*LOSP*Q+M*P2

Same as Sequence 38 except two SRVs fail to close (P2) and the sequence
is transferred to the S1 LOCA tree.

SEQUENCE 40 T3*C*LOSP*Q*M*P3

Same as Sequence 39 except three or more SRVs fail to close (P3) and the
sequence is transferred to-the A LOCA tree.

I

!
o .

I

!
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i

! SEQUENCE 41 - T3*C*1hSP*Q*H ,

|

Same as initial development of sequences 1 to 36 except the SRVs do not |
'

properly open to control reactor pressure (M) and the sequence is not-
developed further due to low probability,

i

SEQUENCE 42 73*C*1hSP j

| A transient occurs with the PCS initially available (T3) and the RPS
successfully scrams the reactor (C). Offsite power is not maintained
(thSP) and the sequence is transferred to the T1 tree.

,

SEQUENCE 43 T3*C

A transient occurs with the PCS initially available (T3), the RPS fails
to successfully scram the reactor (C), and the sequence is tranoferred to
the ATWS tree. As mentioned previously ATWS sequences were analyzed as
part of the internal events analysis,

t

The following dowcriptions refer to the Sequences found in Figure 2.24

SEQUENCES 3 1 to 3 5

Same as Sequence 2 'until SDC fails (W2) and CSS is initiated to provide
containment overpr essure protection (/W3), By the time CSS is initiated, .

,

the environnent withic the containment has failed HPCI, Core coolant is
provided by Condensate (/V1), CRD (/U4), LPCS (/V2), LPCI (/V3) or itPSW
(/V4), resulting i, '. safe core and containment.

SEQUENCE 3 6 - T2*C*1DSP*M*P*Ul*W1*X2*W2*W3*Vl*U4*V2*V3*V4

Same as Sequence 31 except all low pressure cooling systems faili

(Condensate, CRD (1 pump), LPCS, LPCI, HPSW) which results in core damage
in a vulnerable containment.

SEQUENCE 4 1 - T2*C*14SP*M*P*Ul*W1*X2*W2*W3*Vl*U4*Y*V4'

Same as Sequence 2 until SDC fails to cool the containment (W2, followed
by failure of CSS (W3), resulting in the loss of all containment-
overpressure protection, itPCI has failed due to the adverse containment
environment, and Condensate is ' initiated for core coolant (/V1),
Pressure buildup in containment . eventually closes the ADS valves,
resulting in a pressure rise in the primary. This higher - primary
pressure fails the Condensate system, and CRD is initiated to continue
core cooling (/U4), Containment venting is performed to relieve high
containment pressure (/Y), CRD survives containment venting . (/U4')- and
the core is safe in a vented containment,
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SEQUENCES 4 2 to 4 3;

1

Same as Sequence 4 1 except CRD does not survive containment venting. I

The reactor is depressurized again (/X3) and condensate (/V1) or HPSW l

(/V4) prov.tde core coolant.
;

SEQUENCES 4 4 to 4 5

Same as Sequence 4 3 except either reactor depressurization fails (X3),
or HPSW fails (V4), which leaves no system available for core coolant,

q
resulting in core damage in a vented containment,

j SEQUENCES 4 6-to 4 10

Same as Sequences 4 1 to 4 5 except containment venting fails (Y) and the
containment eventually ruptures (/R).

.

SEQUENCE 4 11 T2*C*1.0SP*M* P*Ul*Wi*X2*W2*W3*Vl*U4*Y*R*U4 '

Same as Sequence 46 except the containment does not rupture (R) but
develops a leak. CRD continues to provide core cooling (/U4').

S EQUENCE 4 12 T2*C*1DSP*M* P*Ul*W1*X2*W2*W3*Vl*U4*Y*R*U4 '

Same as Sequence 4 11 except CRD fails (U4') following the leak in
containment, Icading to core damage in a vulnerable containment. .

I
S EQUENCE 4 13 to 4 16

1
~

Same as Sequences 4 2 to 4-5 except CRD fails to initiate (U4) following
condensate failure.

SEQUENCES 4 17 to 4 20

Same as Sequences 4 13 to 4 16 except containment venting fails (Y) and
the containment eventually ruptures (/R).

SEQUENCE 4 21 - T3*C*1DSP*M*P*Ul*W1*X2*W2*W3*Vl*U4*Y*R

Same as Sequence 17 until the containment fails torupture, which
inhibits other low pressure systems - from operating, resulting in core
damage in a vulnerable containment.
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|

SEQUENCES 4 22 TO 4-23

Same as Sequence 41 until Condensate fails to initiate (VI) following
containment overpressure protection failure. CRD provides core cooling

(U4) and eventually containment venting is necessary to relieve high
containment pressure (Y). CRD survives the venting event,- or CRD fails
and HPSW continues core cooling, resulting in a safe core in a vented
containment.

SEQUENCES 4 24 TO 4 25

Same as Sequence 4 23 except the reactor falls to depressurize (X3) for
llPSW , or HPSW fails to initiate (V4), resulting in core damage in a
vented containment.

SEQUENCES 4 26 TO 4 29

Same as Sequences 4-22 to 4 25 except containment venting is unsuccessful
(Y) and the containment eventually ruptures (R).

SEQUENCE 4 30 T3*C*LOSP*M*P*Ul*Wi*X2*W2*W3*Vl*U4*Y*R*U4'

Same as Sequence 4 26 except the containment does not rupture (R) but
develops a loak and CRD continues to provide core coolant.

SEQUENCE 4 31 T3*C*LOSP*M*P*Ul*Wi*X2*W2*W3*Vl*U4*Y*R*U4'

Same as Sequence 4 30 except CRD does not survive the containment leak,
which 1 caves no system available for core coolant, resulting in core
damage in a vulnerable containment.

SEQUENCE 4-32 - T3*C*LOSP*M*P*Ul*Wi*X2*W2*W3*Vl*U4*V2*Y*X3*V4

Same as Sequence 4-22 except CRD does not initiate (U4) after Condensate
failure and LPCS is initiated for core coolant (V2). Containment venting
is performed to relieve overpressure (Y), which fails LPCS due to low
NPSil. The reactor is depressurized again (X3) and ilPSW is initiated (V4)
to continue core cooling, resulting in a safe core in a vented
containment.

.1

|
|

..
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SEQUENCES 4-33 TO 4 34

Same as Sequence 4 32 except HPSV fails (V4) or reactor depressurization
prior to HPSV initiation fails (X3), resulting in core damage in a vented
containment.

SEQUENCES 4 35 TO 4-37

Same as Sequences 4 32 to 4 34 except containment venting fails (Y) -and
the containment eventually ruptures (R),

SEQUENCE 4 38 -- T3*C*LOSP*M*P*Ul*W1*X2*W2*W3*V1*U4*V2*Y*R-

Same as Sequence 4-37 until the containment fails to rupture (R), which
forces the SRVs to close thus precluding the use of available core
coolant systems, resulting in core damage in a vulnerable containment.

SEQUENCES 4 39 TO 4 45

Same as Sequences 4 32 to 4-38 except prior to containment venting, LPCI
provides core coolant (V3) following LPCS failure (V2).

SEQUENCES 4 46 TO 4 52

Same as Sequences 4 39 to 4 45 except prior to containment venting, HPSW
provides core coolant (V4) following LPCI failure (V3),

SEQUENCE 4 53 - T3*C*LOSP*M*P*Ul*W1*X2*W2*W3*Vl*U4*V2*V3*V4

Same as Sequence 4 46 until HPSW fails (V4), which leaves no core coolant
system available, resulting in core damage in a vulnerable containment,

SEQUENCES 5 1 TO 5 5

Same as Sequence 2 until depressurization for SDC fails (X2), followed by
CS initiation (W3) for containment overpressure protection. HPCI fails
prior to CS initiation due to the adverse containment environment. CRD
is initiated for core cooling (U4),'or, subsequent to CRD failure, the
reactor is depressurized (X1) and Condensate' (VI), LPCS (V2), LPCI (V3)
or HPSW (V4) continues core cooling, resulting in a safe core and
containment.
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SEQUENCES 5 6 TO 5 7

Same as Sequence 5 2 until reactor depressurization fails (X1) or all low
pressure core coolant systems (Condensate, LPCS,. LPCI, HPSW) fail to
initiate, resulting in core damage in a vulnerable containment.

SEQUENCES 6 1 TO 6 3

Same as Sequence 1 until all containment overpressure protection is lost
(SPC, reactor depressurization for SDC, and CS). High suppression pool. i

temperature fails HPCI (U1) and CRD is initiated for core coolant (U4).
High containment pressure is relieved by containment venting (Y), and CRD
(U4), Condensate (V1) or HPSW (V4) continues core cooling, resulting in a
safe core in a vented containment.

SEQUENCES 6 4 TO 6 5'

Same as Sequence 6 2 except either reactor depressurization fails (X1) or
Condensate (V1) and HPSW (V4) fail, which leaves no system available for<

1 core cooling, resulting in core damage in a vented containment.

SEQUE!;CES 6 6 TO 610

Same as Sequences 61 to 6 5 except containment venting fails (Y) and the -
containment eventually ruptures (R),

SEQUENCE 6 11 T3*C*tDSP*M*P*Ul*W1*X2*W3*U4*Y*R*U4 '

Same as Sequence 6 6 except the containment fails to rupture (R) but
develops a leak, resulting in a safe core in a leaking containment.

,

SEQUENCE 6 12 T3*C*LOSP*M*P*Ul*Wi*X2*W3*U4*Y*R*U4'

Same as Sequence 611 except CRD does not survive the containment leak
(U4), resulting in core damage in a vulnerable containment.

SEQUENCE 6 13 T3*C*LOSP*M*P*Ul*Wl*X2*W3*U4*X1*Vl*W2

Same as Sequence 6 1 until CRD fails to initiato (U4) following loss of
containment cooling. The reactor is depressurized (X1) and Condensate is
initiated for core coolant (V1). Containment overpressure protection is
established with SDC (W2), resulting in a safe core and containment.

|
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SEQUENCES 6 14 TO 6 17,

Same as Sequences 6 2 to 6 $ except CRD has f ailed (U4), the reactor is
|

depressurized (X1) and Condensate continues core cooling (V1).
1

SEQUINCES 618 TO 6 21
1 Same as Sequences 614 to 617 except containment venting fails (Y) and1

the containment eventually ruptures (R).

i SEQUENCE 6 22 T3*C*wSP*M* P*Ul*W1*X2*W3*U4*X1*Vl*W2*Y*R

Same as Sequence 613 until SDC fails (W2), followed by failure of
containment venting (Y) and containment rupture (R), resulting. in core
damage in a vulnerable containment,

SEQUENCE 6 23 T3*C*1DSP*M*P*Ul*Wi*X2*W3*U4*X1*Vl*V2*W2,

'

Same as Sequence 613 except LPCS provides core cooling (V2) following
Condensate failure (V1).

SEQUENCE 6 24 T3*C*LOSP*M*P*Ul*W1*X2*W3*U4*X1*Vl*V2*W2*Y*X3*V4

Same as Sequence 6 23 except SDC falls to provide the containment over-
pressure protection (W2) and containment venting is performed (Y),
followed by reactor depressurization (X3) and llPSW initiation (V4),
resulting in a safe core in a vented containment.

SEQUENCES 6 25 to 6 26

Same as Sequence 6 24 except reactor depressurization prior to itPSW
operation is unsuccessful (X3) or HPSW fails to initiate (V4), resulting
in core damage in a vented containment,

SEQUENCES 6 27 TO 6 29

Same as Sequences 6 24 to 6 26 except containment venting fails (Y) and
the containment eventually ruptures (R).

SEQUENCE 6 30 - T3*C*LOSP*M*P*Ul*W1*X2*W3*U4*X1*Vl*V2*W2*Y*R

Same as Sequence 6 27 except the containment fails to rupture (R), which
1 caves no system available for core cooling because of forced closure of
the SRVs, This resulcs in core damage in a vulnerable containment.
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SEQUENCES 6-31 TO 6 38

Same as Sequences 6 23 to 6 30 except LPCI provides core coolant (V3)
following failure of LPCS to initiate (V2).

J

SEQUENCES 6 39 TO 6 46

Same as Sequences 6 31 to 6 38 except itPSW provides core coolant- (V4)
following failure of LPCI to initiate (V3).

SEQUENCE 6 47 T3*C*iDSP*M*P*Ul*Wi*X2*W3*U4*X1*Vl*V2*V3*V4

Same as Sequence 6 39 until llPSV fails (V4) and all core cooling is lost,
resulting in core damage in a vulnerable containment.

SEQUENCE 6 48 - T3*C*1hSP*M*P*Ul*Wi*X2*W3*U4*X1'

Same as Sequence 6 13 until depressurization following CRD failure is
unsuccessful (X1), precluding the use of low pressure core coolant
systems, resulting in core damage in t. vulnerable containment.

SEQUENCES 7 TO 1?

Same as Sequences 1 to 6 except RCIC provides early hi h pressure injec-6
tion to the core (U2) following failure of ilPCI to initiate (U1).

SEOUENCES 13 TO 15
,

A transient occurs with the PCS available (T3) which generates a reactor
scram condition and the RFS successfully inserts the rods into the core
(C). Offsite power is maintained (LO3P) and -the SRVs properly cycle to
control reactor pressure (M. P). IIPCI (U1) and RCIC (U2) fail to provide
high pressure inj ec tion, - the_ reactor is depressurized (X1) , _ and
Condensate is initiated for core coolant (V1). SPC (W1), SDC (W2) or CS
(W3) provide containment overpressure protection, resulting in a safe
core and containment.

SEQUENCES 16 1 TO 16 21

Same as Sequences 4 1 to 4 21 except, following failure of IIPCI (U1) and
RCIC (U2), Condensate provides early core coolant (V1) prior to failure
of containment overpressure protection.
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SEQUENCES 17 TO 19

Same as Sequences 13 to 15 except LPCS provides early core coolant (V2)
following failure of Condensate (V1) .

SEQUENCES 201 TO 20 2

Same as Sequence 17 until all containment overpressure protection fails
(SPC, SDC, CS), which causes increasing containment pressure, eventually
closing the SRVs. The primary pressure subsequently increases which
fails LPCS, and CRD is initiated to continue core cooling (U4).
Containment venting is performed to relieve high containment pressure
(Y), and CRD or llPSW continues to cool the core, resulting in a safe core
in a vented containment.

1

SEQUENCES 20 3 TO 20 4 |
|

Same as Sequence 20 2 except ilPSW fails to initiate (V4) or reactor !

depressurization prior to HPSW initiation fails (X3), resulting in core .I
damaSo in a vented containment,

,

SEQUENCES 20 5 TO 20 8

Same as Sequences 201 to 20 4 except containment venting fails (Y) and
the containment eventually ruptures (R),

SEQUENCE 20-9 - T3*C*1DSP*M*P*Ul*U2*X1*Vl*V2*Wi*W2*W3*U4*Y*R*U4 '

Same as Sequence 20 5 except the containment fails to rupture and CRD
survives, resulting in a safe core in a leaking containment.

SEQUENCE 20 10 T3*C*LOS P*E*P*Ul*U2*X1*Vl*V2*Wl*W2*W3*U4*Y*R*U4 '
' '

Same as Sequence 20 9 except CRD does not continue core cooling following
the development of a containment leak, resulting in core damage in a
leaking containment.,

SEQUENCES 20 11 TO 20 13

Same as Sequences 20 2 to 20-4 except CRD fails to initiate (U4) prior to
the containment venting event.
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1

:

SEQUENCES 20-14 TO 20 16

Same as Sequences 20 11 to 20 13 except containment venting fails (Y) and
the containment eventually ruptures (R).

SEQUENCE 2017

Same as Sequence 2016 except the containment fails to rupture (R),
resulting in core damage in a vulnerable containment.

1

SEQUENCES 21 TO 24

Same as Sequences 17 to 20 except LPCI provides early core coolant (V3)
following LPCS failure (V2).

SEQUENCES 25 TO 28

Same as Sequences 21 to 24 except HPSW provides early core coolant (V4)
following LPCI failure (V3).

SEQUENCE 29 T3*C*LOSP*M*P*Ul*U2*X1*Vl*V2*V3*V4

Same as Sequence 13 until all low pressure core coolant systems fail
(Condensate, LPCS, LPC1, itPSW), which leaves no core coolant system
available, resulting in early core damage in a vulnerable containment.

SEQUENCE 30 - T3*C*LOSP*M*P*Ul*U2*X1*U3*W1

Same as Sequence 13 until reactor depressurization fails (X1) and CRD is
initiated in the enhanced mode (U3) to provide sufficient cooling
capacity. SPC is initiated for containment overpressure protection (W1),
resulting in a safe core and containment 4

SEQUENCES 31 1 TO 314

Same as Sequence 30 until SPC fails (V1) and the reactor is depressurized
(X2) to initiate SDC (W2). The decreased reactor pressure causes the CRD
pump flow to increase, and, considering the CST level is decreasing, the
CRD pumps are as.cumed to fail due to low NPSil. Condensato (V1), LPCS
(V2), LPCI (V3) or HPSV (V4) provides core coolant, resulting in a safe
core and containment.

I

|

|
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SEQUENCE 31 5 T3*C*1 ASP *U14U2*X1*U3*Wi+X2*W2*Vl*V2*V3*V4

Same as Sequence 31 1 except all low pressure core coolant systems fail
(Condensate, LPCS, LPCI, }lPSW), resulting in core damage in a vulnerable
containment.a

|
'

.

) SEQUENCES 32 1 TO 32 5
j

i Same as Sequences 31 1 to 31 5 except SDC fails (W2) and CS is initiated
for contaitunent overpressure protection (W3).

1

SEQUENCES 33 1 TO 33 2

Same as Sequence 30 until all containment overpressure protection fails
(SPC, SDC, CS), although depressurization for SDC is successful. This
depressutization increases the pump flow of CRD which,- considering the
CST level is continuously decrettsing, is assumed to fail the CRD pumps
due to low NPSil. Condensate is initiated to continue core coo 11n6 (VI).
High containment pressure is relieved by containment venting (Y). The
reactor is again depressurized (X3) and Condensate (VI) or llPSW (V4)
provides core coolant, resulting in a safe core in a vented containment.

SEQUENCES 33 3 TO 33 4

Same as. Sequences 33 1 to 33 2 except itPSV fails (V4), or reactor
depressurization prior to llPSW initiation fails (X3), resulting in core
damage in a vented containment,

j SEQUENCES 33 5 TO 33 8

Same as Sequences 331 to 33 4 except containment venting fails (Y) and
the containment eventually ruptures (R),

SEQUENCE 33 9 - T3*C*LOSP*M* P*Ul*U2*X1*U3*Wi*X2*W2*W3*V14Y*R

Same as Sequence 33 5 except the containment fails to rupture (R), which
1 caves no coolant system operable, resulting in core damage in a vulner-

| able containment.

SEQUENCES 33 10 TO 33 16

Same as - Sequences 33 1 to 33 9 except Condensate fails (V1) and LPCS
provides core coolant (V2) prior to the containment venting event, which
results in two fewer sequences since no success path for Condensate
exists subsequent to reactor depressuritation (X3).

i,
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SEQUENCES 33 17 TO 33 23
.

j

Same as Sequences 33 10 to 33 16 except following LPCs failure (V2), LPCI
provides core coolant (V3) prior to containment venting.

I
(

SEQUENCES 33 24 TO 33 30,

Same as Sequences 33 17 to 33 23 except following LPCI failure (V3), llPSW
provides core coolant (V4) prior to containment venting.4

,

SEQUENCE 33+31 - T3*C*1hSP*M* PAUL *U2*X1*U3*Wi*X2*W2*W3*Vl*V2*V3*V4
.

Same as Sequence 33 1 until condensate fails (V1), followed by failure of
LPCS (V2), LPCI (V3), and ilPSV (V4), resulting in core damage in a
vulnerable containment,

a

SEQUENCE 34 - T3*C*LOSP*5*P*Ul*U2*X1*U3*W1*X2*W3

Same as Sequence 30 until SPC fails (W1) to provide containment over-
pressure protection, followed by failure to depressurize the reactor (X2)
for SDC. CS is initiated (W3) and CRD continues to function in the
enhanced mode, resulting in a safe core and containment.

i

SEQUENCES 35 1 TO 35 3

Same as Sequence 34 until CS fails (W3), af ter which all containment
overpressure protection is lost, although CRD continues to provide core
coolant. liigh containment pressure is relieved by containment venting
(Y), and CRD (U4), Condensate (VI), or itPSW (V4) continues core cooling,

j resulting in a safe core in a vented containment.
I

SEQUENCE 3 35 4 TO 35 5

Same as Sequences 35 3 except ilPSW fails (V4) or reactor depressurization
prior to llPSW initiation fails (X3), which leaves all core coolant
sy8tems unavailable, resulting in core damage in a vented containment.

,

i

I SEQUENCES 35-6 TO 35 10

Same as Sequences 351 to 35 5 except containment venting fails (Y) andi

the containment eventually ruptures (R).
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SEQUENCE 35 11 T3*C*thSP*M*P*Ul*U2*X1*U3*W1*X2*V3*Y*R*U4
,

Same as Sequence 35 6 except the containment does not rupture (R) and CRD
continues, resulting in a safe core in a vulnerable containment.

SEQUENCE 35 12 -- T3*C*1DSP*M*P*Ul*U2*X1*U3*W1*X2*W3*Y*R*U4

Same as Sequence 35-11 except CRD does not operate following the develop.
me nt. of a containment leak, resulting in core damage in a vulnerable
containment.

SEQUENCE 36 T3*C*LDSP*5*E*Ul*U2*X1*U3

Same as Sequence 30 except CRD (two pump mode) fails to initiate to
provide core coolant (U3) following failure to depressurize the reactor
(XI), which precludes the use of the low pressure core coolant systems,
resulting in early core damage in a vulnerable containment.

.

SEQUENCE 37 T3*C*LDSP*E*P1

A transient with the PCS availabic occurs (T3), which generates a reactor
scram condition and the RPS successfully inserts the rods into the core
(C). Of fsite power is maintained (thSP) and the SRVs properly open to
relieve the pressure (H), but one SRV fails to close -(P1) and the
sequence is transferred to the S2 1hCA tree.

SEQUENCE 38 T3*E*14SP*E*P2

Same as Sequence 37 except two SRVs fail to close and the sequence is >

transferred to the S1 10CA tree.

SEQUENCE 39 T3*E*LOSP*E*P3

Same as Sequence 38 except three or more SRVs fail to close and the
,

sequence is transferred to the A lhCA tree, l

SEQUENCE 40 -- T3*C*1DSP*M |

A transient occurs with PCS available (T3) which generates a reactor
scram condition and the RPS successfully inserts the rods (C). Offsite

,

power is maintained (14SP) , The SRVs fail to open to control reactor
pressure (H) and the sequence is not developed further due to low
probability.

'I
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|

I
,

l

SEQUENCE 41 - T3*C*LOSP

Same as Sequence 40 except off3ite power is not maintained (IASP) and the >

sequence is transferred to the T1 tree.

SEQUENCE 42 - T3*C

Same as Sequence 40 except the RPS fails to scram the reactor, and the
sequence is transferred to the ATWS tree.

I

2.3.8 Event Tree Nomenclature

Table 2.1 contains a summary of the nomenclature used to identify the
systems on the event trees. .

l
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Tabic 2.1
|Event Tree Nomenclature

Failure of the Alternate Rod Insertion SystemARI -

Failure of all ac power (station blackout)B -

Failure of the Reactor Protection System (RPS)C -

Failure of RPS and manual scram jC1 -

Failure to inhibit the ADS systemI -

Failure of operator to isolate S3 " leak"L -

Failure to maintain offsite power; Different DesignationsLOS P , LOS P1 -

for this Event are for Different Frequencies

Failure of Safety Relief Valves (SRVs) to openM -

Failute of SRVs to closeP -

Failure of one, two or three .SRVs to recloseP1,P2 P3 -

Failure of the Power Conversion System (PCS), differentQ,Q1,Q2 -

designations for this event are for J1fferent frequencies
Failure to manually insert the control rodsROD -

Failure of the mechanical RPSRPSM -

Failure of the electrical RPSRPSE -

Failure to trip the recirculation pumpsRPT -

Failure to manually scram the reactorSCRM -

Failure of the Standby Liquid Control SystemSLC -

Failure of the High Pressure Coolant Injection (HPCI)U1 -

system
Failure of HPCI without ventilationU1' -

Failure of the Reactor Core Isolation Cooling (RCIC) systemU2 -
,

Failure of RCIC without recirculationU2' -

Failure of the Control Rod Drive (CRD) system (2 pump mode)U3 -

Failure of the Control Rod Drive (CRD) system (1 pump mode)U4 -

Failure of CRD to survive containment ventingU4' -

Failure of the Condensate systemV1 -

Failure of Condensate to survive containment ventingV1' -

Failure of the Low Pressure Core Spray (LPCS) systemV2 -

Failure of the Low Pressure Coolant Injection (LPCI) systemV3 -

Failure of the High Pressure Service Water (HPSW) system asV4 -

an injection source to the reactor
Failure of HPSW (injection source) to survive containmentV4' -

venting
Rupture of the containmentR -

Failure of the Suppression Pool Cooling (SPC) mode of RHRW1 -

Failure of the Shutdown Cooling (SDC) mode of the RHRW2 -

Failure of the Containment Spray (CS) mode of the RHR-W3 -

Failure to depressurize the primary system via SRVs or theXI -

Automatic Depressurization System (ADS)
Failure to depressurize the primary system to allow SDC toX2 -

operate
Failure to depressurize the primary system subsequent to anX3 -

initial primary system depressurization
Failure of Primary Containment Venting + stem (includingY -

makeup to the pool as required)
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3.0 SCOPING QUANTIFICATION STUDY

A scoping quantification study was performed for the Peach Bottom site
,
' to determine which external events should be included in the detailed

PRA study. This scoping study considered all possible external hazards
at the site except for seismic and fire events, since these two events
were already scheduled for a detailed risk analysis. The PRA Procedures
Guide (Ref. 1) was used as a guideline for systematic identification of
all possible external events at the site. Next, an initial screening

process was carried out to eliminate as many events as possible from the
list. For this purpose, a set of screening criteria was developed and,

then each external event was examined for possible elimination based on
these criteria. Af ter the initial screening process was completed, it
was found that the following events could not be screenet. out based on
the general screening criteria:

a. Aircraft Impact
b. External Flooding
c. Extreme Winds and Tornados
d. Industrial or Military Facility Accident
c. Release of Chemicals from On Site Storage
f. Transportation Accidents
g. Turbine Generated Missiles
h. Internal Flooding

A bounding analysis was done for these events. The degree of
sophistication in the bounding analysis for each event depended on
whether the event could be eliminated based on only a hazard analysis or
whether a complete analysis including hazard determination, fragility
evaluation and plant response analysis was required.

.

Thin chapter presents the screening and bounding analyses performed for
the external hazards at the Peach Bottom site. Section 3.1 is a general

I
description of the plant and its location. Section 3.2 deals with the
identification and screening of external events for this site. The
external events -which required a bounding analysis are -discussed in
Section 3.3. Section 3.4 summarizes the results of the screening study.

3,1 General Dn.ph p. tim)

3.1.1 The Site

The Peach Bottom Atomic Power Station occupies 620 acres in York and
Lancaster counties of southeastern Pennsylvania, 2.5 miles north of the
Maryland Pennsylvania state line. The site is in the Piedmont Physio-
graphic Province of the Appalachian Highlands, 14 miles from the
Chesapeake Bay. The plant is located on the western shore of Conowingo
Pond, formed by the backwater of Conowingo dam, 9 ailes downstream on the
Susquehanna River. There is another dam, Holtwood. 6 miles upstream of
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the site. There art a number of other dams on the 422 mile long river
frorn its source in Lake Otsego, New York, to the mouth of the Chesapeake.
The Conowingo Pond is surrounded by steep sloping hills up to 300 fi
above plant grade (+116.7 f t MSL) . The rough hilly terrain continues for
12 to 15 rniles from the site and the area is mostly wooded.

,

<

The plant is 38 miles N NE of Baltimore, Maryland, and 63 iniles W SW of
)

Philadelphia, Pennsylvania. Access to the site ia from Maryland Route
623, Maryland Route 165 and Pennsylvania Route 74 through Ailston Peach
bottom link, an all weather bituminous road. There are no other major.

public roads through the site or near the site. The Maryland and
Pennsylvania railroad connects the site by a line frorn the west.

The land use in the counties surrounding the site is pr Lominantly2

< agricultural with only a few industries, mostly associated with food
1 processing, textiles or tobacco. As the distance from the plant

increases, the agricuuural activities decrease with concomitant increase,

j in population and industrial activities. As discussed in the FSAR, the

estimated 1970 population within 5 miles of the site was less than 6,000,
with most of the people concentrated further than 3 miles from the plant.

; Based on the past population trends, the total population in the 5 mile
zone is not likely to change to any significant degree.

,

; The site grade is at 116 feet relative to the Conowingo Datum (C.D.),
which is equivalent to 116.7 feet above mean sea level (MSL). The normal1

elevation of Conowingo Pond is elevation 108.5 feet C.D. but it can vary
down to 98.5 feet C.D. Peach Bottom experiences winter temperatures that

]
can go as low as 5'F and summer temperatures reach above 90'F. Severe
ice storms are frequent, on an average of once every three years. Winds:

at the site are considered to be inoderate. An analysis of the
Philadelphia area records shows that wind speeds above 75 mph are not
frequent. A total of 22 tornadoes were observed in a 45 year record.
The site is too far inland to be affected by the full force of
hurricanes. The annual precipitation has been observed to vary from a

| minimum of 22.9 inches to a maximum of 55.9 inches. The average annual
precipitation recorded at the site from a 25 year record is 45.44 inches.

The Plant

Peach Bottom Units 2 and 3 are twin BWR units, each rated at 1065 MWe.

(Unit 1 is a 40 MW decommissioned HTGR and is now in mothball status.)
I The reactor and generator for both units 2 and 3 were supplied by General

Electric Corporation. Bechtel Corp. acted both as Architect / Engineer and,

| Constructor. The plants began comrnercial operation in 1974. Units 2 and
3 are located approx!raately 300 feet from the shoreline of Conowingo
Pond. In addition to the reactor units, three transmission substations
(two 500 kV and one 220 kV) are present at the site.

Each reactor building is a reinforced concrete structure from the
foundation (91.6 feet C.D.) up to the refueling floor level (234 feet

*

C.D.). A structural steel framework above this level is covered with
metal siding and decking. The reactor building is 150 feet x 150 feet in

32
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plan below elevation 135 feet. and 1$0 feet x 120 feet above this
elevation. The foundation supporting both the reactor and primary
containment is a roonolithic concrete mat on sound rock. Other maj or
stractures at the site are the radwaste building, tta turbine building
and various auxiliary buildings such as a diesel generator building, the
stack, the administration building and the water creatment building.
Most of the buildings in the complex are founded on solid rock except
certain auxiliary buildings (e.g., diesel generator building) which are
supported on piles.

The reactor building is a seismic Class I structure designed for a
ma xitaum credible earthquake with 0.12 g horizontal peak ground
acceleration. Other Class I structures include the turbine building, the

_

; control room area (including the switchgear and cable spreading rooms),
the radwaste building and the reactor auxiliary bay, the diesel generator
bu;1 ding, the circulatin6 water pump structure and the structure housing
the service water traveling screens.

The concrete portion of the reactor building and the steci frame above it'

is designed to withstand full tornado pressure corresponding to 300 mph
wind and 3 psi internal pressure. The roof and metal sidin6 of this
building is considered expendable since the equipment required for safe

,

shutdown is locrited in the concrete portion. Wall thicknesses ranging'

from 2 feet to 3 feet prevent missiles due to tornadoes from penetrating
inside the critical areas. Critial portions of reactor auxiliary
building, control room area, circulating water purnp structure and service
water traveling screen structure are also designed for the full' force of
tornado missiles.

Site Visit

The initial site visit was ccnducted in March, 1987. The purpose of the
site visit was to confirm the information taken from the FSAR which was
being eaed in the scoping quantification study and to collect any new
information regarding possible changes in the plant or site conditions
which might influence the external hazard screening process. The site
visit included a tour of the plant structures as well as a survey of the
plant boundary and surrounding areas. Findings from the site visit were:

a. No major changes or deviations from the information in the
; Peach Bottorn FSAR (which could affect the screening process)

were found, either for the plant or its surroundings,

b. A survey of the structures in Peach Bottom revealed that a
river flood would have to reach elevation 135 feet to overtop
'ho circulating water pump house. However, it was also noted
that the pumps are further protected by the steel plates over
them.

c. A visual survey of the objects in the plant boundary with a
potential to generate tornado missiles -was conducted. It

confirmed that the likely number of missiles at the' site is
less than the number which was used in the tornado missile
simulation study (Ref. 2) utilized in the bounding -analysis
process (as discussed in Section 3.3.3).
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d.The site visit confirmed that there are no new-
industries, major airports or pipelines in - the vicinity - of-
the site.

3.2 Initial Screening of External Events

An extensive review of information on _ the site region and plant design
was made to Itentify all external events to be considered. The data-in
the Peach Bottom FSAR'as well as other data obtained _ from the utility,
and info.mation- qathered in the site 1 visit were reviewed for this
purpose.

A sec of screon!ng - criteria - w .a utilized to identify those external
hazards which could be screened from further consideration based on _very
general considerations, as described-in Section 1.3.2. These criteria,-
based on those ' in the PRA Procedures Guide - (Ref.1), .a. , Jisted again
below:

lAn external event can be excluded from further consideration if: !

q
Criterion 1 The event is of equal- or_ lesser damage potential
than the events for which the plant- has been , designed. . This
requires an evaluation of plant design bases in order to-

estimate the resistance of plant structures and systems . to; a
particular external event.

Eriteric a.1 The event he a significantly -lower mean_ frequency
of i.ccu':rence than other ents with similar uncertainties and-
could not result in vorse consequences than those events.-

3

Criterion 3 The event cannot occur close enough to the plant-to
affect it. This is c' o a function of _ the magnitude of the .
event.

Criter!on 4 The event is incivded in-the definition of another-
event.

I
criterion 5 The event is slow in . developing and there is
sufficient time to eliminate the source of the threat or to
provide an adequate response.

The use of these criteria ~ minimizes the' possibility. of- omitting any jsignificant rish contributers while at the same time reducing:the amount -

of detailed bounding analysis required.

Tabic 3.1 is a. listing of external hazards examined in.this-study, based
on the augmentation of Table 10-1.of the PRA Procedures Guide -(Ref.1) .
For each external hazard,- the applicable screening criteria and -a brief

.

description of the basis for the screening (if.any) is included _on 'this
table.

|
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Table 3.1- |

Preliminary Screening of External Events for
_

,

Peach Bottom Atomic Power Station
~

j Applicable
- Screening;

Event Criteria Remarks
._

Aircraft Impact None Performed Bounding Analysis'.

Avalanche 3 Topography is such|that no avalanche.
Iis possible.

Biological Events -5 The_only biological event which may
affect the safetyf of the _ plant . is-
fish in the pond, - i . e . . ~ fish may .
block flow of- water in the intake-

. structure. This: event. is not :i
- considered - because :-there wouldL be
adequate warning- ;

'

Coastal Erosion 3 ' Peach Bottom 'is located on tho' bank --

| of Susquehanna River, 14 miles up- !

stream of the river -mouth where it }
joinsLthe Chesapeake Bay. ,There are. *

several flood contro1~: dams -upstream: -

and downstream-_of-the plant. There- ,

fore, : erosion' is not - a significant -
*concern.

Dam Failure 4 Included in the - consideration of ]
external flooding,- 1

Drought 1,5 The' flow in the river' is well regu-
lated and there ;would be adequate
warning 'so that remedial action .
could be.taken.

External Flooding- None Performed Boun' ding Analysis.

Extreme Winds and None . Performed Bounding Analye 4
Tornadoes-

35
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* 4.a e 3.1.

Preliminary Screening of External Events. for e
Peach Bottom Atomic Power Station

, Continued)
\

Applicable
=!Screening.

Event Criteria Remarks-
_

Fog 1 fos -: can' af fect- .the -- f requency of
occurrence of other hazards !such as-
highway ' accidents Lor: 1 aircraft~ ~

landing and take off accidents _ Thel j.

effects of fog on._ highway, railway,; 1
:

- or barge accidents are-: implicitly .
- taken - into . account.. by - assuming a-

.

wors t. pos sible transportation.--_

accident near-the site, The effect' ;

of" fog ~ on :aircraf t -landing or - take-
off . accident ratesimay be neglected ~

'

because there are no airports within-
- 5 miles of theisite, i.e . , only ' ins -s-

-

flight accidents - contribute - to
aircraf t hazard !at the site,

torest Fire 1,3 , There are no forests - in- the immedi-'

ate vicinity of-the plant; i.e-. .the- .

'

.

site _hasLbeen cleared." i

Frost 1 Loads = induced - on structures due- to'-
. frost are much lower than snow ' and
ice loads, i.e., frost loads can be.- ;

safely neglected in the: plant hazard-
- analysis, __

liail 1 liail .i s' less - damaging .: than: the .
''tornado ' missiles. - Therefore 'hai1E

- isL not : considered further_c in4 the
scoping. study._

Tide, -liigh Lake 4,5 Included under external flooding.- ;

Lovel or liigh River
Stage

36
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Table 3.1

Preliminary Screening of Extert.a1 Events for
Peach Bottom Atomic Power Station

(Continued)

Applicable
Screening

Event Criteria Remarks
liigh Summer Temperature 1 As mentioned under drought, it is

possible to safely shut down the
plant because of sufficient warning
time. Therefore, high temperatures
on record are indirectly included
under drought conditions,

ilurricane 1,4 The effects are included under
flooding and tornado events.

J

Ice Cover 1, 4 Plant structures and systems are
designed for the ice effects.

Industrial or None Performed Bounding Analysis.
Military Facility
Accident

Internal Flooding None Performed Bounding Analysis.

Landslide 3 Detailed stability analyses were
performed at the site preparation
stage to confirm the safety of the
slopes in the west and north sides
of the site; hence, no landslide is
expected.

Lightning 1 Plants are usually designed for
lightning.

Low Lake or 1,5 The condition should not occur be.
River Water Level cause of the regulated flow in the

river; also, there will be adequate
warning so that remedial action
could be taken.

Low Winter 1,5 Thermal stresses and embrittlement
Temperature are insignificant. These are

covered by design codes and
standards for plant design.
Generally, there is adequate warning.
about ice on the ultimate heat sink
(i.e., river) so that remedial
action could be taken.
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-. Tat 51e 3,1

Preliminary Screening of_ External Events for-
' Peach Bottom AtomicLPower Station 1

(Continued)- |
1

1;

i

Applicable i
Screening i

Event C1iteria Remarks-

Meteorite 2 This. f event- has |a : v e r y ''l o w -
probability of_= occurrence. .A1 study
by Solomon _(Ref.:3) showed.that-the
probability of-a meteorite _ impacting ,

'any-nuclear power plant in the U;S,-
is negligible',_'and therefore-
meteorites need not be considered. _ f

Pipelino Accident 3 There are no . pipelines in the
vicinity-of the Peach Bottom site.;

,

Intense Precipitation 4 Included under externaltflooding.

Release of chemicals. None Performed B_ounding Analysis,-
From On Site Storage

River Diversion 3 'The river *is well-regulated.-

~

Sand Storm 3- This is- not relevant for = this
region.

- Seiche 4 Included under external' flooding..
|

Seismic Activity - None Included in External EventLAnalysis.
~

' 4Snow -1~ Roofs of-all s'tructures are-designed
for a snow load of E 30 psf. . Load
combinations o the r ' than those ;

; involving snow load',-however, govern
' ' the ' design. Therefore, . snow loads

can be. excluded from further~ study..
;-

Soil Shrink-Swell 1- Plant structures are all_ designed
L ' Consolidation for the effects of - consolidation.

Such ef fects . occur over a long
period and -. do_ ' no t ' po se a . hazard

"

during plant operation, i';e.,-- the-

plant- can ' be safely shut down - if -^

'
needed.

1

')
I
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Table 3.1

Preliminary Screening of External Events for
Peach Bottom Atomic Power Station

(Continued)
1

i

Applicabie
Screening |

Event Criteria Remarks |

Storm Surge 4 Included under External Flooding.

Transportation None Performed Bounding Analysis.
Accidents

Tsunami 2,3 Peach Bottom is. inland; tsunamic are
rare on the East coast.

Toxic Gas 4 Included under transportation
accidents, on site chemical release,
and industrial and military facility
accidents.

Turbine Ger.erated None Performed Bounding Analysis,
Missiles

Volcanic Activity 3 The site is not close to any r- *ve
~

volcanos.

Waves 3 The site is located on conowingo
Pond formed in the river by the
Conowingo Dam; it-is not subj ected
to severe wave action.

h
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In summary, the f!ndings of the preliminary screening.are as that,~aside
from seismic and fire events, which have already been _ included in the.

detailed external event risk analyses, the . following - events were- ,

identified for a bounding study:
~

-

a. Aircraft Impact -t

b. External Flooding
c. Extremc Winds and Tornados

~

,

d. Industrial or Military Facility Accident. ,

c. Release of Chemicals from. On Site Storage
f. Transportation Accidents i

g. Turbine Generated Missiles
h. Internal Flooding

The bounding analyses performed for these events-are discussed in Section
3.3.

3.3 Boundinn Analyses

The bounding analyses for the external events which could not be screened
out by the general criteria as described:above are given in this section.,

The probabilistic models used in these bounding analyses integrate the ,

randomness and uncertainty associated with loads,- response analysis, and -
capacities to predict the annual frequency of the plant damage from
conservative models, If the mean frequency computed with a conservative
model is predicted to be sufficiently -low (e.g.,-less than . '10 5/ year) , i

the external event may be eliminated from further' consideration. The
bounding analyses thus provide a second - screening of the~ external
hazards, allowing additional hazards to - be deleted from further
- consideratic ,- and identifying those remaining external events which need
to be analyzed in detail as part of the PRA.

In addition to calculating End screening on a best estimate frequency of
: core damage, :the uncertainties in hazard and component fragilities may be -

used to find the high confidence (95 percent) bounds' on_ the: frequency of -'

core damage, lloweve r , such an uncertainty analysislisyrequired only- if
.

'

i the best estimate of the ~ core damage - frequency; of the < external event
leads to a value which is close to- the .'(usual) mean rejection frequency

i of '10 e/ year.
I

||- Often, simpitfications in the - above analyses are introduced. As an
example, in-case of' aircraft impact, back face-(inside) scabbing of the 1

II exterior barrier walls of safety related structures - can 'be cassumed to
result in core; damage even though, ~actually, - a suitable combination of

, . component failures is necessary to lead to this damage state. However,
if the resulting frequency of core damage- computed with the conservative'

model is- sufficiently small, no further consideration -is required.

In addition, for some external events, -it is possibic = to perform . a i

bounding analysis without performing a structural response analysis. -In
effect, one shows - that the frequency :of exceeding ' the, design loads is'

,

'
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very small, and thus infers that the hazard can be neglected due to the
conservatism in the design process. These, and other simplifications are

| utilized as appropriate in the following bounding analyses. ,

3.3.1 Aircraft Impact

As ar.sessment of the risk from aircraft crashes into the Peach Bottom
structures is presented in this section. The analysis is based on plant
location relative to nearby airports and airways. It was concluded that
plant damage due to aircraft crash is not a significant ovent for Peach
Bottom.

One approach to bounding the risk due to aircraft crashes is based on the
US NRC Standard Review Plan. According to this Standard Review Plan, the
probability of aircraft accide: s resulting in unacceptable radiological
consequence is less than approximately 104 per year if all the following
conditions are met:

a. The plant to airport distance D is between 5 and 10 statute
miles, and the projected annual numbers of flight operations
is less than 500 D2, or the plant-to airport distance D is
greater than 10 statute miles, and the projected number of
flight operations is less than 1,000 D2;-

b. The plant is at least 5 statute miles from the edge of
military training routt.s, including -- low-level training
routes, except for those associated with a usage greater
than 1,000 flights per year, or where activities (such a; <

practico bombing) may create an unusual stress situation,

c. The plant is at least 2 statute miles beyond the nearest-
edge of a federal airway, holding pattern, or approach
pattern.

The Standard Review Plan requires that a detailed review of aircraf t
impact risk be performed if the above requirements are not met or if
sufficiently hazardous military activities are identified.

In the present case, there are four airports within 10 statute miles of
the Peach Bottom Station (Table 3.2) two intended for public but limited
use, and two are private, restricted. There is also reported to be a
small private airport in Corryville. None of those has any regular
traffic. There are no military airports within 10 miles of the site.
Therefore, the requirements regarding the location of airports of the
Standard Review Plan are satisfied,

However, the requirements with respect to location relative to FAA
controlled airways were not met. In fact, the centerlines of two airways
(Victor 3 and Victor 93E) intersect within one elle of the site. This
Norris intersection is used for change of airways by aircraf t using a
radio navigation faellity. The airways extend about 4 miles on either

3 11
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Table 3.2

Airports Within 10 Miles of the
Peach Bottom Atomic Power Station

Alrnort Tannlewood Conowingo Tuff Delta

Distance
(statute mi) 6 1/2 7 4 4

Direction
(true north) 36' 140' 272* 226'

Elevation
(ft) 680 380 465 540

Type Public Use Public Use Private, Private,

Restricted Restricted

side of their centerlines and carry commercial and Beneral aviation
traffic' between 3,000 feet and 18,000 ft. The air traffic on Victor 3
passes directly above the station in an E NE and W-SW direction. A11 of
the traffic on these airways is expected to conform to the Federal
Aviation Administration regulations concerning the minimum low altitudes,
i.e., all aircraft must fly at least 1,000 feet above the tallest object
in the corridor.

Aircraft flying at 9,000 feet and below are normally single- and twin-
engine light aircraft whereas those flying above this level are mostly
three- and four engine heavy commercial jet aircraft. The annual
inflight crash rates for different types of aircraft are given in Table
3.3. The crash rates for commercial jets is very low compared to single-
engine and twin engine aircraft. As there are no data on the number of
flights in these airways for dif fe rent types of aircraf t, a bounding
analysis is performed to show ~ that aircraf t impact is unlikely or if it
occurs, is unlikely to lead to core melt,

capacities of Category I structures against aircraft impact are-
determined by using the formulas which have been developed for impact of
non deformable missiles on reinforced concrete walls and panels. It can
be assumed that the engine and part of the aircraft body represent the
non-deformable missile. Since the plant is designed for a spectrum of
tornado-generated missiles, the walls provide some structural resistance
against aircraft impact. Typically, if a plant has.been designed against
an automobile missile impact as a result of tornadoes, it can withstand a.
single-engine aircraft impact. Based on formulas which have been
developed from full scale and model impact tests, any reinforced
concrete

3-12
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Table 3.3

Annual In Flight Crash Rates (Crash / mile)

Aircraft Type 5th Percentile 50th Percentile 95th percentile

Single Engine 1,91 x 10 7 2.27 x 10-7 2.70 x 10 7 |

Twin Engine 5,54 x 10 8 7,14 x to a 9.20 x 10*e
.

Commercial 6. 95 x 10 10 1.39 x 10-8 2.76 x 10-8

structure with walls at least 18 in, thick may be excluded from the
impact analysis for single engine aircraf t.

This criterion will exclude all of the safety related buildings, . e.g. ,
the reactor building which has 2 feet to 3 feet thick walls. A single-
engine aircraft could cause-damage to the reactor building if it crashes
into the metal superstructure above elevation 234 feet C.D. However,
there is no safety related equipment in this area and the slab thickness
(at elevation 234 f t) will ensure against penetration. The main control
room complex is located well inside the turbine building and the event of
crashing aircraft reaching the control room complex after traversing the
turbine building is improbable. In addition, the control room itself is
designed for tornado missiles. The crash of an aircraf t may sometimes
damage the outdoor equipment but such- impacts do not directly lead to a
core melt. As an example, the crash might damage the two service water
pumps in the cribhouse. The lors of the normal service water system is
not a significant contributor since an additional redundant source (in
the emergency cooling tower) is located on the _ hill adjacent to the main
plant structure. Thus, any risk due to light airplane crash at Peach
Bottom can be discounted.

For commercial aircraft, in order to have an acceptable bounding
frequency of -10-6/ year, the minimum number of flights likely to achieve
this value must be shown to be much larger than the likely traffic on
this route. The probability per year, P, of an aircraft crash into the
plant from an aviation corridor passing near the site is given by

P - C N A/W

where

P - Probability of aircraft strike / year

C - Inflight crash rate per mile for a given type of aircraf t
using the airway

N - Number of movements or flights per year of aircraft along a
given flight pattern

A - Effective target area of critical portions of the plant
W - Width of airway

3-13
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The effective target area A is computed based ' on the base area of the-
Unita 2 and 3, plus the radwaste building and additional areas accounting
for the possibility of skidding of an aircraft after hitting the ground,
as well as taking into consideration structures in the shadow areas of
structures. The numerical values assumed here allow for an aircraft
hitting up to 100 feet short of a structure and slidin6 into it. The 1
exposed area is calculated by assumin6 a 30' angle of attack for the
approaching aircrait. Units 2 and 3 are the largest structures, and they i

shield a large part of adjacent structures. Thus, for example, the |
shicided structures are protected against any aircraf t hitting the ;
reactor dome. The area is calculated for four different directions of |
aircraft travel and the maximum value is chosen. Due to the complexity
of the site plan, such area computations necessarily involve some
approximations. The tar 6et area is conservatively estimated to be
7. 7 x 10-3 sq. miles which is increased to 9.0 x 10 3 to account for other
small structures on the site. The number-of flights / year, corresponding-
to a bounding probability value of 1 x 10-e/ year, is thus estimated to
be 639,488, which is equivalent to 1,752 flights / day. As the data on the

.

Inumber of actual flights through the- corridor is not available, some
conservative arguments, as explained below, are made to show that this

,

number can be considered to be much larger than the possible number of '

flights in this flight corridor.

The Federal Aviation Administration- (FAA), which operates and maintains
the National Airspace System, allocates and regulates the use of
airspace. It designates air traffic hubs, which denote the cities and
standard metropolitan areas requiring aviation services. These hubs
overwhelmingly dominate the traffic in the United States and are
classified as large, medium or small. Philadelphia is one such large hub
near the Peach Bottom site.

The number of aircraft handled at any hub is' officially designated as the
number of air operations at the hub plus IFR overflights. The number of
air operations is two times the number of aircraf t departures, _ assuming
that the number of departures is equal to the number of landings. IFR
overflights are those flights originating outside the local Air Route
Traffic Control Center and passing through the area vithout landing.-

Conservatively, we _ assume that Philadelphia results are also valid for
Peach Bottom and the total number of aircraf t handled there is equal to .

the number passing over the Peach Bottom site.
Statistical Handbook of Aviation, Ref. 4) for the . The statistics (FAAPhiladelphia hub show
that 122,002 air operations were performed there in one year.

As there is no local data for IFR overflights. it- is conservatively
computed from national data. For the -United States, there are seven
aviation zones, and a total of 953,251 overflights / year were handled for
air carriers in these zones. Three of these zones cover the Eastern-
Seaboard. Therefore, assume that 3/7 of the overflights / year- belong to
Eastern Seaboard and all these flights pass over the Peach Bottom site.
This gives the total traffic at this hub to be approximately 1,453
flights / day, which is still lower than the value of 1,752 flights / day
required to reach the probability of core damage due to aircraft impact
at the 10 6 level.

3-14



. - - - .- - . . - . . - -

3.3.2 External Flooding

The Peach Bottom Atomic Power Station is located on the west side of the
Conowingo Reservoir which is formed in the Susquehanna River by the
Conowingo Dam, located 9 miles downstream. Holtvood dam, located about
6 miles upstream from the Peach Bottom site, forms the upper limit of
Conowingo Reservoir. The Muddy Run Pumped Storage Generating Plant is

,

located about 4 miles upstream on a tributary entering the reservoir on
'

the eastern side.

The Susquehanna River and its tributaries form the major drainage system
of southeastern Pennsylvania. The total drainage area is 27,500 square
miles of which 6,270 square miles are in south central New York, 20,950
square mi'es in central Pennsylvania, and 280 square miles in
northeastoso Maryland, with 27,000 square mileu above the Peach Bottom
site. The flow in the Susquehanna River is regulated by a series of dams
upstream and downstream of the plant site. Therefore, precipitation and
snow melting, failure of the Holtwood dam and wave run up are the main
sources of external flooding at the site.

The observed peak flows on the Susquehanna River at Harrisburg from 96
observation years have ranged from a minimum of 127,000 cfs to a maximum
of 1,020,000 cfs. The maximum recorded flood occurred on June 24, 1972,
when a peak flow of 1,020,000 cfs was measured. The second largest flood
occurred in 1936 with a discharge of 740,000 cf s. A chronological
listing of other known floods at Harrisburg is given in Table 3.4.

Tabic 3.4

Chronological List of Flood Peak Discharges
for Susquehanna River at Harrisburg, Pennsylvania

Discharge Discharge
leur Date (cfs) Ytal Date (cfs)

1786 Oct. 5 482,000 1933 Aug. 25 269,000
1846 Mar. 15 482,000 1934 Dec. 2 242,000
1865 Mar. 15 573,000 1935 July 11 187,000
1868 Mar. 18 417,000 1936 Mar. 19 '740,000
1886 Jan. 6 385,000 1937 Jan. 24 231,000
1889 June 2 654,000 1938 Dec, 20 178,000
1891 Feb. 19 408,000 1939 Feb. 23 210,000
1892 April 5 270,000 1940 April 2 418,000
1893 May 5 324,000 1941 April 7 244,000

_
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Table 3.4 (Concluded)

Chronological List of Flood Peak Discharges
for Susquehanna River at Harrisburg, Pennsylvania

Discharge Discharge
Yngr Date (cfs) Ygar Date (efs)

1894 May 22 613,000 1942 May 24 290,000
1895 April 11 230,000 1943 Jan. 1 412,000
1896 April 1 265,000 1944 May 9 212,000
1897 Mar. 26 180,000 1945 Mar 5 252,000
1898 Mar. 24 315,000 1946 May 29 494,000
1899 Mar, 6 228,000 1947 April 7 214,000
1900 Mar. 2 238,000 1948 April 16 308,000
1901 Nov. 28 249,000 1949 Jan. 1 220,000
1902 Mar. 3 449,000 1950 Nov. 27 416,000
1903 Mar. 2 276,000 1951 April 1 226,000
1904 Mar. 8 298,000 1952 Mar. 13 324,000
1905 Mar. 21 306,000 1953 Mar. 26 216,000
1906 Dec. 4 210,000 1954 Mar. 3 242,000
1907 Mar. 15 247,000 1955 Mar. 6 177,000
1908 Mar. 20 297,000 1956 Mar le 338,000
1909 May 2 297,000 1957 April 7 ,50,000'

1910 Mar. 3 332,000 1958 April 9 281,000
i 1911 J an. 16 178,000 1959 Jan, 24 230,000
l 1912 April 4 249,000 1960 April 2 382,000

1913 Mar. 28 402,000 1961 Feb. 27 392,000
1914 Feb. 30 358,000 1962 April 2 270,000
1915 Mar. 26 286,000 1963 Mar. 28 249,000
1916 Mar. 29 379,000 1964 Mar. 12 484,000
1917 Mar. 29 155,000 1965 Feb. 11 136,000

.

1918 Mar. 16 288,000 1966 Feb, 15 265,000
'

1919 May 23 294,000 1967 Mar. 17 182,000
1920 May 13 423,000 1968 Mar. 24 202,000
1921 Nov. 30 278,000 1969. April 8 127,000
1922 Mar. 9 192,000 1970 April 4 343,000
1923 Mar. 6 261,000 1971 Mar.-1 224,000
1924 April 8 324,000 1972 June 24 1,020,000
1925 Feb. 13 379,000 1973 Feb. 4 209,000
1926 Nov. 17 323,000 1974 -Dec. 29 105,000
1927 Mar. 23 208,000 1975 Sept. 27 529,000
1928 May 2 252,000 1976 Feb. 19 239,000
1929 Mar. 17 235,000 1977 Oct. 10 254,000-
1930 Feb. 28 177,000 1978 Mar. 24 252,000
1931 Mar. 31 153,000 1979 Mar. 7 416,000
1932 April 2 245,000 1980 Mar. 23 205,000

|
.--

1
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The water elevation attained in the vicinity of the Peach Bottom Plant
during the second largest flood of March 1936 is reported by local
residents to be about clovation 4111.5 feet C.D. As per the FSAR,
backwater computations utilizing high water marks recorded upstream and
downstream from the site by the U.S. Geological Survey have estimated the
1936 flood 1cvel of +113 ft C.D. The maximum flow of record of about
1,020,000 cfs is thought to have reached around +116 f t. C.D. , which is

also the plant grade elevation.

simplified analysis was conducted' to asse ss theAs a first approaca, a
probability distribation of flooding at the site based on the strc4m gage
data. Three difforent commonly used distributions, i . e . , _ logi o rmal , ;

Type I Extreme Value and Log-Pearson Type III were investigated f< r this
purposn. The flood discharge corresponding to a return period of one
rnillion years was found from these distributions. The reslective
resulting values were 2,248,950 cfs, 1,702,639 cfs and 3,140,837 cfs.
(Note that the third distribution investigated is from the Hydrology
Subcommittee Bulletin 17B in Ref. 25. However, the outlier and weighted

which would reduce this particular estimateskew adj us traents --

recommended in Reference 25 were not applied for this level of analysis).
Two of the three estimates might bo expected to equal or exceed the 135
foot elevation level to which all critical equipment and structures are
protected against flood. Hence, this approach could not be used to
definitely screen out the possibility of non-negligible risk from
external floods.

As an alternative approach, the maximum credible- flood based on local
conditions was estimated using PMF methodology as reported in the FSAR.
The probable noxinum flood (PMF) at the site was determined by the U.S.

! Corps of Engineers using probable maximum precipitation data over the
i Susquehanna River watershed above Harrisburg, PA. The assumption of
'

simultaneous rainfall over such a large area (24,100 square miles) is
very conservative and resulted in a probabic maximum flood estimate of
1,750,000 cfs at the site.

( Holtwood dam, upstream of the site, is a gravity structure and is
| unlikely to fall completely. However, should a complete failure of this

| dam take place, there is estimated to be an instantaneous additional flow

| of 200,000 cfs. The most severe combination of maximum probable flood,
failure of Holtwood dam and wind generated waves acting simultaneouslyj

was assumed so as to produce a maximum _ flooding elevation of 131.5 feet
at the site.

As per the FSAR, a study of surge propagation in the reservoir for the
probable maximum flood . indicated a transient wave height of 0.5 f t at the
site. Superimposing the height of the transient wave on the steady state

| backwater profile produces a maximum level of +132 ft at the site. The
height of the wind generated waves was computed using the greatest
average fetch. From a consideration- of the surrounding conditions,
recorded wind velocity, wind direction, e f fec t of topography, and time
required for waves to develop, a wind-generated wave height of 1.8 f t was
computed. Superimposing 1.8 ft of wind-generated waves yields a peak of
elevation of 133.8 ft C.D.
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The critical equipment, systems, and structures essential to a safe shut-
down of the reactor are flood protected to elevation +135 ft C.D. Water-
tight doors are provided for all the critical structures, including the
reactor building, main control room complex, switchgear room, diesel
generator building, service water pump structures, etc. , up to an eleva-
tion of +135 ft C.D., 1 caving a margin of 1.2 ' f t. All penetrations in
the exterior walls, including conduits, are scaled to ensure leak tight-
ness necessary for plant safety. In addition, an emergency service water
pump is located in the emergency cooling tower structure. These plant
design features and extremely conservative assumptions in all phases of
analysis leads us to conclude that the contribution of flooding to
overall plant risk is negligible.

3 3.3 Extreme Winds and Tornadoes

Extreme winds resulting from tornadoes, hurricanes or wind storms can
present a threat to nuclear power plants. The winds associated with| hurricanes and storms are, however, less intense and lower -in magnitudei

than those associated with tornadoes at the design-basis level
(Figure 3.1, taken from Ref. 5). Also, Peach Bottom is well inland
making the hurricane e f fec ts minimal. Hence,- it is sufficient to ;

;

consider only the risk to the structures due to tornadoes. This section !
describes the analysis of Peach Bottom structures for the effects of

|tornadoes.

Assuming a Poisson process for occurrence of tornadoes, the probability
of a tornado striking the structures during time T with a velocityexceeding V* may be written as:

|P [ strike by tornado with V 2 V*) - vT E(V(A ) 2 V*(Ar)] 1I

Iwhere v is the mean arrival rate per unit area per year for the site, '

V(Ar) is the velocity in an area Ar which will be defined below and E(.)
is the expectation operator taken over all tornado parameters.

:

Figure 3.2 shows a rectangular structure with dimension A and B. Assumethat this structure is approached by a tornado which travels at an angle
measured from the side B, Also, let us assume that this tornadoas

travels a touchdown distance equal to L and the damage is limited to
width W during the lifetime of the tornado. Knowing the above |

,

information, one can define an area A where any tornado initiated int

this area would strike the structure. Here, the point of initiation for
the tornado is assumed to be the mid-point of width W, but in general the
following re.mits are not dependent on this assumption. The area A is i

j

shown in the lower part of Figure 3.2. Using simple geometry, it is
!

i

observed that Ar is made up of four distinct regions.
(

a. The sum of the areas denoted by Tt and T , which is equal to the2total tornado damage area WL.
'

b. The area donoted by P, which is equal to HL where H is the projection
of the structure on a line which is perpendicular to the tornado
path.
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c. The area denoted by areas BA: and BA added to the structure area AB,2

E, E and E. added to WG, where G is thed. The areas denoted by E ,i 2 3

projection of the structure on the tornado path,

Therefore, it is observed that the tornado will strike the structure if
it is initiated within an area A3 given by

Ag - WL 4 HL + WG + AB.

The first term in this equation is the tornado damage area whereas the
next two terms provide for any intersection between the tornado and the
structure. Finally, the last term is the area of the structure itself.
Thus, the tornado hazard curves for a site are expected to depend on the
size of the structure as well as the damage area of the tornado. For
typical structures, the last two terms may be neglected and Ag may be
written as

Ag - WL + HL

where WL is the area for a point structure and HL is the lifeline term
which also contributes to the probability of a tornado strike,

In general, one must integrate the results over the probability
distribution of angle a for all possible tort, ado strikes. For this
scoping study, an5 e a was conservatively chosen such that it would1

maximize the second term in the equation, i.e., H was chosen as the
maximum proj ec tion length of the structure. A matrix formulation for
calculating the annual frequency of tornado strikes with V 2 V* is

presented here, based on the procedure described in Reinhold and
Ellingwood (Ref, 6).

This model includes the following elements:

a. Variation of tornado intensity with occurrence; tornado occurrences
decrease rapidly with increased intensity,

b. Correlation of width and length of damage area; longer tornadoes are
usually wider,

c. Correlation of area and intensity; stronger tornadoes are usually
larger than weaker tornadoes,

d, Variation in tornado intensity along the damage path length; tornado
intensity varies throughout its life cycle, and

e. Variation of tornado intensity across the tornado width path.

In this model, the occurrence of tornadoes in this model is assumed to
have a Poisson d is t r ibut ion , i.e., the probability - distribution of
totnado inter-arrival times is assumed to be exponential. Given that a
tornado has occurred at the site, the conditional probability of the
tornado intensity scale is then based on historical data. Next, for each

tornado intensity scale, one determines the average (expected) value of
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tornado area (WL) and tornado path length (L) . Thus, one can calculate

the expected value of area At for each tornado intensity scale. Assuming
that the maximum tornado wind velocity for each intensity scale is the
mid-point of the velocity scale as reported in Table 3.5, the probability
of a tornado strike with maximum wind speeds exceeding a given velocity
V* is equivalent to the probability _ of that tornado being initiated in

,

the aren Ag. As an example, an F3 tornado in Table 3.5 would correspond
to a maximum wind velocity of 182 aph. Also, one can calculate a
corresponding A1 area for F3 tornadoes. Therefore, the probability of
exceeding 182 mph winds at the site is equivalent to the probability of
an F3 tornado occurring in the corresponding At at the site. However,
the problem is complicated by the fact that an F3 tornado does not
exhibit the same level of damage along its path. A detailed description
of the probabilistic model and its applicatie to the Peach Bottom site
is given next.

Table 3.5

Velocity, Length, Width and Area Scales

Fuj ita - F Pearson P Pearson - P
Scale Velocity Scale Length Scale Width Scale Area Scale

No. (moh) (mi) (mi) (mi2)

0 72 1.00 0.010 0.001

1 73-112 1.00 3.15 0.010 0.31 0.001 0.009

2 113 157 3.16 9.99 0.032-0.099 0.010 0.099

3 158 206 10.0 31.5 0.100 0.315 0.100-0.999

4 207-260 31.6 99.9 0.316 0.999 1.000 9.999

5 261 318 100-315 1.00 3.15 10.00-99.99

6 319-380 316-999 3.16 9.99 100.0 999.9

The Peach Bo t tom site is located in Pennsylvania, which belongs to
tornado region I (Figure 3.3) according to the scheme proposed by Markee
et al. (Ref. 7) or region C (Figure 3.4) as per Twisdale and Dunn (Ref.
8). The tornado . occurrence rates for these regions are 4.12 x 10-4/
square mile / year and 3.37 x 10''/ square mile / year, respectively (Table
3.6). These occurrence rates have been corrected for possible unreported
tornadoes in sparsely populated areas. The specific frequency in the

l local region around the Peach Bottom site can be estimated from Figure
3.5, which gives the number of tornadoes occurrin6 in the United States
by 1* box (i.e., an area enclosed by one degree latitude-longitude lines)
from 1954 to 1983 as recorded by National Severe Storms Forecast Center
(Ref. 9). As Peach Bottom is located in one of the four shaded squares

I
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in the Figure 3.5,_ the - highest - value _ of._ 43 'is used toi calculate the. ]
frequency. The area. of each square is 4780- cos 0,.--where;e is: the- -)-

latitude- of . the center : of the square, ' Assuming 0 - 40', the 1 site
specific frequency of- tornado occurrence _ is cc puted to be=
3.91 x - 104/ square mile / year, i

. . |

To be conservative, the value t of 4.12 x '10-'/ square mile / year given< by. '!

Markee et al . (Re f. 7) is, however, . used in further J analysis. -The:
probabilities of occurrence'of different intensities.(F0 to F6) are given. '

(Table 3.6) by:

Fo F F Fa F F - Fe3 2 4 3

(01) - (0.2227 0,3785' O.2576 0.1016 0.0324 .0.0066 J0.0009)~
~i

where the F scale intensities' depend on the qualitative assessment.of the
worst damage that occurs during a_ tornado, based on actual observations-
or computation of pressure required.to cause the observed-damage. Thus,,
each - row of the Table 3.6 ' gives - the conditional probability of each F- ..

scale intensity tornado given that a tornado has. occurred. Eachitornado !

intensity scale is also associated with a velocity' scale,'a length' scale,l

a width scale and an area scale as shown in Table 3.5. ,

Next, the average or the-expected values of tornado area and tornado path ,

length are determined in order- to compute. thof expected value - of: area Ar
for each tornado intensity scale'.. Assuming that the maximum tornam' wind
velocity for each intensity scale is xthe mid point _ of n the -velocity
reported in Table 3.5, .the probability 2 ofi a . tornado strike = with maximum-

wind speeds exceedin5 = a - given velocity : V.* is e quivale nt-:w to '. the
probability of that tornado being t initiatedi in - the 1 area ' Ar. : . As L an
example, a F3 tornado in Tabic _3.5 would correspond to a maximum velocity-
of 182 mph. Also, one can calculate Ja . corresponding' Ar area _ for F3
-to rnadoe s ._ Therefore, the probability;of exceeding |182. mph. winds at.the
site is.cquivalent to the probability _ of an F3 tornado occurring in 'the
corresponding At at the site.

| For_ the present study, :the expected value of tornado damage area -WL -is
' required'for each value inLthe intensity scale.. These iverage areas may.

-

be calculated from historical _ measured damage 'a re as : o f -- ob se rve d-

tornadoes, i . e =. , an area-intensity relationship for tornadoes is to Lbe-
obtained. Table 13.7- shows a matrix of -area-intensity relationships for. i

'

all tornadoes based on 10,240 tornadoes - (Ref- 10). Each row .of 1 this..

table shows the percentages of = cach F scale _ intensity tornado which ivere=

_

classified according. to area classification in Table i 3;5. S ince - - F6
tornadoes have not been observed in the past, the last row in Table 3.7
represents engineering _ judgment (Ref. 6). Representing. the average of
area scales in Table 3.5 by a vector ( AA) _ and the matrix in. Table : 3. 7
( A M), the vector of expected values of' areas for.each F-scale intensity3

( A ) =may be written ast

( Ar) - ( A M) (AA)t
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Table 3.6 1

1
IRegional Tornado Occurrence Intensity Relationships

Corrected for Direct Classification Errors and Random Encounter Errors

(Each Row in the Table is the Vector 10)
l

Corrected Probability of Occurrence
at Each F-Scale Intensity

F

Region Scale F0 F1 F2 F3 F4 F5 F6

Fig. 3.3 I .2227 .3785 .2576 .1016 .0324 .0066 .009
9

II .3610 .3116 .2198 .0912 .0147 .0015 000
2

III .3044 .4421 .1730 .0681 .0112 .0012 .000-
1

Fig. 3.4 A .1658 .3379 .3122 .1322 .0413 .0093 .001
3

B .2263 .3527 .2785 .1040 .0312 .0063 .000
8

C .2830 .3611. .2426 ,0856 .0225 .0047 .000
6

D .3034 .3799 .2436 .0622 0096 .0011 .000
l'

RcElan Regional Occurrence Rates Corrected for Unreported Tornadoes
(occurrences per sauare mile oer year)

Fig. 3.3 I 4.12 x 10''
II 2. 67 x 10-5
III 1. 35 x 10 5

Fig. 3.4 A 5.18 x 10**
B 6.98 x 10''
C 3. 37 x 10-'
D 3. 53 x 10-5

Using (AA) - [0.001 0.0055 0.055 0.55 5.5 55 555] and ( A M) as thei
matrix of Table 3.7, the mean tornado areas (square miles) for each F-
scale intensity are obtained as

Po F F F F. F Fet 2 3 3

( A ) - [0.30 0.72 1.8 4.3 8.5 15.7 18.9)I

Another characteristic of a tornado is that its intensity does not stay
constant along its path and the tornado is usually at its highest
intensity only for a fraction of the time it is active. This resulted
from the fact that intensity scales are assigned to a tornado based on
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Table 3,7

Intensity Area Relationship Including Corrections <

For Direct Observation and Random Encounter Errors -(AgM Matrix)

Percentage of Tornadoes With Indicated
Area Classification

Actual Maximum
Tornado State AD A1 A2 _Al_ ^4 A5

F0" .155 .421 .269 .125 .029 .0016

F1" .057 .255 .355 .259 .071 .003
i

F2" .022 ,139 ,303 .368 .155 .013

F3" .009 .070 .210 .376 .289 ,046
i

F4" .003 .033 .123 ,299 .435 ,107

F5" .001 .017 .068 .216 .461 .237

F6" .001 .012 .049 .185 .458 ,295

the most severe observed damage. -Figure 3.6 shows a - hypothetical F4
tornado with variation of intensity along its path. Table 3.8 shows a
matrix' (VWL) giving corrections for the combined variation of tornado
intensity along its path length and across its path width, Each column
of matrix (WL) in Table 3.8 shows the proportion of each F scale damage
in the area (WL) for a tornado which has been assigned an intensity scale
based on the most severe observed damage from the analysis of 149
tornadoes (Ref. 6). As an example, F3 tornadoes are expected to inflict
F3 damage on only 2.7 percent of the total damage area. In fact, 61.5
percent of the damage inflicted by a F3 tornado- is expected to be very
light (FO).

The probabilities of tornado strike associated with'a point structure
At - WL (Figure 3.3) for each F scale intensity tornado are obtained .from

P [(V(Ar,WL)) 2 (V*)) - v (Cg) - v(VWL) ( Ag.01)

where (V*) is taken to be the mid point of tornado velocity scales in
Table 3.5, i.e., (V*) - (72 93 135 182 234 290 349) and matrix VWL
is as defined above. (Ar.OI) is a vector where its elements are the
expected' values of tornado areas times the occurrence-intensity rates
assuming that the whole tornado corresponds to the classified intensity.

( Ar .01 ) - (0.0668 0.2725 0.4639 0.4369 0.2754 0.1036 0,017)
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Table 3,8

Variation of Tornado Intensity Along Path Length |

and Across Path Width (VVL Matrix)
i

True Maximum Tornado State

Local Tornado
State F0" _.E1 ". _E2" E F4" F5" ,J.6, ",

F0* 1.000 .743 .658 .615 ,637 .632 .625

Fl* 0 .257 .248 .267 .234 .236 .238

F2* 0 0 .094 .091 .093 .088 .089

F3* O O 0 .027 .028 .033 .033

F4* O O O O .008 .009 .011

F5* O 0 0 0 0 .002- .003

F6* 0 0 0 0 0 0 .001
!
i

The vector (C ) is-t

(C ) - (1.09 0.39 0.122 2,35 x 10-2t

3,3 x 10-3 1 x 10-4 1,7 x 10 5)

There is additional contribution to the probabt'ity of the tornado wind
speeds exceeding a certain value due to the liicline term which depends
on the tornado length and is independent of tornado width, Table 3.9
shows a matrix of intensity length relationship (LIM) where each row of
the matrix is the fraction of tornadoes with a given F-scale intensity
which were observed to have length scales according to Table 3.5. This
matrix was based on an analysis of 7953 tornadoes between 1971 to 1979
(Ref. 6). The expected value of tornado length for each F scale
intensity tornado (LI) may then be computed from

( LI ) - ( LIM ) * (LL)

where (LL) is the vector of mid point length scales from Table 3.6, i.e. ,
(LL) - (1.0 2.08 6.58 20.8 65.8 208 658) and the length intensity,

vector is,

(LI) - (1,53 3.01 4.76 9.15 18,8 26,9 30.1)
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Tabic 3,9

Intensity Length Relationship Including Corrections
for Direct Observation and Random Encounter Errors (LIM Matrix)

Forcentage of Tornadoes With Indicated
Area Classification

Actual Maximum
TornnA State R R _El,2 fM E R

F0" .801 ,115 .069 .014 .001 0

Fl" .590 .219 ,140 .046 .005 0

F2" .436 .249 .212 .093 .010 0

F3" .272 .226 .268 .195 .038 .001

F4" ,141 .152 ,272 .326 ,090 .019-

F5" .079 .113 .197 444 ,131 .036

F6" .058 .101 .155 ,496 ,147 .043

Since a tornado intensity varies along its length, one needs to establish
relationship between the total length for a given F-scale tornado anda

the percentages of total length which were observed to have different F-
scale intensities. Such a relationship 'is shown in terms of the matrix
of variation of intensity along length (VL) in Table 3,10 where each
column of the matrix lists the percentages of total tornado length with

-

different F-scale intensities. This matrix was based on the analysis of
149 tornadoes.

Thus, the contribution of the lifeline term to the probability of
exceedance of a wind speed (V*) of the site may be written as

P [(V(Ar,Wil)) 2 (V*)] - v (C ) - v (VL) * (LI e 0 1 ) 112

Where 11 is a characteristic length of a structure and (V*) is again taken
to be the mid point of velocity scales for each F scale tornado as shown
in Table 3.5, i.e.,

(V*) - (72 93 135 182 234 290 349)
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Table 3.10

Variation of Intensity Along Length
Based on Percentage of Len6th Per Tornado (VL Hatrix)

Recorded Tornado State

Local Tornado
State F0" EL. 12* .I)." F4" I1" J.f "

F0 1.000 .383 180 .077 .130 .118 ,100

F1 0 .617 .279 .245 .131 .125 .110

F2 0 0 .541 .310 .248 .236 .160

F3 0 C 0 .368 .234 .236 .160

F4 0 0 0 0 .257 .187 .200

F5 0 0 0 0 0 .172 .150

F6 0 0 0 0 0 0 .160

The vector (L1 * OI) is obtained by a altiplying each term of the length-
intoniity vector (LI) by the occurrent.a intensity vector (OI), i.e.,

(LI e OI) - (0.3407 1.1393 1.2262 0.9296 0.6091

0.1775 0.0271)

Combining the point strike and the lifeline terms and using the Poisson
arrivals for tornadoes, the annual probability of exceedance for each F-
scale velocity may be written as

(P [F 2 F ]) - (P [V 2 V*)) - v [(Cs) + (Cal H)i

where v is occurrence rate for region I (- 4.12 x 10 */ year / square mile).

Figure 3.7 shows the resulting tornado hazard curves for the Peach Bottom
site for lifeline lengths of 100, 300 and 500 feet. Ca tegory I
structuros at Peach Bottom ar' built adj acent to each other, The
dimensior, of a prototype structure which models unit 2, unit 3 and the
aux il ia ry building is 150 ft x 450 ft. Assuming chat a tornado
approaches the plant at a 45' angle to one of the sides, the maximum
lifeline length of the structure is calculated to be 474 ft. From Figure
3.7, the annual probability of exceedance of the design basis tornado

i
|
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'

windspeed of 300 mph for a characteristic length of 474 feet is
.

approximately 9 x 10 7 Thus, it is concluded that the structural
failure due to tornado wind pressure is not r. significant contributor to
overall plant risk.

Tornado missile hazard can be eliminated on the basis of the thickness of
the reinforced cor. crete walls provided for enclosures containing safety
related components. Several empirical expressions have been suggested
for non deformable missile impact on reinforced concrete walls. In all

the studies perforned to date, it has been concluded that the amount of
reinforcement is not an important factor in calculating the scabbing
thickness or perforation thickness of ( icinforced concrete wall. The
most widely used formulas for determination of minimum wall thickness
required to prevent scabbing are the Chang's formula (Ref. 11) and the
modified National Defense Research Committee (NDRC) formula. Based on
these, a wall thickness of 18 in to 20 in is found to prevent scabbing of
concrete walls due to tornado missiles. The wall thickness of the
important Peach Bottom structures are as follows:

Reactor Buildings, Unit 2 and 3 24 inches, to 40 inches.-

Radwaste Auxiliary Building 24 inches, to 36 inches.

C.W. Pump Concrete Superstructure 24 inches to 31 inches.

Diesel Generator Building 24 inches.

These structures are also protected by missile proof voors and baffle
walls. The control building is in the middle of turbine building and is
also designed for missiles.

Additionally, it can be argued that given the occurrence of a tornado,
the tornado missile damage is a low probability event because a
combination of multiple component failures must occur for the missile to
cause any damage. The event sequence includes the missile injection and
then transport, missile impact and barrier damage of Category I
structures and then appropriate component failures. This conclusion was
confirmed in a detailed study by Twisdale and Dunn (Ref. 1) who performed
a simulation study for a typical nuclear power plant to obtain tornado
missile impact probabilities and probability distributions of missile
velocities. They used a total of 65,550 potential missiles which could
be injected from different zones near the plant. Since most of these
missiles represent objects which would be available during construction
of a plant, the total number of missiles used in the study is expected to
be conse rvative for the Peach Bottom site. In fact, the site visit
verified that the potentini missile population at Peach Bottom is a small
fraction of the number used in the above study.

Deformable tornado missiles, namely wood planks and automobiles were
included in the design of Category I structures. The velocity used for
wood planks in the design vas 300 mph which is higher than the suggested
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i velocity by the Standard Review Plan. On the other hand, the automobile

impact velocity used in the design was 50 mph which is lower than the
value used in Standard Review Plan. The results of the above simulation
study show that for a given tornado, the probability of an automobile
impacting any of the structures in the plant with a velocity greater than
57 mph is less than 10-8 per year. Due to inherent conservatisms in
design, it may be concluded that the capacity of structures is such that
they will withstand an automobile impact less than 57 mph and the
automobile impact's contribution to the plant risk would be less than
10 8 per year, the only deformable tornado missile which was not
specifically considered in the plant design is the utility pole.;

However, based on the full scale tornado missile impact tests conducted
by EPRI (Ref. 12), utility poles are not expected to cause any damage to
the 12 in thick reinforced concrete walls. Therefore, based on the
conservative bounding analysis performed in this study, it is concluded-
that non deformable tornado missiles as well as deformabic missiles are
not significant contributors to the plant risk,

In summary,. the probability of structural failure resulting from tornado
strikes on the Peach Bottom structures shows that the probability of a
tornado striking the plant structures with wind speeds in excess of-

300 mph is of the order o f 9 x 10 7 per year. Even if the plant
structures are assumed to fail at the design value, the contribution of
the tornado events to the plant risk is negligibly small. Finally, the
thickness for the exterior walls of various safety related structures
have been shown to be adequate for any potential damage from tornado
missiles.

3.3.4 Industrial or Military Facility Accidents

There are three possible effects from an industrial accident near the
site: (1) incident over pressure on plant structures due to an explo-
sion, (2) seepage of toxic chemical fumes into the control room, which
could incapacitate the operators, and (3) flammable vapor clouds leading
to a fire hazard at the site. Industrial accidents at distances farther
than 5 miles to the site are not expected to cause significant over-
pressure loads on the plant structures because all the Category I
structures are designed for tornado wind loads, with a minimum capacity
of 3 psi against blast loads. Similarly, release of the chemicals stored

or situated at distances Srcater than 5 miles need not be considered as
an external hazard. This is due to the fact that if a release occurs at
such a distance, atmospheric dispersion will dilute and disperse the
incoming plume to such a degree that there would be sufficient time for
the control room operators to take appropriate action.

According to the Peach Bottom FSAR, the area surrounding the site is
principally rural and agricultural. There are only a few industrial
units within 10 miles of the plant and these are listed in Table 3.11.'

None of these units deal with hazardous materials in significant
quantities. The only chemical and fertilizer unit is a small 21 person
operation, farther than 5 miles from the site. Therefore, the
probability of accidents in nearby industrial facilities leading to core
melt is judged to be negligible.
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Table 3.11
:

Companies Located Within 10 Miles of the
Peach Bottom Site *

i
__

:

Company Name Tyre of Industry

Fawn Grove Manufacturing Company Sewing Factory
H.E. Sha11 cross & Sons Butcher
Wiley Manufacturing Company Ship Building

Blue Ridge Flooring Company Saw Milling, Flooring
C.D. Miller Lumber Manufacturing, Saw Milling
Maryland Green Marble Corporation Maryland Verde Antique Marble

Green Marble Chips
Maryland Lava Company Lava Insulation, Special Insulators,

Pilot Tips
Miller Chemical 6 Fertilizer Chemicals, Fertilizer

Corporation
McCorquodale Color Card Company Color Charts
Whitefore Packing Company Epoxy and Lava Products
Petti Frocks, Inc., Assoc. Canned Foods
R. Roberts 6 Son Fuel Tanks, Refuse Containers

B. G. S. Jourdan 6 Sons Canned Tomatoes
The Susquehanna Electric Company Hydro Electric Plant

Star Printing Company Printing
Weldom Packing Company Canned Foods
Snyder Packing Company Canned Foods
Philadelphia Electric Company Nuclear Power Generating Station

Pennsylvania Power & Light Company Hydro Electric Plant
,

* Companies with less than 10 employees have not been reported.

3.3.5 Release of Chemicals from On Site Storage

! According to Regulatory Guide 1.78 (Ref. 13), the maximum quantities of
different chemicals that can be stored on site at specified distances are
based on leak tightness of the control room. If the quantity exceeds the
limits of the Regulatory Guide, automatic detectors must be installed so
that the control room is isolated. If the plant design meets these
requirements, it is judged that the probability of chemical release in
excessive concentration combined with the malfunction of the detectors
(if any) is very small. However, if the Regulatory Guide limits are
exceeded, a detailed risk analysis such as that described in the Limericki

l
!
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Severe Accident Risk Assessment (Ref. 14) must be performed to analyze
the consequence of release of these chemicals, their dispersion and
subsequent build up in the control room. Discussions with plant
personnel indicated that only the normal amount of hazardous chemicals
expected at any nuclear power plant site (chlorine, ammonia, etc. ) were
present at Peach Bottom. Given this, and the fact that no previous risk
assessment has ever shown a frequency of impact on personnel in the
control room greater than 109 per year, the risk due to release of on-
site chemicals at Peach Bottom can be discounted.

|

As regards the movement of trucks with hazardous materials within the
plant exclusion area, it is infrequent and controlled. Moreover, the
consequences of a release are not important for core melt since only a
limited amount of hazardous material can be carried in each shipment.
Thus, this hazard can also be discounted for Peach Bottom.

3.3.6 Transportation Accidents

A transport accident near the site can pose risk in one of the following
ways: (1) a chemical explosion due to a transportation accident may
cause damage to Category I structures and safety related equipment due to
pressure loading and missile impacts, and (2) toxic chemicals which are
spilled in a transportation accident may drift into the control room and
cause incapacitation of the operators. Transportation modes considered
in this section include highways, railroads and river traffic. The risk
from air transport was covered in Section 3.3.1.

A chemical explosion near the plant structures may cause over pressure,
dynamic pressures, blast induced ground motion, or blast generated /
missiles, llowever, from previous research in this area, it has been
determined that over pressures would be the controlling consideration for
explosions resulting from transportation accidents (Regulatory Guide

11.91, Ref. 15). An accident over pressure at the site can also occur '

because of explosions of a vapor cloud drifting towards the structures.
This type of explosion involves complev. phenomena which depend on the
material involved, combustiva process, and topographical and
meteorological conditions. According to a study by Eichler and
Napadensky (Ref. 16), present theoretical and empirical knowledge is too
limited to quantitatively evaluate realistic accidental vapor cloud
explosion scenarios, lloweve r , vapor cloud explosions are implicitly
included in the TNT equivalents which are used to represent
transportation accidents. According to the Regulatory Guide 1.91
(Re f. 15) , chemical explosions which would result in free field over.
pressures of less than 1 psi at the site do not need to be considered in
the plant design. Based on experimental data on hemispherical charges of
TNT, a 1 psi pressure would be translated into a safe distance R (feet)
which is defined as:

R > kw 1/3
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where k - 45 and w is an equivalent weight of TNT charge. The maximum
probable equivalent TNT charge is stipulated to be 50,000 lbs for a
highway truck, 132,000 lbs for a single railroad boxcar, and 5,000 tons
for a river barge.

Route 74 is 3 miles from the site. Assuming a maximum specified TNT
charge of 50,000 lbs, the safe distance from the plant is 45 (50,000)1/3

1,657 feet, which is less than 3 miles. There is a railroad about-

1.75 miles from the Peach Bottom site, where a collision between a truck
and a train occurred in 1987. Considering the maximum postulated
equivalent TNT charge of 132,000 lbs, the leak overpressure at the site
vill be 2.2 psi. However, as the plant is designed for the design basis
tornado loading, the probability of core damage due to highway and
railroad accidents is expected o be negligible.- As Conowingo Pond is-
used only by a moderate number of. boaters and fishermen for recreational j
purposes, the possibility of barge explosion on the pond is discounted.

A toxic chemical spill near the site woulil pose a danger to the plant if
toxic chemicals penetrate into the control room through air intakes.
This could happen if (a) large quantities of toxic chemicals are,

released, (b) there are favorable wind conditions which would cause a
drift of chemicals towards the control room air intakes at excessive
concentrations, and (c) there are no detection systems and air isolation
systems in the control room.

Regulatory Guide 1.78 provides detailed guidelines for the safety
analysis for release of toxic gases in transportation a'ecidents. It is
possible to exclude chemicals on the basis of frequency of transportation <

criterion but this data is not available. The weights of hazardous
chemicals that require cc isideration in control room evaluation for a
50 mg/m3 toxic limit and casquill stability Category F for a range of
distances from the control room to the accident and for three different
control room ventilation systems are specified (Tcble 3.12),

The main control room is in the central portion of the turbine _ building.
Since it is inside the turbine building, it can be reasonably assumed to

| have leakage characteristics of (at least) a Type B control room.
j Moreover, site conditions are such that there are steep hills rising up

to 300 feet all around the plant site. Thus, any accidental release of
chemicals on a transportation route has a low probability of reaching the
site. Based on Table 3.12, the maximum permissible weight of hazardous

! chemical on Route 74, at least 3 miles from the site, range from a
maximum of 3,700,000 to 33,000 lbs, depending on the type of control room

i environment. For Type B, it is 780,000 lbs, Since the transportation on
the highways is by trucks, and the maximum load carried by a single truck
is smaller than this limit, chemical release from highway accident can be
eliminated from consideration. Similar arguments applied to rail traffic;

show that chemical release from this transportation mode is not a
governing factor. As there is no transportation of chemicals by barges,
this possibility is discounted.
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Table 3.12

Weights of Hazardous Chernicals That Require
Consideration in Control Room Evaluations

(for 50 rng/m* Toxic Limit and Pasquill $tability Category F)

.

Distance From Ve;fy,tL (1bs )
Control Room Type A Type B Type C

(Miles) Control Room CS,.rdt.0,1._{g Control Room

< 0.3 100 100 100
C.3 to 0.5 9,000 2,300 100
0.5 to 0.7 35,00 8,800 400
0.7 to 1.0 120,000 20,000 1,000
1 to 2 270,000 $2,000 2,500
2 to 3 1,300,000 260,000 13,000
3 to 4 3,700,000 700,000 33,000
4 to 5 8,800,000 1,400,000 60,000

Type A Control Room A tight control room having low leakage construc-
tion features and the capability of detecting at the fresh air intake
those hazardous chemicals stored or transported near the site, latection

of the chemical and automatic isolation of the control room are assumed
to have occurred. An air . exchange rate of 0.013 per hour is assumed
(0.015 of the control room air by volume is replaced with outside air in
one hour). The control volume is defined as t.he volume of the entire
zone serviced by the control room ventilatien r,y s t em . The assumption
that the air exchange rate is less than 0.015 por hour requires verifica-
tion by field testing.

Type B Control Room - Same as Type A, but wMb an air exchange rate of
0.06 per hour. This value is typical of a c< ntrol room with normal
leakage construction features. The assumption t. hat the air exchange rate
is less than 0.06 per hour requires verificatica oy field . testing.

Type C Control Room A control room that has ruat been isolated, has no

provision for detecting hazardous chemicals, att has an air exchange rate
of 1.2 per hour,

!
_ _ . .

|

4

'
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3.3.7 Turbine Generated Missiles

Failures of large steam turbines in both nuclear and fossil fueled power
plants, although rare, have occurred occasionally in the past. These
failures have occurred because of one or more of the following broad
classes of reasons: (1) metallurgical and/or design inadequacies,
(2, environmental ef fects , (3) out of phase or generator field failures
and (4) failures of overspeed protection systems. The failures have
resulted in loss of blades, disk cracking, rotor and disk rupture and
even missii n, . Interior missiles are highly energetic and have the
potential to damage safety related structures housing critical
components.

Based on a total of 2,500 years of operation in nuclear power plants,
only four failures have occurred: Calder Hall (1958), Hinkley Point
(1969), Shippingport (1974), and Yankee Rowe (1980). Missiles were
produced in the Hinkley Point and Calder Hall failures. Although the
causative mechanisms of these failures have been identified and are
generally corrected in the modern plants, there is no assurance that
turbine failures will not occur in the future. Recent discovery of
widespread stress corrosion cracking in the disks and rotors of operating
nuclear turbines has revived the industry's interest in the issue of such
failures.

Turbines rotate at 1,800 rpm with the low pressure (LP) and high pressure
(HP) sections on a contiguous shaft. The LP sections have blade hubs
(called *whec1s" or " disks") shrunk onto the rotor. Depending on the
manufacturer and rated capacity of the turbine, there could be ten to 16
disks on each LP section. The disks are massive components each weighing
between 4 and 8 cons. These disks, because of their relatively large
radius, are the most highly stressed spinning components in the interior.
With the interior unit running at less than 120 percent of the rated
speed, the disks are stressed well below the yield strength of material
so that failures can be caused only by undetected material flaws that may
be aggravated by stress corrosion and fatigue. At 180 percent of the
rated. speed, the disks are stressed at or above their ultimate strength
so that they burst into fragments. At intermediate speeds (i.e., 120 to
180 percent), rupture of disks may be caused by a combination of flaws
and weaker material in the disks.

| Turbine missiles are spinning, irregular fragments with weights in the
range of 100 to 8,000 pounds, and velocities in the range of 30 f t/see to'

800 ft/sec. It is conventional to discuss two types of turbine missile
traj ec tories : low trajectory missiles (LTM) and high trajectory missiles
(HTM). The low trajectory missiles are those which are ejected from the
turbine casing at a low angic toward a barrier protecting an essential
system. High trajectory missiles are ejected vertically (almost) upward
through the interior casing and may strike critical targets by falling on
them. The customary ballistic distinction between LTM and HTM is the
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initial elevation angle (4) of the missile (LTM is for p < 45' and HTM is
for ( >45'). Turbine manufacturers have specified that the maximuni
deflection angic for the missiles produced in the burst of the last disk
on the rotor is 25'. Based on this, the NRC has defined a low trajectory
missile strike zone in the Regulatory Guide 1.115 (Ref. 17) and
recommended that the essential systems be located outside this LTM strike
zone. If a turbine miss11n impacts a barrier enclosing a safety related
component, interest lies in knowing if the missile perforates or scabs
the barrier to cause sufficient damage to the component. Using empirical
formulas for scabbing derived on the basis of the full scale and model
tests, it is estimated that concrete barriers should be at least 4 feet
thick to prevent scabbing. The need for providing such barriers depends
on the probability of turbine failure and the arrangement of safety-
related components with respect to interior missile trajectories. In the

design of a nuclear power plant, the designers have many alternative
approaches for treating the potential effects of turbine failures
(Sliter, Chu and Ravindra, Ref. 18). These approaches can be grouped as:
(1) prevention of turbine failure, (2) prevention of missiles,
(3) prevention of strike on critical components, and (4) performance of
probabilistic analysis to demonstrate that the probability of turbine
missile damage is acceptably low.

The probability of serious damage from turbine missiles to a specific
system in the plant is calculated as (Ref. 19):

P4-Pi P2 P3

where:

P1 - probability of turbine failure leading to missile
generation

P2 - prc,bability of missiles striking a barrier which encloses
the safety system given that- the missile (s) have been
generated

P3 - probability of unacceptable damage to the system given that
one or more missiles strike the barrier

In practice, the evaluation of P4 should include consideration of
different speed conditions, distribution of missiles and all the safety-
related components and systems in the plant.

Turbine missile damage in the older plants was usually considered on the
basis of a deterministic safety review according to RG 1.115 (Ref. 17)
and SRP 2.2.3 (Ref. 20), i.e., the probability of unacceptable damage

(P ) was implicitly shown to be less than 10 7 perfrom turbine missiles 4
year. The new guidelines concerning safety of nuclear power plants
against turbine missile strikes are best summarized in NUREG 1068 (Ref.
21) which is a review of the Limerick PRA. The following paragraphs have
been reproduced from NUREG-1068 describing the NRC position on
calculating the probability of turbine missile damage.
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In the past, analyses for construction permit and
operating licer o review assumed the f requency of
missile generation (P ) to be approximately 10" per3

turbine year, based on the historical failure rath
The strike probability (P ) was estimated (SRP2

3.5.1.3) based on postulated missile sizes, shapes,
and energies, and on available plant specific
information such as turbine placement and orientation,
number and type of intervening barriers , target
geometry, and potential missile traj ectories . The
damage probability (P ) was generally assumed to be3

1.0. The overall frequency of unacceptable damage to
safety related systems (P4), which is the sum ovei

.

'

targets of the product of these frequencies, t'

evaluated for compliance with the NRC sa_ety 4

objective. This logic places the regulatory emphasis
on the strike probability. That is, having
established an individual plant safety objective of
about 10'7 per year, or less, for the probability _ of
unacceptable damage to safety related tystems as a
result of turbine missiles, this procedure requires
that P P ba less than or equal to 10 82 3

Although the calculation of strike probability (P ) is
not difficult in principle, for the most part reducing
it to a straightforward ballistics analysis presents a j
problem in praciice. The problem stems from the fact
that numerous modeling approximations and simplifying
assumptions are required to make tractable the
incorporation into acceptable models of available data
on the (1) properties of missiles, (2) interactions of

missiles with barriers and obstacles, (3) trajectories
of missiles as they interact with or perforate (or are
deficcted by) barriers, and (4) identification and
location of safety related targets. The - particular
approximations and assumptions made tend to have a
large e ffect on the resulting value of P . Similarly,2

a reasonably accurate specification of the damage
probability (P ) is no simple matter because of3

difficulty of defining the missile impact energy
required to make given safety related systems
unavailable to perform their safety function, and the
difficulty of postulating sequences of events that
would follow a missile producing turbine failure.

Because of the uncertainties involved in calculating
P, the NRC staff concludes that P2 2 analyses are " ball
park" or " order of magnitude" type calculatic.ns only.
Based on simple estimates for a variety of plant
layouts, the strike and damage probability product can
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be reasonably taken to fall in a characteristic narrow
range that is dependent on the gross features of
turbine generator orientation because (1) for
favorably oriented turbine generators, P2 Ps tend to
lie on the range 10-' to 10 3, and (2) for unfavorably

tend to lie in theoriented turbine generators , Pg P3
range 10-3 to 102 Por these reasons (and because of
weak data , controversial assumptions, and modeling
dif ficul ties) , in the evaluation of P., credit is
given for the product of the strike and damage
probabilities of 10 8 for an unfavorably oriented I

turbine, and no calculations are required. |

According to NRC staff, the safety objective with
regard to turbine missiles is best expressed in terms
of criterion applied to the missile generation
frequency which requires the demonstrated value of
turbine missile generatien frequnney (P ) be less than3

10 5 for initial start up and that corrective action

be taken to return P3 to this value if it should
i become greater than 10 5 during operation.

The frequency of unacceptable damage to safety.related
structures, systems and components as a result of
turbine missiles is acceptably low (i.e., less than
100 per year) provided that the above criterion on
turbine missile generation is met. This criterion is
to be met by the maintenance of an appropriate in
service inspection and testing program on the turbine
throughout the plant's life as discussed in detail in
the 1.imerick SARA.

From the preceding paragraphs, it is seen that the emphasis is on turbine
maintenance and in service inspection to assure a value of the frequency
of turbine missile generation (P ) less than 10 5 per year. Then, based

1

on a minimum P2 Ps value of 10 2 per year, turbine missiles can be
,

excluded from external events analysis,

Peach Bottom station has turbine generators manufactured by General
Electric Corporation (GE). According to the Peach Bottom FSAR, GE has
established the probability of high trajectory missile generation at
1 x 10-e per year. Based on historical f ailure data (Bush, Ref.19), the

probability of turbine missile generation has been calculated to be
approximately 10 4 per year. Also, Patton et al. (Ref. 22) conducted a
comprehensive study which estimated the probabilities of turbine missile
generation at operating speed and overspeed as 1.2 x 10-' per year and
4.4 x 10-' per year, respectively. These estimates are several orders of
magnitude higher than those reported by GE. Recent discovery of stress
corrosion incidents in the operating GE turbine generators (Southwest
Research Institute, Ref. 23) suggest that P values are not as low as3

what the manufacturers have estimated.
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i Assuming t5e estimates made by GE to be the lower bounds (i.e., 5th
i percenti1 0 , *.he estimates by Patton et al. (Ref. 22) as the upper bounds

(i.e., 95th percentile) and the uncertainty in P3 values to be modeled by
legnormal distribution, the estimate of annual probability of turbine
missile generation will be 1.4 x 10*S.

But, damage due to turbine missiles in a fa /arably oriented turbine is
almost entirely due to the high traj ectory missiles. The P2 Ps
probability estimate of 10*8 per year which was accepted by the NRC staff
is judged to be conservative. Therefore, the probability - of turbine
missile damage in plants which have favorably oriented turbines is
conservatively estimated to be in 'the order of 104 per year or better
and a bounding analysis is not required.

These conclusions will, however, depend on the turbine maintanance and
in service inspection to assure a value of P3 of at least 10*5 per ' year.
According to the letter of October 9,1986 (Ref. 24), from Philadelphia
Electric Company (PECO) to NRC (Docket No. 50 277, 50 278) it is stated
that PECO plans to implement a turbine inspection program based upon the i

methodology described in a proprietary GE report applied to Peach Bottom
using plant. specific data, and which leads to an inspection interval of

'

6 operating years. This methodology has been reviewed and approved by
the NRC, and implemsntation of it is, therefore, assumed to assure a
value for P3 of 10*S/ year or better.

3.3.8 Internal Flooding

3.3.8.1 Introduction

A nuclear power plant contains many potential sources of flooding and
flood locations. In order to make the analysis of these floods
tractable, a process was defined to identify candidate sources and
critical flooding areas and to estimate their contribution to core damage
frequency if required. The general process consists of the following
staps:

,

1

! a. Identification of important flood sources and critical
flooding areas during the initial plant walkdown.
Critical areas can be thought of as those plant areas
where flooding could not only result in a plant trip but

i also damage safety.related equipment needed to mitigate
the effects on any flood induced plant transient.

b. Definition of all initiating events which have the
potential to be flood induced ' for each flood source in

i cach critical area. This step.of the analysis results in
| identifying the spectrum of potential flood rates and is

also used in quantification of initiating event ,

|frequencies.
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c. Perform a screening analysis. The screening analysis is
icomprised of the following steps-
|

1. Eliminate all plant areas not identified either by the
initial plant walkdown or by computer mapping of

,

1critical equipment.

2. Perform a computer aided vital area analysis which
identifies critical areas for further consideration
and which allows for the incorporation of random
failures (i.e., failures not related to the flood
itself) as well as all flood related damage. This is
a similar process to what occurs in the fire analysis
so the reader can refer to Chapter 5 for details on
this procedure. This step resulted in flood zone
singles, singles with randoms, and double combinations
that arn listed in Table 3.13.

3. Screen on frequency for each remaining critical area
flood scenario. For Peach Bottom this step resulted
in elimination all remaining flood areas and scenarios
under consideration. Details of the reasons why each
of the Tabic 3,13 areas were screened from further
consideration are given in Section 3.3.8.2.

d. Quantify core damage sequences for each remaining flood
scenario,

e. Perform an uncertainty analysis utilizing the TEMAC
computer code for all remaining scenarios.

3.3.8.2 Screening of Areas for Internal Flooding

As described above, a complete vital area analysis was performed for all
l the areas within the plant and for all the potential flood induced

( accident sequences identified as part of a review of all internal events
accident initiators. -This analysis identified those singles, singles in
conjunction with random failures, or multiple areas (with or without
random failures) which, if all equipment in the zone is assumed- to be
failed by the flood, results in the occurrence of an accident scenario.
The results for Peach Bottom are shown in Table 3.13. The zones

! themselves are defined in Table 5.3 of Chapter 5. The fire zones of
| that Table 5.3 correspond directly with the flood zones of Table 3.13.
; In addition, the equipment located in each fire zone is described in

Appendix D. Table 3.13 presents all the zones that survived the
screening analysis and these are the zones which were analyzed for the
possible occurrence of floods in this section. Note that the same zone
(for example, Zone 2) can occur either as a single or as a single plus
random in dif ferent accident sequences. (Of course, the same zone
cannot occur as a single and as a single plus random in the same
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Table 3.13

Peach Bottom Flooding Vital Area Analysis Summary

Sinnie Zone Sincie Zone Plus Randoms Double Zones

Zone 2 Zone 2 Zone 5 Zone 6S

Zone 6S Zone 4 25 50

Zone 25 Zone 32 6S 50

Zone 50 Zone 34 6N 50

Zone 35 25 37

'

Zone 36 25 39

Zone 37 36 37

Zone 38 36 38,

Zone 39

Zone 48

Zone 50

|
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accident sequence or it would be non minimal). As can be seen, a total
of only fourteen zones survived the screening process. Four zones were
identified as singles, while eleven zones in conjunction with random
failures were identified. Note that each of these zones in general was
associated with a number of different random failures, so each zone
itself could actually occur in a number of different single plus random
cut sets. Finally, eight combinations of two zones (again, some in
combination with random failures) were identified. In the following,
each one of these zones or zone plus random failure combinations are
analyzed to deternine any potential non negligible flooding scenarios.

Zones 32 39 Emernency Switj J m Kooms
:

These eight zones are all on the 135 foot elevation of the control / power
structure and consist of the individel <ewmey evite.hgear rooms for
both units. These, moms contain no water sources and the scenarios
involved require ranoom failures in addition to flood induced failures
within the room. In each case the vulnerability occurs because of
potential for flood induced loss of offsite power in conjunction with
flood induced damage within the cabinets themselves, The cable
associated with loss of offsite power runs across the top of the room
over the cabinets and may run down both ends of the bank of cabinets.
The flood zone directly above these eight areas is the cable spreading
room and it also has no water sources. The only potential source of
water for all these rooms is water coming from the hallway outside each
of these zones. In the case of the hallway on the radwaste building
side there are no water sources. Also, there are stairs at each end of
'the hallway so water cannot build up in the hallway. On the Turbine
Building hallway side, there are both stairways and open grates. Hence, '

any water that happened to occur in these hallways would preferentially
go down the stairways rather than under the locked doors leading into
the emergency switchgear rooms. Given that there are no local water
sources and there is a preferential pathway leading away from the flood
zones, flooding in these areas is highly unlikely.

Zone 25 Cable Screadinn Room and Control Room

The cable spreading room is on elevation 150 directly above the
emergency switchgear and the control room is directly above .the cable
spreading room. The cable spreading room has no water sources within
the room and no water fire suppression systems in the room. Cable trays
in the cabic spreading room are at least 6 feet above the flocr. The
doors from the cable spreading room face onto a hallway adjacent to the
Turbine Building. There is a water sprinkler system outside the doors
of the cable spreading room but there are both stairways and elevators
in that hallway immediately adjacent. Hence, the shaf ts would- direct
the water down and away from the cable spreading room. Similarly, for
the control room, there are no water sources either above the control
room or in areas to the side. There is water associated with air
handling units in an area adjacent to the control room but there are no
doorways between the two areas through water can travel. On the Turbine
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Building side of the control room there is both an elevator and stairst
ther(fore, any water that vould occur in that hallway would be directed
downward. Given these physical considerations there - is . a negligible
possibility of flooding in either the cabling spreading _ room - or. the
control room.

Zonc 50 Turbine Buildinc
i

The Turbine Building would constitute a single vital ' area analysis cut
if a flood could disable both the instrument air system (located atset

the end of the building) and a variety of safety related control and
power cables routed in conduits which run vertically down a wall at the
center of the bM.ht;nb + - Elevacion lit > 1s the - critical elevation for
these two groups of components and conduits. However, there is 280 feet
of horizontal separation between the instrument air: system and the power !conduits of interest. There is also a variety of hatchways and grills i

on this elevation which would direct water through the floor and down to.
lower levels. Hence, there is virtually no possibility of an internal
flood occurring which could damage both the instrument air system and

;the control power cables.
.j

Zone 6S Reactor By.ildint on both the 135 and 165 Elevation

Contained in this area are cables, instruments, and actuators which
could result in failure of the HPCI, RCIC, and ADS systems. There are a
number of water sources at elevation 165 including small pumps _and _ heat
exchangers associated with the radwaste cooling -- sys tem and the,.

regenerative heat exchanger systems. The ADS system cables -and
actuators are on elevation 165 while the HPCI and RCIC - cables and

iactuators are on elevation 135. There is a horizontal = separation of
greater than 100 feet between the ADS location and the HPCI, RCIC system
locations. In addition, there is a large open floor hatch on elevation
135 which would direct any water accumulating in that area down to' lower
elevations. Civen the configuration of these systems and the fact _ that
the ADS system (frott an accident sequence viewpoint) is a' backup to' the
HPCI and RCIC systems, flooding in this zone can be eliminated from-
further consideration.

Zone 2 Multinle Eleptiens of Reactor Buildine

This flood area is on multiple elevations of the Reactor Building. The
only area containing critical equipment in this fire zone is the hallway .
adj acent *.o the emergency switchgear. room areas .-(discussed as part of
zones 32 JB). The satte arguments used there demonstrate. that flooding !in this area is a nerligible risk contributor. J

Zone 4 Elevation 89,af the Reactor Buildine

This area contains the HPCI and RCIC systems as well as cables for the
ofi site power. Tna vital area - analysis show< d that the - simultaneous
loss of HPCI, P4IC and _off site power _ would result in a transient

i
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accident sequence, llowever, the off-site power trunk cables are insido
conduit embedded in concrete and hence would not be vulnerable to any
flood within the room. Thus, flooding in this area could not give rise
to this particular accident sequence and thus flooding in this area need
not be further considered.

gone 48 Unit 2 Side of Circulating Water Pumo llouse at Elevation 112
feet

This structure contains all the gh pressure service water pumps as
well as one of the three emerge wervice water pumps. Cabling for an
additionh1 emergency service wder pusp is also ~1ocated in this area,

~ ~

As will be seen in Chapter 4 and $, all three of the emergency service
,

u ter perpe wet simultaneously fail in order to lead to an accident'

sequence (by virtue of loss or coo h ng to the uies 1 61M?MC) W TP
are two scenarios identified in these vital area cut sets. The first
involves flood induced failure of ESW pumps A and B in conjunction with
random failure of the ECW pump located in the emergency cooling tower at
a significantly higher elevation (elevation 153 feet). Ilowever, in

order to fail both pumps, water would have to reach the level of the
cabling of the one pump, This cabling, however, is attached to the
ceiling. In addition, water cannot build up in this area due to the
fact that the openings for the ESW pump shaf ts go directly down ?.o the
forebay and, hence, a number of natural direct drainage paths exist.

The second potential scenario would involve failure of all four high
pressure service water pumps which are in this fire zone in conjunction
with another random failure. Again, due to the direct drainage
available from the pump floors back down into the bay, it is not deemcd
possible that the water could build up to the level acquired to damage
all four of the high pressure service water pumps. Therefore, internal
flooding in this area is viewed as a negligible event.

3,3.8.3 Reactor Building Drainage and Subsystem

As mentioned above, all the flood induced vital areas identified in the

vital area analysis were screened out by knowledge of the location of
the equipment within the room and knowledge of drainage paths and/or
water sources. The final question that must be addressed is: given the
water sources at various-levels within the building, what would be the
consequences of the water draining down through hatchways, . stairways,
etc. into the lower elevation of the building and into the sump area.
Peach Bottom does have a sump which is both alarmed and contains a sump
pump and which is connected to the various pump rooms and other areas
containing water sources within the plant via drains. It might be
possible in same cases for the sump to fill up . and water to back into
the llPCI or RCIC areas and lose those two systems. Itowever, as
mentioned earlier, the ADS system (which is a backup for the liPCI and
RCIC) is located at elevation 165 and could not be affected by such a
s c e.na rio .

Also, another source of high pressure injection water exists in the CRD
system which is also located away from this area. Therefore, with

|
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random failure of these two systems required to make any sump back up'

flood scenario valid, any postulated scenario would be probabilistically.
insignificant.

3,4 Summary

The scoping quantification study considered all possible external events )
at the site except for seismic and fire events, since these two events j

were included in a detailed external events analysis. The PRA Procedures |
Cuide (Ref. 2), suitably augmented with other availabic information, was j
used as a guideline for identification of all possible external events at |

the Peach Bottom site. Next, an initial screening process was carried
out to eliminate events not applicable to Peach Bottom from the list.
For this purposa, a set of screening criteria was developed and then each
external event was examined for possible elimination based on these
criteria, After the initial screening process was completed, the

'

following events were found to be potential contributors to the plant
risk,

a, Aircraft Impact
b. Extreme Winds and Tornadoes
c. External Flooding
d, Industrial or Military Facility Accident
e, Release of Chemicals from On Site Storage
f, Turbine Generated Missiles
g. Transportation Accidents
h. Internal Flooding

The degree of sophistication in the bounding analysis for each event
depended on whether the event could be eliminated based on only a hazard
analysis or a complete analysis including hazard analysis, fragility
evaluation and plant response analysis. The detailed plant response
analysis was conservatively neglected ir evaluating the impact of these
external events.

The risk due to an aircraft striking the plant structures and causing
unacceptable radiological consequences was screened out on the basis of
the probability of strike and the design of different structures.

Evaluation of the potential for flooding as a result of the most
conservative combination of Probable Maximum Flood (computed from
conservative estimates of probable maximum precipitation), failure of
Ilol twood dam and wind. generated waves showed that the essential
structures in the plant are located much above the probable maximum surge
level and the risk of flooding is negligibly small,

Tornadoes and tornado missile impacts were eliminated on the basis of a
detailed computation of tornado strike probability of 9 x 10-7/ year and
other features of plant structures and components designed to withstand
the effects of a Design Basis Tornado, ,

1

l

1

1
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;

The information available from Philadelphia Electric Company on the
frequency of turbine disk inspection was used as the basis to assume the
safety of essential plant structures from damage due to turbine missiles.

Finally, explosions due to transportation accidents and both on site and
off site chemical release have a low probability of affecting the site. I

Thus, all external hazards except fire and seismic events were found to
be negligible contributors to the risk of core damage at the Peach Bottom
plant. Detailed evaluations of fire and seismic events are contained in
the remainder of this report,

I

|
l
1
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4.0 SEISMIC PRA

A detailed seismic risk assessment was performed for the Peach Bottom
;

Plant. This analysis utilized dynamic response calculations for all j

important structures, a generic seismic fra g lity data base for I
lcomponents, and detailed component fragility derivations for a number of

components identified during the plant visit as falling outside the
generic data base. }lazard curves developed by the USNRC sponsored
Seismic Hazard Characterization Program at Lawrence Livermore National
Labs and by the Electric Power Research Institute were used. Mean values
of accident sequence and core damage frequencies were obtained using a
Monte Carlo approach. Each of these aspects of seismic risk are
described in the following subsections.

4.1 Seismicity and Hazard curves

The earthquake hazard at a given power plant site is characterized by a
hazard curve and a site ground motion spectra. The hazard curve is a
f requency plot which gives the probability of exceedance (per year) of
different peak ground accelerations. The site response spectra describes
the relative frequency content of the earthquakes expected at the site,
and also the influence of the local soil colan and layering in modifying
the earthquake frequencies transmitted to the site.

4,1,1 General Considerations

For a given site, the hazard curve is derived from a combination of
recorded earthquake data, estimated earthquake magnitudes of known events
for which no data are available, review of local geological investiga-
tions, and use of expert judgment from seismologists and geologists
familiar with the region in question. The region around the site (say
within 100 km) is divided into zones, each zone having an (assumed)
uniform mean rate of earthquake occurrence. This mean occurrence rate is
determined from the historical record, as is the distribution of earth-
quake magnitudes. Then, for the region under consideration, an attenua-
tion inw is determined which relates the ground acceleration at the site
to the ground acceleration at the earthquake source, as a function of the
carthquake magnitude, The uncertainty in the attenuation law is

; specified by the standard deviation of the data (from which the law wr.s

| derivsJ.) about the mean attenuation curve. These four pieces of intorma-
I tion (zonation, mean occurrence rate and magnitude distribution for each
l zone, and attenuation law) are then combined statistically to compute the

hazard curve.

The low level of seismic activity and the lack of instrumental records
make it difficult to carry out seismic hazard analyses for the central
and eastern United States using historic data alone, To augment the data
base, current methodologies make use of the judgment of experts familiar
with the area under consideration.

41
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Approaches used to generate the subjective input, to assure reliability
by feedback loops and cross checkin6, and to account for biases and modes
of judgment are described in detail in Bernreuter (Ref.1).

4.1.2 Hazard Curves Used For Peach Bottom

The hazard curves used in the NUREG-1150 PRAs were taken from two
sources. The first set of curves was obtained from the USNRC sponsored
Eastern U.S. Seismic flazard Characterization Program (Reference 1) being-
performed by Lawrence Livermore National Laboratories (LLNL). From this
program one can obtain a median hazard curve and an estimate of the
distribution about the median curve. .This is shown in Figure 4.1 where
the mean, the median, the 15th percentile and 85th percentiles are
shown. According to the principal investigator of this program, the
distribution about the median is nearly log normal so for use in the
NUREG 1150 analyses a log normal distribution was fit using the median
and mean curves. From this fit any particular percentile curve of the
hazard curve family can be computed. Table 4.1 - lists the numerical
values used in fitting the LLNL hazard curves.

,

A second set of hazard curves was obtained froin the industry sponsored
Elcetric Power Research Institute's Seismic Hazard Methodology
Development program for the Eastern United States (Reference 2). The
corresponding curves are shown in Figure 4.2. These were also fit with a
log normal model. The numerical values used in fitting the EPRI curves
are listed in Table 4.2.

Note that the mean hazard curves of Figure 4.1 and 4.2 are near- or above
the 85th percentile hazard curves shown. The mean hazard curve will be
found to drive the eniculation of mean core damage frequency estimaros as
demonstrated in Section 4.4.

The two acta of hazard curves shown in. Figures 4.1 and 4.2 are
significantly different, both in regard to location of the mean curve as|

I well as to the range of uncertainty about the median curve. This is not
too surprising inasmuch as the emphasis of the two programs was somewhat
different. The EPRI program focussed on very. detailed geological studies

! of the sites in question, and resulted in a somewhat- finer zonation -of
each site. Itowever, only three attenuation (ground motion) models were
used. Further, while a number of teams of seismological-and geological
experts were assembled, each team was proscribed to reach a consensus on
the final hazard curve families developed by that team.

,

By contrast, in the LLNL program, considerable emphasir was placed on the
full range of attenuation models, .and rather than a number of teams, ad

total of 11 seismicity experts and 5 ground ; mo. tion experts were
individually polled, and a set of 2750 hazard curves were developed for
each site by considering each expert's input equally likely. The

4
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Table 4.1 |

|

LIRL Mean and Medlan llazard Curve CCDP Values
|
|

Median llazard Curve Mean Hazard Curve
PGA(g) forceedane.Jer year forceedane, per year

0.15 2.76E 4 1.98E 3

0.30 3.89E-5 4.58E 4

0.45 1.11E 5 1.79E 4

0.60 4.35E 6 8.89E 5

0.75 2.03E 6 5.0$E 5

0.90 1.07E 6 3.14E 5

1.05 5.96E 7 2.08E 5

1.20 3.58E 7 1.44E-5

Table 4.2

EPRI Mean and Median Hazard Curve CCDF Values

Median Hazard Curve Mean Hazard Curve
PGA(g) fexceedenc, per year forceedance Der.. year

0.15 6.77E 5 1.21E 4

0.30 7.33E 6 1.95E 5

0.45 1.79E 6 6.14E 6

0.60 5.96E 7 2.62E 6

0.75 2.38E 7 1.31E-6

0.90 1.19E-7 7.15E 7

1.05 5.96E 8 4.77E 7

1.20 5.96E-8 2.98E-7
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curves developed in this process encompass somewhat. more uncertainty than
those produced by the EPRI process, and the increased uncertainty leads
to bl her probabilities of non exceedence for the LIEL mean curve peakS
ground acceleration values than are obtained from the EPRI distributions.

At this time, the methods used to generate both sets of hazard curves are
viewed by the U.S. NRC staff as being equally credible. As such,
calculations of the seismic core datage and plant damage state
frequencies at Peach Bottom are presented for both sets of hazard curves
in this report.

4.2 Response Calculations

4.2.1 Introduction

4

As previously described, seismic probabilistic risk assessment.s (PRAs)
can be considered in a series of steps: seismic hazard characterization,
seismic responso of structures and components, structure and component
failure descriptions, plant logic models, and probabilistic failure
eniculations. Section 4.2 deals with the frequency characteristics of the
free field ground motion (an element of the seismic hazard characteriza-,

tion) and the seismic response of structures and components.

In a seismic PRA _ of a nuclear power generating plant's safety systems,
only the components affecting the operation of the systems and those
structures housing or supporting these components need to be analyzed.
Plant logic models identify the components. Plant general arrangemenc
and mechanical drawings are then used to locate the components and
identify the relevant supporting structures. For the Peach Bottom Atomic
Power Station, the specific safety related components are housed in the
Reactor Building, the Turbine Building, the Radwaste Turbine structure,
the Diesel Cencrator structure, the circulating water pump house, and the
Faergency Cooling Tower (ECT). Figure 4.3 illustrates the general plant
layout showing relative location of these structures.

Seismic PRAs require as input best estimate (median centered) structural
response, variations of response and correlation of response. A seismic
PRA considers carthquakes over the entire range of the seismic hazard
curve; hence, seismic responses must be determined over this range.
Often, seismic response determined as part of the plant design process is
available. However, this data reflects the conservatism associated with

the seismic design analysis methodology ant. considers only low seismic
excitation levels.

To determine structural response at the higher excitation levels required
by a seismic PRA, either the design analyses must be extrapolated or

j reanalyses of the structures must be made. For this study, analytical
models of each structure identified above as housing safety-related

|
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1

L
I

components were developed ' and used in a probabilistic response; analysis
I to determine the best estimate seismic response.of these structures;

The balance of this section will describe and summarize:

e site and seismic characteristics
'

probabilistic response analysis of each structure _; e

i

*- in structure responses which define the response = of safety = |
-

related components
~ j

4.2.2 Site and Seismic Characteristics ,

4.2.2.1 Site Description i

The Peach- Bottom Power Station site is characterized as- a rock site ,

(Reference 3). An outcrop zone of Peters Creek Schist exists throughout !

metamorphosed. sedimentary rock ofthe site. Peters Creek Schist is a
precambrian er early Paleozoic age . The-oatcropping_ zone is exposed 12

| mi along the banks of S e Susquenhanna River, 35 mi to'the northeast,'and
20 mi to the southwest. Original site topography was characterized by' !

rugged' heavily wooded terrain. -The elevation ranges from 400 ft-(west)
to 110 f t (near Conowingo Pond) eloping steeply.to the east toward the
river. Overburden is a residual sandy silt _ and gravel derived by
weathering of the underlying schist. Depth of the overburden varies-from-
10 to 60 ft, predominantly at 15 f t below original- grade. All structures
at the Peach Bottom Power Station are founded on sound rock, and hence,
all stru:ture -analyses were performed vaing fixed base models of the j

structures.

4.2.2.2 Earthquake Definition
-.

| The objective of the initial portion of th.e investigation-- was; to define
| the input motion for the probabilistic response analyses of . tthe _

^

structures,
q

The safe shutdown earthquake. (SSE) for - the _ Peach Bottom site fis ' defined
i to have a peak horizontal ground acceleration of 0.12 g. _ Three seismic-

L excLeation levels were consideredr as defined ' by their peak ground
' acceleration .in the horizontal direction--0.12 g (1 SSE), 0.24 g-(2 SSE),

0.36 g (3 SSE) . They are denoted ' acceleration- ranges 1, 2, and 31in
subsequent-discussions. These excitation levels were treated explicitly-
-input motions and probabilistic response for other levels c.efined by the--
hazard curve can. then be _ interpolated' from the results, A: suite of ten- !

earthquake time histories was defined- and scaled to each of the three
'

excitation levels for the analyses; - Each - of the - acceleration time
histories are recorded motions of actual earthquakes from rock' sites. A

-

total of five recorded earthquake acceleration cime histories were
selected and listed in Table 4.3. For the purpose of the analyses

:

>

48
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1

a total of 10 input acceleraticn time histories in each orthogc"Tal I

horizontal direction was created by rotation of the two recorded
horizontal aponents. The median acceleration response spectrum of the I

ten horizoth t components is shown in Figure 4.4 with median responses i

from a larger number of rock sites reported in Reference 4. The (
comparison shows frequency content and amplification for the median ,1

response of the ten components in each horizontal direction adequately i

represent expected motion at the Peach Bottom Power Station.

In general, soil properties such as shear modulus and damping are a
function of soil strain and consequently a function of excitation level,
i.e., acceleration ranges 1, 2, and 3 as defined above. With higher
excitation IcVels, soil shear modulus tends to decrease while soil
damping tends to increase, lloweve r , for the Peach Bottom Power Station
rock site no difference between the low strain and strain compatible
properties exists due to the rock nature of the site.

Table 4.3

Selected Free Field Acceleration Time llistories for
Probabilistic Response Analysis

site Date

Pacoima Dam February 9, 1971

Castaic February 9, 1971

Temblor June 27, 1966

tielena October 31, 1935

Taft, Lincoln July 21, 1952
School Tunel

4.2.3 Probabilistic Response Analysis

This section describes the probabilistic response analyses performed for
each structural model. In each analysis, ten earthquake acceleration
time histories were considered for each component direction of the 3-D
models, and ten dynamic structural response calculations were performed
for each structure of interest.

l

|

|
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,

Specification -of the free field ground motion includes c specifying its
frequency characteristics , spatial- variation, and control- point. The'
frequency characteristics and spatial variation of the free field motion-
were discussed above. The elevation at which the_ free field is specified
for each structure is the control point. - Generally, this - would be the :
existing free surface for the Peach Bottom Power Station Site.- llowever, ,

it is . the base of the foundations which are founded on the bedrock
regardless of elevation. ]
Structural dynamic characteristics are -- described by their fixed base.
eigensystem and modal- damping factors. Eigensystems - .(fundamental- modes 1

of vibration, natural frequencies -and eigenvectors) are determined _ from
fixed _ base lumped mass- finite; element .models. Beam elements represent

-

st.ffness between floor levels -- located at the - shear ' centroid of thei

reinforced concrete walls or diagonal-_ steel bracing, including shear
deformation. The contribution to lumped mass at each floor level is. from
the half height of the wall- above and below, floor slab, and_ equipment.at
that flocr, Nominal values of structure damping were taken; to _ be' 0.07,
0.085, and 0.10 (fractions of riticel aamping)1for the: three seismic;

These - were - based on publishedacceleration ranges consideret -

damping values and assumed stress . ..is achieved.
..

The procedure is to perform a series 'of deterministic analyses, _ each
simulating an earthquake : occurrence, including variability in seismic-

input, soil-structure interaction,- and in structure representation. The-
seismic input variability is normally introduced by considering _ an
ensemble of earthquake motions. For_ this study.. the ; five earthquake.
motions described earlier were used. "A series _ of_ ten f earthquake -
simulations for each acceleration range were = performed . with each
acceleration . range using the --identical free field input motion: as f a
starting point. Structure response variability is . introduced = through a
limited number of parameters--strueture . frequency- and modal damping.

~

y

(Since this is a rock site, no soil : column. variability -had::to be ;
considered.) Variability in. structure dynamic. behavior is modeled - by-
treating structure frequency and modal damping as random variables.
Parameter variations in each step of the response analysis were selected.
to represent random variability, and not to include modeling uncertainty.
The assumed parameter variability corresponds . co- that determined in _ the,

'

SSMRP_ (Ref. 5). The ' parameter _ values for each _of' the. ten Jsimulations
were selected from the probability distributions _ by - dividing the
distributions into equally probable' segments, sampling from;each segment
and combining the samples using a- Latin hypercube, experimental design.
The responses calculated from -the simulations were. combined to estimate --
median responses conditional on the occurrence of_an earthquake described-
by.a particular hazard curve parameter, c.g,, peak-ground acceleration._

For each acceleration range the median'instructure' acceleration response-
spectra from the ten free-field input motions were calculated _ at,

1 5 percent damping at the mass centroid of each floor elevation and: for
each translational component direction.

4-11
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|

;

| The structures for -which best estimate dynamic . responses - were computed-
based on the 10 selected' time histories are.shown in Table 4.4 along'with.
their lowest natural - (fixed-based) frequencies . in. each direction. :Each-j
structure considered is described below.

.

Reactor Buildinn. The reactor : building is-a reinforced concrete
structure from its . foundation at elevation 91 f t to the refueling floor

at elevation 234 - f t. Above the refueling floor elevation exists a
structural steel superstructure with metal siding ' and decking. The
building is nominally 150 ft by 150 ft in plan below elevation 135 ft'and
150 f t by 120 f t in plan above this-level. A reinforced concrete mat-
foundation supports the primary containment and internal structure. The
foundation mat rests on sound rock.

Figure 4' 5 shows the 3-D fixed base model used to . calculate the nominal
eigenvalues and eigenvectors of the- reactor building cord tinment and
internal structure. A structural model provided by the utility consisted-
of a single stick model providing overall response of the structure. An !

internal structure model 'is coupled with the utility model directly at
its base and through equivalent stabilizer stiffnesses at-elevation,195'--- .

!0". The internal structure model includes the' reactor vessel pedestal,
sacrificial shield wall, and reactor pressure vessel for determining
stiffness and mass properties.

Radwaste/ Turbine Buildinc. The radwaste/ turbine building is a reinforced-
concrete s truc ture ,: rectangular in plan supported . on 'a reinforced-
concrete mat at elevation 91.5 f t and extending in height to: elevation
191 ft. The foundation mat rests on sound rock.

Figure 4,6 shows the 3-D fixed base model used to calculate. the nomin'al~
eigenvalues and eigenvectors of the reactor building containment and.
internal structure developed for : this - effort. - .The radwaste building-
foundation is tied to the: adjacent . turbine building- foundation. In
addition both - structures share lateral force resisting systems.
Stiffness and mass contributions from the turbine - building are '

incorporated in the structural model to the extent structural details-'and

j load paths dictate. Outriggers -and massless beams transferimotion from
.

,

the center of mass of the common structures to the center of the radwaste !

building control room.

Circulatine Water Pumo Structure. The circulating water pump struct'ure
is a reinforced concrete structure, rectangular in plan supported -on a
reinforced concrete mat at elevation 79.83' f t .and extending in height to
elevation 130.5 ft. The foundation mat rests on. sound rt.4.-

Figure 4.7 shows the ~ 3-D fixed base model used to calculate the ' nominal-
eigenvalues and eigenvectors of the circulating water . pump . structure.
The structural model developed for this effort consists of lumped

|
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Table 4.4 Peach Bottom Structural Models

Structure Frea(Hz) Dir % Mass

Reactor Building 7.1 N-S 68
7.6 EV 71

18.5 Vert 72

Radwaste/ Turbine 9.3 N-S 81
Building 11.4 EW 57

24.5 Vert 70

circulating Water 13.4 NS 86
Pump Structure 20.6 EW 70

46,0 Vert 57

Emergency cooling 9.7 NS 36
Tower 10.4 EW 79

19.3 N-S 61
27.0 Vert 79

Diesel Generator 17.5 N-S 99
Building 21.8 E-U 97

47.7 Vert 92

4-13
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centroid of thc[ floor:-lhvcis,- and 1 be'ammasses located = at the mass
elements representing _ the _ stiffness _ between- floor -levels. , included'in ;

the masses are strueture,- water (normalo water level elevation 109G0")
'

T

and equipment weight. Effective water mass was taken as the rigid tank

impulsive fluid mass.

a reinforced jEmergency Cooline Tower. The emergency cooling tower. is
concrete structure.. rectangular in plani supported on a- reinforced 'l
concre to - mat at elevation 118 f t and--extending in height to elevation
202 ft. The foundation mat rests on sound rock.

Figure 4.8'shows the 3 D fixed base model 'used to calculate the nominal.-

eigenvaluescand eigenvectors of the-emergency cooling tower:provided by1
the utility. This model was used without any: modifications.

'

|

Diesel Generator Building. The diesel generatoro building 'is ' a- i

reinforced concrete structure, rectangular min plan; supported ~ on _ a . y-

reinforced concrete mat' with shear walls- at various elevations and- |
extending in height to elevation 162 ft'.' The foundation: footings 1 rest 4

!on sound rock.
+:

'Figure 4.9 shows the 3-D- fixed base model used to calculate the nominal"
eigenvalues and eigenvectors of the di'esel: generator ' building provided. 4

_ Portions ~ of the-by the utility with ' the following' modification, _ in~~the model since :4structure below elevation 127- f t were .not included -

this portion of the structure is rigid and' founded on. sound rock.
Therefore, the free-field input motion rock outcrop is applied Lat :|
clevation 127 f t. ~l

Response Results .

For each of these structures, the dynamic _ struc_tural response : f$r 'each
_

of the ten suites of time histories was computed at each of the three
earthquake-excitation levels. From the computed time history-_ responses
at the different floor levels, response spectra were generated. . As ,

spectra -for the 2SSEexamples of- the output, the computed - response c

acceleration range for each structure : are :shown in Figures 4.10' through.
,

4,14. In each figure,- spectra in -the E W, N S and vertical directions '
t

are shown. Each spectra plot has several= building _ elevations
(corresponding to major floor slabs). Similar spectra are - given in 4

Appendix A for the- other acceleration ranges. Taken together,3 thel t

spectra at the three different acceleration ranges provide - all the. ,

response input needed for the seismic PRA. .

4.2.4 Safety-Related Component Responses

The in structure spectra presented in... the previous section are used to
determine safety-related component response. Assuming that the dynamic;
characteristics of a given component can :be' represented by a single

,

|- dominant mode of . vibration,_ the component response canLbe approximated.
; by the spectral acceleration of the appropriate in structure spectra at

the frequency of the dominant mode.

!
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Thus, at each structural location, numerical response values at different
frequencies or frequency ranges are computed directly from these spectra.
These ranges span the probabic natural frequencies of the components
housed at that location. The median zero period acceleration response is
calculated from the ten values given by the probabilistic response
analysis assuming a lognormal distribution. The median response over a
frequency range is computed over the range from the median spectra given
by the ten earthquake simulations. Given the natural frequency of the

h component of interest, the appropriate frequency interval and component
response is then defined. Numerical values of the median component} responses for the three 1cvels of ground motion (1 SSE, 2 SSE, and 3 SSE)
taken from these spectra are presented in Appendix B.

4.2.4.1 Responses in Terms of Peak Ground Acceleration (PGA) i

|

The responses in Appendix B are given at three peak ground acceleration |

values (0.12 g, 0,24 g, and 0.36 g). One could directly interpolate
between these three values to obtain any specified response at any

-~

arbitrary value of peak ground acceleration.

However, a more direct approach which greatly simplifies computation of
the component failure probabilities is to compute the average ratio
between the median PGA and the median response spectral accoloration at
each specified component location. Figures 4.15 through 4.19 are plots

} of the response location accelerations in each building (at various
_- building elevations) versus PGA. It can be seen that a linear relation

exists up to free field accelerations of 0.4 g or greater. Furthermore,
for those curves which show significant non linearity at higher accelera-
tion icvels, the linear relation provides a conservative estimate of the
local response.

From these figures, ratios between the various responses and PGA were
-

determined, as listed in Table 4.5. (Note that not all responses listed
in Appendix B are included on this table, as not all floor slabs
supported critical components identified on the seismic fault trees.)
Using these response amplification ratios, the local spectral

- acceleration response at any floor level of any of the buildings can be
_ computed at any PGA level.

_

4.2.4.2 Var Lbility in Response

Variability in responses (floor and spectral accelerations) was assigned
based on SSMRP results (Ref. 5). Confidence bounds were computed for the
final core melt probabilities using both random (irreducible) and
systematic (modeling) uncertainties. The uncertainties (expressed as
standard deviations of the logarithms of the responses) are shown below:

Quantity Random Ey_siematics

- Peak Ground Acceleration 0.25 See cross-
Floor Zero Period Acceleration 0.35 reference
Floor Spectral Acceleration 0.45 table in

_
Appendix C
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Table 4.5

Peach Bottom Seismic Response Locations'

<

'

Response
| . Number. location- ElevatioD Frecuenev Multfrile of PGA

1

; 1 Free Field ZPA 1.0
| 2 2 5 Hz 2,08

| 3 5 1,9

J 4 5 10 1,78

| 5 7 1,9
.

,

6 CS 135' ZPA 1,2

7 5 10 -2,5

8 150' ZPA 1.4
a

9 5 10 3.0
10 165' ZPA 1,6

11 5 10 3,3

12 RB 91' ZPA 1.0
13 5 10 1.P i

14- 7 1,8

15 5 1,8

; 16 116' ZPA 1,1 :

17 7 2,1

18 135' ZPA 1.1
19 7 2,1

20 165' ZPA 1,3

21 7 3,0
'

22 DG 127' ZPA 1.0
23 5 10 1,8

24 5 1,8

25 TB 116' ZPa 1,0

26 7 1,9

27 CWPS 114' ZPA 1,3'

28 7 2,4

29 ECT 153' ZPA 1,4

30 7 2,6

31 5 2,6

,

L

,
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4.2.4.3 Correlation

In computing the probability of cut sets involving correlated component
failures, it is necessary to determine the correlations both in the
responses and in the f ragilities of each pair of cottponents in the cut 1

set. Once this is donc, the correlation coefficient between any two'

component f ailures is cottputed from the expression
,

O 0 0 0
R1 R2 F1 F2

#~ R1R2 * IlI2~

'2 2 2 2/2 2 '2
,,

O O R2 + OF2OR2+#h2
|/ |/OR1 * OF1 / R1 r1

1 y

in which

r - correlation coefficient between the failure of
components 1 and 2

!

- standard deviation of the logarithms of thefxt. K2*

responses of components 1 and 2
,

Bn , r2 - standard deviations of the logarithms of the
! fragilities of components 1 and 2

rung - correlation coefficient between responses of components
1 and 2

- correlation coefficient between the fragilities ofrnn
components 1 and 2

This relation shows that the correlation between the failure of cny two
c ortponents depends not only on the correlations between the respective
responses and fragilities, but also on the variances in the responses and
fragilities.

With the correlation between the failure events in the cut set known, the
evaluation of the cut set probability is performed by evaluating the
multivariate probability distribution for the cut set. Methods for
evaluating such correlated cut sets are described in Reference 3 of
Chapter 1 of this report.
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The pairwise correlations between the responses are assigned according to
tbo rulce on Tabic 4.6. Using the rules giver,and the definitions of the
responses given on Table 4.5, the resnonse correlation matrix showr in
Table 4.7 results,

inasmuch as there are no data as yet which prove or disprove correlation
between fragilities, the fragility correlations between both like and
unlike components were taken as zero.

In general, there exists some degree of correlation between any two
components excited by the same earthquake by virtue of the common ground
motion. However, it it: not necessary . to compute correlated failure
probabilities when the degree of correlation between the failure events
is small (e.g., less than 0.25) as the result will be very close to the
uncorrelated value. By examining the response and (in general) the
fragility correlations, it is possible to identify those pairs of
components for which correlation effects may be neg1ceted, and those for
which correlation must be considered. In general, it is found that
correlation between like components (identical components which are
sensitive to the same spectral acceleration) in the same location should
always considered as they are usually the most significant, llowever,
while correlations between two unlike components can (in principle)
exist, these are usually of lesser significance, and can usually be
neglected, especially when dealing with components located on different
floors of a building or in seperate buildings.

For Peach Bottom, a review of the response correlation tabic (Table 4.7)
in conjunction with ~the fact that fragility correlations are taken as
zero allowed screening of the components for those groups of components
which should be assigned correlation. For unlike components, it was
fount: that only correlation between the 4B' busses and the 125 volt
busses had any potential significance. y contrast, a numbe r o f
identical components in the same location were found to be significantly
correlated. These components are shown below:

* 4 kV busses
e 125 volt busses

diesel generatorse

i e ESW motor driven pumps
;

I
| For the components identified above, the correlation coefficienc was

computed and a proper evaluation of the correlated pairs of failures
occurring in the various cut sets was made during quantification of the
accident sequences.

I
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Table 4.6

i Rules for Assigning Responso Correlation
f PR1R2

1. Components on the same floor slab, and sensitive to the game spectral
frequency range (i.e., ZPA, 5 10 liz , or 1015 liz) will be assigned
response correlation - 1.0,

2. Components on the same floor slab, sensitive to different ranges of
spectral acceleration will be assigned response correlation - 0.5.

3. Components on different floor slabs (but in the same building) and
sensitive to the E.ame spectral frequency range (ZPA, 5 10 ilz or 10 15
liz) will be assigned response correlation - 0.75.

4 Components on the ground surface (outside tanks, etc.) shall be
treated as if they were on the Grade floor of an adjacent building.

5. "Canged" valve configurations (either parallel or series) will have ;

'.response correlation - 1.0.

6. All other configurations will have response correlation - 0,

<

<

<
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4.3 SeismLe_Frerilities

Component failure is taken as either loss of pressure boundary integrity ,

or loss of operability. Failure (fragility) is characterized by a
curnul ative distribution function which describes the probability that
failure has occurred given a value of loading. Londing may be described
by local spectral acceleration or n.oment, depending on the component and
failure mode. The iragilities are related to the appropriate l ED1
response to permit an accurate assessroent of the effects of common cause
seismic failures in the evaluation of the accident sequences.

4.3.1 Generic Fragilitics

A generic dat.n base of fragility = functions for seismically induced-
failures was developed in the _ SSMRp (Ref. 6). As a first- step, all'

compotients were grouped into generic categories. For example, all motor
operated valves located on piping with diameters between 21/2 and 8
inches were placed into a single generic category, and similarly, all'
motor control centers were placed into another generic category.

Fragility functions for the generic- categories were developed based on a
combination of experimental data, design analysis reports, and an
extensive expert opinion survey. The experimental data utilized in
developing fragility curves were obtained from the results of component
manufacturer's qualification tests, independent testing lab failure data
and data obtained frorn the U.S. Corps cf Engineers extensive SApEGUARD
Subsystem h rdness Assurance Program.. These data were critically

examined for applicability and then stat 1=rically combined with the
expert opinion survey data to produce the fragility curves for the-
generic component categories.

Finally, a review of more recent site specific ' component fragilities
contained in the Lawrence Livermore data base (Ref.11) was made. Based
on these reviews, several of the SSMRp generic fragilities in Reference 6
were updated.

The final generic categories and the corresponding fragility medians and-
uncertainties are shown in Tables 4.8 and 4.9. These fragilities are

used as the starting- point in the simplified scismic pRA. As in the use
of any generic dtta base, one must be cognizant of the source of the data -
and the equipment to which it applies. An important aspect of using this
data is to examine the equipment in the plant being analyzed and compare
it with the data base for which the generic fragilities were developed.
Any Oviation is noted and examined carefully, and new site specific
fragilities developed as necessary.

Fragilities for electrical components represent a special problem in that
there is a wide variety of electrical gear found within a plant. ,

Typically, . all ' this gear is enclosed in switchgear cabinets or motor
control centers. The two lowest f = lure modes that were identified in
the SSMRp frap'?ity data base were relay chatter and: inadvertent trip of -
circuit breake.. Virtually all electrical switchgear and rnotor control

i
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Table 4.8 |

|

Ceneric Component Categories +

1

!
!
,

Fragility
Caterorv__ Component Class Tvolcal Components Frecuency (Hz) !

i

1 IDSP Ceramic Insulators ZPA ,

2 Relays 5-10
;
. 3 Circuit Breakers 5-10 '

,

~ 4 Batteries ZPA |
5 Bat cry Racks ZPA j

,

6 Inverters 5-10 -

7 Tr'usforners 4 kV to 480 V and 480 to 120 V 10
8 Motor Control Centers control for ESF Pumps and Valves 5-10
9 Aux. Relay Cabinets 5-10

7

10 Switchgear (Inc. Transformers,
'

Buses & Breakers) 416 V and 480 V 5-10
,,

e 11 Cable Trays ZPA :!

C 12 Control Panels and Racks RPS Process Control 5-10 |
13 Iecal Instruments Misc. Pressure & Temperature 5-35 |

Sensors

14 Diesel Generators 4160 ac Emergency Power Units 22
,

15 Horizontal Motors Motor-Generator Sets ZPA |

16 Motor-Driven Pumps and AFWS, RHR, SIS, Charging Pumps, 7
,

: Compressors Lube Oil Pumps. Diesel Starting j
Compressors .

17 Large Vertical. Centrifugal Service Water Pumps 5 .1

; Pumps (Motor-Drive)
| 18 Large Motor-Operated Valves (>10") ZPA

19 Small Motor-Operated Valves (<10") ZPA

j 20 Large Pneumatic / Hydraulic Valves Includes MSIV, ADP, and FORV ZPA

21 Large Check and Relief Valves '2PA f
'

1 22 Miscellaneous Small Valves-(<8") ZPA

f! 23 Large Horizontal Vessels & Heat Pressurizer Relief Tank, CCW ZPA

; Exchangers Heat Exchangers !

l

,

.

'

!
*

1

i

'
a

!

_ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
-

_ _ .



_ _ _ ..

,

I i
,

I

< ;

*

Table 4.8

Generic Component Categories (Concluded)

Fragility'

Catecory Component Class Typical Components Frecuency (Hz) *

24 Small to Medium Heat Exchangers Boron Injection Tank 20

and Vessels ,

4

25 Large vertical Storage Vessels RHR Heat Exchanger. I.ccumulator ZPA j1

.

with Formed Heads Tank
-

Large Vertical Flat-Bottomed CST, RUST26'

Storage Tanks
27 Air Handling Units Containment Fan Coolers 5

:
!

1

&
U i

.

'
,

-

4

.j

i

t

I- ,

I

k
;.

|
2

i

4
a
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Table 4.9*
,

i

!! Generic Component Fragilities, in units of gravity (g)'

J

Categorv Generic Conmonent Median * ga fu ;

i

1 Ceramic insulators 0.25 0.25 0.25
'

4.00 0.48 0.75
2 Relays

. 7.63 0.48 0.74 j

3 Circuit breakers i0.80 0.40 0.39
4 Batteries

2.29 0.31 0.39 !
5 Battery racks

j 2.00 0.26- 0.35 !

6 Inverters'

8.80 0.28- 0.30 :
j 7 Dry transformers !7.63 0.48 0.74

8 Motor control centers
7.63 0.48 0.74

9 Auxiliary relay cabinets
6.43 0.29 0.66 |

10 Switchgear<

2.23 0.34 0.19
d 11 Cable trays

1 12 Control panels and racks 11.50. 0.48 0.74
'

7 68 0.20 0.35
.

13 Local instruments*
1.00 0.25 0.31 !

14 Diesel generators'

15 Horizontal motors 12.10 0.27 0.31 ,

16 Motor-driven pumps'end compressors 2.80 0.25 0.27 |

2.21 0.22 0.32 :;
4 17 Large-vertical centrifugal pumps '

18 Large motor-operated valves (>10 in.) 6.50 0.26 0.60

19 Small motor-operated valves (<10 in.) 4.83 0.26 0.35

6.50 0.26 0.35 ,

20 Large pneumatic / hydraulic valves '!

! 21 Large relief, manual, and check valves 8.90 0.20 0.35

; -22 Misc. small valves 12.50 0.33 0.43

23 Large horizontal vessels and heat exchangers 3.0 0.30 0.53 .

i'

t 24 . Small to medium vessels and heat exchangers 1.84 0.25 0.45

.
25 Large vertical vessels with formed heads 1.46 0.70 0.35

26 Large vertical tanks with flat bottoms 0.45 0.25 0.29 ;
'

6.90: 0.27 0.61
27 ' Air handling units;

i-
,

) a.- random uncertainty
Bu - systematic uncertainty ,

i
All medians in terms of spectral acceleration (g's) at 5% damping.

1 ,

[
s .

F
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centers in a nuclear power plant include these two types of cotoporants, so
these two fragilities were used as - the -- ge ne ric failure modes for
electrical gear in the SSMRP analysis, Relay chatter -is the lowest
failure mode and, if included blindly in a risk analysis, would be the
dortinant failure. Because, in many cases, circuits are protected by time
delay circuits and because, in most cases, chatter of relays would not
cause a change in the state of a system being controlled, the NURtc .1150!

analyses chose not to include relay chatter as a failure mode for
j clectrical gear but rather to include circuit breaker trip as the lowest
.

functional failure mode.
J

4.3.2 Site Specific Component Fragilities

During the plant walkdown, a number of components were identified as not
fitting in the generic fragility data base. Theroe components were later

' . the system f ault trees models, and forexamined for their importance ,-

those playing a role in the jstems analysis, site specific fragilities
1 were derived. The resultin,, ite specific fragilities are shown on Table

4.10.

The 4kV switchgear are critical in that both onsite and offsite AC power
are distributed through them. They were found to be anchored with fillet
welds into secol imbedded in the floor and a fragility analysis was
required to assess the capacity of. the welds. The diesel generator day
tank is a vertical tank held by 5/8 inch bolts and is critical to the
continued operation of the diesel generators in the event of loss of
offsite power. The HPCI room cooler was found to be anchored to an I be.im
frame with small welds at its corners. Failure of this cooler would
result in long term failure of the HpCI pump /approximately 10 hours) .
The condensato storage tank plays a role as a suction source for the high
pressure inj ection systems. The tank itself is a vertical water storage '

tank anchored with six bolts to a mounting pad, Such tanks of ten have
relatively low seismic capacity. However, the tank itself is surrounded
by a water tight dike and so credit was given for the possibility that, if
the CST failed, water would still be available since it would be contained
by the dike. A calculation was made to verify that the icvel of the water
after tank failure was such that suction could still be maintained, Thus,

the fragility of the condensate storage tank vas based on the fragility of
| the water tight dike as listed in Table 4.11.

|
It should be noted that in each case the items identified had less margin
than typical in the generic fragility data base, However, in each case,
the median capacity of the component was well above that required for the
SSE,

4.3.3 Site Spar.ific Building Fragilities

4.3.3.1 Method of fragility Evaluation

The fragilities of Peach Bottom Unit 2 structures were generated using

|
|
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Table'4.10 i
'
,

i

Peach Bottom Site Specific Fragilitzes -

|4

: -

i
.

Component Failure Mode M B, By Response No.7
;

4KV Switchgear . Anchor weld failure 3.30 0.15 0.25 7 (5-10Hz)

-DG Day Tank Anchorage Failure 0.95 0.15 0.20 22 (ZPA)
t

HPCI Room Cooler Veld Failure 4.42 0.15 0.25 13 (5-10HZ)

f Condensate Storage Tank Anchorage / Building Fragility Based on Dike See Table 4.11 ;

d .

.

RUST Unanchored Not on Fault Trees '

t

1

$
D
I i

, ,..N

5
f

'

t

,

'

|

I

!
?
*

i

?

i
k

1

'
a

-

1
1
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Table 4.11
!
,

Summary of Structural Fragilities
,

Structure Elercent W _fa_ Bn Effect of Failure |

Reactor Building N-S. E-U Shear Walls 1.6 0.16 0.27 Vessel Rupture Initiating Event j

i

Radwaste/ Turbine loof Diaphragm 1.2 0.10 0.23 Cause SBO and loss of all actu- |

ation. Modeled as initiating event,
Building and failure event in IJOCA sequences

Radwaste/ Turbine 'I-S Shear Valls 1.5 0.13 0.25
Building

Diesel Cenerator E-V Shear Walls 1.9 0.06 0.21 Negligible

Building

Circulating Water N-S Shear Valls 2.3 0.11 0.28 Negligible
,

i Pump Structure
n

Emergency Cooling Columns, EL-153' to EL 163' O.55 0.11 0.21 Basic event.in ESW system.as

Screened out due to redundancy
Tower

0.50 0.11 0.21 Fails PCS, ECW pump cables, ,

Turbine Building - - .
instrument air, and conder>-

sate system. Modeled as a
a failure event in T1, T3 and

IDCA sequences. .

Various ' Block Walls 1.5 0.13 0.24 Negligible
!

: Watertight Dike Surrounds CST 1.0 0.04 0.17 Fa11ure mode of CST. Screened
out due to redundancy.

1. and Su do not include response variability.a

I

m. . .
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the basic methodology described in Reference 1, with certain modifica-
tions. The fragility of a structure can be expressed in terms of its
peak ground ac.celeration capacity, A, as follows:

A - A,e enu

In this formulation, A, is the median peak ground acceleration (PGA)
are random variables with unit median, represent-and oucapacity, and en

ing the inherent randomness about the toedian and the uncertainty in the
and eu are assumed to be lognormallymedian value. The variables ex

distributed with logarithmic standard deviations pa and 40, respectively.
The properties of the lognormal distribution are presented in Reference
2.

For convenience, the median peak ground acceleration capacity, A., was

formulated as the product of three times the SSE peak ground accelera-
tion A333g - 0.36 g for Peach Bottom site, and a toedian factor of safety
against this ground inotion icvel, F,. Thus, the median peak ground
acceleration capacity can be expressed as:

A - F. Asst

The median factor of safety, F., was in turn expre:: sed as the product of
the following two tnedian factors of safety:

The incdian strength factor, F., which is defined as the ratio ofa.
the median structure strength to the mean (approximate median)
structure loads for three times the SSE ground tootion input,

b, The inedian inelastic energy absorption factor, F , which accountso

for the ability of the structure to withstand seismic loads in
excess of those corresponding to yield through ductile, nonlinear
response.

The loads from the three tirnos SSE ground motion input were used since
ten percent darnping was assigned to the structures for this case. This
damping was estimated to be a median value for reinforced concretei

L structures at yield.

The strength and inelastic energy absorption factors. have associated
logarithinic standard deviations, B, and f , From the properties of the
lognormal distribution, the logarithmic standard deviation associated
with the total factor of safety is calculated as follows:;

2 2 '1/22 g +pp
s u

These variabilities are cornposed of randomness and uncertainty, which are
defined as follows:

,
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a. Randomness consists of variabilities that cannot be reduced by i
>

more detailed evaluation or data collection.

b. Uncertainty consists of variabilities resulting from lack of
knowledge.

The only source of random variability reported in this section results
from the effect of certain earthquake characteristics on the structure
inelastic energy absorption capability, Uncertainties result from vari-
ables such as material strength, member capacity, member ductility, etc.

Structure seismic response contributes additional variability to the
structurni fragilities. Logarithmic standard deviations for seismic
response variability are not included in the values reported in this
section, as they are included in the responses directly.

4.3.3.2 Development of Structural Capacity Factors

The Peach Bottom structural fragilities are expressed in terms of factors
which account for structure ultimate strength and inelastic energy
absorption capability. This section describes the development of these
factors. The reader is referred to Reference 6 for more details of the
process,
Structure Element Ultimate Strentths

;

Two maj or considerations are involved in the determination of the
ultimate strengths of individual structural elements. One is the defini-
tion of the strengths of the materials composing the members. The other
is the determination of the ultimate strength capacities of the
structural members given the type of loading, material strength, member
configuration, etc.

The Peach Bottom plant specific material strength data were not avail-
|

able. The following values, which were used in the fragility evaluation,
were estimated based upon data from other nuclear power plants (Ref. 6):I

Concrete Comoressive Strennth

Minimum Specified (psi) Median (psi) p

3000 4900 0.17
4000 6000 0.15

Steel Reinforcement Yield Strentth

Grade Median (ksi) p
40 AS 0.10
50 55 0.10
60 69 0.07

l

!
1
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The tr,cdian ultimate strenrlh capacities of the structural elements were
* trial strengths and enember configurationsfound using the rtedia" +

(i.e ge orte t ry , reint< (rnt, etc.) in conj unc tion with availabic
.

predletive formulation os approaches. The approaches and formulations
used were those appropriate for the type of cletnent (i.e., shear wall,

reinforced concrete cylinder, etc.) and loading (i.e., shear, flexure,

etc.). They were typically found to provide essentially median centered
capacities when cottpared to the results of available experimental test-
Ing. For example, the predictive equations used to determine the median
ultimate strengths of the Peach Bottom shear walls subjected to in plane
shear and flexure are presented in Reference 7.

Median strength f actors, F.,, were calculated for individual structural
elements as follows: )

Vum,1
7 ,

' 8* 3SSE,1

Medlan ultimate strenSth for element ib,5 -

Median load due to 3 x SSE ground motionYun ,i -

input for element i

The median strength factor for a structure was generally taken to be the
lowest value of the individual elements composing its primary seismic
load resisting system. This is slightly conservative -if the structural
elements are ductile and redundant. In certain cases,. load redistribu-

tion among such structural elements was considered when determining the
structure strength factor.

Variability of the structural element ultimate strengths was considered
to be composed of uncertainty since it is associated with a lack of
knowledge. Uncertainty attributed to material strength was based upon
the estimated variabilities listed above, Cornparisons of the predicted
strength capacities to the available test results provided estimates of
the uncertainty in the predictive strength formulations. Additional
uncertainty attributabic to variabilities associated with other sources,
such as member geometry, reinforcement spacing, openings, workmanship,
differences between field and laboratory conditions, accuracy of the
predicted load distributions, etc., were also included.

S.iructure Inelastic Enerry Absorot19.D

The ability of a structure to withstand seismic levels in excess of those
corresponding to yield through ductile, nonlinear response was accounted
for by the inelastic energy absorption factor, F . This factor was basedo

upon the Riddell Newmark responso deamplification factor, du (Ref. 8)- '

4 51
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The median inelastic energy absorption factor, F., corresponding to some
ductility ratio, p, is given by the following equation:

S,,
F ~

S,um

S., - Median elastic spectral acceleration for median
structure damping at the dominant structure frequency

S ., - Deamplified spectral acceleration at the dominant
structure frequency

For frequencies in the amplified acceleration range (between about 2-Hz-
and 7 Hz) of the. Peach Bottom median ground response spectrum:

<

S ,o - do S., > Sehr

(pp q)-rpo -

p-q+1

q - 3.0 $-030

r - 0.48 o.os

- System damping

For frequencies greater than the frequency at which the median spectral
acceleration returns to the peak ground acceleration (about'33 Hz):

Su -Sahr . p o.n PGAe

PGA - Peak ground acceleration

The Riddell Newmark response deamplification factor was based upon a
series of nonlinear analyses utilizing single degree of freedom (SDOF)
fixed base models subj ect to time histories of large magnitude, long
duration carthquakes, Nonlinear response of the Peach Bottom structures
would be expected to differ from the response calculated using these
deamplification factors for the following reasons:

I The Peach Bottom structures are typically multi degree-of-freedoml a.
(MDOF) systems.

| b. Small magnitude - earthquakes are expected for. the Peach Bottcm
| site.

|

To account for these differences, an effective ductility, 'p., was used in
the equations above.

The system ductility, p,y , for use with the Riddell Newmark deamplifica-
tion factor is a measure of the nonlinearity throughout the structure.

4 52
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For fixed base SDOF structures, the system ductility is equal to the
story drif t duc t ility , p,t. However, for MDOF structures, the system j
ductility roay be less than the story ductility if the ratio of the story 1

demand to story capacity is not uniform through the structure.

The system ductility, p,y, can be related to the story ductility by a
factor M.

, ,

#st 1 ,y,

'Y" M, .

The story ductility for typical nuclear plant shear walls is estimated to
be about five. Values for the factor M were estimated on a case by case
basis for the Peach Bottom 2 structures with guidance from the following
bounding values:

a. M- 1 for fixed base SDOF structures or MDOF structures with
uniform nonlinearity,

2 for fixed base structures with highly concentratedb. M -

nonlinearities.

The Riddell Newmark response deamplification factors were based only on
large imagnitude carthquakes. It is well known that lower magnitude
earthquakes are not as damaging to structures and equipment as higher
magnitude earthquakes with the same peak ground acceleration (Ref. 9).
The lower magnitude earthquakes have' lower energy content and shorter
durations which develop fewer strong response cycles. Structures are
abic to withstand larger deformations (i.e. , higher ductility) for a few
cycles compared to the larger number of cycles resulting from longer
duration events.

Earthquake magnitude effects were accounted for by using an effective
ductility, p., in the Riddell-Newmark responso deamplification factor
approach. The effective ductility was calculated as-follows:

#. - 1. 0 + Co(p,y, 1.0)
'

where the duration coefficient, Co, is a function of the earthquake
magni tude and y,y, is the previously defined system ductility.

The results of the analyses performed in Reference 9 were used to provide
estimates of the duration coefficient, Co, cs a function of earthquake
magnitude. For earthquakes having magnitudes ranging from 4.5 to 6.0, a
duration coefficient of 1.4 was determined to be appropriate by correlat-
ing the inelastic energy absorption factor from the Riddell Newmark
formulation to the results of Reference 9. Similarly, a duration
coefficient of 0,7 was estimated for earthquake magnitudes in the 6.5 to
7.5 range. A duration coefficient of 1.3 was estimated for the Peach
Bottom structures. This is a representative value for eastern United
States nuclear plants.
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It should be noted that, for purposes of this study, structures are
considered to fail functionally when inelastic deformations of the
structure under seismic load are e s tinia t ed to be sufficient to
potentially interfere with the operability of safety related equipmenti

.

attached to the structure. The element and system ductility limits
1 chosen for structures are estircated to correspond to the onset of

significant structural damage. For renny potential modes of failure, this
is believed to represent a conservative bound on the level of inelastic

j structural deformation which might interfere with the operability of
j

components housed within the structure. It is important to note that
i considerably greater margins of safety against structural collapse are
i believed to exist for these structures than many cases reported within

this study. Thus, the structural element capacities reported herein
! should not be inferred as corresponding to structure collapse.
(

4.3.4 Structure Fragilities Derived For Peach Bottom Structures

The fragilities derived for the Peach Bottom structures are listed in
3

j Table 4.11. In general, several potential failure modes were
i investigated for each structure. Fragilities for the governing failure

modes are reported. These failure modes are typically associated with
structural failure which would result in damage to the safety related
equipment located in the building.

: In developing the capacity factors , structural wall and beam resultant
forces were determined from the dynamic response models. The building's-

i structural dynamic characteristics are described by their fixed base
i eigensystem and modal damping factors. Eigensystems, fundaments) ' nodes

of vibration and eigenvectors, are determined from fixed base lued aass
,

j finite element models. Beam elements represent stif fness betwcu floor
levels located at the shear centroid of the reinforced concrete valls or"

diagonal steel bracing, including shear deformation. The contribut!on to
lumped mass at each floor level is from the half height of the wall above"

and below, floor slab, and equipment at that floor. Nominal values of
i structure damping were taken to be 0.07, 0.085, and 0.10 (f ractions of
| critical dampinB) for the three seismic acceleration ranges considered

here. These were based on published damping values and assumed stress
Icvels achieved. Failure odes for each structure are described below.

| Renetor Building
!

The reactor building houses the nuclear steam supply system, primary
containment, and auxiliary systems. It is founded on rock at elevation
91 feet 6 inches. The reactor building is isolated from adjacent
structures above elevation 116 feet 0 inches by 0.5-inch thick gaps. The
seismic load resisting system consists of reinforced concrete walls and

: slabs up to the refueling floor at elevation 234 feet 0 inch. The

! superstructure above the refueling floor consists of structural steel
framing, siding, and roof deck. The concrete shield wall that encloses
the drywell is integral with the reactor building structure. The reactor

.

#
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pedestal and sacrificial shield wall are founded on fill concrete within
the drywell. The stabilizer truss connected to the top of the
sacrificial shield wall provides lateral support for these internal
structuren.

The following structural elements were investigated for seismic induced
failure: i

a. N S shear walls
b. E V shear walls
c. Diaphragms
d. Drywell shield wall ,

c. Reactor pedestal
f. Sacrificial shield wall
g. Stabilizer truss

Seismic capacity of the reactor building was found to be governed by
failure of the N S or E V shear valls. Resistance to lateral seismic
loads is provided mainly by the exterior shear walls and- the drywell
shield wall. Failures of these walls are expected to be initiated at !
elevation 135 feet 0 inch. Median pCA capacities in both tho'N.S and E V
directions were determined to be 1.6 g Shear wall failure corresponds
to gross structural failure and is expected to cause damage to equipment
located throughout the entire reactor building, including components
housed within the drywell.

Radwaste/ Turbine Buildinf.

The radwaste building and the immedit,tely adjacent portion of the turbinei

building were constructed integral with each other and are thus con-
sidered a single structure. The radwaste building is located between the
reactor buildings for Units 2 and 3. It houses various components of the
radwaste system, the standby gas treatment system, and associated equip +
ment, The turbine building portion houses the control room, cable
spreading room, switchgear rooms, and battery rooms. The
radwaste/ turbine building is founded on rock. The seismic load resisting
system consists of reinforced concrete shear walls and slabs. It is
separated from adj acent buildings above elevation 116 feet 0 f r.ch by a
0.5 inch thick gap.

1A number of shear valls and diaphragms were evaluated. The roof

| diaphragm was found to have the lowest seismic capacity, with a median
: pCA capacity of 1.2 g. The roof over the radwaste building- is either
! metal deck or 1 foot 6 inches thick concrete slab. The-roof over the

control room is a 2 feet 6 inches thick concrete slab. E W seismic
inertial loads from the radwaste/ turbine building roof are delivered by'

the slabs to the main shear walls on Column Lines 18, 19.6, 21.4, and.23.
Because the Column Line 19.6 and 21.4 valls are integral with the.1 foot-
6 inches roof slab for lengths of only 27 feet each, load transfer
capability is limited, and in plane slab shear failure will initiate at
.these locations. Because this f ailure- mode has - some ductility, the

!
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seismic loads will redistribute to the Column Line 18 and 23 valls. Load
transfer to these walls is limited by their in plane flexural capaci ty.
This failure mode is localized, and will result in damage te equipment
located between elevation 165 fect-0 inch and the roof, which includes
the control room.

Gross structural failure is expected to result from failure of the N S
shear walls. The median PGA capacity for this f ailure - mode was
calculated to be 1.5 6 Damage to equipment located throughout the
radwnste/ turbine building is~ expected to result.

Diesel Generator Building

The diesel generator building houses the emergency diesel generators and
associated components. The lateral load resisting - system consists of
reinforced concrete shear walls and slabs. The bottom floor of the

Idiesel generator building is typically at elevation 127 fest-0 inch,
which is approximately at grade. Shear walls below grade wati designed !

to transmit lateral loads down to bedrock. The central portion of the

building is supported by piles driven to bedrock. The piles were
intended to support gravity loads only.;

The seismic capacities of several shear walls and diaphragms above grade
were evaluated. Potential seismic. induced failure of the shear walls
below grade is not expected to result in a loss of function of equipment
components housed within the building. Failure of the diesel generator

building was found to be governed by failure of the E V shear walls. A

madian PGA capacity of 1.9 g was calculated. This failure mode is
expected to result in gross structural failure with damage to equipment
located throughout the building.

Circulatine Water Pumo Sqyucture

| The central portion of the circulating water pump structure (CWPS) houses:
the Seismic Class I emergency and high pressure service water systems.
The remainder of the structure houses the service and circulating water
systems. The CWPS is founded on rock. Lateral load resisting systems

for Class I portions of the building consist of reinforced concrete shear-
walls and slabs. The superstructures over the circulating and service

,

water pumps are constructed of precast concrete panels and structural
i steel frames. They were not evaluated since their failure will not

damage Class I equipment.

| Selected shear walls and diaphragms were evaluated. Seismic capacity of
the CWPS was found to be governed by failure of the N S shear walls. A

median PGA capacity of 2.3 g was calculated. This failure modo corre-

sponds to gross structural failure and damage to equipment - located
throughout the building.

!

:
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Drerrency Cooline Tower
I

-

!
The emergency cooling tower contains the fans and associated components
for the emergency heat sink. It is founded on rock. The water reservoir!

below elevation 153 feet 0 inch is enclosed by the bottom slab, exterior
walls, and precast roof panel with concrete fill. The three cells
containing the fans are enclosed 'iv concrete walls.

IN.S seismic load from the cells above elevation 163 feet 0 inch is
transferred to the structure below elevation 153 feet 0 inch by a number
of reinforced concrete columns. The lateral load capacity of these
columns is limited by their bending strength. Column failure was
estimated to have a median PGA capacity of 0.55 g based upon approximate
calculations. This capacity is low compared with other Peach Bottom 2 -
structure capacities for the following' reasons:

a. The upper elevations of the emergency cooling tower experience
significant ground motion amplification.

b. The columns have relatively low resistance against latersi loads.

The column failure fragility is assumed to correspond to gross structural
failure and damage to equipment located throughout the emergency cooling
tower. This assumption may be conservative if function of critical
equipment can be maintained despite this structural damage.

Turbine Buildinn

The following components included in the systems analysis are located in
seismic Class Il portions of the turbine building:

a. Control rod drive water pumps.
b. Instrument air compressors.

Design of Seismic Class II structures was bcsed upon the 1967 Uniform
Building Codo requirements for Seismic Zone 1 locations. Because the
components above are not Class I systems, detailed calculation of turbine
building structural fragilities was judged to be unwarranted. The
fragility listed in Table 4.11 was estimated and may be consetvative.

Block Valls

Block walls at Peach Bottom are typically reinforced. Seismic reevalua-
tion of the Peach Bottom block walls was performed in response to I & E
Bulletin 8011 as described in Reference 10. A limited' number of wal'
were seismically retrofitted. Most of the remaining walls were found to I
be acceptable by criteria comparable to current licensing criteria. The

'

remaining walls were qualified by alternative criteria. This latter
group of walls was judged to be the most seismically vulnerable. The
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block walls in the cabic spreading room were selected from this group for
fragility evaluation. Their capacities were analyr.ed to account for the
actual ultimate strength and inelastic energy absorption capability
against out of plane bending. A median PCA capacity of 1. 5 g wa s
calculated. The fragility listed in Table 4.11 is appropriate for the
cable spreading room walls and is probably conservative for other block
walls located throughout the plant. Table 1 of Reference 10 identifies
Class I components that may be damaged by block wall failure.

I

Watertight Df }a

The refueling water and condensate storage tanks are enclosed by a water-!

tight dike which consists of reinforced concrete cantilever walls and
exterior walls of adjacent building structures. The purpose of the dike
is to retain water in the event the tanks fail. The tanks themselves are
lightly anchored or unanchored. Water must be availe.ble to the RCIC and
itPCI systems for a maximum of about eight hours. After this duration,

battery depletion vill cause failure of these systems even if water is
still available. Only water above the 5 foot level can be drawn,

The dike was evaluated assuming that'it was completely filled with water
at the initiation of the earthquake. This may be fairly conservative
since some time duration is necessary to build up sufficient response to
fail the tanks and totally evacuate their contents. After this period,
the earthquake ground motion may not have sufficient energy content to
fail the dike walls, or may have stopped altogether.

Much of the dike consists of lengths of cantilever walls separated by
seismic gaps. Dike failure was postulated to occur at the southeast

,

corner, where outward movement of the east wall could open the gap and
cause a leak path. The maximum permanent displacement at the top of the
wall was limited to one inch. This is only a very approximate and
probably conservative estimate on the leak area sufficient to cause loss
of water to RCIC and HPCI. Sufficient data is available to determine a

i more accurate estimate of the limiting displacement if a more refined

( estimate is needed.
|

Out of plane failure of the dike. wall at the critical location was
evaluated. Resistance against structure inertial and fluid hydrodynamic
loads was determined. The available ductility was reduced to account for
ratcheting since the wall deforms in the outward direction only. A
(conservative) median peak ground acceleration capacity of 1.0 g was
determined.

4.4 Core Damage and Risk Computations

In the event of an earthquake or any other abnormal condition at a
nuclear power plant, the plant safety systems act to bring 1.he plant to a
safe shutdown condition. In this step of the risk analysis process, we
identify the possible paths that a nuclear plant would follow, given that
an earthquake related event has occurred which causes shutdown. These
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paths involve an initiating event and a. success or failure designation
for systems affecting the course of events, and are referred to as acci.
dent sequences.

4.4.1 Initiating Events

The seismic analysis performed for Peach Bottom is based on the came set
of event trees developed for the internal event analyses of the plant.
The initiating events considered are:

|

|
a. Reactor Vessel Rupture (ECCS ineffective) '

b. Large LOCA

c. Medium LOCA

d. Small LOCA

e. Radwaste/ Turbine Building (RWT)

f. Transient Type 1 (LOSP)
i

g. Transient Type 3 (PCS initially available)

Note that one structure failure ham been included in the list of
initiating events. This RWT failure cai cause a loss of offsite power as
well as system failures and thus was included explicitly in the hierarchy
of initiating events.

The reactor vossol rupture event was computed based on the probability of
failure of the supports of the reacter vessel itself. A generic
fragility for support failure of a BWR vessel was constructed from data
given in a review of site specific BWR risk analyses as given in
Reference 11. No pipe failures or failure of the recirculation pump
supports were considered, because information provided by the internal
events analysts indicated that even failure of both recirculation lines
could be handled by the existing ECCS capability at Peach Bottom.

't e frequency for the large LOCA event was computed based on the failure
of the supports of the recirculation pumps. Again, values of the support
fat.ure fragility parameters for these pumps were taken from a review of-i

sit, specific PRAs performed for BWRs. Failures of the piping (steam
outlit, feedwater inlet or recirculation lines) were not included as a
revie e of their capacity showed that they were significantly higher than
the p tmp support failures and hence, would make negligible contribution i
to the initiating event frequency. (In addition, three or more stuck
open sifety relief valves result in a break size equivalent to a large
LOCA anc this also serves effectively as an initiator by transfer from
the trans,snt event trees directly to the large LOCA tree.)

The small a,al medium LOCA initiating events were computed based on the
failure of p; ning in the reactor coolant loop. The fragility for the
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pipe f ailures was generated from the calculations of piping failures for
pipes considered in the SSMRP Zion analysis. Those distributions are

,

shown in Figure 4.20. The independent variable for this figure is peak '

ground ac cel e ra t i on, with a random variability of 0.25. These.
distributions were input in log normal form for the cnalysis. (In
addition, transfers from the transient tree based on stuck open relief
valves are considered. Two stuck open relief valves _are equivalent to a
rnedium LOCA whereas one stuck open relief valve is equivalent to a small
LOCA.)

i
'

The Type 1 transient initiating event was based on the probability of
loss of offsite power (LOSP). This has been found to be the dominant
source of such transients in all seismic PRAs to date (wherein IDSp
results in loss of the main feedwater system).

In computing the frequency of the initiating events, a hierarchy between
them must be established. The order of-this hierarchy is such that, if
one initiating event occurs, the occurrence of other initiating events

! further down the hierarchy are of no consequence. For example, if a
large 1DCA occurs , we are not concerned if a small LOCA or transient
occurs. Thus, the most serious initiating event is assumed to be the RVR
event. The probability of the lar6e LOCA event is then computed as the
probability of the anchorage failures causing the large LOCA times the
complement of the RVR initiating event, and similarly, for the MLOCA,
SLOCA and T1 events. The RWT building failure was put above the T1
(LOSP) transient inasmuch as this _ building failure results in loss of
of fsite power and causes seation blackout, loss of all actuation, and
loss of the control room. Figure 4.21 illustrates the hierarchy in an
event tree format and shows the expressions used to calculate - the
initiating event frequencies. Implicit in the hierarchy definition is
the requirement that events in the hierarchy above a given initiating
event cannot occur in the accident sequence for that event. For example,
LOSP can occur as a basic event in any of the LOCA or RWT sequences, but
cannot occur .as a basic event in the T3 accident sequences.

With the hierarchy established, the Type 3 initiating event probability
is computed from the condition that the t sum of the -initiating event
probabilities considered must be unity. The hypothesis is that, given an
earthquake of reasonable size, at least one the initiating events - will
occur. At the least, we expect the operator to manually SCRAM the plant
given an earthquake above the operating basis earthquake (OBE) level.

Numerical values for the initiating events at various earthquake levels
are given in Section 4.4.5, Numerical values for the parameters of the
fitted distributions are listed in Appendix C.

I 4.4.2 Event Trees
: \

| The event trees developed- for the internal event analyses were used j
directly, so as to be able. to coinpare the final core melt frequencies duc j
to seismic and internal events on a common basis. The internal event

|
I

| 1

l

!

1
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;

1

'

RVR ALOCA MLOCA SLOCA RWT BLOG T1(LOSP) lE-T3
EO

<

IE-T1(LOSP)

IE-RWT BLDG

IE-SLOCA

t

IE-MLOCA

lE- ALOCA

lE-RVR
,

1

'

i

P(IE RVR) - P(RVR)

P(IE ALOCA) - P(ALOCA)*P(RVR)

P(IE ALOCA) - P(MLOCA)*P(ALOCA)*P(RVR)

P(IE SIACA) - P(SLOCA)*P(MLOCA)*P(ALOCA)*P(RVR)

P(IE RWT) - P(RWT)*P('SLOCA)*E(Ni00A)*P(ALOCA)*P(RVR)

P(IE LOSP) - P(LOSP)*P(RWT)*P(SLOCA)*P(MLOCA)*P(ALOCA)*P(RVR)

P(IE T3) = 1.0 P(IE RVR)- P(IE ALOCA) P(IE MLOCA)

- P(IE SLOCA) P(IE RWT) P(LOSP)

| Figure 4.21 Initiating Event Hierarchy Event-Tree

j

4 62

._ ._ .. __ . . _ , - . - _ . . _ . _ _ _ _ _ . - . , ..;._-.._.. -



_ _ _ _ _

C

trees used for all external events analyses were presented in S.e ion
2.3. They are repeated here for case of subsequent discussion as F?.gures
4.22 through 4,26.

The RVf building iallure event identified as causing an initiator does,

not have a separate event tree. The accident sequences which result from
this building failure can be identified from the existing LOSP event tree
described in Section 2.3. The failure of the RWT structure causes both
loss of off nite power, loss of the control room, and failure of the
cabling to the ESW and ECW pumps, which results in station blackout. In
addition, loss of all actuation fails HPCI and RCIC. In this case, since
both on site AC power as well as HPCI (U ) and RCIC (U ) are failed, fourt 2
essentially identical sequences result.

RWT 1 - T CMPBU U - (RWT) CMP3 i2

RWT-2 - T CMP BU U32- (RWT) CMP1 i 3

RWT 1 - T CMP BU U32- (RWT) CMPt 2 2

.

RWT-4 - T CMP BUgU2- (RWT). CMP 3t 3

Tht se sequences differ only by the fraction of safety relief valves which
fali to close (aero, one, two, or three or more), and all have early
failere of HPCI and RCIC and station blackout, leading to early core
damar,e and vulnerable containment. Although all four sequences result in
earlf core damage with the ccntainment being vulnerable, they were kept
separate for the purposes of the containment and consequence analysis.

Finally, assignment of the accident sequer,ces and thir cut cets to the 1

different damage states was performed by examinati'.o of the cut sets in
both the accident sequences and the containment ystem sequences, as will
be described later.

4.4.3 Failure Modes of Safety Systems

To determine failure modes for the plant safety systems, fault tree
methodology is used. This methodology systematically identifies all
groups of components in a system which, if they failed simultaneously,
would re. ult in failure of that system.,

Construction of a fault tree begins by identifying the immediate causes
of system failure. Each of thcse causes is then examined for more funda.

I mer. cal causes , until one has constructed a downward branching trec, et
j tne bottom of which are failures not further raducible, i.e., failures of
I mechanical or electrical components due to all causes such as structural
] failure, human error, maintenance outage, e tc . These lowest order

failures on tue fault tree are called basic events. Failures of basic
events due to scismic ground motions, random failures, human error, and

and maintenance outages are included in the seismic analyses.test
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i

The - main difference - between an internal: event fault tree for a safety -i
system and an external event fault tree is that - consideration = mus t be| .!

r

given to the pnysical location of- the_ components,' because the -~ physical
location determines .to what extent secondary - failures become L important. .|
Examples of this. would be'. secondary ' failures 'due _- to local masonry - wall
collapse or Jdu_e to a_ - high temperature / steam environment r from . a broken
steam line. Hence,-in performingithe seismic analyses, the locationsDof- .t

all important - pieces _ of equipment must be determined from the_ generali !
.

arrangement drawings forethe~ plant,.and then a systematic examination 1for
secondary failure possibilities is mado during the-plant walkdown._ 1

-

As stated earlier, the internal- event PRA fault trees = form the basis - for
the fault trees used in L the seismic analysis. This allows : for J a con-
sistent level of detail.between internal and-external event analyses,;and
assures the consistent . inclusion oC random and . test / maintenance.; outage '-t

unavailabiliU.es in the seismic analysis

Since the~ internal event fault trees are - assumed to exist and seismic _ ;

fcilure modes | are --to be ' added, one - mus t modify the internal-. event,. fault ~ 4

trees to include:
,

a. Local structural failures (block walls, cranes,_etc.)

b. Failure of critical passive' components (tanks, cable _ tray-
failures, and_ pipes) often missing in1 internal events analysis. '

This is accomplished :in fseveral ways.- .First,- the- secondary or passive . 1

failure event can be added directlynto .the fault tree structure and: the
" gate" definition data file modified. Alternatively, the '' f ragility -

definition of a relatively strong component on thestree. may(be _ redefined'

-

in terms of - the (relatively --weaker) J associated ( secondary failure.
Finally, e' vents globally affecting a' safety system ~ or an_ accident:
sequence (such as building failure or liquefaction)-can be added directly
to the top event of the Booleca expression ~for the= system: failure or for-
the accident sequences.

' ~

4.4.4 Accident Sequence Evaluation ,
'

Accident sequence probabilities _-are used inldetermining ;the frequencies l
of core damage .and of- radioactive release for a given reinase category.

_

1Core - damage frequency is Ldefined as the sum' of the frequencies ' of all
accident sequences leading to core dam;ge. -

A. General Considerations
|

L Each . accident ' sequence ' consists . .of groaps of events (successes _ or |
[ failuree of safety systems)- which must occur together. .-ihe failure - of- |

'

L each safety system can be _ represent:d in terms of minimal cut sets, which (
L are-groups of component failures which will cause the safety system to |
| fail.. These cut sets and the' accident sequences are combined together;so d

!

L
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that every accident sequence can be expressed in a Boolean expression of
the form

1 3 or C,,Cs o r . . . o r C C Cg ]ACC3 - IE3 (C CgC i3
!

in which IE; is the initiating event and the C arc basic events (i.e.,i
failure of individual components) Identified on the system fault trees.

C 0 Cg o_c curs , then theIf at least one of the component failure groups 13
accident sequence occurs. Computation oC cach accident -sequence proba. ,

bility consists of determining the prouability of each cut set, and then !
combining them to got the accident sequence probability, i

1

Each basic event seismic failure probability is computed assuming that
the response and fragility distributions are in log normal form, Calcu.
lations in the SSMRP showed that responses were = reasonably fit by log
normal distributions. The limited data on fragilities can be fit with
log normal distributions as well as any other type. Hence, for con-

venience the log normal distribution is uaed for both, The equation used
to calculate seismic failure frequencies is given as

/"F]
'

In (mR
P -4
f

2 2

0 FR * RRi. ,

where

4 is the standard normal distribution function,

m , my are the medians of response and fragility functionsa

Arn #an are the corresponding random variabilities.

Note that the use of log normal distributions is not essential to the
calculation process used in these calculations, a nd ,' in fact, any

( arbitrary pair of distributions could be used for the responses and fra-

| gilities provided they are physically meaningful and supported by the

| data available

When the ir.dividual basic failure events in a cut set C 0 Cg are not33
independent, correlation between the basic events - must be explicitly
included, When only two of the basic events are correlated the joint
probabilities may be computed directly by the use of tables. When more
than two basic events in a cut set are correlated, numerical multiple
integrction is used (such as contained in the SEISIM code developed iT
the SSHRP).

' Finally, the accident sequences defined abo'ce are a function of peak
l ground acceleration, and as such, are conditional on the hazard curve.

|
t

|

,
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They are subsequently unconditioned by integrating these sequences over
the hazard curve as described subsequently.

B. Accident Sequence Quantification

Quantification of the accident sequences is n multi step procedure
involving several levels of, screening. In the-fiu t step, the SETS code-
is used to evaluate all potential accident sequences using point estimate
input screening values for all the seismic failure events (and-using the
internal events point - estimate failure values for all random events) . 1

The same fault trees used by the internal events analysis are solved here
'

with additions as noted in Section 4.4.3. The seismic screening values
are taken - as some conservative estimate, usually the component failure
probabilities evaluated- at ' three times - the SSE. A dual probabilistic
culling criterion is used in this culling process. This dual - criterion =
is used in recognition of the fact that potentially large- correlations
can exist between basic events in the same cut set due to the pervasive
nature of the seismic input motion. The result of this screening step is
a reduced set of Boolean equations describing each of the safety and
support systems.

In the second step, - again utilizing the' SETS code, these Bolean
equations < re merged- together te Srm the accident sequences, again as
defined for the internal events ,riysis. At this stage, truncation is ,

performed based both on the order c f the cut sets as well as the proba- ,

bility of the cut sets. The s resr.it of this step is Boolean equations
describing each acciden' sequence and containing all the important sels-
mic and random failure ever*=

'

The final step involves the actual quantification of the accident
sequences. These accident sequence ' expressions are utilized both to
compute point estimates of the accident sequence frequencies and to

'

perform the uncertainty analysis calculations. A cross reference table
-is set up which relates each component to a component 1D number, its
random point estimate and error factor value, and to its associated
seismic fragility category and seismic response category. This cross
reference table thus provides all the information required to compute the
probability of failure of any basic event (random or seismic or combined)
at any peak ground acceleration- level. The cross reference table for
Peach Bottom is presented in Appendix C.

Finally, a complete uncertainty analysis is performed on the dominant
accident .iue nc e s (and on the dominant cut -sets in each accident,

scluence) as determined in the point estimate evaluations. A true Monte
Carlo analysis was used for the NUREG 1150 studies. _s, the expression'

foF the unconditional accident sequa.ce frequencies ( ad for core damage
f re quency) , shown as below:

- f P(ACC ,PGA)f q(PGA)d(PGA)ACC) 3

i
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where

P(ACCj,PGA) is the conditional accident sequence
frequency as a function of PGA, and

f,q(PGA) is the probability distribution function
for the hazard curve,

is randomly sampled varyly the hazard curve parameters, the random
failure frequencies, and the seismic response and fragility parameters,
From the accumulated values of accident sequence frequency and core
damage frequency, exact statistics on their distributions are directly
obtainable.

Note that in performing the uncertainty analyses, full correlation
between random samples taken from- each response- category and from each
fragility category was enforced. This is correct, and consistent with'

the philosophy utilized in the' internal event NUREG 1150 uncertainty
calculations.

In addition to the full uncertainty analysis (which produces exact mean
values and exact percentiles of the distributions of the accident
sequences and total core damage frequency) a_"mean point estimate" is
computed. The mean point estimate is useful- for . illustrating various .
Lutermediate results (conditional accident sequence f requencies ,
in i t .'. a t in g event frequencies, etc.) which explain the flow of the ,

calculations, for demonstrating conve'rgence of the numerical integration,
and for performing sensitivi n studies in a cost-effective manner.
Specifically, the mean point estimate 'is und ' to understand the
contributions of the various basic' events-to the total frequencies and to
understand the contributions to the total uncertainty bands. *

The taean point estimate is computed by using the mean ' random failure
, frequencies, the mean sciamic hczard curve, and mean values for the
scismic failure event f requencies ' in ~ evaluating the accident sequences.
Only one re-evaluation of the accident sequences is required. These mean
point estimates will M seen to be nearly equal to the exact mean values
of the accident cequence and core damage frequencies-as obtained in the
uncertainty analysis. This is to be expected because mean values
probabilistically add to yield the mean value of each accident sequence
(conditional on the hazard) , and ' the only difference between the true
m9an and the mean point estimate has to ~do with integration of the
conditional accident frequencies over the hazard curve. . Experience has
shown, however, that the dif feretice between these is very small.

4.4.5 Base Case Peach Bottom Results
i

This section procents the results of the base case scismic risk analysis
for the Peach Bottom Nuclear Power Plant. The base - case is our best
estimate of the current configuration of the plant and its emergency-
procedures. In particular, the seismic component failure probabilities

4-78
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were taken from the generic fragility data base (Table = 4.9) , the site-
specific component frag 111 tin from Table 4.10, and the building-
fragilities were given in Table 4.13. As described earlier, a total of
seven initiating events and five event trees were used for the seismic ;

analysis. '

A total of 22 accident secuences survived the seismic screening process.
These 22 sequences are ptesented in Table 4.12 along with identification
of the Boolean sequences that were solved for each accident sequence.
(The number of Boolean expressions solved using the SETS code is less
than the number of accident sequences because several accident sequences
may utilize the same Boolean expression 'even though the initiating event
may be different.) Also identified on this table are the complement
expressions which must be included in the numerical sequence
quantification at high PGA levels for which success probabilities may be
significantly less than unity. The multiplier expression column lists
those events specified by algebraic equations rather than by Boolean
logical expressions. The analytical equations used for calculating the
multipliers, the Boolean sequences, and - the complement f actors are
precented in Appendix C. Table 4.13 describes the abbreviations used for
the accident soquences in Table 4.12.

These 22 non negligible accid. t sequences resulting from the screening
process were fully re quantified using best estimate random failures and
best estimate seismic fragilities and responses plus- associated
variabilities. The total mean core damage frequency-for the Peach Bottom
base case was computed to be 7.66E 5 per year using the LLNL Lazard curve
and 3.09E 6 por year using the EPR1 ht zard curve. The mean contributions
of the accident sequences are shown on Table 4.14 for both hazard curves.
Percentiles of the frequency distributions from the Monte Carlo analysis
are shown on Tables 4.15 and 4.16. (Relative importance of. the basic J

events to these results is presented in the point estimate results.
presented later.)

Based on this final quantification, five dominant sequences were
identified. These domir. ant sequences are :

Accident Contribution Contributi>n
Reauence (LLNL Hazard) (EPRI HazanQ

T1 33 48% 52%
ALOCA 30 24% 22%-
RVR-1 11% 11%
RWT 1 9% 6%

3

S1LOCA 70 4% 6%
~

The percentage contributions were taken from the Mocte. Carlo uncertainty
.results on Tabic 4.14. Note that the same dominant accident sequences
were obtained from the two different hazard curves. Further, it will be
seen later that the order of the major basic event contributors is the

A description of the top seven accident sequences follows.same.

8
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Table 4.I2 |

Seismic Accident Sequences

Accident Multiplier Boolean SETS Complement ~ >

Sequence Expression Expression ID No. Fac tor

-Vessel Ruoture i
!

1. RVR-1 1 1 N/A 1

Larce LOCA

2. ALOCA-17 A' C IDSP .V Y 1 BOOL 5 N/A C23

3. ALOCA-30 .A T LOSP V V'' 1 EOOL 4+* TWT ' N/A ' _ T-23

'n
a

$ Intermediate LOCA

4 ' Si IDCA-25 S V IhTP F V V V. 1 BOOL 6 N/A CUgLOSPt i 23

5. SI-LOCA-70 S T LOSP U VVV 1 B001 ' 4t t 23 4
-

6. S1 LOCA-80 S T IDSP . Ug . Xg ;l ' RUT N/A CUi g

~Small LOCA

7. S2 LOCA-2-44 S C LOSP Qi g 1- BOOL . 7 . N/A .CU V W U.Xi2 g 3

8. S2 LOCA-42 -S C IDSP If U X - 1 RUT N/A T-2 g 2 3
,

Radwas'te/ Turbine Buildinst

9. RUT-1 Rur C R P B U U .- .1 1 .N/A W: !i 2
~

'10. RWT-2' RWT U R Pg BU U .: 1 I N/A. CMP ;t 2 t <

11. RUT 3: RUT C H P B U ' U .... '1 1 N/A .CRF2 - n 2 2

1- 1- N/A Uil3 '

12. RWT-4 RUT C M P |B U - U 3-3 3 2 -

1

|

- !
-s,

'i
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Table 4.12
.

Seismic Accident Sequences (Concluded)'

t

A.:cident Multiplier Boolean SETS Complernent -

Seouence Expression Expression ID No. Factor !

!

LOSP Transient
'

,

-
:

13. T1-25 T CRFBU U X V V V. I BU U X V V V. - CMnX P -
1 i2 1 2 3 22 i 23 3

t

BU U Xg 3 CMBP.U14 T1-32 T CMPBU U X U 1 3 23 g 2 3 3

BOOL 4 CMU P15. T1-33 T CMPBU 1 BU -
33 3 3

,

BUgU X V V V V. CMBX ''j
~

16. T1-36L to S2 41 T CMP B UgU X V V V,, P 2 t 1 2 3 3
i 3 2 i 2 3 3,, , .

s 17. T1-36 to S2 42 T CtfP T U U X P. - BU U X EB~

3 3 3 2 1 g 3 2 1

XVVV. = CMBX UP' . bun 3TgCMP BU V V Vla.' T1-40 to S1-70 2 3 1 322 1 2 3 4-

CMB19. T1-40 to SI-80 T CMP BU X P BU:Xg
3 2 t 3 2

-

20. T1-43 to AIDCA-30 T CMP BV V P ' BV V .. CMB
3 3 23 3 2 3

,

, . . .

Transient with PCS Initially Available ,

4 i

i
1

21. T3A-1-to T2-1-29 T C LOSP Qg MP U U X U Q UUXU C IDSP P
33 3 2 13 3 2 3 3*-

~

UUXVVVV. C LOSP P X M
- 2 2.. 'T3A-1 to T2-1-36 T ~d IDSP Qg MP U U XgVVVV Q 1 2 3 t 23 4 333 3 2 3 23 4

:

.?

.

3

.4

.

.

,

}
!

1

!
,

'

.

n
'

e _. .. . . . _- . . . ' .- . , _ . -. ..-
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Table 4.13

Safety Systems Nomenciature

_.

Failure of the Alternate-Rod Insertion SystemARI -

Failure of all ac power (station blackout)B -

Failure of the Reactor Protection System (RPS)C -

Failure of RPS and manual scramC1 -

Failure to inhibit the ADS system1 -

Failure of operator to isolate S3 " leak"L -

Failure to maintain offsite power; Different DesignationsLOSP ,lDS P1 -

for this Event are for Different Frequencies
Failure of Safety Relief Valves (SRVs) to openM -

Failure of SRVs to closeP -

Failure of one, two or three SRVs to recloseP1,P2,P3 -

Failure of the Power Conversion System (PCS), different| Q,Ql,Q2 -

| designations for this event are for different frequencies
Failure to manually insert the contrcl. rods| ROD -

RPSM - Failure of the mechanical RPS ;

i RPSE Failure of the electrical RPS-

| Failure to trip the recirculation pumpsRPT -

Failure to manually scram the reactorSCRM -
i

Failure of the Standby Liquid Control System| SLC -

| U1 Psilure of the liigh Pressure Coolant Injection (llPCI)-

sys t e. n
U1' Failure of IIPCI without ventilation-

U2 Failure of the Reactor Core Isolation Cooling (RCIC) system-

U2' Failure of RCIC without recirculation-

U3 - Failure of the Control Rod Drive (CRD) system (2 pump mode)
U4 Failure of the Control Rod Drive (CRD) system (1 pump mode)-

U4' - Failure of CRD to survive containment venting
V1 - Failure of the Condensate system,

Vl' Failure of Condensate to' survive containment venting-

V2 Failure of the Low Pressure Core Spray (LPCS) system-

'
V3 - Failure of the Low Pressure Coolant' Injection (LPCI) system
V4 Failure of the High Pressure Service Water (llPSW) system as-

an injection source to the reactor
V4' - Failure of HPSW (injection source) to survive containment

venting
R - Rupture of the containment
W1 Failure of the Suppression Pool Cooling (SPC) mode of RHR |-

W2 Failure of the Shutdown _ Cooling (SDC) mode of the RilR-

W3 - Failure of the Containment Spray (CS) mode of the RilR
XI Failure to depressurize the primary system via SRVs or the-

Automatic Depressurization System (ADS)
X2 - Failure to depressurize the primary system to allow SDC to

.

operate
X3 - Failure to depressurize the primary system subsequent to an

initial primary system depressurization
Y - Failure of Primary Containment Venting System (including

makeup to the pool as required)
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Table 4,14

Accident Sequence and Total Core Damage Mean Frequencies (1/yr)

Mean Frequency Mean Froquency

6Scident Seauence LLNL Hazard - EPR1 Hazard ,

!

1 RVR 1 8.92E 6 3.27E 7

2 ALOCA 17 '1,23E 7 6.99E 9 -

3 ALOCA 30 1,84E 5 6.70E-7

4 S LOCA 25 2.02E 8 5.49E-10 i
3

5 SgLOCA 70 6,67E 6 1.85E 7

6 S LOCA 80 6,72E-7 2.27E 8i

7 S LOCA 2 44 2.86E.7 6,43E 9
2

8 S LOCA-42 1,20E 6 4,90E 6
2

9 RWT-1 2.76E 6 1,75E 7 ;

10 RWT-2 2,94E-7 1,86E 8

11 RWT 3 6.26E 9 3.87E 10

12 RWT 4 6.26E 10 3.87E-11

13- T1-25 2,98E 7 6,45E-9

14 T1 32 1,18E-10- 2,63E-12

15 T1 33 3,69E-5 -1,61E 6

16 T1 36 to S2-41 2.86E-8 6.20E 10
17 T1-36 to S2 42 1,11E 11 2.50E-13

18 T1-40 to SI-70 1,27E 10 3,27E 12

19 T1-40 to S1-80 5,67E-13- '1.40E-14-

20 T1 43 to ALOCn-30 2,53E 7 1.14E 8

21 T3A-1 to T2-1 29 1,45E 9 2.94E 11

22 T3A 1 to T2-1 36 4,48E-10 8,18E 12

TOTAL 7.66E-5 3,09E-6

-
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# Table 4.15

Base Case Accident Segeence Frequency Distribution Percentiles (LLNL Hazard)

No. Secuence Mean var M 50% 95%

1 RVR-1 8.92E-6 4.01E-09 1.64E-10 1.46E-07 2.66E-05

2 AIACA-17 1.23E-7 3.68E-12 3.77E-13 5.40E-10 2.35E-07

3 ALOCA-30 1.84E-5 1.0SE-08 1.05E-09 -4.55E-07 6.79E-05

4 S LOCA-25 2.02E-8 4.59E-15 5.64E-15 2.95E-11 2.33E-08
1

5 S LOCA-70 6.67E-6' 7.06E-10 3.29E-10 1.40E-07 1.67E-05
1

6 S LOCA-80 6.72E-7 1.54E-11 9.73E-12 1.08E-08 1.22E-06
1

7 S LOCA-2-44 2.86E-7 5.52E-13 9.33E-13 9.95E-10 3.35E-07
2

8 S LOCA-42 1.20E-6 4.26E-11 3.32E-11 2.68E-08 3.59E-06
2

9 RUT-1 2.76E-6 4.31E-10 4.72E-11 3.83E-08 8.12E-06

10 RUT-2 '2.94E-7 4.88E-12 5.02E-12 4.08E-09 8.64E-07

11 RUT-3 6.26E-9 2.12E-15 1.05E-13 8.50E-11' 1.80E-08>

12 RVT-4 6.26E-10 2.12E-17 1.05E-14 8.50E-12' 1.80E-09-

13 T1-25 2.98E-7 1.40E-12 3.99E-16 .9.60E-11 1.97E-07

14 T1-32 1.18E-10 6.48E-20 1.06E-15- 1.30E-12 1.81E-10

15 T1-33 3.69E-5 5.38E-08 1.35E-08 1.69E-06 1.21E-04'

16 TI-36 to S2-41 2.86E-8 1.29E-14 3.83E-17 9.21E-12 1.89E-08-

17 T1-36 to S2-42 1.11E-11 5.87E-22 1.19E-16 1.26E-13 1.73E-11

18 T1-40 to SI-70 1.27E-10 1.59E-19 3.58E-16 7.46E-13 2.26E-10

19 T1-40 to SI-80 - 5.67E-13 1.54E-24 1.59E-17 8.16E-15 8.45E-13

20 T1-43 to ALOCA-30 2.53E-7 7.24E-12 2.18E-13 2.36E-09 6.57E-07

21- T3A-1 to T2-1-29 1.45E-9 7.92E-18 6.25E-15 3.71E-12 ~ 1.16E-09

22 T3A-l'to T2-1-36 4.48E-10 4.91E-19 1.21E-15 1.49E-12 4.58E-10

! TOTAL 7.66E-5 1.34E-07 5.33E-08 4.41E-06 2.72E-04

|

,

i,,, .. - ~ _ - - - - -e. im- -_ - - --
'



_ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Table 4.16
Base Case Accident. Sequence Frequency Distribution Percentilec (EPRI Hazard)

No. Secuence Mean var il 50% 95%

1 RVR-1 3.27E-07 1.95E-12 1.69E-11 2.16E-08 1.37E-06

2 ALOCA-17 6.99E-09 5.10E-15 1.09E-13 8.67E-11 1.60E-08

3 ALOCA-30 6.70E-07 5.12E-12 2.34E-10 6.92E-08 3.09E-05

4 S LOCA-25 5.49E-10 1.17E-17 1.98E-15 4.93E-12 1.53E-09
1

5 S LOCA-70 1.85E-07 4.70E-13 9.30E-11 2.10E-08 7.93E-07
1

6 S LOCA-80 2.27E-08 1.41E-14 6.76E-13 1.51E-09 7.59E-08
1

7 S LOCA-2-44 6.43E-09 1.05E-15 2.51E-13 1.82E-10 2.27E-08
2

8 S LOCA-42 4.90E-08 5.87E-14 2.45E-12 3.78E-09 2.00E-07
2

9 RUT-1 1.75E-07 1.62E-12 7.83E-12 5.97E-09 5.32E-07

c- 10 RWT-2 1.86E-08 .1.83E-14 8.34E-13 6.36E-10 S.66E-08

11 RUT-3- 3.87E-10 7.95E-18 1.74E-14 1 32E-11 1.18E-09

12 RUT-4 3.87E-11 7.95E-20 1.74E-15 '1.32E-12 1.18E-10

13 T1-25 6.45E-09 2.82E-15 4.41E-17 1.20E-11 1. 58 E- 08

14 T1-32 2.63C-12 1.03E-22 1.00E-16 1.88E-13 1.27E-ll

15 T1-33 1.61E-06 3.36E-11 8.06E-09 2.89E-07 6.01E-06

16 T1-36 to S2-41 6.20E-10 2.60E-17 4.23E-18 1.15E-12 '1.51E-09'

17 TI-36 to S2-42 2.50E-13 8.97E-25 1.36E-17 1.84E-14 :1.18E-12

18 T1-40 to SI-70 3.27E-12 1.81E-22 1.01E-16 1.07E-13 1.37E-11

19 T1-40 to SI-80 1.40E-14 2.78E-27 3.78E-18 1.26E-15 5.34E-14'

.

; 20 T1-43 to ALOCA-30 1.14E-08 4.16E-15 7.80E-15 2.50E-10 3.25E-08

21 T3! I to T2-1-29 2.94E-11 2.56E-20 1.78E-15 6.54E-13 9.50E-11

-22 T3A-1 to T2-1-36 8.18E-12 1.27E-21 3.84E-16 2.42E-13 3.31E-11

TOTAL 3.09E-06 7.61E-11 2.30E-08 7.07E-07 1.27E-05
:

I
|
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| Description of Dominant Accident Secuences

The dominant accident sequences can be understood af ter reviewing the
| basic dependencies at Peach Bottom. Peach Bottom has three systems of
I high pressure injection (ilPCI, RCIC, and CRD) . Both llPCI and RCIC are

steam driven and dependent only on DC battery power for actuation .and
control. Given failure of the high pressure injection systems, there are
both automatic and manual means of depressurizing the system. There are
then four potential means of cooling the core at low pressure
(condensate, LPCS, LPCI, and via the llPSW systems). The low pressure
systems all require AC motive power.

Peach Bottom has four diesel generators (shared) and four station
batteries (por unit) and thus, a high degree of redundancy is available
in the onsite AC power system. The diesel generators, however, ' are
dependent on the emergency service water system for cooling. Loss of

_

this cooling is assumed to result in early failure of the diesel
generators,

lSuccessful operation of any one of the three pumps (two-ESW and one ECW)
will provide the necessary cooling to all four diesel generators as well |

jas all emergency room cooling and all emergency pump cooling. Thus, jfailure of these three pumps together would result in loss of all diesels i

as well as loss of all room and emer ency pump cooling. ESW pump A takess
power from diesel generator B while ESW pump B takes power from diesel
generator C. Lastly, the ECW pump takes AC power from diesel generator
D. Thus, any appropriate combination of electrical bus failure, diesel
generator failure, and emergency cooling water pump failure will result
in loss of all three diesels and, in conjunction with loss of offsite
power, will result in station blackout. In addition, failure of the
turbine building is assumed to fail the power and control cables . to the
ECW pump and thus constitutes a means of failing one of the three pumps.
These dependencies result in the vast majority of the cute sets computed
in the dominant sequences for Peach Boctom as described below.

j

Sequence T -33 is a LOSP transient in which onsite power (B) fails but1

the llPCI system (U1) succeeds. Thus, the high pressure injection system
succeeds initially and will continue functioning until battery depletion

)occurs or until the HPCI and RCIC pumps fail due to loss of room cooling, jThur 'e sequence involves station blackout (SBO) and late core damage jwith .no containment being vulnerable. The dominant cut sets are given
|in Bool(4) and all cut sets constitute the failure of the ESW system, j

Note that the failure . of the ESW system also fails the low pressure
systems LPCI and LPCS.

Sequence ALOCA-30_- is a 1crge loss of coolant break in conjunction with
LOSP and loss of the low pressure _LPCI and LPCS systems. The survivin6sets in this sequence are again due to Bool(4) each of which causes acut.

failure of the emergency service water cooling which fails the diesels,
llenc e , this is a- large LOCA in conjunction with station blackout. Note

|
.

|
|

|
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that the Radwaste-Turbine Building also makes a contribution to this
sequence. Dominant cut sets are all failures of the ESW aystem, which
with LOSP, results in station blackout, llenc e , the low presruce

inj ec tion systems are without power. The result is SBO, e rly core
damage with a vulnerable containment.

Sequence RVR-1 is the hypothesized failure of the reactor vessel supports
leading to an uncoolabic configuratirn (i.e., the ECCS is ineffective in
providing coolina, to the cord . 'inis event leads . directly to core
damage, and no mitigating safety systems need be considered (except for
containment post accident pressure control and radiation removal in the
consequence analysis).

Sequence S1 IDCA 70 is an intermediate break LOCA with loss of offsite
power. In this case, llPCI succeeds long enough until the system is
depressurized to the point where low pressure injection could be
utilized, llowever, since a station blackout situation exists there is no
motive power for any of the low pressure injection systems. The result
is station blackout, early core damage, and a vulnerable containment.

Sequence RWT-1 is a transient sequence brought about by the failure of
the Radwaste/ Turbine Building as an initiator. Both IIPCI and RCIC high
pressure injection systems fail due to the loss of actuation and control.

iThe result is a station blackout with no high pressure injection leading
to early core damagc and vulnerable containment.

Sequence S2 LOCA-42 is a small break LOCA in conjunct ton with loss of
offsite power and immediate failures of both IIPCI and RCIC high pressure
systems as well as failure to depressurize due to the RWT failure. The
result is SBO, early core damage and containment vulnerability.

Sequence S1 LOCA-80 is an intermediate break LOCA in conjunction with
loss of offsite power, failure of IIPCI, and failure to depressurize the

(X ) . The logical cut set causing immediate f ailure of IIPCI andsystem t
X is the Radwasto/ Turbine Building failure. Failure to depressurizei
results from the station blackout situation. The result is SBO, early
core damage and a vulnerable containment.

Mean Point Estimates Usinn LLNL llazard Curves

As described earlier, the mean point estimate is based on using the mean
values for all variables. The mean initiating event frequencies at
different PGA values are given in Table 4.17. As can be seen, at the
lower earthquake levels the transient sequence initiating events domi-
nate, and as the earthquake acceleration level increases, the LOCA initi-
ators increase until, finally, at the highest earthquake levels, there is

/ a contribution from the reactor vessel rupture (RVR) event. Also note I

; that, at each earthquake level, the initiating events sum to 1.0, Values
of the dominant accident sequence mean conditional frequenc.10s at various
earthquake levels are presented in Tabic 4.18. These are che values that
are subsequently integrated over the hazard curve a obtain the
unconditional accident sequence frequenclea.

I
4-87

. .. . . . . . _. .. . . . . ..

_ _



.. 7. ;,,--.. .. - . . - - - - - - - - - - -- .-
. . . -.

,

a

4

s .

:i
, ).

3
i
!

.;

I
t;

Table 4.17

M!ean Initiating Eve it Frequencies .(LLNL Hazard) .
.

,!

,

L

.

0.23g 0.37g '0.53g' O.68g 'O.83g- ' O. 98g . 1.12g -'

IE,

1 3.4E-05 1.9E-03- 1.5E-02 5.4E-02 , :1.3E-01 2.3E-01 3.4E-01 >

y
s 2 6.8E-03. 5.3E-02 1.4E-01"|2.5E-01 3.3E-01-'3.8E-01 3.8E-01

'

$ 3""9.4E-04 .1.1E-02 3.6E-02 L6.7E-02 8.9E-02- 9.6E-02 '8.9E-02
'4 1.1E-02 '6.5E-02 1.4E-01 .1.8E-01'.,1.8E-01: 105E-01, : 1.1E-01

-

:5 5.6E-D5 -3.2E-03 '1.9E-02'"4.1E-02. 5.2E-02 4.7E-02.23.3E-02-.

.6 4'.1E-01 ~ 6.9E-01 6.0E-01 .4.0E-01~ 2.2E-01 -1.0E-01 4.2E-02~
'7 '5.7E-01 1.8E-01. 4.5E-02. 9.6E-03 1.EE-03 '3.3E-04.~ 5.6E-05 ;'

; .

,
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Table 4.18

Mean Dominant Accident Sequence Frequencies (LI.NL Hazard)
(Conditional on Hazard)

l

O.23g 0.37g 0.53g 0.68g 0.83g 0.98g 1.12g

ACC
1 3.4E-05 1.9E-03 1.5E-02 5.4E-02 1.3E-01 2.3E-01 3.4E-01
2 5.5E-07 1.8E-04 1.5E-03 2.7E-03 2.2E-03 1.2E-03 5.0E-04

3 8.4E-07 1.3E-03 4.3E-02 2.0E-01 '3.3E-01 3.8E-01 3.8E-01

4 2.8E-09 4.6E-06 8.4E-05 2.5E-04 2.9E-04 1.9E-04 9.5E-05

5 9.4E-08 2.4E-04 1.0E-02 5.2E-02 8.7E-02 9.6E-02 8.9E-02
6 2.2E-08 3.2E-05 9.5E-04 6.0E-03 1.7E-02 3.0E-02 3.9E-02
7 6.0E-07 1.7E-04 1.1E-03 1.6E-03 1.0E-03 4.3E-04 1.4E-04

,
8 2.6E-07 1.9E-04 3.6E-03 1.6E-02 3.5E-02 4.9E-02 5.0E-02

e

$ 9 5.0E-05 2.9E-03 1.7E-02 3.7E-02 4.7E-02 4.2E-02 3.0E-02
10 5.4E-06 3.0E-04 1.8E-03 4.0E-03 5.0E-03 4.5E-03 3.2E-03
11 1.1E-07 6.4E-06 3.8E-05 8.3E-05 1.0E-04 9.3E-05 6.7E-05

- ''

12 1.1E-08 6.4E-07 3.8E-06 8.3E-06 1.0E-05 9.3E-06 6.7E-06
-

13 4.4E-08 1.1E-05 1.3E-04 .4.8E-04 8.4E-04 9.3E-04 7.5E-04
2 ". 1.4E-10 2.9E-09 1.5E-07 7.5E-07 9.4E-07 7.9E-07 5.5E-07 .

8.9E-05 1.7E-02 1.7E-01 2.9E-01 1.9E-01 9.1E-02 3.8E-02'
;

16 4.3E-09 1.0E-06 1.3E-05 '4.6E-05 8.1E-05 8.9E-05 7.2E-05
17 1.4E-11 2.8E-10 1.5E-08 6.9E-08 9.1E-08 7.8E-08' 5.4E-08
18 1.4E-11 1.3E-09' 3.8E-08 3.3E-07 '1.1E-06 1.8E-06 1.9E-06

19 5.6E-14 3.3E-10 1.7E-09 3.0E-09 3.0E-09 2.2E-09 1.3E-09
20 1.2E-10 1.5E-07 1.3E-05 3.1E-04 2.5E-03 1.0E-02 2.6E-02

21 7.1E-09 1.2E-06 6.6E-06 8.1E-06 4.4E-06 1. 4 E-06 3.4E-07
22 2.2E-09 3.3E-07 2.0E-06 3.1E-06 2.1E-06 8.7E-07 2.5E-07

s

:
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Table 4.19 presents the mean core damage contributions for each accident
sequence based on the LLNL hazard curve, for each of the seven
integration intervals of the hazard curve. (Integration over the hazard
curve was performed from-0.15 g to 1.20 g and in the uncertainty analysis
computations, integration increments of 0.025 g were utilized. However,

for explanatory purposes the results presented here are based on an
integration increment of 0.1 g. ) The right hand column presents the
total contribution of each accident sequence to the total core damage
frequency of 8.82E 5. This is very close to the Monte Carlo estimate of
mean core damage f requency of 7.66E 5 computed using the same accident
sequence equations in the uncertainty analysis. As can be seen, the
incremental contributions from the LOCA events do not become significant
until the higher acceleration levels. The reactor vessel rupture
sequence does not make a significant contribution until the hii, hest PGA
increment.

An important thing to note from Table 4.19 is the sum of the accident
sequence contributions at each carthquake level, as shown at the bottom
of each column on the tabic. The contributions are seen to be small at
the first increment, increasing to a maximum _ at the fourth ea:chquake
increment, and then decreasing at higher earthquake icvels, This indi-
cates that the bulk of the risk is c curring in the range of 0.45 g to
0.90 g which roughly corresponds to the range of 4 7 SSE. Further , this

shows that the bulk of the risk has been captured by integrating over the
range 0.12 g to 1.20 g,

Mean Point Estimates Using EPRI Hazard Curves

Tables 4.20 through 4.22 presents similar results for the mean point
estimate case using the EPRI hazard curves. In this case a total core
damage frequency of 3.02E-6 per year was computed. Similar comments with
respect to the variation of initiating event frequencies and accident
sequence frequencies with carthquake level as described for the LLNL mean
point estimate case apply,

4.4.6 Base Case Importance Studies

A. Basic Event Importance to Mean Values

The importance of the ba s t.: seismic failure events was evaluated by
setting the seismic fall are probability of each dominant component to
zero (one at a time) in the mean point estimate calculation, which gives
a measure of the net reduction in total -nore damage frequency that would
result if that component would never fail due to seismic shaking.

,

Results of these calculations fo both rets of hazard curves are shown in
Table 4.?3, and the results are botn qualitatively and quantitatively
similar. (Note that the sum of the risk reduction percentages do not and
should not equal unity, since many of the important components occur
together in the same cut sets, and hence a zero failure probability of-
one component causes the entire cut set to vanish.)

o
e
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Table 4.19

Mean Core Damage Contributions at Intervals of PGA (LLNL Hazard)

0.15- 0.30- 0.45- 0.60- 0.75- 0.90- 1.05-
0.30g 0.45g 0.60g 0.75g 0.90g 1.05g 1.20g TOTAL

ACC
1 5.1E-08 5.2E-07 1.4E-06 2.1E-06 2.4E-06 2.4E-06 2.2E-06 | 1.1E-05
2 8.3E-10 4.9E-08 1. 4 E- 07 1.1E-07 4.2E-08 1.2E-08 3.2E-09 | 3.5E-07
3 1.3E-09 3.6E-07 3.9E-06 7.6E-06 6.2E-06 4.0E-06 2.4E-06 | 2.5E-05,

4 4.3E-12 1.3E-09 7.6E-09 9.6E-09 5.5E-09 2.lE-09 6.0E-10 | 2.7E-08
5 1.4E-10 6.7E-08 9.2E-07 2.0E-06 1.7E-06 1.0E-06 5.7E-07 | 6.2E-06

.~ 6 3.4E-11 8.8E-09 8.6E-08 2.3E-07 3.3E-07 3.2E-07 2.5E-07 | 1.2E-06
5 7 9.1E-10 .4'.6E-08 1.0E-07 6.1E-08 2.0E-08 4.5E-09 9.0E-10 | 2.3E-07

8 4.0E-10 5.2E-08 3.3E-07 6.3E-07 6.8E-07 5.1E-07 3.2E-07 | 2.5E-06~

9 7.6E-08 8.0E-07 1.5E-06 1.4E-06 9.0E-07 4.4E-07 1.9E-07 | 5.4E-06
10 8.1E-09 8.5E-08 1.6E-07 1.5E-07 9.6E-08 4.7E-08 2.0E-08 | 5.7E-07
11 1.7E-10 1.8E-09 3.4E-09 3.2E-09 2.0E-09 9.9E-10 4.3E-10 | 1.2E-08

,

12 1.7E-11 1.8E-10 3.4E-10 3.2E-10 2.0E-10 9.9E-11 4.3E-11 1 1.2E-09
13 6.8E-11 3.0E-09 1.2E-08 1.8E-08 -1.6E-08 9.8E-09 4.8E-09 | 6.4E-08
14 2.2E-13 8.0E-13 1.4E-11 2.9E-11 1.8E-11 8.3E-12 3.5E-12 | 7.3E-11
15 1.4E-07 4.8E-06 1.5E-05 1.1E-05 3.7E-06 9.6E-07 2.4E-07 | 3.6E-05
16 6.5E-12 2.8E-10 1.2E-09 1.8E-09 1.5E-09 9.4E-10 4.6E-10 | 6.2E-09
17 2.1E-14 7.7E-14 1.3E-12 2.7E-12 1.7E-12 8.2E-13 3.4E-13 | 7.0E-12
18 2.1E-14 3.7E-13 3.4E-12 1.3E-11 2.1E-11 1.9E-11 1.2E-11 | 6.8E-11
19 8.5E-17 9.3E-14 1.6E-13 1.1E-13 5.7E-14 2.4E-14 8.3E-15 1 4.5E-13

'

20 1.8E-13 4.2E-11 1.2E-09 1.2E-08 4.7E-08 1.1E-07 1.6E-07 1 3.3E-07
21 1.lE-11 3.3E-10 6.0E-10 3.1E-10 8.4E-11 1.5E-ll 2.2E-12 | 1.4E-09
22 3.3E-12 9.1E-11 1.8E-10 1.2E-10- 4.0E-11 9.2E-12 1.6E-12 | 4.5E-10 -

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

2.8E-07 6.8E-06 2.3E-05 2.5E-05 1.6E-05 9.8E-06 6.4E-06 8.82E-05
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Table 4.20

Mean Initiating. Event Frequencies (EPRI Hazard)

0.23g 0.37g 0.53g 0.68g 0.83g 0.98g 1.12g
IE
1 3.4E-05 1.9E-03 1.5E-02 5.4E-02 1.3E-01 2.3E-01 3.4E-01

'2 5.8E-03. 5.3E-02 1.4E-01 2.5E-01 3.3E-01 3.8E-01 3.8E-01
3 9.4E-04 1.1E-02 3.6E-02 6.7E-02 8.9E-02 .9.6E-02 8.9E-02>

8 4 1.1E-02 6.5E-02 1.4E-01 1.8E-01 1.8E-01 1.5E-01 1.1E-01 '

$ 5 5.6E-05 3.2E-03 1.9E-02 4.1E-02 5.2E-02 4.7E-02 3.3E-02
6 4.lE-01 6.9E-01 6.0E-01 4.0E-01 2.2E-01 1.0E-01 4.2E-02-

7 5.7E-01 1.8E-01 4.5E-02 9.6E-03 1.8E-03 3.3E-04 5.6E-05 ,

,

9

%

+

-
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 4.21

Mean Accident Sequence Frequencies (per year) Conditional on Hazard
(EPRI Hazard)

0.23g 0.37g 0.53g 0.68g 0.83g 0.98g 1.12g
ACC

1 3.4E-05 1.9E-03 1.5E-02 5.4E-02 1.3E-01 2.3E-01 3.4E-01
2 5.5E-07 1.8E-04 1.5E-03 2.7E-03 2.2E-03 1.2E-03 5.0E-04
3 8.4E-07 1 3E-O'a 4.3E-02- 2.0E-01 3.3E-01 3.8E-01 3.8E-01
4 2.8E-09 4.6E-06 8.4E-05 2.5E-04 2.9E-04 1.9E-04 -9.5E-05

5 9.4E-08 2.4E-04 1.0E-02 5.2E-02 8.7E-02 9.6E-02 8.9E-023
' 6 2.2E-08 3.2E-05 9.5E-04 6.0E-03 _1.7E-02 3.0E-02 3.9E-02
u 7 6.0E-07 1.?E-04 1.1E-03 1.6E-03 1.0E-03 4.3E-04 1.4E-04

8 2.6E-07 1.9E-04 3.6E-03 1.6E-02 3.5E-02 4.9E-02 5.0E-02'
9 5.0E-05' 2.9E-03 1.7E-02 3.7E-02 4.7E-02 4.2E-02 3.0E-02

10 5.4E-06 3.0E-04 1.8E-03 .4.0E-03 5.0E-03 4.5E-03 '3.2E-03
11 1.1E-07 6.4E-06 3.8E-05 8.3E-05 1.0E-04 9.3E-05 6.7E-05

,

12 1.1E-08 6.4E-07 3.8E-06 8.3E-06 1.0E-05 9.3E-06 6.7E-06
13 4.4E-08 1.1E-05 1.3 E-04 4.8E-04 8.4E-04 9.3E-04 7.5E-04
14 1.4E-10 2.9E-09 1.5E-07 7.5E-07 9.4E-07 7.9E-07 5.5E-07

,

15 8.9E-05 1.7E-02 1.7E-01 2.9E-01 1.9E-01 9.1E-02 3.8E-02!

16 4.3E-09 1.0E-06 1.3E-05 4.6E-05 8.1E-05 8.9E-05 .7.2E-05
17 1.4E-11 2.8E-10 1.5E-08 6.9E-08 9.1E-08 7.8E-08 5.4E-08
18 1.4E-11 1.3E-09 3.8E-08 3.3E-07 1.1E-06 1.8E-06 1.9E-06~

! 19 5.6E-14 3.3E-10 1.7E-09 : 3.0E-09 3.0E-09 2.2E-09 1.3E-09
20 1.2E-10 1.5E-07 ~1.3E-05 3.1E-04 2.5E-03 1.0E-02 2.6E-02
21 7.1E-09 1.2E-06 6.6E-06 8.1E-06 4.4E-06 1. 4 E-06 3.4E-07

22 2.2E-09 3.3E-07 2.0E-06 3.1E-06 2.lE-06 8.7E-07 2.5E-07

,

1

1

#

-

... - -- ..
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Table 4.22

Mean Core Damage Contributions From Dominant Accident Sequences
(EPRI Hazard)

0.15- 0.30- 0.45- 0.60- 0. '7 5 - 0.90- 1.05-
0.30g 0.45g 0.60g 0.75g 0.90g 1.05g 1.20g TOTAL

1 3.4E-09 2.5E-08 5.3E-08' 7 1E-08. 7.5E-08 5.4E-08 6.1E-08 | 3.4E-07
,

2 5.6E-11 2.3E-09 5.3E-09 3.6E-09 1.3E-09 2.8E-10 8.9E-11 | 1.3E-08 .

3 8.5E-11 1.7E-08 1.5E-07 2.6E-07 1.9E-07 8.9E-08 6.8E-08 [ 7.8E-07 ,

4 2.9E-13 6.1E-11 3.0E-10 3.3E-10 .1.7E-10 4.6E-11 1.7E-11 | 9.2E-10
' 5 9.6E-12 3.2E-09 3.6E-08 6.9E-08 5.2E-08 2.3E-08 1.6E-08 | 2.0E-07
1 6 2.3E-12 4.2E-10 3.3E-09 7.9E-09' 1.0E-08 7.2E-09 7.0E-09 1 3.6E-08
* 7 6.1E-11 2.2E-09 3.9E-09 2.1E-09 6.1E-10 1.0E-10 2.5E-11 || 9.0E-09

8 2.7E-11 2.5E-09 1.3E-08 2.2E-08 2.1E-08 1.2E-08 8.9E-09 | 7.9E-08
9 5.1E-09 3.8E-08 6.0E-08 4.9E-08 2.8E-08 1.0E-08 5.4E-09 | 2.0E-07
10 5.4E-10 4.1E-09 6.4E-09 5.2E-09 3.0E-09 1.1E-09 5.7E-10 | 2.1E-08 ,

11 1.1E-11 ~8.5E-11 1.3E-10 1.1E-10 6.2E-11 2.2E-11 1.2E-11 1 4.3E-10 ,

12 1.1E-12. 8.5E-12 1.3E-11 1.1E-11 6.2E-12- 2.2E-12 1.2E-12 | 4.3E-11 !

13 4.5E-12 1. 4 E- 10 4./E-10 6.3E-10 5.0E-10 2.2E-10 1.3E-10 [ 2.1E-09
14 1.5E-14 3.8E-14 5.4E-13 9.8E-13 5.6E-13 1.9E-13 9.7E-14 | 2.4E-12
15 9.0E-09 2.3E-07. 5.8E-07 3.8E-07 1.1E-07 2.2E-08 6.8E-09 | 1.3E-06
16 4.3E-13- 1.4E-11 4.5E-11. 6.0E-11 4.8E-11 2.1E-11 1.3E-11 | 2.0E-10
17 1.4E-15 3.7E-15 '5.2E-14 9.1E-14 5.4E-14 1.9E-14 9.7E-15 | 2.3E-13
18 cl.4E-15 1.8E-14 1.3E-13 4.3E-13 6.4E-13 4.3E-13 3.5E-13 | 2.0E-12
19 5.7E-18 4.5E-15 6.1E-15 3.9E-15 1.8E-15 5.3E-16 2.3E-16-[ 1.7E-14

j 20 1.2E-14 2.0E-12 4.7E-11''4.1E-10 1.5E-09 2.4E-09 4.6E-09 | 8.9E-09
21 7.2E-13 1.6E-11 2.3E-11 1.1E-11 2.6E-12 3.4E-13 6.1E-14 | 5 4E-11

| 22 2.2E-13 4.4E-12 7.1E-12 4.0E-12 1.3E-12 2.1E-13 4.5E-14 | 1.7E-11
....... ....... - ..... ...---- ------.. -----.. ....... ----....

{ 1.8E-08 3.2E-07 .9.1E-07 8.7E-07 5.0E-07 2.2E-07 1.8E-07 3.02E-06

:
,.

'

- -~- -" -
- - _ _ - _ _ _ _ _ _ _ _ _ _ . _ _ .
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Tabic 4.23

Dominant Component Contributions to Mean Core Damage
Frequency Ranked by Risk Reduction Potential

Component Percent Reduction if not Failed

LLNL Hazard EPRT Hazard

Ceramic Insulators 48% S2%

ESW/ECW Pumps 31% 34%

Diesel Cencrator 24% 26%

Turbine Building 14% 16%

4kV Busses 12% 13%

Radwaste/ Turbine Building 8% 8%

RV Recirculation Pumps Supports 7% 7%

RV Skirt Support 1% 1%

Alloth/$hgomponentsandstructureslessthan1%

|
|

|

|

|

l
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It can be seen that the largest reduction occurs for ceramic insulators.
This occurs, of course, because the ceramic insulators are the basis for

transient sequences. The ESWthe loss of off-site power and all the T3
and ECW pumps together have a risk reduction potential of about
30 percent. This reduction potential is large because these pumps
provide all the emergency service water coolin6 to the diesel generators,
to all the room cooling (except the diesel generator enclosures) and also
provide all emergency pump cooling. The Turbine Building has a
significant risk reduction potential because its failure would serve to
fail the cables to the ECW pump. The importance of the Turbine Building
may be overestimated due to the conservative estimate of its median
failure capacity. The 4kV buses have a significant risk reduction
potential inasmuch as all off site power and on-site emergency power is
fed through these busses, The Radwaste/ Turbine Building failure, as
noted earlier, is both an initiator and houses the control room and all
the emergency switchgear rooms. Thus, its failure would have a
significant impact on the overall core damage frequency. The reactor
vessel recirculation pumps and the reactor vessel supports have
significant reduction potential due - to the fact that they are used to
model the reactor vessel rupture initiating event and the large LOCA
initiating event. All other components and structures had risk reduction
potentials of less than 1 percent.

B. Basic Event Uncertainty Contribution to Overall Uncertainty
|

The relative contribution of uncertainties in the hazard curve, the
i seismic responses and the seismic fragilities (the p/ s) to the

uncertainty in the overall core damage frequency was ascertained, The
results of these comparisons (for both sets of hazard curves) are shown
on Tables 4.24 and 4.25. The base case mean, 95 percent and 50 percent
core damage frequencies are shown in the first column. The second column
shows the corresponding values with the hazard curve fixed at its mean
value (i.e., with no modeling uncertainty). For the LIEL hazard curve
case it can be seen that the error factor (EP) associated with these
results is only 2.6 whereas the corresponding error factor for the base
case was 61.7. Similarly, for the EPRI hazard curve case, the base case

.
error factor was 18.0 while with no uncertainty in the hazard curve, the

| crror factor is reduced to 3.0. Clearly, the hazard curve is
| contributing the vast majority of the uncertainty to the base case

results.

The third column shows the calculation wherein all the fragility and
response modeling uncertainties are simultaneously set to zero. For the
LIEL hazard curves, the error factor 53.1. For the EPRI hazard curves,
the corresponding error factor is 14.0. These results show that the
reduction - in response and fragility uncertainties has little effect on
the overall core damage uncertainty (no matter which set of hazard curves
is used).

These results show quite clearly that the uncertainty in the hazard curve
is the dominant factor which determines the uncertainty of the core

4-96
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Table 4.24-

Comparison of Contributions of Modeling
Uncertainty in Response, Fragility and. Hazard

Curves to Core Damage Frequency
L111L Hazard

Base Hazard rv*
P, Case Bu* Bau* 1c

Hean 7.66E 5 8.62E-5 7,92E 5

95% 2.72E 4 1.89E-4 3.12E 4

50% 4.41E 6 7,21E 5 5.88E 6

i Ecd 950 61.7 2.6 53.1
P (50%) ;

c

!

1

.4 97
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Table 4.25

Comparison of Contributions of Modeling
Uncertainty in Response, Fragility and llazard

Curves to Core Damage Frequency
EPRI llazard

Base llazard ru*
Pc, Case Bu-0 Sau"O

Mean 3.09E 6 3.04E-6. 3.02E 6

95% 1,27E-5 7.23E-6 1.27E-5

50% 7.07E-5 2.39E-6 9.07E 7

Ec,(953) 18,0 3.0 14.0
P,,( 50 % )

.

!

l

!

!
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1

damage frequency. Further, this emphasizes the fact that ~it is the mean
hazard curve which determines the (true) mean estimate - of core damage-
frequency as obtained from an uncertainty analysis, as_was shown earlier
in the discussion of the mean point estimate-case. Again, this shows the
dominant influence of the hazard curve uncertainty (which determines the
mean hazard curve) in determining the (true) mean core damage frequency.

C. Effect of Hazard Curve Discretization

All the results discussed so far have been based on a model of the hazard-

curve uncertainty in which the _ variation is assumed to be log normal- (at
each value of PGA). The principal investigator of the Eastern US. Seismic
Hazard Characterization Program has indicated that this uncertainty
distribution is approximately log normal, and this was substantiated by
the calculated .mean hazard curve shown earlier. However, the log normal
distribution does have an extended tail. To assess the potential effect
of contributions from the tail of the assumed distribution an alternate
approach was taken.

In this study, a family of ten hazard curves was generated from the
assumed log normal distribution corresponding to confidence levels of 5
percent, 15 percent, .. 95 percent. Each of these ten curves is assumed
to be equally weighted. Using this family of curves the _ Monte Carlo
uncertsinty analysis was repeated which resulted in a reduced mean value
of core damage frequency. This reduction in core damage frequency is due
to both eliminating the tails of the distribution and due ' to a shift in
the mean hazard curve.

Table 4.26 compares the LLNL mean hazard curve ordinates derived from the
family of discrete hazard curves used above with the mean hazard curve
obtained from the full log normal distribution model. As can be -seen
from this table, the mean hazard curve is'somewhat less for the discrete
family. Repeating the Monte Caric analysis with the discrete family of
hazard curves gave a mean core damage frequency.of 4.14E 5 per year as
compared to the base case value of 7,66E 5. Thus, a 46% reduction has
resulted from truncating the tails of the LLNL hazard curve description.

table. 4.27 compares the EPRI n ean hazard curve | ordinance derived from the
family cf discrete hazard curves with the full log normal distribution
model. Again, repeating the !?nte Carlo analysis resulted in a mean core
damage frec uency - of 2. M -b as contrasted to the base case - result of
3.02E 6. 'lhus , in rM s case, a 17% reduction results.

|

Pcom these results, one would infer that the use of a limited number of

discrete hazard curves results in a reduction in computed core damage
frequencies from 17% to 46%, and that the reduction is due -to the
reduction in the mean hazard curve which results from' cutting off the
tails of the full hazard curve distribution. From-a PRA perspective, a
30% reduction, while not insignificant, would not affect the conclusions
resulting from a seismic PRA. Thus, one would conclude that knowledge of

4-99
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| Table 4.26

Comparison of LLNL Hean Hazard Curve Probabilities From Ten Discrete
| Hazard Curves and From Hazard Curve with Assumed
| Log Normal Distribution
|
|

10 Discrete Curves Full Distribution

PGA Mean Hazard Probability Mean Hazard Probability

0.15 g 1.19E-3 1.98E 3

0.30 g 2.26E-4 4.58E 4

0.45 g 7.74E-5 1.79E 4

0.60 g 3.47E 5 8.89E 5 ,

0.75 g 1.82E-5 5.05E-5

0.90 g 1.06E-5 3.14E-5

1.05 g 6.56E 5 2.08E+5

1.20 g 4.35E-6 1.44E-5

1
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Table 4.27 |

|
Comparison of EPRI Mean Hazard Curve Probabilities From Ten Discrete

|
Hazard Curves and From Hazard Curve with Assumed

Log Normal Distribution

10 Discrete Curves Full Distribution

__EGa_ Mean Hazard Probability Mean Hazard Probability

0.15 g 1.11E 4 1.21E 4

0.30 g 1.60E 5 1.95E-5

0.45 g 4.65E 6 6.14E-6

0.60 g 1.85E-6 2.62E 6

0.75 g 8.94E 7 1.31E 6

0.90 g 4.77E 7 7.15E-7

1.00 g 2.98E-7 4.77E 7

1.20 g 1.79E-7 2.98E 7

!

l
|-
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the exact form of the tails of the hazard curve distribution (as
determined by the LINL hazard curve development process) is not essential
to a robust understanding of the plants seismic risk and vulnerabilities.

4.4.7 Summary

This chapter has presented the seismic risk results for the Peach Bottom
Plant using both industry sponsored (EPRI) and NRC sponsored (LLNL)
hazard curve estimates. The differences between these sets of hazard
curves resulted in a significant difference in computed total core damage
frequency (7.66E-S per year for the LLNL hazard curves and 3.09E 6 per
year for the EPRI hazard curves) . This rather significant difference is 1

'

expected to bound the seismic risk at Peach Bottom.

However, the seismic risk was found to be dominated by relatively few
accident sequences and the same dominant accident sequences were found
using both sets of hazard curves. Furthermore, it was found that the
relative contribution of individual component failures was the same (both
qualitatively and quantitatively) for both sets of hazard curves. Thus,
insights as to important contributors to risk at Peach Bottom and to the,

identification of important accident scenarios are relatively robust and
did not depend on the particular hazard curves chosen.

The dominant accident sequences primarily involve station blackout
situations which resulted from loss of cooling water to the emergency
diesel generators. A variety of different component failures were
identified which led to this situation, with failures of the emergency
service water and emergency cooling water systems being the most
important.

Finally, a sensitivity study in which the continuous lognormal
uncertainty model for the hazard curves was replaced by a discrete family
of hazard curves (and, hence, the extreme tails of the lognormal
distribution were truncated) was made. This study showed that the tails
of the hazard curve distribution did not - dominate the core damage
frequency results obtained.

4

a
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5.0 PEACH BOTTOM FIRE ANALYSIS

5.1 Introduction j

|The objective of the analysis reported here was to estimate the
|

contribution of fire induced events to core damage and plant damage state
frequencies. The overall fire induced core damage frequency for Peach
Bottom Unit 2 was found to be 1.95E-5 per year. The various fire area
contributions are given in Table 5.1. The accident sequences these
scenarios mapped into are listed in Table 5.2.

Based on plant operating experience over the last 20 years, it has been
observed that typical nucicar power plants will have three to four
significant fires over their operating lifetime. Previous probabilistic
risk assessments (PRAs) have shown that fires are a significant
contributor to the overall core damage frequency, contributing anywhere
from 7 percent to 50 percent of the total (considering contributions from
internal, s e i s mic,, flood, fire, and other events). Because of the
relatively high core '5amage contribution, fires need to be examined in
more detail.

An overview of the simplified fire PRA methodology is as follows:

A. Initial Plant Visit

Based on the internal event and seismic analyses, the general location of
cables and components of the systems of interest is known. The plant
visit provides the analyst with a means' of seeing the physical
arrangements in each of these areas. The analyst will have a fire zone
checklist which will aid the screening analysis and in the quantification
step. The second purpose of the initial plant visit is to confirm with
plant personnel that the documentation being used is, in fact, the besti

| available information and to get clarification about any questions that

| might have arisen in a review of the documentation. Also, a thorough
! review of firefighting procedures is conducted.

B. Screu Ng

It is necessary to select important fire locations within the power plant
under investigation having the greatest potential for producing risk-
dominant accident sequences. The objectives of location selection are
somewhat competing and should be balanced in a meaningful risk assessment
study. The first objective is to maximize the possibility that all
important locations are analyzed, and this leads to the consideration of
a potentially large number of candidate locations. The second objective
is to minimize the effort spent in the quantification of event trees and
fault trees for fire locations that turn out to be unimportant. A proper
balance of these objectives is one that results in an ideal allocation of
resources and efficiency of assessment.

The screening analysis is comprised of:

5-1
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Table 5.1

Dominant Peach Bottom Fire Area Core Damage Frequency Contributors [

Core Damare Frecuency (/vr)
.

50th 95th

Fire Area Mean 5th Percentile Percentile Percentile

*

Emergency Switchgear Room 2A 7.4E-7 4.6E-10 1.6E-7 3.0E-6

Emergency Switchgear Room 28 3.6E-6 3.5E-9 2.0E-6 1.3E-5
'

Emergency Switchgear Room 2C 4.7E-6 4.2E-9 '2.2E-6 1.7E-5

Emergency Switchgear Room 2D 7.4E-7 4.6E-10 1.6E-7 3.0E-6 ,

y Emergency Switchgear Room 3A 7.4E-7 4.6E-10 1.6E-7 3.0E-6

: "

Emergency Switchgear Room 3B 7.4E-7 4.6E-10 1.6E-7 3.0E-6
.

Emergency Switchgear Room 3C 7.4E-7 4.6E-10 1.6E-7 3.0E-6 !

,

Emergency Switchgear Room 3D' 8.1E-7 5.3E-10 1.7E-7 3.3E-6

Control Room 6.2E-6 4.2E-10 1.4E-6 8.0E-6 |
t

3

Cable Spreading Room 6.7E-7 9.1E-9 1.7E-7 2.3E-6

Total 2.0E-5 1.1E-6 1.2E-5 6.4E-5'

4

4

4

1
'
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Table 5.2

Dominant Accident Sequence Core Damage Frequency Contributors
,

,

Mean Core Damage
Secuence Fire Area Frecuency (/vr)

i
T BU U Emergency Switchgear Room 2A 7.4E-7

1 1 2

Emergency Switchgear Room 2B 3.6E-6 !

Emergency Switchgear Room 2C 3.6E-6 ,

Emergency Switchgear Room 2D 7.4E-7
!

Emergency Switchgear Room 3A 7.4E-7

' Emergency Switchgear Room 3B 7.4E-7

!

Emergency Switchgear Room 3C 7.4E-7!

| Emergency Switchgear Room-3D 8.lE-7

.

TUUXU Control Room . 6.2E-63 1 2 1 3
Cable Spreading Room 6.7E-7

_ -,

T BU V X W Emergency Switchgear Room 2C 8.lE-71 1 1 1 2 2
<

-

VUVVY3 4 2 3

T BU V X U . Emergency Switchgear Room 2C 2.7E-7
1 1 1 22

_

VUVY3 4 2

- - --________________;=
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1. Identification of relevant fire zones. Those- Appendix R
identified fire zones which had either safety related equipment
or power and control cables for that equipment were identified as
requiring further analysis. This group of fire zones (areas) is
briefly described in Section 5.2 All safety components within
these fire areas are given in Appendix D.

2. Screen fire zones on probable fire-induced initiating events.
Determination of the fire frequency for all plant locations and
determination of the resulting fire induced initiating events and
"of f normal" plant states is delineated ' in Sections 5.3 and 5.4
respectively.

3. Screen fire zones on both order and frequency of cut sets.

4. Each fire zone remaining is numerically evaluated and culled on
frequency.

The screening methodology (Section 5.5) describes how reduction of the
initial Broup of locations fron' Section 5.2 to:the ten remaining with
contributions to core damage frequency of greater than 10-8/yr was
accomplished.

C. Quantification

After the screening analysis has eliminated all but the
probabilistically-significant fire zones, quantification of dominant cut
sets is completed as follows:

1. Determine temperature response in each fire zone.

2. Computo component fire fragilities. The latest version - of the
'

fire growth code COMPbRN with some modifications, as described in
Section 5.6, was used to calculate fire propagation and equipment
damage. A description of these results for steps .1 and 2 is

, given in Section 5.6. These fire calculations were only
l performed for the fire areas that survived the screening

analysis.

3. Assess the probability of barrier failure for all remaining
combinations of _ fire zones. - A barrier - failure analysis was
conducted for those combinations of two adjacent fire zones
which, with or without additional random failures, remained after
the screening analysis. The methodology to assign barrier
failure probability to the fire zone combinations is described in
Section 5.7.

4. Perform a recovery analysis . In ' similar fashion as in the

( internal event analysis recovery of non-fire related random
failures was addressed. Appropriate modifications to recovery
probabilities were made as described in Section 5.8.

1
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5. An uncertainty analysis is performed to estimate error bounds on
the computed fire induced core damage frequencies. As in the
internal events analysis, the TEMAC code was utilized in the

funcertainty analysis described in Section 5.9.

In Section 5.10 a detailed description of. all fire scenarios with
contributione to core damage frequency of greater than 10'8 per year and'

their assoct ced fire areas is given. Distributions and description of
all factors used in the final quantification of all fire areas are
delineated.

5.2 Fire Locations Analyzed

The plant areas (fire zones) are listed in . Table 5.3. A list of-
components contained in each of these fire zones is.given in Appendix D.
Table 5.3 also provides a brief physical description of each fire zone.

These lists of components as well as cable traced vital components formed
the basis of the computer aided fire area screening analysis. All other
fire areas not included in Table 5.3 were screened, as they did not
contain either vital equipment or cabling for that equipment.

5,3 Initiatinr. Event Preauencies

Data on fires in Light Water Reactors have been analyzed in several
studies (Ref. 1,2,3). Although they have been done independently, they
have some common aspects. For example, almost all studies have used
License Event Report (LER) data from the Nuclear Regulatory Commission
(NRC). All have reported the overall frequency of fires at approximately
0.16 per reactor year on a plant-wide basis.

i

To determine fire initiating event frequencies, there are two kinds of
information needed: (1) the number of fire incidents that have occurred
in specific compartments during commercial operation, and (2) the number
of compartment yer.re that the nuclear industry has accumulated. Most of
the data for the first part comes from-reports of insurance inspectors to
American Nuclear Insurers (ANI), although other sources are also used,
e.g., the U.S. Nuclear Regulatory Commission._ While the NRC requires the
reporting of fires that in some way affect the safety of the plant, the
ANI has more stringent requirements in that all fire events -must be

j' reported. Compartment years are computed by adding the age ; of all
' compartments (within a certain category of compartments) of units that

were in commercial operation by the end of June 1985. The r.go is defined
_

as the time between first commercial operation and the end of June 1985
(or date of decommissioning). The combination of specific fire locations
and compartment age is given in Table 5.4. Even_though fire events that
occurred when the plant was shutdown were used, an event was only
included if it could be postulated that it also might occur when the
plant was at power. Eight areas are typically found in nuclear power
plants. These are (1) the control room, (2) cable spreading room, (3)

4

1
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Table 5.3

Peach Bottom Fire Areas Containing Safety Related Components

Fire Area Physical Description

1 Unit 2 A and C RHR Heat Exchanger and Pump Rooms (Elev.
91' 6" and 116'-0"); Stairwell No. 26 (Elev, 135'-0" to
234' 0"),

2 Unit 2 B and D RilR lleat Exchanger and Pump Rooms (Elev.
91'-6" and 116' 0"), Unit 3 A and C RHR Heat Exchanger
and Pump Rooms (Elev. 91'-6" and 116' 0"); Reactor
Recirculation Pump M C Set Room (Elev. 135' 0");
Stairwell No. 25 (Elev 918 6" to 135'-0"), . Units 2 and
3- IIPCI Pump Rooms, Reactor Sump Pump Roomt.. . RCIC ' Pump
Areas (Elev. 88' 0"); Cooling Water Equipment Rooms
(Elev. 116' 0"), Radwasto Building Standby Gas
Treatment Room, Waste Sludge Pump Room, Waste Sludge
Tank Room, Floor Drain Collector Tank and Waste
Collector Tank Room, Spent Resin Pump Room, Spent Resin
Tank Room, Chemical Waste Tank Room, Core Pump Room,
Tank and Pump Area (Elev, 91' 6"); Waste Surge Tank Rooa
(Elev. 108' 0"); Condensate Tank Rooms, Condensate Pump
Rooms, Filter Holding Pump Room, Corridor, Laundry Room,
Chemical and Funnel Storage, Domineralizer Room, Filter '

Rooms (Elev. 116' 0"); Medical Station, Radwaste Control
Room, Emergency Switchgear Room Corridor, Filter Room
Personnel Decontamination Station, Radwaste Baling and
Trash Compactor Area (Elev. 135' 0"); llopper_

Compartments, Sample Tank and Pump Room, Radwaste H&V
Equipment Compartment (Elev, 150'-0"); Centrifuges,
Absorbent Feeder Rooms, Radwaste Exhaust Fan Rooms
(Elev. 165' 0"); Stairwell No. 34 (Elev. 91' 6" to 165' -
0"),

4 Unit 2- - S tairwell ' No. 24 (Elev. 91'-6" to 135'-0");
Recirculation Pump M C Set Room (Elev. 135' 0"),

5 Unit 2 A, B, and C Core Spray Pump Rooms - (Elev. 91'-
6"); Stairwell No. 18 (Elev. 91'-6" to 116' 0"); Torus
Area (Elev. 92" 6"); North and South vacuum Breaker
Areas (Elev. 116' 0").

6N Unit 2 North CRD Equipment Area, North Isolation Valve
Compartment, Drywell Access, Corridors (Elev. 135'-0").

!

|
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Table 5.3

Peach Bottom Fire Areas Containing Safety Related Components
(Continued)

Fire Area Physical- Description

6S Unit 2- South CRD Equipment- Area, Neutron ' Monitoring
Room, South Isolation valve Compartment.(Elev, 135' 0");
Cleanup Recirculation Pump Rooms, Regen lleat Exchanger
Room, Non Regen lleat Exchanger Room,' Transfer Pump Room,
Backwash Receiving Tank Room, Operating Area, Isolation
Valve Compartment (Elev. 165' 0"); Stairwell No. 30
(Elev, 165' 0" to 180' 0"); Valve Compartments (Elev.

.

180' 0"); Reactor Building Ventilating Equipment Area,
Profilter and ilEPA Filter Compartments, Laydown Area.
Filter-Demineralizer Compa r tments , llolding Pump
Compartments, Source Storage and - Calibration (Elev.
195' 0"); Steam Separator - and Steam - Dryer- Storage Pit
(Elev. 209' 0"); Reactor Building Fan Room (Elev. 214'-
0"); New Fuel Storage (Elev. 217'-0"); Washdown Area
(Elev. 234'-0").

17 Unit 2- MSIV Room (Elev 135'-0")

18 Unit 2- Drywell Area (Elev 116' 0")

19 Unit 2 -Control Rod Drive Area (Elev. 116'-0")

25 Cable Spreading Room (E10v. 150' 0") , Computer Room
(Elev 150' 0"), Radwaste Building Fan Room, Control

i Room, Instrument Lab, Shop, Offices (Elev. 165'-0").

30 Battery Room 268 (Elev. 135'-0").

31 Battery Room 266 (Elev. 135'-0").
l
'

32 Emergency Switchgear Room 261 (Elev. 135' 0").

33 Emergency Switchgear Room 267 (Elev. 135'-0").

34 Emergency Switchgear Room 265 (Elev. 135'-0").

35 . Emergency Switchgear Room 263 (Elev. 135'-0").

36 Emergency Switchgear Room 226 (Elev. 135' 0").

37 Emergency Switchgear Room 231 (Elev. 135'-0").

5-7
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Table 5.3 ;

Peach Bottom Fire Areas Containing Safety Related Components
(Concluded)

Fire Area Physical Descrintion

38 Emergency Switchgear Room 217 (Elev. 135' 0")..

39 Emergency Switchgear Room 227 (Flev. 135' 0").

40 Battery Room 225 (Elev. 135'-0").

41 Battery Room 218 (Elev. 135' 0")

43 Diesel Generator Building Bay D (Elev. 127' 0" and 151'- <

0").

44 Diesel Generator Building Bay C (Elev. 127'-0" and 151'-
0").

45 Diesel Generator Building Bay B (Elev. 127'-0" and 151'.
0").

46 Diesel Generator Building Bay A (Elev 127' 0" and 151'-
0").

T

47 Unit 3--Pump Structure HPSW and ESW Room -(Elev. 112'-
0").

48 Unit 2-- Pump Structure HPSW and ESW Room (Elev. 112'-
'

| 0").
|

50 Turbine Building

51 Emergency Cooling Towers; Platform (Elev. 125'-0");
Switchgear Rooms, Cooling Water Pump Room (Elev. 153'-
0").

54 Diesel Generator' Building Cardox Room (Elev. 127'-0").

!

2

.
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|Tabic 5.4

Statistical Evidence of Fires in LVRs
(As of June 1985)

Number Number of
of Fires Compartment Years

Area r T

Control Room 3 681.0

Cable Spreading Room 2 747.3

Diesel Generator Room 37 1600.0

Reactor Building 15 847.5

Turbine Building 21 654.2

Auxiliary Building 43 673.2

Electrical Switchgear Room 4 1346.4

Battery Room 4 1346,4

:

~|

|
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diesel generator room, (4) reactor building, (5) turbine building, (6)
auxiliary building, (7) electrical swi.tchgear room, and (8) battery room.
In most plants, the first three areas and the electrical switchgear and
battery rooms are singic compartments while the other three are typically
large buildings. A listing of all generic data used for- each of these
eight areas is given in Appendix E.

To obtain fire zone specific initiating frequencies, a partitioning
method is required. Partitioning allows the analyst to subdivide the
frequency of fire occurrence from a large building (e.g., auxiliary

building) to a specific room or area within that building. Also, further
partitioning can occur within a specific room or area, one method of
partitioning is comprised of ratioing the areas of fire zones within a
building (e.g., auxiliary building) . The assumption here is - that the
probability of fire occurrence is dependent only-upon the amount of area
a fire zone contains. Another method of partitioning would look at each
fire zone and analyze factors important to probability of fire
initiation. These factors are the amount of electrical components and
cabling, the fire loading, whether the fire zone is controlled, and how
ePten the fire zone is occupied.

The fire events and operating years for the eight plant areas were
obtained using the fire data base developed by Wheelis (Ref. 4). To
determine operating years for electrical switchgear and battery rooms,
auxiliary building operating years were doubled. A survey of all U.S.
light water reactors indicated that there is an average of 2.25 trains of
emergency switchgear and their associated batteries per plant. However,
it is known that some plants such as Surry locate both trains of. their
emergency switchgear in one fire zone. So it was assumed that an average
number would be close to two per plant.

To aid partitioning within a large building or within a specific fire
zone in that building, a checklist tas used on the initial plant visit to
determine the most probable fire initiating sources. Also,' data on past
fire occurrences were theroughly' revic ;ct. For instance, control room
and electrical switchgear room data indicate that fires have only
occurred in electrical cabinets /switchgears. Therefore, area ratios were
developed based on cabinct/switchgear area within these respective areas.
Since transient combust 11e initiated fires have never occurred, they were
climinated from further consideration,

l

The generic fire occurrence data was updated using a method developed by |
Iman (Ref. 5) to determine plant specific fire occurrence frequencies, j

|
This Bayesian approach models the incidence rate for each plant relative |
to the incidence rates of;all other plants, and the posterior
distribution is found for the incidence rate for each plant.

5-10
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For this analysis the gamma distribution is used as a model, although
mnny other distributions could be used.

!n this way plant specific fire initiating event frequencies and
distributions were developed. Tablo 5.5 lists the Peach Bottom Unit #2
specific fire initiating event frequencies for the three types of fire
areas with contributions to core damage . frequency of greater than 10-8
per year.

Peach Bottom Unit #2 had no recorded fire occurrences in any of these
three areas (cable spreading room, control room, electrical- switchgear
room). Even though Unit #2 and A3 share a common cable spreading room
;.iu .1+ #3 had one cable spreadir.g room fire event, thi. event was not ,

considereu applicabla. A relay fire occurred that never spread beyond
its associaud cabinet and there is at least sixty feet separation to the
nearest critical cable runs for Unit #2.

5.4 Determination of Fire-induced "Off-Normal" Plant Statn

One of the most critical steps in a fire analysis'is to determine on a
plant specific basis which of a wide range of possible initiating events
have the potential to be induced by a fire occurrence.

As in the NUREC 1150 internal events analysis, a comprehensive list of
initiators was identified for further study. It is known from a review
of previous fire PRAs that only a limited set of initiating events havn
the potential to be significant contributors to fire induced core damage
frequency. Typically, initiating events such as large or medium LOCAs
caused directly by the fire _ have not been analyzed because the
vulnerabilities of a piping system or tanks.to fire events are considered
insignificant.

Table 5.6 lis ts the initiating events that were analyzed during the
screening process and_provides a brief explanation as to why a particular
initiating event was included for further study.

Some events such as loss of either an AC or DC bus were eliminated from
further consideration. In the case of a fire-related failure of 4.1kV AC
switchgear a loss of offsite power would also occur; therefore, this
initiator was quantified using the loss of offsite power event tree.
Fire rnlated failures of a DC - bus were eliminated due to bounding
arguments. The frequency of such a fire induced event was at least one

,

i order of magnitude below the frequency used in the internal event
analysis _ and no other safety equipment would be affected if the fire was
contained within the applicable fire zones. Therefore, loss of a DC bus
was not studied further.

5 11
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Table 5.5

Peach Bottom Fire Initiating Event Frequencies (/yr)

_-

5th 50th 95th
Fire A.en liepm Percentile Percentile Percentile

Control Room 2.3E-3 1.2E-7 2.1E 3 6.2E 3

Cable Spreading Raom 8.1E 3 1.0E 5 4.2E 3 2.9E 2

Electrical Switchgetr
Room 2.7E 3 6.2E 6 2.6E 3 5.5E 3

Tabic 5.6

Peach Bottom Fire-Induced Initiating Events Analyzed

Initiating Event Comments

Loss of Offsite Power Of fsite power trains J57 and
J58 were found to be
routed through common areas.

Transient With PCS Similar to the seismic
Initially Available methodology; if no other

initiator could occur it was
assumed that the operator
would manually scram the
plant.

Transient-Induced The probability of one or

Large, Medium, and more stuck open relief
Small LOCAs relief valves was suffi-

ciently high (>10- 6 yr) to
require further analysis.

5-12
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V sequence events were thoroughly addressed in the peach Bottom Appendix
R submittal. Af ter caref ul review of both the internal events analysis

and safety system schematics, no additional credibic mechanisms which
were not covered in the Appendix R submittal were identified. Therafore,
this type of sequence was eliminated from further consideration.

As was previously mentioned small, medium, or large LOCAs caused directly
by a fire were eliminated due to no credible fire related failure
roechanism for either piping or tanks being identified.

The same fault trees and event trees that were used in the internal
events analysis were utilized in the fire analysis. Thus, the level of

analytical detail was consistent - with the level -in the internal event
analysis.

,

Consideration of the initiating events ilsted in Table 5.6 led to
analysis of approximately six hundred event sequences.

5.5 Detailed Description of the Screeninn Analysis

A comprehensive screening analysis is required to reduce the number of
potential fire induced scenarios to only those which have the potential
to be probabilistically significant to core damage frequency.i

The screening analysis is composed of the following five steps:

Step 1. Identification of Relevant Fire Zones

Fire zones containing equipment or cables associated with safety related
systems which mitigate the effects of the unscreened fire induced "off-
normal" plant states were identified. All other fire zones were then
climinated from further analysis. This resulted in the fire zones which
are described in Section 5.2.

'

Step 2. Screen Fire Zones on Frequency of Significant Fire

Fire initiati.y event frequencies were developed utilizing the data base
developed by Wheelis (Ref 4) and updated to plant specific frequencies
using the inethodology developed by Iman (Ref. 5). A fire zone with a
fire frequen:y shown to be less than 10*6 per year was not-considered
further.

Even.if the frequency of fire occurrence in a fire zone is greater than
the screening value, some initiators (e.g. , LDCA) may still be eliminated
from consideration. The sum of all initiators given a fire occurrence is
always one. However, some of initiator frequencies may be sufficiently
small such that fire occurrence in conjunction with that initiator is
below the screening cutoff value. In this way, even if a fire zone is

|

|
[
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not eliminated from consideration, some of the potential fire induced
'

initiators may be.

For instance, in the electrical switchgear rooms where loss of offsite
power occurred, transients with PCS initially available were eliminated
from further consideration.

Step 3. Screen Fire Zones. Based on Fire Area Aralysis

The remaining fire zones underwent a fire area analysis (location
mapping) of components as well as control and power cables for a limited
set of " vital" components that were located within these areas. This
information resulted in a transformation block used in conjunction with

-

the SETS computer code (Refs 6,7) to solve all front line systems and
then all of the identified sequences (Table 5.6) of Section 5.4.

Fire occurrence frequency for each zone was set to 1.0 and, given a fire,
all components within that zone were assumed to fall. The output of this
process was accident cut sets which included fire zone combinations as
well as random failures (i.e., not fire-related).

Truncation of cut sets at a random failure probability of 10** was
accomplished, which is equivalent to truncation of internal- event cut
sets at approximately 10 e since the fire frequency is arbitrarily set
for screening purposes to 1.0.

Cut sets which required three or more fire zones were eliminated. This
was deemed appropriate since these cut sets imply the failure of two or
more three hour rated fire barriers. Cut sets which contained two fire
zones were screened on the following three - criteria: (1) no adj acency
between zones, (2) no penetrations in the adjacency between zones, and
(3) if there were penetrations by numerical culling with barrier
penetration failure set to a screening value of 0.1. It is known from
previous fire barrier analyses that typical failure rates are on the
order of 10 2 to 103 Therefore. .this screening value has been set high
enough to ensure potentially important fire zone combinations are . not
lost.

One additional important piece of information gained from these cut sets
was identification of the remaining plant locations where zone to zone
barriers needed to be analyzed. Dominant cut sets which c. ntained
adj ac ent fire zones were analyzed for barrier failure in the
quantification process.

Step 4. Cull Fire Zones on Probability

Cut sets not eliminated in the first three screening steps were resolved
with as calculated fire zone specific initiating event frequencies.

Also, operzitor recovery of non fire related random failures was included.
For screening purposes only all short term (less than 24 hour) recovery
actions (of non fire failures) were increased from their respective
internal events probabilities by a factor of five to allow for the

'
s

---
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additional confusion of the fire situation occurring in conjunction with
other randora failures. If recovery actions were long term (greater than
24 hours) no modification to internal event probabilities were deemed
appropriate. It is felt that by this tirto the fire will be extinguished
and any spurious signals will have terminated in open circuits.

It must be noted that steps 3 and 4 of the screening process reduced the
number of cut sets under consideration by at least two orders of
magnitude. Also, there were only a few remaining sequenees which had net

,

i- been screened.

Step 5. Confirmatory Plant Visit

For the remaining fire _ rones _ all firdrelated failure scenarios were
identified. A scenario can be thought of as a combination of one or more
fire related equipment failures within a fire zone with or without
additional non fire related (random) failures outside of the fire area.
These failure combinations must minin. ally lead to core camage. Each fire
zone can have one or - more scenarios depending on the equipment
combinations which must fail due to the fire in that particular area. A
second plant visit was then conducted to determine which of thesei

scenarios were valid based upon cable or equipment locations within a
particular - fire zone. For instance , Af a given scenario required the

i fire related failure of cabling for components A and B and it could bc
,

shown that these cables were always separated by greater than 40 ft,
within a room of sufficient si:e to preclude buildup of a hot gas layer,
or one of _ the component's cabling was n a 3.hr rated fire wrap, then
these types of scenarios were elindnatto from further consideration.
Past experience with Cire code calcula t ie ns ,. which is discussed in the
following section, and fire testing, previded muh of the basis for

j assessing the validity of the scenarios.
;

About one half of the remaining cut sets (scenarios) were eliminated as a
l result of this confirmatory plant visit. Most of these scenarios were

associated with cables routed in conduit on the 116 foot elevation of the
turbine building and cabling in the circulating water pump structure.
Three hour rated cable wraps for ettergency service water pump B cabling
precluded short term fire related failure which was necessary for these
scenarios to be valid.

Those scenarios remaining after screening on physical location of
' components or their associated cabling within a fire zone was determined

were subj ec t to fire propagation calculations to determine equipment
damage. It must be noted for the cable spreading room that the exact
location of a particular component's cabling could not be determined. In
this case a best estimate of cable routing was used.

5.6 Fire Pronatation Modelint

The COMPBRN fire growth code (Ref. 8) was used to calculate fire
propagation and equipment damage. COMPBRN was developed specifically for
use in nuclear power plant fire PRAs , The code calculates the time to

5 15
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| damage critical equipment given that a fire has started. This failure
; time is then used in conjunction with experiential information on fire

suppression in nuclear power plants to obtain the probability or
frequency that a given fire will cause damage which Icads to core damage
before the fire can be suppressed. The latest version of the code,
COMPBRN III (Ref. 9), with some additional modifications, was used for
the calculations.

COMPBRN follows a quasi. static approach to simulate the pro::ess of fire
during the pre flashover period in an enclosure. COMPBRN uses a zone
model, breaking the fire environment into three zones: flame / plume, hot
gar, layer, and ambient (see Figure 5.1). Simple fire and heat transfer
models and correlations are employed to predict the thermal environment
as a function of time. The thermal response of various targets in the
fire scenario is modeled to predict the amount of time for a fire to
damage or ignite critical equipment. The critical equipment is generally
taken to be a cab 1( tray carrying cables necessary for safe shutdown of
the plant, although other critical components such as pumps may be
modeled.

The original version of COMPBRN, now referred to as COMPBRN I, has been
used to calculate damage times in the majority of fire PRAs to date.
However, the code calculations are thought to be ultra conservative due
to the neglect of heat losses from the targets. A critical assessment of
the code detailing this and other problems has been performed (Ref. 10).
In response to these problems with COMPBRN I, two later versions of the
code were developed: COMPBRN II and COMPBRN III (Ref. 9). Neither of the
later versions of the code has been extensively validated or compared to
data, but presumably represent various degrees of improvement.

As a part of a recent study (Ref. 3) on nuclear power plant fire risk
assessment, the latest version of the code (COMPBRN III) was selected to
requantify fire damage times from several fire PRAs. Initial attempts to
use COMPBRN III in the requantification resulted in the observation of
problems, with and nonphysical behavior of,__the code. Many of the code
calculations could not be explained on a physical basis. As a result, an
effort was undertaken to identify problem areas and to suggest and |

implement modifications to_the code which make the code predictions more
reasonable on a physical basis. It was this modified version of the
COMPBRN code which was used to provide the fire propagation analysis for
this report. References 3 and 11 provide detailed discussions of the
problems noted and recommended modifications for the COMPBRN III code. )
The f.ollowing is a brief listing of the maj or problems - which were
identified and addressed in the modified version of the code:

a. An error, and nonconservative assumption, exists in the forced
ventilation hot gas layer model, predicting low hot gas layer
temperatures.

5 16



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _
._

-

'

,

i

4

t

COMPBRN ModeHog

C. '':4

I

/ /-/- / // .

/-
C, .

~- , , , ,
o~

. . . . . . . . .
Lsyer

| // -/- / // /- -
-

r i i i i t

5 \ l
l

| \ :

/
\ [ C_ . . , ;;"ga.

-

l,="*
\ l 4

RedleMon i
i

/ Modeied
|

1
5- 1i

\ /
\ /

Fire
.

*

* Fire Modeled as a Cynoder
* CaWe Treys DiscreWred into Fuel Eternents

r
; * Hot Gas Layer Effects

.

Figure 5.1 COMPITRN 7.one Model



- - -- __- - - .. - . _ - , -- _. . -- -. . . . - - - . . - . . . - . . .

1

J

|
.

I

b. Radiative heat transfer directly above the flame is not modeled,
yiciding cooler temperatures directly above the flame than off to
the side of the flame,i

c. rvo errors in the calculation of view factors overpredict the
heat radiated to targets to the side as compared to objects
directly above the flame,

d. Only convective heat transfer, and not the dominant radiative
heat transfer for objects directly engulfed in the flame, is
modeled. Time to ignition is highly non physical.

e. The conduction algorithm is unstable, often resulting in
premature termination of the code, especially for cases involving
objects in the flame or thermal response of barriers.

f. The mass burning rate of burning objects is underpredicted due to
lack of thermal feedback modeling,

g. Cable insulation ignition and damage failure threshold criteria
are not currently well understood and the results are quite
sensitive to the input parameters chosen.

Both small and large fires were postulated in the calculations. A small
fire was assumed to be 2 ft. (.61 m) in diameter and consist of 1 gallon
(3.8 1) of oil. A large fire was assumed to be 3 ft ( 91 m) in diameter
and consist of 10 gallons (38 1) of oil. Analysis of a data based on
transient combustible fuel sources found at nuclear power plants (Ref.
12) indicates that oil sources less than or equal to 1 gallon (3.8 1)
were found approximately 70 percent of the time. Oil sources larger than

this were found roughly 30 percent of the time. A similar partitioning
between small and large quantities in terms of heat content (BTU or KJ)
can be made for other credible transient combustible sources such as
solvents or trash paper. Again, analysis indicates that a -70/30
partitioning between small and large fuel sources is appropriate (within
i 10 percent). It can also be shown that-10 gallons (38 1) or oil bounds-

,

! any large solvent or trash paper combustible source in terms of heat
content and is, therefore, an appropriate upper bound on transient
combustible fuel source size.

A valkdown of the Peach Bottom Plant was performed to obtain vital
information for the COMPBRN calculations. This information included-the
location .of critical equipment and cable trays, separation between

; redundant trains, types of cabic present, and any shielding or fire
barriers which may be present. Several " pinch points" were identified
where critical cables from redundant trains passed from one room to
another, or where cables for important plant safety and support systems
were routed through the same area in close proximity. Some' of the
cabling was enclosed in conduit or in rectangular aluminum busways.
However, because of its low melting point this aluminum was neglected in
the COMPBRN calculations to be conservative. Similarly, in several cases
the power cables to critical pumps were routed in metal sleeves. In the
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COMPBRN calculations, these cables were assumed to be incapable of
; igniting. Hovover, d arna ge was assumed to occur when the surface

temperature reached the tettperature corresponding to cable f ailure.;

! Cabic insulation _ ignition and damage thresholds are currently not well
known (Ref. 13). For this study, a cable insulation ignitien temperature
of 773'K (932'F) was assumed along with a damage ternperature of 623er.
(6620F). For the large fire simulations these thresholds are - not as
critical to the fire damage time calculations because of the intensity of
the flarnes.

1 A list of input parameters for the COMPBRN calculations is shown in Table
5.7. These parameters were selected to represent typical qualifled cabic
insulation. It was assumed that the aabling in the areas of interest
included typical brands of nucicar quatified cable insulation materials,
such as Rockbestos Firewall III.-Brand Rex, or Okonite. Because of the
good flame resistance properties of these cables, no self ignited
(electrically initiated) cable tray fires were postulated.>

The COD'BRN results are shown in Table 5.8 for the critical arece. 4

Summary discussions of each fire area are provided in Sections 5,6.1i

! through 5.6.14. A number of scenarios were considered for many of these
i areas. In a number of cases, a * zone of influence" was determined for

the equipment and fire siren modeled. In other words, the fire location

was varied in the COMPBRN inodels to determine the maximum distance the
fire could be away from the critical equipment and still cause damage.

| The times to damage increase exponentially as the fire distance

| increases. The numbers given in the table represent the combination of
greatest distance and longest times to damage. Using these results, the
floor area in which a fire would have to occur to damage critical cables
can be estimated. An area ratio can then be calculated by dividing this
area by the total floor area of the room. This reduction factor can then
be multiplied by the initiating frequency to estimate the frequency of
fires which occur in a critical portion of a given room.

It should be noted that a small fire, except for zone of influence cases,
does not yield damage in most of the - areas. Prior experience with
COMPBRN shows that a small fire must be very close to its target to yield
damage. Large fires, however, can and do yield damage in roost of the

j areas. In large open roorns, the larger fire must still be within about 3

| feet horizontally of the target cable trays (assuming typical tray
j heights), The major exception is in small closed rooms (like the

switchgear rooms) in which a hot gas layer rapidly develops. Since Peachi

Botton is divided into small fire zones, hot gas layer effects were
some tirne s important. Thus, for the majority of COMPBRN runs,- room

i parameters were used in order to simulate a model of the hot gas layer.
For these cases, damage occurs sooner, due to the increased thermal input
from the hot gases.

$

. _ .
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Table 5.7

Modified COMPBRN III Input Parameters

i

Cable Insulation Parameters

Density 1715 kg/m3
Specific Heat 1045 J/kg K
Thermal Conductivity -0,092 W/m K
Heat of Combustion 1,85-2.31E 7 J/kg
Combustion Efficiency 0,6 0,8

Critical Temperature |
Piloted Ignition 773*K
Spontaneous Ignition 773*K
Damage 623cK

2Surface Controlled Burning Rate 0.0001 0.0075 kg/m .s
Burning Rate Radiation Augmentation 1.86E 7 kg/J m2
Radiative Traction 0,3 0.5

Smoke Attenuation Factor 1.4
Reflectivity 0,1 0,3

011 Parameters

Density 900 kg/ma
Specific Heat 2100 J/kg K
Heat of Combustion 4,67E7 J/kg
Combustion Efficiency 0.9
Surface Controlled Burning Rate 0,06
Radiative Traction 0,3 0.5
Mass of 011 3.4 34.0 kg
._.

9
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Table 5.8
Time to Damage Criticci Cables

Area Scenario Small Fire Large rire

Room 262/147 LOSP, cables Inf Inf

Area of Influence 4 min,.5m 8 min,
<

1.5m

Cable Spreading Critical cables 3 min,.6m 5-7 min 1

Room 1.8m I

!

Switchgear Rooms.

) Area 32, Rm 261 LOSP Inf 4 min
'

Switchgear fire 8 9 min NA

Area 30, Rm 267 LUSP Inf 5 8 min *-

; .Switchgear fire 8 9 min NA

; Aron 34, I'm 255 LOSP Inf 3 min
Switchgear fire 8 9 min NA

Area 35 Rm 263 LOSP Inf 5 8 min *
Switchgear fire 8 9 min NA

Area 36, Rm 226 LOSP Inf 5 8 min *
2 Switchgear fire 8 9 min NA

Area 37, Rm 231 1DSP Inf 5 8 min *
ESW pumps and svgr Inf 4 min
ESW pumps not swgr NA NA
Switchgear fire 8-9 min NA

Area 38, Rm 217 LOSP Inf 3 min
,

Switchgear fire 8 9 min NA
,

Area 39 Rm 227 LOSP Inf 3 min
ESW pumps and swgr Inf 6 min-
ESW pumps not swgr NA NA
Switchgear fire 8 9 min NA

Area 44, C Dinsel Both ESW cables 4 min,0.8 min 8 min
1.5m

I Area 46, A Diesel Both ESW cables 4 min,0.8m 8 min
1.5m-

Area 48, HPSW All pumps Inf Inf

Area 50 Rm 126 LPCS A and B Inf 2 min
LPCS C and D Inf Inf

* - Required a slightly larger fire (.91m x .91m)

..
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The itre data base indicates there have been several cases where
switchgear either exploded or otherwise ignited, resulting in a fire.
The question was posed as to the possible effects of such a fire in the
switchgear rooms and how to model it. There are open cable trays
directly above each of the cabinets which would be vulnerable to ignition
given a fire in the cabinet below. All of the switchgear cabinets have
open ventilation louvers at the bottom and openings in the tops of each
of eight cubicles through which cable conductors pass and are routed to
the overhead cable trays. The resulting chimney effect would easily
promote propagation of flames from within the cabinet through the top
penetration and up to the cable trays. The possibility of fire
propagation and damage to the offsite power trains would then be a
consideration.

To model switchgear fires which result in open flames above the cabinets
themselves, an oil pool fire 2 feet (0.61 m) in diameter was modeled on
top of the switchgear cabinet directly below the open cable tray. This
fire would simulate the ignition of the cables penetrating the cabinet
and possibly the overhead tray, given a fire in ' the cabinet itself,
Thus, the effect of ignition of the cables entering the swi' chgear -

cabinets, along with the overhead cable trays, on the two offsi.4 power
trains in the immediate vicinity could be examined.

For the switchgear in fire areas 32 39, the two offsite power trains-were
damaged in 8 to 9 minutes af ter roughly 3 gallons of fuel had burned.

| This relatively small fire was capable of such results due to its
proximity to the offsite power trains and to the additional heat input
which results as the cables above the switchgear cabinets ignite and the
flames propagate along the cable tray.

It was found during some of the simula'. ions that the COMpBRN results can
be very sensitive to the location of the ceiling midpoint and wall
midpoint. In some cases, fires initially located directly under the
ceiling midpoint had to be locrted elsewhere in the room, or the
calculated ceiling temperatures were unrealistically high, resulting in
unrealistic radiative 1. cat fluxes to the cable trays of interest. In
other cases, similar behavior was observed when a wall was modeled. For
these cases, the wall was divided into several sections to more
realistically calculate the wall thermal response.

5.6.1 Fire Area 2: Room 262/147

5.6.1.1 Results
.

The first scenario in this area involved damage to both the offsite power
trains and critical cables located in a tray between those trains. No
postulated fire, large or small, can simultaneously damage this

.

equipment..

The second scenario consisted of determining the " zone of influence" of I
fire damage around the critical cable tray. A small fire will damage
these cables in 4 minutes f rom a distance of 0.5 m either side of the
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midpoint of the cable tray. The large fire will cause damage in 8
minutes from 1.5 meters.

5.6.1.2 Discussion

This fire area involves a limited section of a long hallway corridor
approximately 1.2 meters wide and 3.5 meters high. The equipment of
interest includes offsite power cable raceways and other critical cables
of nonspecific location within the area. It was assumed that - the
critical cables are all in a bunched configuration in one overhead cable
tray between the two offsite power trains. Since thin long corridor is ,

open at its ends to other plant areas, it was determined that use of
parameters to simulate hot gas layer effects would be overly conservative
and non physical given the narrowness of the room.

5.6.2 Cable Spreading Room

5.6.2.1 Results

one scenario was analyzed, assuming all critical cables are located in
the lower middle tray of a typical section of the cable trays in the
cable spreading room. The zone of influence for the small fire is 0,6

meters with damage in 3 minutes. The larger fire will damage the target -

cables in 5 7 minutes from a distance of 11.8 meters.

5.6.2.2 Discussion

Modeling of the critical cables in this area involves an estimate as to
,

the location of the cables _ associated with certain equipment in the
control room above. It was asswned that the critical cables penetrate
down from the control room to the lowest middle cable tray in a nested 3
by 3 matrix of cable trays, and then run horizontally around the room and
out to the respective plant equipment. Exact cable tray relational
dimensions were obtained from plant drawings to model the 9 tray array.
The fire was moved either side of the critical lower middle tray to .

determine the zone of influence. Though ignition did occur, the
important consideration was the time to damage the target cable tray.

- The actual propagation of the flames down tne length of the cable trays
was not' developed in detail -though such propagation would probably occur
with the postulated fire. The primary concern was the time required to
fail certain system equipment whose failure leads to core damage,

5.6.3 Fire Area 32: Room 261

5.6.3.1 Results

As discussed above, a small fire within and on top of the switchgear
themselves will cause damage to- both trains in 89 minutes. These
results apply to the other eight switchgear rooms and, therefore, will
not be repeated. A large fire will damage both offsite power trains in
4 minutes.

.

4

4

n

5 23

. _ _ - _ _- - _ - - - - - - _ - . . - _ , -



_ . - . _ _ . . . _ _ . _ . . _ _ _____ _ .- ___...__ _ ...._ _ _ _ ._ . _ _ _ -

|

3

i

i 5.6.3,2 Discussion
i

Since all of the switchgear rooms are relatively small and closed, it was
deemed appropriate to model the effects of a hot gas layer, which

; significantly contributes to the target heat load given a fire. One of
the largest uncertainties with these rooms was the actual ventilation

,

! flow, both before and during a fire. Based on plant input and the
effectiveness of door seals and fire dampers that are isolated upon fire
detection, it was considered appropriate,to assume 1 air change per hour,

*for forced ventilation.

In Room 261, the fire was placed between the point of closest approach of
the offsite power trains, at the end of the switchgear near the vall. A'
technique to segment the wall to more realistically model radiation from,

' the wall was adopted, in this and other similar scenarios involving fires ,

in close proximity to walls.

5.6.4 Fire Area 33: Room 267

5.6.4.1 Results
,

A fire approximately 25 percent larger than is typically modeled, as
; discussed above, was used here to yield damage in 5 to 8 minutes to both

offsite power trains,
i

; 5.6.4.2 Discussion

The large fire was placed at a location midway between the offsite power
trains, which are approximately 4.0 meters apart. The overhead cable
tray above the switchgear cabinets was modeled also, though its distance

; from the oil pool on the floor had no consequence regarding time to
' damage.

{ 5.6.5 Fire Area 34: Room 265

5.6.5.1 Results,

Damage to both offsite power trains occurs within 3 minutes in this room
for a large fire.

5,6.5.2 Discussion

The modeling of this fire area was similar to the other switchgear rooms
with one exception. There is a cabic tray which spans the room over the
floor space between the offsite power trains. When the large fire is
modeled immediately below the tray, its cables are ignited early in the
simulation and provide additional heat input towards damaging the offsite
power cables.

5 24
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5.6.6 Fire Area 35: Room 263

i 5.6.6.1 Results

Simi?-v to Fire Area 33, the larger fire will damage the of fsite power
cables in 5 to 8 minutes,

b.6.6.2 Discussion

This room, though quite similar to Room 267, had slightly different'

; geometry than the latter with respect to relative placement of the
' overhead trays. As a result, damage will occur more quickly because of

additional heat input from the tray, which will eventually ignite, even
though it is not located immediately above the flames.

5.6.7 Fire Area 36: Room 226

5.6.7.1 Results

The larger fire results in damage in 5 to 8 minutes.

3

5.6.7.2 Discussion

This room was quite simple to model as it did not involve any overhead
trays for the pool fire on the floor. The 4 meter separation of the
offsite power trains was the only parameter of interest.

5.6.8 Fire Area 37: Room 231

5.6.8.1 Results

This area involved three scenarios. The first, LOSP, yielded results the
same as Fire Area 35 due to identical geometries and modeling
considerations (this includes the earlier discussions regarding small
fires and switchgear fires).

For the scenario involving both ESV pump cebling in conduit and the "B"
llPSW switchgear, damage occurs in 4 minutes with a large fire. The
postulated small fire cannot damage all of this equipment.

The scenario involving the ESW pumps and nqt the switchgear does not,

apply as the switchgear is damaged in 2 - to 4 minutes, regardless o:i how
the switchgear is modeled or where the fire is located. Thus, this'

scenario is " impossible" to meet.

; 5.6.8.2 Discussion

i The ESW cables were located high in the room though separate trains were
in close enough proximity to yield damage to both with a large fire
simulation. The actual switchgear location and damage parameters were

,

not accurately known; however, sensitivity analyses were performed to
determine the effect of varying fire locations, switchgear geometry, a-d
material vulnerability. Da nage to the switchgear came readily due to its

]
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face area exposed to the radiant heat from the flame, in addition to
convective and hot gas layer effects.

5.6.9 Fire Area 38: Room 217

5.6.9.1 Results

A large fire will cause damage in 3 minutes in this room.

5.6.9.2 Discussion

The modeling of this room was similar to Fire Area 32, but included an
additional overhead cable tray which ignited. The geometry and distances-
were similar but different enough to change the final results slightly.
Using a segmented . wall model for the wall adj acent to the fire, and
taking into acesant some shielding due to the congestion in the part of
the room.modeled, somewhat increased the time to damage.

5.6.10 Fire Area 39: Room 227

5.6.10.1 Results

This area included the same three scenarios discussed for Fire Area 37.
The geometry for the LOSP scenario was identical to Fire Area 38 and will
not be discussed further.

For the scenario involving the ESW cables .and llPSW switchgear, the large
fire will damage all equipment in 6 minutes.

As in Fire Area 37, the third scenario- ESW cables and n2ft the
switchgear- was not possible to meet as the switchgear is damaged first.

5.6.10.2 Discussion

, For the two scenarios involving the ESW cables in conduit and the llPSW
| switchgear, there are significant differences in geometry and in the

| models used from those in Fire Area 37. The same comments apply as those
| mentioned in Section 5.6.8, including the fact that there is more

separation between the ESW cable conduit, which is the primary reason for
the increased time to damage over that noted for Fire Area 37

5.6.11 Fire Area 44: "C" Dieiel Bay

5.6.11.1 Results

For the ESW conduit mounted on the wall, a large - fire will cause damage
to both trains in 8 minutes- from a distance of 1.5 meters, defining the
outer bounds of the zone of influence and area ratio for the fire area.

The small fire will cause damage in 4 minutes from 0.8 meters.
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5.6.11.2 Discussion

relatively simple case of redundant cables inThis model involves a
conduit running along a vall at slightly different elevations. No hot
gas layer was modeled due to the size and ventilation of the room, which
would tend to minimize such effects.

5.6.12 Fire Area 46: "A" Diesel Bay

See the previous section for the "C" diesel- bay as the results and
discussion are identical.

5.6.13 Fire Area 48: HPSW Pumps

5.6.13.1 Results'

No fire, large or small, will damage all of the power cables or motors
associated with these four pumps.

5.6.13.2 Discussion

This scenario involves four vertical pumps, motors, and associated power
supply cables mounted along the wall in a large, closed, b t.t well
ventilated room. The ventilation rate was kept low for conservatism and
cases both using and ignoring hot gas layer e.ffects were simulated. The
shielding effects of the inner pump motors for heat transmitted from the
fire (located between them) to the outer pumps was analyzed. Fir 6
location was varied to eliminate the shiciding effects. None of the
models resulted in conditions adequate to damage all of the pumps with
the postulated fire sizes.

5.6.14 Fire Area 50: Room 126

5.6.14.1 Results

A large fire will damage both LPCS B cable runs in 2 minutes. The small
fire will not damage both trains

The LPCS C and LPOS D cable runs were sufficiently high and separated to
eliminate the possibility of damage to both trains by . a small or large
fire.

I 5.6.14.2 Discussion

This fire area contains numerous cables from safety related equipment.
The cable -in conduit runs for LPCS A and B are vertical and about 3
meters apart immediately adjacent to a wall. Despite the separation, a
large fire will easily damage these cablen. Modeling . was relatively
simple and involved the wall and no hot gas layer effects. In the case
involving the C and D LPCS cable conduit runs, the distance above ' the

|
,
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floor and separation distance together were sufficient to prevent damage
from a large fire placed anywhere between them. The vertical :ection
along the wall and the " bend" in the conduit run t. bout 4.5 meters off the
floor were modeled, along with the oil pool fire.

It was noted that a number of the cable runs in this vicinity are encased
in 3 hour rated fire barriers which eliminated considerati'on of a number
of potential fire vulnerabilities.

5.7 Barrier Failure Annivsis

In the unscreened cut sets where a potential for barrier failure had been
identified, the barrier f ailure probability was estimated using barrier

,

failure rates developed as described below,
i

i Barriers were grouped into three types: (1) fire doors, security doors,

: water tight doors, and "' curtains; (2) fire dampers and ventilation
dampers; and (3) penetra'_on seals and fire walls. The data base
contains 628 records from when construction began on any given plant to
the end of June 1985. The number of barriers of each type at a plant is.
required to estimate the rate at which a specific component fails. The
number is not known precisely for ee:h plant, but a nominal figure that

; has been estimated for each barrier type is given in Table $.9.

The statistical uncertainty of each estimate, reflecting sampling
variation and plant to plant variation, is represented by 90 percent
confidence bounds. These estimates and confidence bounds are given in
Tabic 5.10 where units of both estimates and bounds are failures / year.

,

During the confirmatory plant visit scenarios which required barrier

| failure had those barriers-inspected. No plant specific vulnerabilities
which would require modification of generic barrier failure rates were-
noted as a result of this inspection. After multiplying barrier failure
rates by the number of penetrations at each appropriate fire zone
adjacency and utilizing the probabilities developed in screening step 5,
all remaining barrier failure scenarios did not survive the 10-e por year
frequency screening criteria.

Table 5.9

Approximate Number of Barriers-at a Plant

lyng Nominal

1 150j

| 2 200

3 3000
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Tabic 5.10

Estimates of Single Barrier Failure Rates

|

5% 95%
Barrier Barriers / Confidence Confidence
Type __ Unit Estimate Bound Bound

1 150 7.4E 3 0.0 2.4E 1

2 200 2.7E 3 0.0 2,2E 1

3 3000 1.2E 3 0.0 3.7E 2

5.8 Recovery Analysig

For those remaining cut sets which survived the screening process and
where the COMPBRN code predicted fire damage woald occur, recovery of
random failures and credit for extinguishment of the fire before the
COMPBRN predicted time to fire damage was applied,

Recovery of random failures (non fire related) was treated in a similar
fashion as in the internal events analysis. All operator recovery
actions that were used in the internal events analysis were inspected for
use where appropriate on the remaining cut sets. If a sequence was long
term (greater than 24 hours), two recovery actions were allowed. In
short term (less than 24 hours) sequences only one recovery actions was
allowed. This recovery action was chosen if the possibility of multiple
recovery actions was present and on a hierarchy based on recovery
probabilities established by the internal events analysts. For short
term sequences recovery action probabilities were modified when deemed
appropriate.

In the areas where firefighting activity takes place, no credit was 6 ven1

for local verovery actions until after the fire was extinguished. In
non aff.cted areas, local recovery was allowed for valve manipulation or
pump operation when damage to power cabling of an applicable component
had not occurred.

In conjunction with human factors analysts and the " Handbook of Human
Reliability Analysis With Emphasis on Nuclear Power Plant Applications"
(Ref. 14), any additional recovery actions not developed by the internal
events recovery procedure were quantified. Only one additional recovery
action was added for the Peach Bottom analysis. This recovery action was
necessitated by failure of control cabling either in the cable spreading
room or control room requiring control of the plant from the remote
shutdown system. Even though explicit procedures were in piece for this
situation, a high stress recovery probability was applied. This was
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deemed appropriate due to timing of the sequence (less than one hour) and
the fact that sone amount of time would be required to make the decision
to abandon the control room and man the remote shutdown stations.

The probability of manual non suppression of a fire before the COMPBRN
predicted timo to damage was quantified usin6 the k'heelis data base (Ref.
4) which contained information on 69 fire events which had time to
suppression associated with them. As part of the Fire Risk Scoping Study
(Ref. 3) a distribution was fit to this data, A probability of non-
suppression was then associated with any COMPBRN predicted time to fire
damage.

The probability of automatic non suppression of a fire was quantified
consistent with Reference 15. No modification to generic reliability _
values was deemed appropriate for the cabic spreading room.

5.9 Uncertainty Annivsis
.

Distributions on fire frequency, fire suppression probability, fire code
eniculations, random failure probability, barrier failure probability,i

and operator recovery actions, were used to generato uncertainties oni

fire core damage frequencies.,

The uncertainty of these values was propagated through the accident
sequence models using two computer codes. A Latin Hypercube Sampling
(LHS) algorithm was used to generate _ the samples for all of the parameter
values (Ref. 16). The Top Event Matrix Analysis Code (TEMAC) was used to
quantify the uncertainty of the accident sequence equation using the
parameter value sampics generated by the LHS code (Ref.17).

LHS is a constrained Monte Carlo technique which forces all parts of the
distribution to be sampled. The LHS code is also flexible in that it can
sample a variety of random variable distributions. Furthermore,
parameter distributions for similar events were correlated, For example,
if two similar components (e.g., MOV XX PTO and MOV YY PTO) are modeled
from the same probability distribution, then the sampling of these two
distributions is perfectly correlated, meaning the same value is used for
both events in a given sample member. For basic events which are modeled
with very similar but slightly dif ferent distributions (e.g. , MOV XX
fails to remain closed for 100 hours and MOV YY fails-to remain closed
for 200 hours), the LHS code permits an induced correlation between the
sampics. However, LHS does not allow the correlation coefficient for
this case to be equal to 1.0. _ LHS did permit sampling with a coefficient
of 0.99 in these cases

TEMAC uses the LHS parameter samples and the accident sequence equations
(cut sets) as input to quantify the core damage estimates. TEMAC|

Eenerates a sample of the accident sequence frequency, a point estimate
of the frequency, and various importance measures and ranking for the
base events.

Uncertainty on fire initiating event frequency was developed when the
generic fire frequencies were updated using Peach Bottom specific data.

;
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( This process which was briefly discussed in Section 5.3 is covered in
! more detail in Reference 5.

Uncertainty on fire non suppression probabilities (Q(fo)) was addressed-
by modification of COMPBRN predicted time to damage. The COMPERN-I

predicted time to damage and its associated non suppression curve
probability were taken to be a best estimate of a maximum entropy

j distributed variable. Fifteen minutes were added and subtracted _from the
! COMPBRN predicted time to allow for uncertainty in its result and the
; uncertainty in the probability of non suppression distribution.- These
! probabilities were taken as a minimum and maximum of the maximum entropy

distribution respectively.

!

Uncertainty associated with the fire size estimate factor (f.) was
developed utilizing information associated with an 16E inspector report'

(Ref. 12) on a survey of different types of combust 11es-and their amounts'

found in nuclear power plants. Two fire sizes, a large and small fire
were modelled as described in Section 5.6. These fire sizes (BTU

: content) were compared to the distributions on possible fire sizes
developed for the different combustibles from the 16E data. The best
estimate for percentage of fires that vore either large or small was
taken from an average of the different types of combustibles for an
equivalent BTU IcVel fire modelled by COMPBRN. This probability was

( assumed to be the best estimate value of a maximum entropy distribution.
| Maximum and minimum probabilities for this distribution were assumed to

be based on one individual type of combustible with either the maximum or
minimum percentage corresponding to applicable fire size (BTU rating).

Random failure events and operator recovery actions were treated
identically as in the internal events analysis. Uncertainties and types
of distributions were not modified for the fire analysis.

| All other factors and their associated uncertainties are not common to
all fire sequences and will be addressed individually in the. appropriate
subsections of Section 5.10.

5.10 Description of Unsereened Fire Induced core Damage scenarios and
Their Associated Fire Arega

5.10.1 -Introduction

This section will describe the fire scenarios and their associated fire
zones which are listed in Table 5.1. All other fire zones and all-
adjacent fire zone combinations dropped below 10 e per year af ter cither
operator recovery of non fire related failures, COMPBRN code
calculations, or barrier failure probabilities were applied.

5.10.2 Control Room

Two scenarios in the control room remained after screening, both based on
a single transient sequence (TuU U X U ).3233
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These scenarios both assumed abandonment of the eentrol room due to smoke
Credit was S ven for quick extinguishment of theij from a cabinet fire.

fire within the applicabic cabinet since the control room is continually
manned. None of the three control room fires in the data base led to
abandonment of the control room. It was assumed that only one in ten
fires would not be extinguished before sufficient smoke was generated to
force abandonment of control room. This factor (fg) was taken to be the

;

best estimate of a maximum entropy distribution. As an upper bound it
was assumed that the next control room fire that occurred would force
abandonment and thus the probability would be one fourth, As a lower
estimate it was assumed that only-one in one hundred control room fires

,

i would Icad to abandonment. Sandia 1 art,a scale enclosure tests (Ref. 17)
have demonstrated that smoke has engulfed a mocked up control room due.to
a cabinet fire within 6 to 8 minutes from time to ignition even with
ventilation rates of up to 10 room changes per hour. Therefore, these-

: estimates on abandonment probability given a cabinet fire are deemed to
'

be reasonable.

Because of the cabinet configuration within the Peach Bottom control room
and based on Sandia cabinet fire tests (Ref. 18) the postulated fire was
assumed not to spread and damage any components outside of the cabinet
where initiation occurred. The penetrations to all Peach Bottom control
room cabinets were through the bottom to the cable spreading room below.
Also, these cabinets had enclosed backs and tops. In Sandia cabinet fire

i tests cabinets had open backs and enclosed tops. Even in this
configuration fire did not spread to adjacent cabinets. Therefore, the
cabinet area ratio factor (fx) was considered to be known fairly
accurately. As a lower bound it was assumed that only one half of the
applicable cabinet could initiate a sufficiently large fire. An upper
bound estimate assumed that all cabinet areas could initiate the fire but

,

i niso that a transient fire at a maximum of one foot away from the cabinet
in all exposed directions could cause the same damage to the cabinet and
fire initiated smoke release. In both control room scenarios the fire
was assumed to totally disable the functions of the cabinet where
initiation occurred.

Both fire scenarios assumed that the remote shutdown system was
independent of the control room. This assumption is potentially non-
conservative in'that the possibility exists that subtle interactions
between the remote shutdown panels and the control room are still
present. As part of the Fire Risk Scoping $tudy (Ref 3), an exhaustive
cable tracing effort yielded a number of subtle interactions between one
plant's control room and remote shutdown panel.

Area ratios for fire involvement only considered total cabinet area in
the control room. This is based on-fire data which illustrates the fact

| that the only control room fires to date have occurred in control
cabinets.

!
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b.10.2.1 Control Room Scenario 1

| The first sc enario postulates fire initiation interior to the RCIC
; cabinet vaic.i due to subsequent smoke. release, forces abandonment of the

control room. Procedures require that the reactor be inanually scramroed,,

j thus resulting in a T3 transient sequence, The RCIC systern (Ug) is not
i independent of the control room since it is not part of the remote
| shutdown systern and is assumed to fail given a fire in its control

The CRD system (U ) is also not part of remote shutdown systemcabinet.'

3

arid thus no credit is given for its utilization. The HpCI (U ) and AD$
3

(X ) systems are part of the reinote shutdown panel but are failed due to '
; 3

operator error.>

I
The core damage equation is as follows:

Y R fgdem " ACR A op

where

ocu - fire induced core damage frequency for Control Room, |
Scenario 1 1

frequency of control room firesA, -

f area ratio of the RCIC cabinet to total cabinet area-
A

within the control roorn

R - probability that operators will full to recover the plantep
from the remote shutdovn panel

fg - probability that smoke will force abandonment of the
control room given_a fire occurrence

Tabic 5,11 gives the values of each of these factors as well as their
associated distribution and upper and lower bounds,

;

For all lognormal and gamma distributed variables:in Table 5.11 and the
following tables of Section 5.10, the lower bound and upper bound are the
5th and 95th percentiles of the distribution while the best estimate is
the mean value.

5.10,2.2 Control Room Scenario 2

The second fire scenario in the control room assumes that the fire is
initiated in_any other cabinet than the RCIC.

As in the first scenario subsequent smoke release forces abandonment of
control room. Credit was given for the RCIC systern automatically cycling
to control reactor level even though it is not controlled from the remote
shutdown pansl. Therefore, the RCIC system (U ) inust randomly fail which2

adds the _Qgere term in the core damage equation. As in the first scenario
the reactor is manually scrammed (T ) and the HpCI system (U ) and ADS3 3

system (X ) are failed due to operator error at the remote shutdown3

panel. Also, no credit is given for -the CRD system. (U ) since it is not3

part of the remote shutdown panel.
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Tabic 5.11

I |

i Control Room Fire Scenario 1 Factors and Distributions j

l
,

factor DistributioD Lower Bound Best Estimate Upper Bound

Aca Gamma 1.2E 7 2.3E 3 6.2E 3

f Maximum 0.01 0.02 0.0283

! entropy

R Maximum 6.4E ? O,064 0.64op
entropy

'

fa Maximum 0.01 0.1 0,25

entropy

3

The core damage equation is as follows:

de,,, - Aca (1 fa) Rop Qacic fR

where

.

m - fire induced core damage frequency for Control Roomo

Scenario 2

Aca - frequency of control room fires

(1 f ) - area ratio of all cabinets other than RCIC to total cabinett

area

R - probability that operators will fail to recover the plant fromop
the remote shutdown panel

QRcre - random failure of the RCIC system (non fire related failure)

fg - probability that smoke will force abandonment of the control
room given a fire occurrence

; Tabic 5.12 gives the probabilities of each of these factors as well as
!

i their associated distribution and upper and lower bounds. . '

5.10.3 Cable Spreading Room
i

One scenario involving the cable spreading room survived the~ screening
i process, _ the transient sequence (T U U XiUa). This scenario requires the3432

fire related failure of control power for the HPCI, RCIC,. ADS and CRD
|

,

systems. Credit was given for independence of the remote shutdown. system
from the cable spreading room. Exact cable locations were unknown.

1
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Table 5.12

Control Room Fire Scenario 2 Factors and Distributions

Lower Upper
Factor Distribution Bound Best Estimate Bottnd

Acx Camma 1.2E 7 2.3E 3 6.2E 3

(1 fa) Maximum 0.49 0.98 1.0
entropy

Rop Maximum 6.4E 3 0.064 0.64
entropy

Qgere Lognormal (EF-5) 5.0E 2

fa Maximum 0.01 0.1 0,25

entropy

However, knowing the cabinet locations within the control room which 10
directly above the cable spreading room and that cables run directly ou*
the bottom of v,ssociated cabinets, an accurate approximation of cable
routing for thg cable spreading room was obtained. The area ratio within
the cable spreading room was based on the location where the control
cables for HPCI,',RCIC, and ADS intersected with those for the CRD system
directly below it's cabinet, and continuing to the west wall. Given a
transient there is also a probability that one or more relief valves may
stick open. These sequences were analyzed but did not survive screening.
Therefore, the f.petor P3 accounts for the fact that, given a transient,
no stuck open tellef valves will occur approximately 90 percent of the
time.,

The automatic CO system within the cable spreading room was analyzed to2

| determine whether generic reliability data needed to be modified. This
system requires that two smoke detectors from different zones within the

! cable spreading room detect the fire for system activation to occur.
Since the smoke detectors are fast acting, and provide thorough detector
coverage of the area, no modifications to CO2 system reliability data was
deemed appropriate. Thus, the term in core damage equation Q,g, reflects
the probability that the automatic CO2 system will not suppress the

! postulated fire.
1

The percentage of time that personnel are in the cable spreading room is
I known. The factor Q(r ) take this percentage into account, and givesg

credit for manual extinguishment of the fire before the automatic CO2
system would be actuated.

Two sizes of fires were postulated under the cable trays of interest.
The COMPBRN results discussed in Section 5.6 were used to develop area
ratios for both the large and small fires.
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1

iAbandanment of the control room is assumed based on operators being i

unable to control the safety systen.s that received fire damage. Thus,
according to procedure the reactor will be manually scrammed Icading to a
(T ) transient. The RCIC system (U ) and CRD system (U ) receive fire3 2 3

damage to their control systems and are not independent of the cabic,

spreading room. Therefore, both systems are assumed to fail, As was the
case for the control room fire scenarios, operator error falls the llPCI
system (U ) and ADS system (X ).t t

The core damage equation is as follows:

j den
'

Aesa Q(r ) QAuto R P-
o op t

x [fA1 fst + fu fszl

where

(m - fire induced core damage frequency for the cable
spreading room

Aesa frequency of cable spreading room fires-

IQ(fo) that percentage of fires that are not manually-

suppressed before automatic detection occurs

probability that the automatic C0; system will notQAuto -

suppress the fire

R,p probability that operators will fail to recover the-

plant from_the remote shutdown panel

P i percentage of initiating event frequency where one or "-

more stuck open relief valves does not occur
,

f41 area ratio within the cable spreading room for a large-

fire

fst that percentage of fires which are in the "large"-

category

fu area ratio'within-the cable spreading room for a small-

fire

1

fs2 that percentage of fires that are in the "small"-

category

Table 5.13 gives the values of each of these factors as well as their
associated distribution and upper and lower bounds.

S.10.4 Emergency Switchgear Rooms 2A, 2D, 3A, 3B, and 3C

For all five of these fire areas a similar scenario occurred. This
segeence (T BU ) was a station blackout caused by a fire induced loss of1 1
offsite power and.a random loss of the emergency service water system,

|
|
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| Table 5.13
i
i Cable Spreading Room Tire Scenario Factors and Distributions

1

! Lower best Upper

| Tattor Distribution. DS.MD.il rstimate Bound
;

Acsk Gamma 1,2E.6 3.5E.3 7.9E 3'

Q(v ) Maximum 0.60 0.87 1.0o.

entropy

Qmo Maximum 4.0E 3 0,04 0.4
entropy

P Maximum 6. 4E. 3 0.064 0,64y

P Pt. value 0.90
3

fu Maximum 0.031 0,062 0,15

entropy

fu Maximum 0.014 0,027 0,068

entropy

fs3 Maximum 0.19 0.3 0.67.i

entropy

is: Maximum 0,33 0,7 0,81-
,

entropy'

-(ESW). This random (failure not related to the fire itself) loss of'
emergency service water caused a station blackout because emergency
service water provides cooling for all four diesel generators. Thus,
the emergency onsite power system (B) failed, Emergency service water
also provides room cooling for the HPCI system (U ). The HPCI system3

will fail in approximately 10 to 12 hours due to either loss of room
cooling or battery. depletion caused by the station blackout.

These areas are all similar in that the primary source of fire is
electrical switchgear within the fire area. Therefore, the fire
frequency was developed for electrical switchgear rooms, and area ratios
for only the cabinet area within the room. A valid mechanism for spread-
of fire outside these cabinets was required to develop a hot' gas layer-

which would fail offsite power. A plant specific look at these-
| switchgear revealed that, in the case.of all breaker cubicles, many
| small cables passed through the top at one penetration and that this
' penetration was inadequately sealed. Because there are ventilation

$-37
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! slots at the bottom of the cabinets, a chimney effect could occur given
a fire. It was assumed that there would be a 50 percent chance of the
fire exiting the top. Furthermore, a cabic run exists directly above
these penetrations which would add more fuel to the fire.

; This fire scenario requires that the cable run directly above the 4160V
switch ear ignite to add sufficient fuel to form a hot gas layer'

6
covering the entire room, which then fails offsite power trunks J57 andi

! J58. The area ratio factor (f ) was therefore taken as the ratio of4
4160V switchgear area to total cabinet area within the fire area. A,

measurement of this ratio yielded a best estimate of 0.9 for this!

maximum entropy variable. As a lower bound, only the centermost cubicle
was postulated as.being capable of failing offsite power, resulting in
an area ratio of 0.1. For an upper bound it was assumed that the most
probable source of fire was the hi h voltage 4160V cubicles, and not theS
other lower voltage cabinet. This led to an upper bound of 1.0.

The percentage of cabinet fires (f.) large enough to exit the top of
,

cubicle was approximated as unity, based on Sandia fire testing
experience. Thus, a tight maximum entropy distribution for the severity

'
ratio factor was postulated.

The percentage of fires Q(r ) that are manually extinguished beforeo
requisite damage occurs was evaluated as described in Section 5.9.

The term that represents random failure of the emergency service water
system Qtsw can be represented by the following equation:

Qgsw - ACP DGN FR EDGB*ACP DGN FR EDGC
* DGHWNR16HR * ESV XHE FO EHS
+ E5W CCF LF A0VS,

These random failure basic events were developed as part of the internal
events analysis of Peach Bottom and are identical except for the
postulated mission time of the emergency diesel generators. A sixteen-
hour mission time wau assumed for the diesel generators because offsite
power trunks J57 and J58 were irrecoverably lost due to fire damage.
Peach Bottom station blackout procedures specify that, given failure of
the emergency diesel generators, portable generators are to be
transported to the site. It is felt that a portable generator would be,

in place within 24 hours, and cabling would be run to provide:some core
I cooling to prevent core damage. Failure.of the diesel generators et
'

sixteen hours and subsequent boiloff from the core would lead to core
damage in approximately 24 hours, if portable power and core cooling

| vore not in place.

The core damage equation is as follows:
|
'

(ca - Asaa fA fs Q(r ) Qtsw fne

|
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where

(m - fire induced core damage frequency for each of the,

five switchgear rooms 2A, 2D, 3A, 3B, 3Ci

A - frequency of switchgear room firesum

in - that percentage of fires that exit the top of a
switchgear cubicle

f, - ratio of 4160V switchgear to total cabinet area within
the fire area

Q(to) - that percentage of fires that are manually-suppressed
before requisite damage occurs

Qtsw - random failure of the emergency service water system

Table 5.14 gives the values of each of these factors as well as their
associated distribution and upper and lower bounds.

Tabic 5.14

Emergency Switchgear Rooms Fire Scenario Factors
and Distributions

Lower Best Upper
Factor Distriburion Bound Ettimate Bound

I Asca Gamma S 8E 6 - 2 7E 3 S.7E 3 |.

'

fx Maximum 0.1 0.9 1.0-
entropy

i fs Maximum 0.9 0.99 1.0
entropy

Q(r ) Maximum 0.52 0.77 1,0- !o
entropy

fg Maximum 0.05 0.5 1.0
entropy

'O.5 Emergency Switchgear Rooms 3D and 2B

T.ie identical scenario to that described in Section 5.10.4 occurs,
however, some fire related failures of the ESW also occur. For emergency
switchgear room 3D the fire fails power to the ECW pump, while for roomi

5 39
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,

!
' 2B power is failed to ESW pump A. These fire related failures coupled

with additional random failures lead to a loss of SSW system, and
consequently, station blackout.

Therefore, the only modification to core damage equation of Section
5.10.4 is to the Qtsw term. For emergency switchgear room 3D:: .

Qgsw - ACP DGN FR EDGB * ACP DGN FR EDGC
*DGHWNR16HR + ESW CCF LF A0VS,

,

while for emergency switchgear room 2B:

Qtsw - ESW CKV C515A + ESW CCF LF A0VS +
ACP DGN FR EDGC * ACP DON-FR EDGD
* DOHVNR16HR.

>

5.10.6 Emergency Sw* tchgeat Room 20

Three scenarios survived screening for emergency switchgear room 20, The
first was the station blackott acct,ario described in Section 5.10.5 with

fire related failure of offsite powet and ESW pump B. The other two
sequences were T BU W X V V U V V Y and T BU W X W W U V Y. For these last1 3 32234 23 3 33223 6 2
two cases station blackout does not occur and other random failures lead
to long term core damage secnarios. The core damage equation for-all
three scenarios is identical to that in Section 5.10,4, except Qtsw is
replaced with Quemu for the latter two long term sequences to reflect
dif ferent random failures necessary for core damage.

5.10.6.1 Scenario 1

The only difference from Section 5.10.5 arises in the Qtsw term because
of slightly different fire induced damage.

I

Qtsw - ESW CKV 0515B + ESW CCF LF A0VS +
ACP DGN FR EDGB * ACP DEN FR EDGD *
DGHWNR16HR,

5.10.6.2 Scenario 2
|
'

Scenario 2 is a long term (approximately 30 hr) core damage sequence.
The HPCI system (U ) and LPCI system (V ) succeed, but core damage3 3

eventually occurs due to failure of all modes of the RHR system
(W ,W ,W ) Fire related failures are to offsite power, 4160VAC bus C,3 2 a
and indirectly to 24VAC bus C, This fire induced damage fails the
suction path logic to the SDC system (W ), and one of two injection paths2

for the SPC system (W ) and CS system (W ). Additional random failures3 3

to the emergency diesel generator fail the other injection path for the
SPC and CS systems. Containment venting is failed by loss of the
instrument air system cooling, which given a loss of offsite power fails
the TBCW system. The alternate cooling system (RBCW) is nevet digned
due to random failure RBC XHE FO SWCH. The CRD system (U )_ is 6 4 so
failed due to a failure to switch cooling.

! 5 40
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The terms ( Asca,fg, f., fa,Q(r ) and their associated distribut!ons areo
identical to the scenario described in Section 5.10,5.

The term Qumxu for scenario 2 is described by the following equation:

Qama - RBC XHE-FO SWCH *- [ ACP DGN FR EDGD*
DEHWNR30HR + ACP DGN LP EDGD * DCHWNR30Hk
+ ACP-DGN TE EDGD * DGHWNR30HR +
DCP DGN MA EDGD * DCMANR30HR +
DGACTD * DGACTNR30HR).

The core damage equation is as follows:

4cH - Asca IA fs Q(fo) fR kRANDON

wheru all factors have been previously defined.

Table 5.14 gives the values of each of the terms as well as.their.
associated distributions.

5.10.6.3 Scenario 3

As was the case for scenario 2 long-term (approximately 30 hrs) core
The HPCI system (U ) and LPCS system (V ) succeed butdamage occurs. 3 2

core damage eventually occurs due to failure of all modes of the RHR
The CRD system (U ) and containment venting system (Y)system (W ,W2iV).33 4

fail for identical reasons as in se'enario 2. However, fire-relatc,

damage to emergency bus C fails one injection side of SPC, CS, and SL .
systems and random fcilures fail the other injection path. The core 1

damage equation is identical to Section 5.10.6.2. -The only modification
is the equation for the term Qag a.

Qgmoen - RBC XHE-FO SWCH * [LPI-PTF RE LOOPil
| + ESF-LOG-HW-RHRB).

5.11 Conclusion

The overall fire induced core damage frequency for Peach Bottom Unit 2
was found to be 1.95E 5 per year. The dominant contributing plant areas
are the (a) control room, (b) emergency switchgear room 20, and (c)
emergency switchgear room 2B. These three areas comprise 75% of the
total fire risk.

l
In the case of the control room, a general transient occurs with smoke-
induced abandonment of the area. Failure to control the plant from the
remote shutdown panel results in core' damage.

For the two emergency switchgear rooms, a fire-induced loss of offsite
power and failure of one train of the ESW occurs. Random failure of
other two ESW trains results in station blackout and core damage.
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_ _ _ . _ _ . . . _ .- . __ _ _ _ . ._

.

PEACHBOTTOM STRUCTURAL MODELS

Structure Frea (Hz) Dir % Mass

Reactor Building 7.1 NS 68.6
7.6 E-W 71

18.5 VERT 72-

9.3 NS 81Radwaste/ Turbine
- 11.4 E-W 57

.'Building
24.5 VERT 70

Circulating Water 13.4 NS 86

Pump Structure 20.6 E-W 70
46.0 VERT 57

Emergency Cooling 9.77 NS 36.5
Tower 10.41 EW 79

.19.32 NS 61.7
27.0 VERT 79

Diesel Generator 17.5 N-S 99
Building 21.83 E-W 97 i

47.7 VERT 92

-

.
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! KASS OF STRUCTURES

2
Building MASS (Kip s /ft)

I X Y VERT.

.

RCB 2859. 2859, 2859.

RWTB 1610. 1610. 1610.

CWPS 1485. 1485. 979.8

ECT 1309. 1309. 1309.

DGB 313.4 313.4 313.4

|

|

|

1

I

|
|
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MED1AH RESPONSE
CIRCULAT213G WATER PUMP STRUCTUFI
ACCELERAT10N RANGE 1 (g)

el, dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) zpa

79'-10" x .25 .21 .23 .18 .22

79'-10" y .25 .21 .23 .18 .22

79'-10" z .16 .17 .19 .14 .08

88'~6" x .26 .25 .26 .22 .13

88'-6" y .25 .22 .24 .19 .13

88'-6" z .16 .17 .19 .14- .08

97'-0" x .26 .27 .28 .27 .15

97'-0" y .25 .23 .24 .20 .14

9 7 ' -0" z .16 .17 .19 .14 .08

.27 .29 .30 .30 .26
105'-6" x
105'-6" y .25 .23- .25 .21 .14

.16 .17 .20 .14 .09
105'-6" z

114'-0" x .27 .31 .31 .33 .17

114'-0" y .26 .24 .25 .21 .15

114'-0" z .16 .17 .20 .14 .09 .

EMERGEllCY AND H1GH PRESSURE WATER PUMPS ENCLOSURE

el, dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) zpa

130'-6" x .27 .32 .32 .35 .17

130'-6" y .26 .25 .27 .24 .27

130'-6" z .16 .17 .20 .15 ,09

,

TRAVELING WATER SCREEN ENCLOSURE
.

el. dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) rpa

130'-6" x .27 .32 .32 .35 .18

130'-6" y .26 .25 .27 .23 .26

130'-6" z .17 .19 .21 .17 ,10

i

h

B-1
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KEDIAN RESPONSE |

CIRCULATING WATER PUMP STRUCTURE
|ACCELERATION RANGE 2 (g)

el. dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) zpa

79'-10" x .50 .43 .46 .36 .25

79'-10" y .50 .43 .46 .36 .25

79'-10" z .33 .34 .38 .28 ,17

8 8 ' - 6" x .51 .49 .52 .44 .27

8 8' -6" y .50 .44 .47 .38 .25

88'-6" z .33 .34 .39 .28 .17

97'-0" x .53 .54 .56 .52 .29

97'-0" y .51 .46 .49 .40 .27

9 7 ' -0" z .33 .35 .39 .28- .17

10$'-6" x .53 .58 .60 .59 .31

105'-6" y .51 .47 .50 .42 .28

105'-6" z .33 .35 .39 .29 .17

114'-0" x .54 .61 .62 .64 .33

114'-0" y .51 .48 .51 .43 .29

114'-0" z .33 .35 .39 .29 .17

EMERGEN0Y AND HIGH PRESSURE WATER PUKPS ENCLOSURE

el, dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) 2pa

130'-6" x .55 .62 .64 .67 .34

130'-6" y .52 .51 .54 .47 .33

130'-6" z .33 .35 .39 .29 .18'

TRAVELING WATER SCREEN ENCLOSURI

el, dir. 2-5 (Hz) 5.10 (Hz) 7 (Hz) 10 (Hz) zpa

130'-6" x .55 .63 .64 .68 .34

130'-6" y .52 .50 .53 .47 .32

130'-6" 2 .34 .38 .43 .33 .20

B-2
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MEDI AN RESPONSE
CIRCULATING WATER PUMP STRUCTURE
ACCELERA720N F.ANGE 3 (g)

el. dir. 2-5 (Hz) 5-10 (H:) 7 (H2) 10 (H:) rpa

79'-10" x 74 .64 .69 .55 .37
79'-10" y .74 .64 .69 .55 .37 -

79'-10" 2 .49 .51 .58 .42 .25
88'-6" x 77 .73 78 .65 .40
88'-6" y 75 .67 .71 .58 .38

|

| 88'-6" z .49 .51 .58 .42 .25
97'-0" x 79 .80 .84 .77 .44

9 7 ' -0" y 76 .69 73 .60 .40
97'-0" z .49 .52 .58 .43 .25

10$'-6" x .80 .86 .90 .86 .46
105'-6" y .76 70 .75 .63 .42
105'-6" z .49 .52 .59 43 .26
114'-0" x .81 .90 .93 .93 .49
114'-0" y .77 .72 .76 .64 .43
114'-0" .49 .52 .59 .43 .26

EMERGENCY AND HIGH PRESSURE WATER PUMPS E)* CLOSURE

el. dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) rpa

130'-6" x .82 .93 .96 .9B .51
130'-6" y .78 .76 .80 .70 .49
130'-6" z .49 .52 .59 .44 .26

TRAVELING WATER SCREEN ENCLOSURE

i el. dir. 2-5 (Hz) 5-10 (H2) 7 (Hz) 10 (H:) zpa

I 130'-6" x .82- .93 .96 .99 .51
130'-6" y .78 .76 .60 .70 .48

| 130'-6" z .51 .57 .64 .50 .30i

B-3
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j MEDIAN RESPONSE
REACTOR /CONTAllMENT BUILDINGd

ACCELERATION PJJJGE 1 (g)
i
,

| REACTOR /CONTAIlmENT BLDG

el. dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) rpa

91' - 0 " x .25 .21 .22 .1B .12
.

91'-0" y .25 .21 .22 .le .22
91'-0" : .16 .17 .18 .14 .0B

135'-0" x .27 .25 .26 .20 .14
135'-0" y .27 .24 .25 .19 .13 :

, 135'-0" r .17 .18 .19 .16 .09
d 165'-0" x .31 .35 .37 .27 .17

165'-0" y .30 .34 .36 .24 .15
165'-0" r .17 .19 .20 .10 .10
195'-0" x .35 .49 .52 .36 .22
195'-0" y .33 .46 .49 .34 .18

,

195'-0" .17 .20 21 .19 .11
234'-0" x .39 .67 72 .51 .28-
234'-0" y .35 .59 .63 .46 .23
234'-0" r .17 .21 .22 .21 .11
252'-0" x .43 .89 .94 .70 .36

4

! 252'-0" y .30 .77 .00 .66 .29
252'-0" : .1B .23 .23 .23 .33
286'-0" x .51 1.38 1.45 1.27 .54
286'-0" y .42 1.00 1.04 .95 .40
2B 6' -0" r .18 .25 .25 .27 .14

REA0'109

el. dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) rpa

119'-11" x .26 .23 .24 .19 .33
119'-11" y .26 .23 .24 .18 .12 -
119'-11" .17 .10 .30 .15 .09
135'-0" x .28 .28 .29 .22 .15
135'-0" y .28 .27 .28 .21 .24
135'-0" r .17 .1B .19 .16 .09
145'-9" x .30 .33 .35 .27 .17
145'-9" y .30 .33 .35 .26 .16
145'-9" r .17 .19~ .19 .17 .09
156'-0" x .32 .39 .41 .30 .19
156'-0" y .31 .39 .42 .30 .17
156'-0" r .17 .19 .20- .18 .10
169'-0" x .36 .53 .57 .41 .24
169'-0" y .34 .55 .58 .43 .22
169'-0" r .17 .21 .21 .21 .11
182'-0" x .38 .65 .69 .50 .27
182'-0" y .36 .67 .70 .53 .25
182'-0" r .17 .22 .23 .23 .12-
195'-0" x .40 .71 .76 .56 .29
195'-0" y .37 72 . 76 .59 .28
195'-0" r .1B .23 .23 .25 .33
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; |

.

MED7A!; RESPO!;5E
REACTOR /ColiTAIliMEliT BUILD.il;G i

ACCELERAT201; RA!;GE 2 (g)

REAC70R/CO!;7A11;ME!;T BLDG

el, dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) zpa

91'-0" x .50 .43 .44 .36 .20 -

91'-0" y .50 .43 .44 .36 .25

91 ' - 0 " z .33 .34 .35 .28 .17

135'-0" x .54 .49 .51 .39 .27

135'-0" y .53 .48 .50 .38 25

135'-0" z .33 .36 .37 .31 .18

165'-0" x .62 .67 .70 .51 .33

165'-0" y .60 .65 .69 .47 .30

165'-0" .34 .39 .40 .35 .19 -

195'-0" x .69 .91 .97 .67 .41

195'-0" y .65 .87 .92 .64 .36
2 195'-0" r .34 .41 .42 .39 .21

234'-0" x .77 1.24 1.32 .95 .52

234'-0" y .70 1.12 1.18 .87 .44

234'-0" z .34 .42 .43 .41 .22

252'-0" x .85 1.62 1,72 1.29 .67

252'-0" y .75 1.43 1.49 1.22 .55

252'-0" r .35 .46 .46 .46 .25

286'-0" x .99 2.51 2.62 2.31 .99

286'-0" y .82 1.86 1.92 1.75 .74

286'-0" r .36 .50 .50 ,53 .28

REACTOR

el. dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) rpa

119'-11" x .52 .46 .47 .38 .25

119'-11" y .52 .45 .47 .37 .25
119'-11" z .33 .35 .37 .30 .17

135'-0" x .57 .54 .56 .44 .29

135'-0" y .56 .53 .55 .42 .27

135'-0"
'

.33 .37 .38 .32 .28z
145'-9" x .60 .64 .67 .51 .33

145'-9" y .59 .64 .67 .49 .30

145'-9" z .33 .38 .39 .34 .18

156'-0" x .64 .74 78 .58 .37

156'-0" y .62 .75 .19 .57 .34*

156'-0" r .34 .38 .39 .35 .19

169'-0" x .71 .99 1.05 .75 .45

169'-0" y .68 1.03- 1.09 .79 .41

169'-0" z- .34 .42 .42 .41 .22

182'-0" x .75 1.20 1.27 .92 .50

182'-0" y .72 1.24 1.31 .98 .47
.44 .45 .45 .24

i
182'-0" z .35

.1.32 1.39 1.05 .55195'-0" x .78
j 195'-0" y . 14 1.35 1.41 1.10 .52*

195'-0" z .35 .46 .47 .48 .25

n-5
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HEDIAN RESPONSE
REACTOR /CONTAI! MENT BUILDING
ACCELERATION RANGE 3 (g)

FIACTOR/CONTAINP.ENT BLDG

cl. dir. 2-5 (Hz) 5-10 (Hz) ? (Hz) 10 (Hz) zpa

91'-0" x .74 .64 .66 .54 .37
91'-0" y .74 .64 .66 .54 .37
91'-0" .49 .51 .53 .41 .25

. 135'-0" x .81 .73 .75 .59 .39'

135'-0" y .80 .71 .74 .57 .38
135'-0" z .50 .54 .56 .46 .26
165'-0" x .92 .96 1.01 .73 .48
165'-0" y .89 .94 .99 .69 .44
165'-0" z .51 .58 .60 .53 .29.

195'-0" x 1.02 1.29 1.37 .96 .59
195'-0" y .97 1.25 1,32 .91 .52
195'-0" z .51 .61 .62 .57 .31
234'-0" x 1.14 1.75 1.85 1.34 .74
234'-0" y 1.04 1.59 1.61 1.24 .64
234'-0" z .52 .63 .65 .61 .33
252'-0" x 1.24 2.26 2.38 1.80 94
252'-0" y 1.12 2.01 2.10 1.71 .78
252'-0" z .53 .68 .69 .68 .36
286'-0" x 1.44 3.45 3.60 3.16 1,38
286'-0" y 1.22 2.60 -2.69 2.43 1.03 g286'-0" z .54 .74 .75 .78 .41

PIACTOR

el, dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) 2pa

119'-11" x 79 .69 .71 .56 .38119'-11" y .78 .68 .70 .55 .37
119'-11" z .50 .53 .55 .45 .26135'-0" x .85 .30 .82 .65 .43135'-0" y .83 .78 .82 .62 .40135'-0" z .50 .55 .57 .48 .27
145'-9" x .90 .93 .96 .74 .48
145'-9" y .BB .93 .98 .72 .45
145'-9" z .50 .57 .58 .51 .27
156'-0" x .95 1.06 1.11 .83 .53156'-0" y .93 1.08 1.14 .82 .49
156'-0" z .50 .58 .59 .52 .28169'-0" x 1.05 1.40 1.48 1.07 .64169'-0" y 1.01 1,46 1.54 1.12 .60
169'-0" z .51 .62 .63 .60 .32
182'-0" x 1.12 1.68 1.78 1.31 72182'-0" y 1.07 1.75 1.84 1,38 .68
182'-0" z .52 .66 .67 .66 .35
195'-0" x 1.15 1.85 1.95 1.47 77
195'-0" y 1.10 1.89 1.98 1.55 74
195'-0" z .53 .69 .69 .71 .37

B-6
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MEDIAN RESPONSE
RADWASTE/ TURBINE BUILDING

1 ACCELERATION RANGE 1 (g)

PASS C.G.

el. dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) zpa

116'-0" x .25 .21' .22 .18 .12
116'-0" y .25 .21 .22 .18 .12
116'-0" r .16 .17 .18 .14 .08

135'-0" x .27. .29 .30 .24 .15
135'-0" y .26 .25 .26 .22 .13
135'-0" z .16 .17. .18 .15 .09
150'-0" x .29 .38 .38 .33 .1B

.
150'-0" y .27 .30 .30 .28 .26

| 150'-0" .17 .18 .19 .16 .09
165'-0" x .30 .44 .44 .40 .20
165'-0" y .28 .34 .34 .35 .18

165'-0" z .17 .19 .19 .16 .10

CONTROL ROOM
|

el, dir. 2-5 (Hz) 5-10 'Hz) 7 (Hz) 10 (Hz) rpa

135'-0" x .28 .34 .34 .28 .26
135'-0" y .26 .25 .26 .22 .13 ;

135'-0" z .17 .19 .19 .16 .09
150'-0" x .29 .41 .41 .36 .19
150'-0" y .27 .30 .30 .28 .16
150'-0" z .17 .19 .20 .17 .10
165'-0" x .30 .45 .45 .41 .20
165'-0" y .28 .34 .34 .35 .18
165'-0" z .37 .19 .20 .18 .10

J

L
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MIDI A14 RESPONSE
RADWASTE/TURB1NE BUILDING
AOCELERATION RANGE 2 (g)

!

MASS C.G.

el, dir. 2-5 (H:) 5-10 (Hz) 7 (Hz) 10 (Hz) rpa

116'-0" x .50 .43 .46 .36 .25
116'-0" y .50 .43 .46 .36 .25
116'-0" z .33 .34 .30 .26 .17
135'-0" x .54 .57 .61 .49 .29
135'-0" y .52 .50 .53 .45 .27
135'-0" z .33 .35 .40 .29 .27
150'-0" x .5B .73 .79 .67 .35
150'-0" y 54 .5B .(1 .57 .31
150'-0" r .33 .36 .41 .31 .19
165'-0" x .60 .B4 .69 .61 .39
165'-0" y .56 .66 .69 .69 .35
165'-0" : .34 .30 .42 .33 .19

CONTROL ROOM

el. dir. 2-5 (Hz) 5-10 (Hz) 7 (Ez) 10 (Hz) rpa

135'-0" x .56 .65 .69 .5B .32'

135'-0" y .52 .50 .53 45 .27
135'-0" z .33 .37 .41 .32 .18
150'-0" x .5B . '1 B .83 73 .3C

150'-0" y .54 .50 .(1 .57 .31
150'-0" z .34 .38 .42 .34 .19
165'-0" x .60 .BC .91 .63 .40
165'-0" y .56 .66 .69 .69 .35
165'-0" z .34 .39 .43 35 .20

B- 8
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MID2AN RESPONSE>

RADWASTE/ TURBINE BUILDING
ACCELERATION RANGE 3 (g)

J

!

MASS C.G.

el. dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) spa

74 .64 .69 .55 .37
116'-0" x
116'-0" y .74 .64 .69 .55 .37;

116'-0" z .49 .51 .58 .42 .25'

135'-0" x .81 .84 .91 71 .43

135'-0" y 78 75 .80 .66 _.40

i 135'-0" : .50 .53 .59 .44 .26

|
150'-0" x .86 1.06 1.14 .96 .51

150'-0" y .81 .86 .91 .82 .46

150'-0" : .50 .55 .62 .47 .28

165'-0" x .90 1.22 1.30 1.15 .58-

165'-0" z .50
.

.97 1.02 .99 .51
i 165'-0" y .84

'

.56 .63 .49 .29

CON 7ROL ROOM

el. dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) zpa
,

135'-0" x .84 .95 1.02 .83 .46

135'-0" y 78 .75 .00 .66 40

135'-0" z .50 .55 .62 .48 .27

150'-0" x .87 1.12 1.20 1.04 .54

150'-0" y .61 .86 .91 .82 .46-

150'-0" z .50 .57 .64 .50 .28

165'-0" x .90 1.23 1.32 1.17 .58

165'-0" y .84 .97 1.02 .99 .51

1C5'-0" z .50 .56 .64 .52 .29

|

|
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MEDIA 11 RESPO!;SE
DIESEL GEliERATOR BUILDI!;G
ACCELERATZDN RANGE A (g) '

el. dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) rpa e

127'-0" x .25 .21 .22 .19 .12
127'-0" y .25 .21 .22 .18 .22
127'-0" z .16 .17 .18 .14 .08
151'-0" x .26 .25 .25 .23 .15
151'-0" y .25 .23 .24 .21 .14
151'-0" z .16 .17 .10 .14 .09
161'-11" x .26 .25 .25 .23 .15
161'-11" y .26 .24 .24 .21 .15
161'-11" z .16 .17 .18 .14 .09

ACCELERATION RANGE 2 (g)

el. dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) rpa

127'-0" x .50 .43 .44 .36 .25
127'-0" y .50 .43 .44 .36 .25
127'-0" 2 .33 .34 .35 .28 .17
151'-0" x .52 .49 .50 .46 .29
151'-0" y .51 .46 .47 .41 .28
151'-0" z .33 .35 .36 .29 .17
161'-11" x .52 .50 .51 .47 .30
161'-11" y .51 .47 .48 .42 .29
161'-11" z .33 .35 .36 .29 .17

ACCELERATION RANGE 3 (g)

el. dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) rps

127'-0" x .74 .64 .66 .54 .37
127'-0" y .74 .64 .66 .54 .37
127'-0" z .49 .51 .53 .41 .25
151'-0" x .77 .74 .76 .68 .44
151'-0" y .76 70 .71 .62 .42
151'-0" z .49 .52 .54 .43 .26
161'-11" x .78 .75 .76 .69 .45
161'-11" y .77 .71 .72 .63 .43
161'-11" z .49 .52 .54 .43 .26

B-10
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a

liEDIAN RESPONSE
EMERGENCY COOLING TOh'ERS
ACCELERATION PJJJGE I (g)

4

I el. dir.- 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (bz) rpa

11B'-0" x .25 .21 .22 .28 .22

118'-0" y .25 .21 .22 .28 .22

110'-0" z .16 .17 .18 .24 .08.

136'-0" x .26 .25 .25 .22 .15

136'-0" y .27 .30 .31 .27 .15

136'-0" z .17 .18 .18 .15 .09

153'-0" x .26 .27 .27 .23 .26

153'-0" y .28 .36 .36 .34 .28

153'-0" z .17 .18 .19 .15 .30

168'-0" x .30 .45 .45 .45 .22

168'-0" y .29 .42 .42 .44 .20

168'-0" z .17 .19 .20 .17 .10

192'-0" x .31 .52 .52 .55 .25

192'-0" y .31 .54 .53 .64 .27

192'-0" z .17 .19 .20 .17 .11

202'-0" x .32 .55 .55 .59 .27

202'-0" y .32 .57 .56 70 .30

202'-0" 2 .17 .20 .20 .18 .11

i

l

l
t

11 - 1 1
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MEDIAll RESP 011SZ
-EMERGE 11CY COOLI!1G TOWERS
ACCELERATIO!1 RA!1GE 2 (g)

el. dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) rpa

118'-0" x .50 .43 .44 .36 .25
118'-0" y .50 .43 .44 .36 .25

0 .17118'-0" z .33 .34 .35
136'-0" x .52 .50 .51 45 .29
136' 0" y .54 .59 .61 .33 .31
13 6 ' - P' z .33 .35 .37 .30- .18
153' 0" x .53 .53 .54 .46 . r.

153'-0" y .56 70 .71 .65 .35
15?'-0" z .33 .36 .37 .31 19

16P-0" x .60 . 87 .87 .84 .42
168'-0" y .59 .82 .82 .93 .39
168'-0" z .34 .38 .39 .33 20.
192' 0" x .62 1.00 1.00 1.02 .48
19 ? ' c 0 " y .62 1.02 1.01 1.18 .51
192'-0" z .34 .39 .40 .35 .21
202'-0" x .63 1.0! 5 1.10 .50
102'-0" y .63 1.05 D 1,29 .56
202'-0" z .34 .39 .35 .21

!

l

I
i
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MEDIAN RESPONSE
EMERGENCY COOL 2NG TOh'ERS
ACCELERATION RANGE 3 (g)

el, dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) 2pa

118'-0" x .74 .64 .66 .54 .37

118'-0" y .74 .64 .66 .54 .37

118'-0" z .49 .51 .53 .41 .25

136'-0" x .78 .74 76 .64. .44

136'-0" y .81 .87 .90 .77 .46

136'-0" z .50 .53 .55 .45 .27

153'-0" x .79 79 .81 .69 .46 j

153'-0" y .84 1.02 1.03 .94 .51 l

153'-0" z .50 .54 .56 .46 .28 |

168'-0" x .89 1.26 1.27 1.18 .61 -

168'-0" y .88 1.18 1.19 1.17 .58 |

168'-0" z .50 .57- .59 .50 .30

192'-0" x .93 1.44 1.44 1.44 .69

192'-0" y .93 1.46 1.45 1,64 73

192'-0" z .51 .58 .60 .52 .51

202'-0" x .94 1.50 1.51 1.54 72

202'-0" y .95 1.55 1.54 1.80 ,79

202'-0" z .51 .59 .61 .53 .31 ]

:

| l
,

|
[

I
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4

MEDIAN RESPONSE
CIRCULATING WATER PUMP STRUO*URE
ACCELERATION RANGE 1 (g)

el. dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 -(Hz) zpa
.

79'-10" x .25 .21 .23 .18 .12

.25 .21 .23 .1B .12

.16 .17 .19 .14 .0B79'-10" y
79'-10" z

.26 .25 .26 .22 13

.25 .22 24 .19 .1388'-6" x

.16 .17 .19 14 .08 -;8 8' -6" y

.26 .27 .28 .27 .15 i8S'-6" z

.25 .23 .24 .20 .14 '|97 ' -0" x

.16 .17 .19 .14 .0897'-0" y

.27 .29 .30 .30 -.1697'-0" z

105'-6" x
105'-6" y .25 .23 .25 .21 .14

.16 .17 .20 .14 .09

.27 . 31 .31 .33 ,17105'-6" z

114'-0" x
.26 .24 .25 .21 .15

114'-0" y
.16 .17 .20 .14 .09

114'-0" z
.27 .32 .32 .35 .17

130'-6" x
.26 .25 .27 .24 .17

130'-6" y
.16 .17 .20 .15 .09

130'-6" z
.27 .32 .32 .35 .18

130'-6" x
130'-6" y .26 .25 .27 .23 .16

.17 .19 .21 .17 .10
130'-6" r

,

.

|
t

I

|

|
|

|

|

|
|

B-14
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PIDIAN RESPONSE
CIRCULATING WATER PUVJ STRUCTURE
ACCELERATION RANGE 2 (g)

el, dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) zpa

79'-10" x .50 .43 .46 .36 .25
79'-10" y .50 .43 .46 .36 .25
79'-10" r .33 .34- .38 .28 .17
88'-6" x .51 .49 .52 .44 .27
88'-6" y .50 .44 .47 . 38 .25
88'-6" z .33 .34 .39 .28 .17
97'-0" x .53 .54 .56 .52 .29
97'-0" y .51- .46 .49 .40 .27
97'-0" r .33 .35 .39 . 28 .17

105'-6" x .53 .58 .60 .59 .31
105'-6" y .51 .47 .50 .42 .28
105'-6" z .33 .35 .39 .29 .17
114'-0" x .54 .61 .62 .64 .33
114'-0" y .51 .48 .51 .43 .29
114'-0" z .33 .35 .39 .29 .17
130'-6" x .55 .62 .64 .67 .34
130'-6" y .52 .51 .54 .47 .33
130'-6" z .33 .35 .39 .29 .18
130'-6" x .55 .63 .64 .68 .34
130'-6" y .52 .50 .53 .47 .32
130'-6" z .34 .38 .43 .33 .20

,

B-15
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MEDIAN RESPONSE
CIRCULATING WATER PUMP STRUCTURE
ACCELERATION RANGE 3 (g)

el, dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) - 2 ') (Hz) zpa

79'-10" x 74 .64 .69 .55 .37
79'-10" y .74 .64 .69 .55 .37
79'-10" z .49 .51 .5r .42 .25
88'-6" x .77 .73 . ', 8 .65 .40
80'-6" y 75 .67 71 .58 .38
88'-6" z .49 .51 .58 .42 .25
97'-0" x .79 .80 .84 .77 .44

97'-0" y .76 .69 73 .60 .40
97'-0" z .49 .52 .58 .43 .25

105'-6" x .80 .86 .90 .86 .46
105'-6" y 76 .70 .75 .63 .42
105'-6" z .49 .52 .59 .43 .26
114'-0" x .81 .90 .93 .93 .49
114'-0" y .77 .72 .76 .64 .43
114'-0" z .49 .52 .59 .43 .26
130'-6" x .82 .93 .96 .98 .51
130'-6" y .78 .76 .80 .70 .49
130'-6" z .49 .52 .59 .44 .26
130'-6" x .82 .93 .96 .99 .51
130'-6" y .78 76 .80 .70 .48
130'-6" z .51 .57 .64 .50 .30

B-16

- . - . . . .



. ._. .

MEDIAN RESPONSE
FREE-TIELD RESPONSE

ACCELERATION RANGE 1 (g)

dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 - (Hz') zpa

x .25 .21 .22 .18 .12 i

y .25 .21 .22 .18 - .12
z .16 .17 .18 .14 .08

ACCELERATION RANGE 2 (g)

dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) zpa-

x .50 .43 .46 .36 .24
y .50 .43 .46 .36' .24 |

z .33 .34 .38 .28 .16

ACCELERATION RANGE-3 (g)

dir. 2-5 (Hz) 5-10 (Hz) 7 (Hz) 10 (Hz) zpa

x .79 .64 .69 .55 .36
y .74 .64 .69 .55 .36
z .49 .51 .58 .42 .24

i

j

5

il
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APPENDIX C

FILES FOR PEACH BOTTOM SEISMIC ANALYSIS

iFrag 111ty File

Response File

Accident Sequence Expressions

Cross-Reference File

;

1

:
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PEACH BOTTOM FRACILITIES Fill

Eh dF ffr dfu .Qaterory

1 0.25 0.25 .25 CERAMIC INSUI.ATORS
2 4.00 0.46 .75 RELAY CilATTER
3 7.63 0.48 .74 CIRCUIT BREAKER TRIP
4 2.50 0.40 .39 BATTERIES
5 2,29 0.31 .39 BATTERY RACKS
6 2.00 0.26 .35 INVERT 0RS
7 8.80 0.28 .30 TRANSFORMERS
8 7.63 0.48 .74 MOTOR CONTROL CENTER
9 7.63 0.48 .66 AUX REIAY CABINET

10 6.43 0.29 .66 SWITCHGEAR
11 2.23 0.34 .19 CABLE TRAYS
12 11.50 0.46 .74 CONTROL PANELS AND RACKS
13 7.68 0.20 .35 LOCAL INSTRUMENTS
14 1,00 0.25 .31 DIESEL GENERATOR
15 12,10 0,27 .31 MOTORS Il0RIZONTAL
16 2.80 0.25 .27 MOTOR-DRIVEN. PUMPS & COMPRESSORS
17 2.21 0.22 .32 LG, VERT. M D. CENTRIF PUMP
18 6.50 0.26 .60 DiOV
19 4.83 0.26 .60 SMALL MOV & A0Vs
20 6.50 0,26 .34 LG, PNEUM /HYD VAINE
21 8.90 0.20 .35 LG MANUAL, CHECK, RELIEF VALVE
22 12.50 0.33 .43 MISC. SMALL VALVES
23 3.00 0.30 .53 .LG. HORIZ VESSELS
24 1.84 0.25 .45 SM MED HEAT EXCHANGERS & VESSELS
25 1,46 0.20 .35 LC. VERT VESSELS w/ FORMED HEADS
26 0.45 0.35 .29 LG VERT. FLAT BOTTOMED TANKS
27 6.90 0.27 .31 AIR HANDLING UNITS
28 1.95 0.26 .20 BWR REACTOR SKIRT (GENERIC)
29 0.95892 0.50 .30 SLOCA FIT (SSMRP)
30- 1.4967 0.4681 ,30 MLOCA FIT (SSMRP)
31 1.26 0.35 .40 BWR RECIRC l' UMP SUPPORT (GENERIC)
32 1.00 0.04 .17 DIKE AROUND CST AND RWST
33 0.55 0.11 .21 EMERGENCY COOLING TOWER (PEACH)
34 1.6 0.16 .27 REACTOR BLDC. SHEAR WALLS
35 1.2 0.10 .23 RADWASTE/ TURBINE ROOF DIAPHRAGM,

36 1.5 0.13 .25 RADWASTE/ TURBINE SHEAR WALLS
37 0.50 0.11 .21 TURBINE BLDG.
38 1.5 0.13 .24 BLOCK WALLS VARIOUS
39 99.0 0.3 .30 DUMMY EVENT-CAUSES NO SEISMIC FAILURE
40 0.01 0.3 .30 DUMMY EVENT CAUSES FAILURE PF-1
41 3.30 0,15 .25 4KV BUSSES (PEACH BOTTOM)
42 0.95 0.15 .20 DG DAY TANKS
43 4.42 0.15 .25 HPCI ROOM COOLER

C1
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PEACH BOTTOM RESPONSE MULTIPLE FILE

FA. Mr4 Pan arr dru Besoonse

1 1.00 0.25- .25 FREE FIELD ZPA
2 2.08 0.45 i25 25 11Z
3 1.90 0.45 .25 5

4 1.78 0.35 .25 5 10
5 1.90 0.35 .25 ,

6 1.20 0.35 .25 CS 135 ZPA
7 2.50 0.45 .25 5-10 dZ
8 1.40 0.35 .25 150 ZPA
9 3.00 0.45 .25 5 10

10 1.60 0.35 .25 165 ZPA
11 3,30 0.45 .25 5 10
12 1.00 0.35 .25 RB 91 ZPA
13 1.80 0.45 .25 5 10
14 1.80 0.45 .25 7 '

15 1.80 0.45 .25 5
16 1.10 0.35 .25 116 ZPA
17 7.10 0.45 .25 7

18 1.10 0.35 .25 135 ZPA
19 2.10 0.45 .25 7

20 1.30 G.35 .25 165 ZPA
21 3.00 0.45 .25 7

22 1.00 0.35 .25 DG 127 ZPA
23 1.80 0.45 .25 5-10
24 1.80 0.45 .25 5
25 1.00 0.35 .25 TB 116 ZPA
26 1.90 0.45 .25 7

27 1.30 0.35 .25 CWPS~114 ZPA
28 2.40 0.45 .25 .7
29 1~40 0.35 .25 ECT 153 ZPA.

30 2.60 0.45 .25 7

31 2.60 0.45 .25 5
32 1.00 0.00 .25 DUMMY RESPONSE FOR M & S LOCA

C-2
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PEACH BOTTOM ACCIDENT SEOUENCES I
|

LOSP - CERAMIC-INSULATORS
CBAR - 1.0
Q - 0.01 ,

MBAR - 1.0
P1 - 0.096
P2 - 0.002 -

'P3 - 0.0002
PBAR - 1.0-(Pl+P2+P3) _

BBAR - 1.0 !

X1BAR - 1.0 }

BOOLEAN 4 FAILS ALL ESW AND GIVEN LOSP, CAUSES SB0
;
<

'

B00L(4) -
ACP CCF 2-4KV * TURBINE BLDG + - i

'

ACP CCF-2 4KV * EMER COOL TOWER-+
ACP DGN LP EDGB'* ACP-CCF 2 4KV +
ACP DGN LP EDGD * ACP-CCF 2 4KV +
ACP DGN-LP EDGC * ACP-CCF-2 4KV +
ESW MDP FS MDPA * ACP BAC LP 416C * TURBINE-BLDG +
ESW MDP-FS MDPB *-ACP BAC LP 416B:* TURBINE BLDG +
ACP BAC-LP 416D * ESW CCP-PF-MDPS +~
ACP-DGN-LP EDGB * ACP BAC-LP 4160 '* TURBINE BLDG +
ACP-DCN LP-EDGC * ACP BAC LP 416B * TURBINEaBLDG +
ESW MDP-FS MDPA * ACP-BAC LP 416C * EMER COOL TOWER +
ESW MDP-FS MDPB * ACP PAC-LP 416B * EMER COOL-TOWER +
ACP DGN-LP-EDGB * ACP-BAC LP 416C * EMER-COOL-TOWER +

'

ACP DGN LP-EDGC *- ACP BAC LP 416B * EMER-COOL-TOWER +
ESW MDP FS-MDPA * ESW MDP FS ECW * ACP-BAC LP-416C + i

ESW MDP FS MDPB * ESW MDP FS-ECW * ACP BAC-LP 416B +. <.

'

ACP-DGN LP EDGC * ESW MDP-FS ECW * ACP-BAC-LP-416B-+
,

ACP DGN-LP EDGB * ESW MDP FS ECW * ACP-BAC-LP-416C +- ''
-

iACP DGN-LP EDGB * ESW MDP-FS MDPB *:ACP LAC LP-416D +
ACP-DGN-LP EDGD * ESW MDP FS-MDPB'* ACP BAC LP 416B +

_
_

ACP-DGN LP EDGC * ESW MDP-FS MDPA * ACP-BAC LP-416D +
ACP-DGN LP-EDGD * ESW MDP-FS MDPA * ACP-BAC LP 416C +

'

<

ESW MCP FS ECW * ESW CCF PF MDPS +-,

ESW CCF 2 MDPS * TURBINE BLDG +
ESW CCF 2 MDPS * EMER COOL TOWER +,

ACP CCF-LP DGS +
,

ACP DON-FR EDGD-* ACP CCF-2 4KV +
ACP-DGN-FR EDGB * ACP CCF-2-4KV +

. ACP-DGN-FR-EDGC * ACP-CCF-2 4KV +
"

ACP-CCF-2 DOS * ACP BAC LP-416D +
; ACP CCP-2 DOS * ACP BAC LP-416B +

-

C3;
.

y 4. , - - -. . c. . . . . ., , , . - , . . ..5-e... e . . , . + - . . ..w v.. . . . .. w. . < , -. . . . .._..m...-
-



-- . ...

!
H

:,

i

B00L(4) Cont'd ,

,

ACP CCF 2 DGS * ACP BAC LP 416C +
'

ACP DGN-LPeEDGC * ESW MDP FS-MDPA * TURBINE BLDG +
ACP-DGN LP-EDGB * ESW MDP PS MDPB * TURBINE BLDG +-
ACP DGN LP EDCD * ESW CCF-PF MDPS +
ACP DGN FR EDGC * ACP BAC LP 416B=* TURBINE BLDG +
ACP-DGN FR-EDGB * ACP-BAC LP 416C * TURBINE-BLDG +
ACP CCF 2 DGS * TURBINE-BLDG + ,

ACP-BAC-LP 416B * DCP BDC LP-1250 * TURBINE BLDG:+ 3

DCP BDC-LP 12SB * ACP BAC LP-4160 * TURBINE BLDG +-
ACP DGN-LP-EDGC * ESW-MDP FS-MDPA * EMER COOL TOWER +
ACP DGN-LP-EDGB * ESW MDP FS MDPB * EMER COOL TOWER +
ACP DGN FR-EDGC * ACP-BAC LP-416B * EMER-COOL TOWER +
ACP DGN FR EDGB * ACP BAC LP-4160 * EMER COOL-TOWER +-

-ACP-CCF 2 DGS * EMER COOL TOWER |+- !

ACP BAC LP 416B * DCP-BDC-LP 1250 * EMER COOL TOWER'+
DCP-BDC LP 125B * ACP BAC LP 416C.* EMER COOL-TOWER +
ACP DGN LP-EDCC * ESW MDP FS MDPA * ESW MDP FS ECW +-

_

ACP DGN-LP EDGB * ESW MDP-FS MDPB * ESW MDP-FS ECW +-
ACP-DGN MA-EDGC * ACP CCF-2 4KV +
ACP-DGN-MA EDGD * ACP CCF 2-4KV +
ACP-DGN MA EDGB * ACP CCF 2 4KV +
DCP-BAT LP B2 * ACP BAC LP-416C_* TURBINE BLDG +-
ACP BAC-LP 416B * DCP-BAT-LP-03 * TURBINE BLDG'+-
DCP BAT LP B2 *-ACP-BAC-LP 416C * EMER COOL-TOWER +
ACP BAC LP-416B * DCP-BAT-LP 03 * EMER COOL TOWER +
ACP CCP-2-4KV * ESW-TNK-LL-PS13 +
ACP-DGN FR EDGC * ESW MDP FS ECW * ACP BAC LP-416B +
ACP DGN-FR EDGB * ESW MDP FS ECW *-ACP-BAC LP 4160.+
ACP CCF-2-DGS * ESW MDP FS-ECW +-

|
ACP-DGN FR EDGB * ESW MDP-FS MDPB * ACP BAC LP-416D +

| ACP DGN-FR-EDGC * ESW MDP FS MDPA-* ACP-BAC LP-416D +'
| . ACP DGN FR EDGD *.ESW MDP FS-MDPA *-ACP BAC-LP;4160 +-

ACP DGN-FR EDGD * ESW MDP FS-MDPB * ACP BAC-LP-416B +
ACP CCF 2-DGS * ESW MDP FS-MDPA +
ACP CCF 2 DGS * ESW MDP-FS MDPB +
ACP DGN MA EDGB * ACP-BAC LP 4160 * TURBINE-BLDG +
ACP-DGN MA EDGC * ACP BAC LP 416B ' * TURBINE BLDG +;

| ACP-DGN-MA-EDGB *-ACP-BAC LP 416C * EMER COOL TOWER +
ACP DGN-MA-EDGC * ACP BAC-LP 416B * EMER COOL TOWER

;

1 C-4
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BOOL 5 - BOOL 4 BUT NO DG'S

| B00L(5) -
ACP CCF 2 4KV * TURBINE BLDG-+
ACP CCF 2 4KV * EMER COOL TOWER +
ESW.KDP FS MDPA * ACP BAC LP 4160'* TURBINE BLDG +
ESW MDP-FS-MDFB *-ACP BAC LP 416B * TURBINE BLDG +
ESW MDP FS MDPA * ACP BAC LP 4160 * EMER COOL TOWER +. 3
ESW MDP FS MDPB 't ACP BAC LP 416B *'EMER-COOL TOWER * '!
ACP BAC LP-416D * ESW CCF PF MDPS +
ESW MDP PS MDPA * ESW MDP FS ECW * ACP BAC.LP 4160 +
ESW MDP FS MDPB' * ESW MDP PS-ECW ~ * ACP BAC LP 416B + I

ESW CCF PF MDPS * TURBINE BLDG + l
ESU CCF PF.MDPS ' * EMER COOL TOWER +
ESW MDP PS-ECW * ESW CCF PF MDPS +
ACP BAC LP-416B'* DCP BDC.LP 1250 * TURBINE BLDG + y

DCP BDC LP 125B * ACP BAC LP 4160 * TURBINE BLDG F li
~

DCP BAT LP B2 * ACP BAC LP 4160 * TURBINE BLDO + !

ACP BAC LP-416B * DCP BAT LP-C3 * TURBINE BLDG +. 1

ACP BAC LP 416B * DCP BDC LP 1250 * EMER-COOL TOWER + I

DCP BDC-LP 125B 16 ACP-BAC LP-4160 * EMER-COOL TOWER +
DCP BAT LP B2 * ACP BAC-LP 4160 * EMER COOL TOWER +
ACP-BAC LP 416B * DCP BAT-LP 03 * EMER-COOL TOWER + .

ACP CCF-2 4KV * ESW-TNK LL PS13 |

BOOL 6 - BOOL 4 WITH 4KV C BUT NO DC'S

B00L(6) -
ACP CCF 2 4KV * TUR.BINE BLDG +
ACP CCF 2-4KV * EMER COOL TOWER +
ESW-MDP-FS MDPA * ACP BAC LP 4160-* TURBINE BLDG +
ESW MDP FS-MDPA * ACP BAC LP-416C *: EMER COOL TOWER +
ESW MDP FS MDPA * ESW-MDP FS-ECW * ACP BAC LP-4160'+
DCP BDC LP-125B *-ACP BAC LP 4160 * TURBINE BLDG +
DCP BAT LP B2 * ACP-BAC-LP-4160 * TURBINE-BLDG +
DCP-BDC LP 125B * ACP BAC LP-416C * EMER COOL TOWER-+
DCP-BAT-LP-B2 1k ACP BAC LP 416C * EMER COOL TOWER +.
ACP CCF 2 4KV * ESW TNK LL PS13

.
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BOOL 7 - BOOL 4 with TURBINE BIDG BUT NO DC'S

B00L(7) -
ACP CCF 2 4KV * TURBINE BLDG +
ESW MDP FS MDPA * ACP-BAC-LP 4160 * TURBINE BLDG +

.

ESW MDP FS MDPB * ACP BAC LP 416B * TURBINE-BLDG + ]'
ESW CCF 7 MDPS * TURBINE BLDG +

I ACP CCP 2 4KV * EMER COOL TOWER +
| ESW MDP PS MDPA * ACP BAC-LP 416C * EMER COOL-TOWER +
| ESW MDP FS-MDPB * ACP BAC LP 416B * EMER COOL TOWER +

ESW CCF 2 MDPS * EMER COOL TOWER

SEQUENCE 1 RVR-1
ACC(l) - IE(1)

SEQUENCE 2 ALOCA 17
ACC(2) - IE(2)*CBAR*NLOSP*B00L(5)

| SEQUENCE 3 ALOCA 30
ACC(3) - IE(2)*CBAR*LOSP*(B00L(4)+RADWASTE/TB ROOF)

SEQUENCE 4 SlLOCA 25
ACC(4) - IE(3)*CBAR*NLOSP*B00L(6)

SEQUENCE 5 SlLOCA-70
ACC(5) - IE(3)*CBAR*LOSP*B00L(4)

SEQUENCE 6 SILOCA-80
ACC(6) - IE(3)*CBAR*LOSP*RADVAGTE/TB-R00F

SEQUENCE 7 S2LOCA-
ACC(7) - IE(4)*CBAR*NLOSP*B00L(7)

SEQUENCE 8 S2LOCA 42
ACC(8) - IE(4)*CBAR*LOSP*RADWASTE/TB-R00F

SEQUENCE 9 RWT-1
ACC(9) - IE(5)*CBAR*MBAR*PBAR

SEQUENCE 10 RWT 2
ACC(10) - IE(5)*CBAR*MBAR*P1

SEQUENCE 11 RWT-3
ACC(ll).- IE(5)*CBAR*MEAR*P2

C-6
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! SEQUENCE 12 RWT-4
ACC(12) - IE(5)*CBAR*HBAR*P3 .

!. 1

SEQUENCE 13 LOSP SEQ 5P
'

ACC(13) ACP BAC LP 4160 *DCP BDC LP 1250*DCP BDC LP-125D
~

ACC(13)-- IE(6)*BBAR*X1BAR*ACC(13).

SEQUENCE # 14 LOSP SEQ 2P |

ACC(14) -'
ACP CCP 2-4KV * ADS LOG IN-INHIB + -
ACP DGN LP EDGA * ACP BAC LP 416B * ADS LOG HW-INHIB'.+
ACP DGN LP EDGB * ACP BAC LP 416A * ADS LOG-IN INHIB + -
ACP BAC LP 416A * CRD XHE FO BRKRS * ADS lhG IN-INHIB * llCI TDP-FS-20S37 + .
ACP BAC LP-416A * RBC XHE-FO SWCH * ADS lhG-HW' INHIB'* HCI-TDP-FS-20S37 +-
ACP-BAC LP-416A * ESF XHEiFO DEPRE * ADS'lhC IN INilIB * -HCI TDP-FS 20S37 '+ =

|- ACP BAC LP 416B * CRD XHE FO BRKRS -* ADS LOG-IN-INHIB * RCI TDP-FS 20S38 +
ACP BAC LP 416B * RBC XHE F0;SWCH * ADS lhG-IN INHIB * RCI-TDP FS 20S38 +

'

RBC XHE FO-LCVAL * ACP BAC LP 416B-* ADS LOG-HW-INilIB * RCI-TDP FS 20S38 +
RBC XilE FO LCVAL * ACP-BAC LP-416A * ADS LOG HW IN!!IB * HCI-TDP-FS-20S37 +
ACP BAC LP-416A * CRD XHE-FO BRKRS * ADS-LOG IN INHIB * HCI-TDP-FR-20S37 +
ACP BAC.LP 416A * RBC XHE-FO SWCH * ADS LOG HW-INHIB * HCI-TDP-FR 20S37 +-

RBC-XHE FO LCVAL * ACP BAC-LP-416A * ADS LOG-lN INHIB *- HCI-TDP FR-20S37 +.

ACP BAC LP-416A * ESF XHE-FO DEPRE * ADS-LOG IN INHIBi* HCI TDP-FR-20S37 +.
ACP-BAC LP-416B * CRD XHE-FO BRKRS * ADS LOG-HW INHIB: * RCI-TDP-FR-20S38.+ 3

'

ACP BAC-LP 416B * RBC-XHE FO-SWCH * ADS-LOG IN INHIB *rRCI TDP-FR 20S38 +
RBC XIIE-FO LCVAL * ACP BAC-LP-4165 * ' ADS LOG IN INilIB' * RCI TDP-FR-20S38-
ACC(14) - IE(6)*BBAR*ACC(14)

SEQUENCE # 15 14SP SEQlP-
ACC(15) - IS(6)*CBAR*MBAR*PBAR*B00L(4)

SEQUENCE # 1.6 T1S2 SEQ 2P
ACC(16) - t.CP BAC-LP 4160 * DCP BDC-LP 125C * DCP BDC LP 125D
ACC(16)'- IE(6)*Pl*BBAR*X1BAR*ACC(16) |

|

,

P

i
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SEQUENCE # 17 T1S2-SEQ 1P j

ACC(17) -
4

ACP-CCF 2 4KV * ADS-LOG HW-INHIB +
ACP DGN LP EDGA * ACP BAC-LP 416B * ADS-lhG IN INilIB +
ACP DGN-LP EDGB * ACP BAC-LP-416A * ADS LOG HV-INilIB +
ACP BAC LP 416A * ESF X11E FO DEPRE * ADS LOG-HW-INHIB * HCI-TDP-FS-20S37 +
ACP BAC LP 416A * CRD XIIE FO BRKRS * ADS-LOG IN INHIB * llCI TDP-FS 20S37 +
ACP-BAC-LP 416B * ESF XilE-FO DEPRE * ADS-LOG-HW INilIB * RCI TDP-FS 20S38 +
ACP-BAC LP-416A * RBC XHE FO SWCH * ADS-LOG IN-INilIB * HCI-TDP-FS 20S37 +
RBC XHE FO-LCVAL * ACP BAC LP 416A * ADS LOG IN-INHIB * HCI-TDP-FS 20S37 +
ACP BAC LP 416B * CRD X11E-FO BRKRS * ADS LOG HW INHIB * RCI TDP-FS-20S38 +'

ACP-BAC LP 416B * RBC XHE FO SWCH * ADS LOG HV INHIB * RCI TDP FS 20S38 +
RBC XHE FO LCVAL * ACP-BAC LP 416B * ADS-LOG HW INHIB * RCI TDP FS-20S38 +
RBC-XHE FO LCVAL * ACP BAC LP-416A * ADS-IDG IN-INilIB' * HCI TDP FR 20S37 +
ACP-BAC LP-416B * CRD XHE-FO BRKRS * ADS-IDG IN-INHIB * RCI TDP-FR 20S38 +
ACP BAC LP 416B * RBC XHE FO SWCH * ADS-LOG-HW-INHIB * RCI-TDP FR-20S38 +
ACP-BAC LP 416A * ESF XHE FO DEPRE * ADS-LOG RW INilIB * HCI-TDP-FR-20S37 +
ACP-BAC-LP-416A * CRD-XHE FO BRKRS * ADS LOG-HW INHIB * HCI-TDP FR-20S37
ACC(17) - IE(6)*Pl*BBAR*ACC(17)

SEQUENCE # 18 T1S1-SEQ 2P
ACC(18) - RHR-CCF PF MDPS * ACP CCF 2-4KV
ACC(18) - IE(6)*P2*BBAR*X1BAR*ACC(18)

SEQUENCE # 19 T1S1-SEQ 1P
ACC(19) -
ACP-CCF-2-4KV w ADS LOG HW INHIB +
ACP-BAC LP-416B * RBC-XHE FO SWCH * ADS-IDG IN-INHIB +
RBC XHE FO-LCVAL * ACP BAC LP 416B * ADS LOG HW-INilIB +
ACP BAC-LP 416B * CRD XHE FO-BRKRS * ADS-IDG IN-INilIB +
ACP-BAC-LP-416B * ESF-XHE-FO-DEPRE * ADS-LOG-HW-INilIB +
ACP-DGN LP-EDGA * ACP-BAC-LP 416B * ADS LOG-HW-INHIB +
ACP DGN LP-EDGB * ACP BAC-LP 416A * ADS-LOG HW-INilIB
ACC(19) - IE(6)*P2*BBAR*ACC(19)

SEQUENCE # 20 A-SEQ 1P
ACC(20) -
RHR CCF PF-HDPS * ACP-CCF 2-4KV 4
RHR CCF-PF-HDPS * ACP-CCF-2-4KV +
RHR CCF-PF HDPS * ACP CCF-2-4KV
ACC(20) - IE(2)*BBAR*ACC(20)

C-8
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SEQUENCE # 21' T3A SEQ 1P
ACC(21) -
ACP-CCP 2 4KV * ESF XilE FO DEPRE * ADS-lhG ilW-INHIB ~+ 1

i

ACP CCF 3 4KV * TURBINE BLDG *-ESF X11E-FO DEPRE +
'

'

ACP CCF 3 4KV * TURBINE BLDG * ESF XHE FO DEPRE + 4

ACP-CCF 2 4KV * TURBINE BLDG * ESF XilE FO DEPRE * CRD X11E FO-CRD +
ESW MDP FS MDPB * ACP CCF 2 4KV * TURBINE BLDG * ESF-XHE FO DEPRE + -

ESW MDP FS MDPA * ACP CCF 2 4KV * TURBINE BLDG * ESF XHE FO DEPRE +
ESW MDP-FS MDPA * ACP CCF 2 4KV * TURBINE-BLDG * ESF XHE FO DEPRE +
ESW MDP FS MDPB * ACP-CCF 2 4KV * TURBINE-BLDG * ESF XHE FO DEPRE 4.

!
ACP CCF 3 4KV * EMER COOL-TOWER * ESF XHE FO DEPRE +
ACP.CCF 3 4KV * EMER COOL TOWER * ESF-XHE FO DEPRE +
ACP CCF 2 4KV * EMER COOL TOWER * ESF X11E FO DEPRE * CRD XHE FO CRD +
ESW-MDP FS MDPB'* ACP-CCF 2 4XV * EMER-COOL TOWER *-ESF XHE FO DEPRE-+ '

ESW MDP-FS-MDPA * ACP CCF-2 4KV * EMER COOL TOWER-* ESF-XHE FO DEPRE +
ESW MDP FS MDPA * ACP CCF 2 4KV * EMER COOL TOWER * ESF XHE FO-DEPRE +
ESW MDP FS MDPB * ACP CCF 2-4KV * EMER COOL-TOWER * ESF XHE FO-DEPRE
ACC(21) - IE(7)*CBAR*Q*MBAR*PBAR*ACC(21)

SEQUENCE # 22 T3A SEQ 2P
ACC(22) -

l ACP CCF 2-4KV * TURBINE-BLDG * CDS SYS FC COND +
| ACP CCF-2 4KV * TURBINE BLDG * IAS PTF-HW-IAS +
| ESW MDP FS-MDPA * ACP BAC LP 416C * TURBINE BLDG * CDS-SYS-FC COND +.~

ESW MDP FS MDPB * ACP-CCF-2-4KV * TURBINE-BLDG * CDS-SYS-FC COND +
ACP CCF 2-4KV * EMER COOL TOWER * CDS SYS FC-COND +
ACP CCF-2 4KV * EMER COOL-TOWER * I AS PTF-HW.IAS +

|. ESW MDP FS MDPA * ACP BAC-LP 4160 * EMER COOL TOWER * CDS SYS-FC-COND +
| ESW MDP-FS MDPB * ACP CCF-2 4KV * EMER COOL-TOWER * CDS-SYS-FC COND

ACC(.22) - IE(7)*CBAR*Q*MBAR*PBAR*X1BAR*ACC(22)

,

b
i

!

<
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PEACH BOTTOM CROSS REFERENCE FILE

frandom Basic Event EE Bfrag Eresp Ecorr ERA -

2.000E 04 $ LOSP $ 3.0 1 1 1
1,610E 03 $ DCACTA $ 3 23 2

'

1.610E 03 $ DCACTB $ 3

1.610E 03 $ DGACTC $ 4
1.610E-03 $ DGACTD $ 5

1.000E 03 $ ESF-ACS-FC MDPA $ 3 11 6

1.000E-03 $ ESF ACS FC HDPB $ 7

1,610E 03 $ ADS ACT-HW-DIV1 $ 8

1.610E 03 $ ADS-ACT-HW DIV2 $ 9

1.610E 03 $ HCI ACT HW HPCI $ 10
1.610E-03 $ HCI ACT HW LOCST $ 11=
1,610E 03 $ LCI ACT-HW-DIV1 $ 12
1.610E-03 $ LCI ACT HW DIV2 $ 13
1,610E-03 $ LCS ACT HV LOOPA $ 14
1.610E 03 $ LCS ACT HW-LOOPB $ 15
1.000E 03 $ RCI-ACT HW LOCST $ 16
1.610E 03 $ RCI-ACT RW RCIC $ 17
5,000E-05 $ ESW-ACX FC HX1 $ 24 12 18
5.000E-05 $ ESW ACX FC HX10 $ 19
5.000E-05 $ ESW-ACX-FC HX12 $ 20
5.000E-05 $ ESW ACX FC HX13 $ 21-
5.000E 05 $ ESW ACX FC-HX15 $ 22
5.000E 05 $ ESW ACX-FC HX16 $ 23
5.000E 05 $ ESW ACX-FC HX18 $- 24-
5.000E 05 $ ESW ACX-FC HX19 $ 25
5.000E 05 $ ESW ACX FC HX2 $ 26
5.000E-05 $ ESW ACX-FC HX21 $ 27
5.000E 05 $ ESW ACX-FC HX22 $ 28
5.000E 05 $ ESW ACX FC-HX24 $ 29
5.000E 05 $ ESW ACX FC-HX25 $ 30
5.000E 05 $ ESW ACX-FC-HX27 $ 31
5.000E-05 $ ESW-ACX-FC HX28 $ 32
5.000E-05-$ ESW ACX FC HX3 $ 33
5.000E-05 $ ESW-ACX FC HX4 $ 34
5.000E-05 $ ESW ACX FC HX6 $ 35
5.000E 05 $ ESW-ACX-FC-HX7 $ 36
5.000E-05 $ ESW-ACX FC-HX9 $ 37
3.750E-04 $ ESF ADS FC-LI13A $ 3 13 38
3.750E 04 $ ESF ADS FC LI13B $- 39
3.750E-04 $ ESF ADS-FC-LI13C $ 40
3.750E 04 $ ESF ADS FC LI13D $ 41
1.000E 03 $ EHV A0V CC AV25 $ 19 22 42
1.000E-03 $ EHV A0V-CC-AV27 $ 43
1.000E-03 $ EHV-AOV CC-AV28 $ 44

Note: If number in column is blank, use next number above
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i frandom Basic Event JUL 'Ufrag Eresp Ucorr 82 - !
~

! 1.000E 03 $ EHV-A0V CC AV30 $- 45 {

1.000E 03 $ EHV A0V CC AV31 $- 46 |
~

1.000E 03 $'ERV A0V CC AV33 $ 47' |
1;000E 03 $ EHV A0V CC AV34 $ .48 'l

1.000E 03 $ EHV A0V CC AV36 -$ 49

1.000E 03 $ ESW A0V CC-0241A $- 19 12- 50- !

1.000E-03 $ ESW A0V CC 0241B $ 51- 1

1.000E 03 $ ESW A0V CC 0241C $ 52

1.000E-03 $ ESW A0V CC 0241D $ 53

1.000E-03 $ ESW A0V CC AV1 $t 54' !

1.000E 03 $ ESW A0V CC AV10 $ 55 ,

1
1.000E 03 $ ESW-A0V-CC AV11 $ 56-

-

1.000E 03 $ ESW A0V CC AV12 $ '57-
'

1.000E 03'$ ESW A0V CC AV13 $ 58

1.000E 03 $.ESW-A0V CC AV14 $ 59-
,

; 1.000E 03 $ ESW A0V CC AV15- $ '60-
1.000E 03 $ ESW-A0V CC AV16 $ '61
1.000E 03 $ ESW A0V CC-AV17 $ 62 - 'l

1.000E-03.$ ESW-A0V-CC AV18 $ ~63-

1.000E 03 $ ESW A0V-CC AV19 $ 64 i
i

1.000E 03 $ ESW A0V-CC AV2 -$- 65

1.000E 03 $ ESW A0V-CC AV20 $ - 66.

1.000E 03 $.ESW A0V-CC AV3 $ 67

1.000E-03 $ ESW-A0V CC-AV4 $ 68-

1.000E-03 $ ESW-A0V-CC AV5 $ 69L

1.000E 03 $ ESW-A0V CC AV6 $ 70- :j
1.000E 03'$ ESW A0V-CC AV7 -$ 71

-1.000E 03 $ ESW A0V CC AV8 $- 72

1.000E-03 $-ESW AUV CC AV9 $ 73-
,

2,000E 04 $ ESW A0V MA 0241A $. :0 0 74
2.000E-04 $ ESW-A0V-MA 0241B $j 75

| 2,000E 04 $ ESW A0V MA 02410-$- x76

2.000E 04 $ ESW-A0V-MA 0241D $- 77 ;

2.000E-04 $ ESW-A0V-MA-AV1 _$ 78;

2.000E 04 $ ESW A0V MA AV10- $ 79 !

2,000E 04 $ ESW A0V MA AV11 $ - 80

2.000E 04 $ ESW A0V MA AV12 $ 81'

2.000E-04 $ ESW A0V-MA AV13 $- 82

2.000E 04 $ ESW A0V MA AV14 -$ 83

2.000E 04 $-ESW A0V-MA AV15 .$ 84

2.000E-04 $ ESW-A0V MA AV16 $ ~85L

2.000E-04 $ ESW A0V MA AV17 $ 86

2.000E 04 $ ESW A0V MA AV18 $ 87-

2.000E 04 $ ESW-A0V MA-AV19 $ 88'
2.000E-04 $ ESW A0V-MA AV2 : $ 89-

'2.000E 04 $ ESW A0V-MA-AV20- $ -- .9 0
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frandom Basic Event El Efrag Eresp Ecorr E2m

2.000E 04 $ ESW A0V MA AV3 $ 91

2.000E 04 $ ESW A0V MA AV4 $ 92 ,
'

2.000E 04 $ ESV-A0V MA AVS $ 93

2.000E 04 $ ESW A0V MA AV6 $ 94

2.000E 04 $ ESW A0V MA-AV7 $ 95

2.000E 04 $ ESW AOV MA AV8 $ 96

2.000E 04 $ ESW A0V-MA AV9 $ 97

1.000E-03 $ RBC A0V FT-A2352 $ 19 16 98

1.000E-03 $ RBC A0V FT A2354 $ 99

1.000E 03 $ RBC A0V-PT-A8154 $ 100

1.000E 03 $ RBC A0V PT A8156 $ 101

2.000E-04 $ RBC A0V MA-A2352 $ 0 0 102

2.000E 04 $ RBC AOV MA A2354 $ 103

2.000E 04 $ RBC A0V MA A8154 $ 104

2.000E 04 $ RBC A0V-MA-A8156 $ 105

3.000E 03 $ RBC-A0V-00 2253 $ 19 16 106

2.000E 04 $ RCI AOV MA PCV23 $ 0 0 107 ,

3.000E 04 $ RCI A0V-VF PCV23 $ 19 12 108

3.750E-04 $ ESF ASD FC SC15A $ 13 13 109

3.750E 04 $ ESF-ASD FC SC15B $ 110

3.750E 04 $ ESF ASD FC SC150 $ 111

3. 750E-04 $ ESF- ASD FC-SC15D $ 112

3. 750E-04 $ ESF- ASD-FC-SDC17 $ 13 11 113

3.750E-04 $ ESF-ASD FC-SDC18 $ 114

5.400E-04 $ ESF ASL-FC-LT72A $ 13 21 115

5.400E-04 $ ESF-ASL-FC-LT72B $ 116

5.400E-04 $ ESF ASL-FC LT72C $ 117
5.400E 04 $ ESF ASL FC LT72D $ 118

1.000E 03 $ ESF-ASL-FC P101A $- 119

1.000E-03 $ ESF ASL FC P101B $ 120
,

1 1.000E 03 $ ESF ASL PC P1010 $ 121

| 1.000E 03 $ ESF-ASL-FC-P101D $ 122

| 1.000E 03 $ ESF-ASL HW CSTL1 $ 13 4 123

1.000E-03 $ ESF ASL HW-CSTL2 $ 124!

1.000E 03 $ ESF-ASL-HW-CSTL3 $ 125

1.000E 03 $ ESF ASL HW.CSTL4 $ 126
,

| 1.000E+00 $ ESF-ASL LRXLEVEL $ 13 11 127

| 1.000E 03 $ ESF-ASL NO RSXDA $ 13 11 128

1.000E-03 $ ESF ASL NO RSXDB $ 129

1.000E-03 $ ESF ASP-FC LH12A $ 13 11 130
1.000E 03 $ ESF-ASP-FC LH12B $ 131
1.000E-03 $ ESF ASP FC-LH12C $ 132

1.000E-03 $ ESF-ASP-FC-LH12D $ 133

1.000E 03 $ ESF-ASP FC LSPHC $ 13 11 134

1.000E-03 $ ESF- ASP-FC-LSPRC $ 135

5.000E 04 $ ESF-ASP-FC-P100A $ 136

5.000E-04 $ ESP ASP FC P100B $ 137
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frandom Basic Event EE -Hfrag Eresp Scorr HL-

5.000E 04 $ ESF ASP FC P1000 $ 138 :

5.000E-04 $ ESF ASP FC P100D $ 139 _f
1.000E 03 $ ESF- ASP FC-P101A $ 140 !!
1.000E 03-$ ESF ASP FC P101B $ 141 !
1.000E 03 $ ESF ASP FC P101C $ 142- q

1.000E 03 $ ESF-ASP FC P101D $ 143- 0

1.000E-03 $-ESF-ASP FC-P1280 $ 144'

1,000E 03 $ ESF ASP FC-P128D $ 145

1.000E 03 $ ESF ASP FC PL52A $ 146-

| 1.000E 03 $ ESF ASP FC-PL52B $ 147:
_

1.000E 03 $ ESF-ASP FC PL520 $ 1148-
0

1.000E-03 $ ESF-ASP FC PL52D $' 149
i 1.000E+00 $ ESF-ASP HIDWPRES $ 13 11 150

1.000E 03_$ ESF-ASP HW-EX72A $ 13 13 151

1.000E 03 $ ESF-ASP-HW-EX72B $ 152

1.000E+00'$.ESF ASP NOHDPEL $ 0. -0 153 i

1.000E+00 $ ESF-ASP N0HDPLT $~ 154
5,000E-06 $ ACP BAC LP-416A $ 5.0 41 7. 155

L 5.000E 06 $ ACP BAC LP 416B $ 156
5.000E-06'$ ACP BAC LP 4160 $ 157

5.000E-06 $ ACP BAC LP 416D- $ .

158

1.080E-03 $ DCP-BAT-LP A2- $_ 3.0 4 -6 159
1.080E 03 $ DCP BAT-LP B2 $1 160

1.080E 03 $ DCP BAT LP-C2 $ 161-
3

1.080E-03 $ DCP BAT-LP-C3 $- 162
,

1;080E-03 $ DCP-BAT LP D2 $ 163

1.080E-03 $ DCP BAT LP-D3 =$ 164
5.000E 06 $ DCP-BDC LP-125A $ 3.0 3_ = _ 9_- 1654

5.000E 06-$-DCP BDC LP 125B. $ '166
5,000E 06 $ DCP BDCiLP-125C $. 167

-

| 5.000E;06 $ DCP BDC LP 125D $
_

168
3.900E-05 $ ACP CCF LP DCS $ 3.0 42 22- 3 169'

,

| 1.500E 04 $-ADS CCF CC-ADSRV $- '20 20 4z 170
l' 1.200E 04 $ ADS-CCF CC NADSV $ 21 20 4- 171 ,

! 1.000E 04 $' ADS CCF-LK-ACC $ 172

L 1.470E-04 $-CSS-CCF LF MOVS $ 19' 12 4 173

|_ 2.500E-06 $ DCP CCF-LP-BAT $ 10. 4~ 6 . 3 174-

3.600E-05:$ EHV-CCF LF A0VS $ -19. 22 3 175'

5.500E 05-$:ESW CCF-LF-A0VS' $ 19 12 2 176
i 9.000E 09'$ ESW CCF MC-ECT' $ 33 1 177

7.800E 05 $ ESW-CCF-PF MDPS $ 10, 17- .- 2 8 2 178
2.880E-05 $ HSW CCF-LF MDPS $ _

179
| 9.600E 05 $-HSW CCF-LF-MOVS $ 19 27 4 180
i 1.470E 04 $ LCI-CCF LF MOVS $ 19 27 2 181 ;

1.470E-04 $ LCS CCF LF-MOVS $ 19- 12 4 182
3,000E 04 $ LCS-CCF PF-MDPS $ 10. 16 14' 4 183
3.000E 04 $ RHR-CCF-PF-MDPS $ 184
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frandom Basic Event EE Efrag Urcsp Ecorr U2.
'

!

6.300E 04 $ SLC-CCF PF MDPS $ 3, 0 0 185

1.470E 04 $ SPC CCF LF MOVS $ 19 12 2 186

3.000E 03 $ ESW CKV CB C515A $ 0 0 187

3.000E 03 $ ESW CKV CB C515B $ 188

1.500E 02 $ ESW CKV CB CV514 $ 189 ;

1.000E 04 $ ESW CKV-HW 0515A $ 21 12 190
'

1,000E 04 $ ESW-CKV HW 0515B $ 191

1.000E 04 $ ESW CKV HW CV506 $ 192

1.000E 04 $ ESW CKV HW CV513 $ 193

1.000E-04 $ ESW CKV HW CV516 $ 194

1.000E 04 $ HCI CKV HW-CV32 $ 195

1.000E 04 $ HCI CKV HW CV61 $ 196

1.000E 04 $ HCI-CKV HW CV65 $ 197

1.000E 04 $ HSW CKV HW 0502A $ 21 27 198

1.000E 04 $ HSW CKV HW C502B $ 199
1.000E 04 $ HSW-CVV-HW 0502C $ 200
1.000E-04 $ HSW CKV HW C502D $ 201

1.000E-04 $ HSW CKV HW CVS $ 202
1.000E 04 $ LCI-CKV HW CV19A $ 21 12 203
1.000E 04 $ LCI CKV HW CV19B $ 204

1.000E 04 $ LCI-CKV HW-CV19C $ 205
1.000E 04 $ LCI CKV HW CV19D $ 206
1.000E 04 $ LCI CKV HW-CV46A $ 207
1.000E 04 $ LCI CKV HV CV46B $ 208
1.000E 04 $ LCI CKV-HW CV48A $ 209
1.000E 04 $ LCI CKV-HW CV48B $ 210
1.000E 04 $ LCI CKV HW-CV4BC $ 211
1.000E 04 $ LCI CKV HW-CV48D $ 212
1.000E-04 $ LCS CKV-HW CV10A $ 213
1.000E 04 $ LCS-CKV HW CV10B $ 214
1.000E-04 $ LCS CKV HV-CV10C $ 215
1.000E 04 $ LCS CKV-HW CV10D $ 216
1.000E-04 $ LCS CKV HW CV66A $ 217
1.000E 04 $ LCS-CKV-HW CV66B $ 218
1.000E 04 $ LCS-CKV-HW CV66C $ 219

,

1.000E 04 $ LCS-CKV HW CV66D $ 220
1.000E 04 $ RCI-CKV-HV CV19 $ 221
1.000E 04 $ RCI-CKV-HW-CV40 $ 222
1.000E 04 $ RCI CKV-HW-CV50 $ 223
1.000E 04 $ SLC-CKV HW CV16 $ 0 0 224
1.000E-04 $ SLC-CKV-HW-CV17 $ 225
1.000E 04 $ SLC CKV HW-CV43A $ 226
1.000E 04 $ SLC CKV-HW-CV43B $ 227
1.600E-02 $ ACP DGN FR-EDGA $ 10. 0 0 228
1.600E 02 $ ACP DGN FR-EDCB $ 229
1.600E-02 $ ACP-DGN-FR EDCC $ 230
1.600E-02 $ ACP DCN FR-EDGD $ 231

,
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frandom Basic Event El Efrag Hrcsp dcorr 824
,

j 3.000E 03 $ ACP DGN LP EDGA $ 3.0 42 22 232

3.000E 03 $ ACP DGN LP EDGB $ 233 ;

3.000E 03 $ ACP DGN-LP EDGC $ 234

3.000E 03 $ ACP DGN LP EDGD $ 235
6,000E 03 $ ACP DGN MA EDGA $ 10. 0 0 236

6.000E 03 $ ACP DGN MA EDGB $ 237

6,000E 03 $ ACP DGN KA EDGC $ 238

6,000E 03 $ ACP-DGN HA EDGD $- 239

3,000E 04 $ ACP-DGN RE EDGA $ 3,0 0 240

3,000E-04 $ ACP DGN RE EDGB $ 241

3.000E 04 $ ACP DGN RE EDGC $ 242

3.000E 04 $ ACP-DGN RE EDGD $ 243

2.300E 03 $ ACP-DGN TE-EDGA' $ 244'

2.300E 03 $ ACP-DGN-TE EDGB $ 245

2.300E 03 $ ACP DON TE EDGC $ 246'

2.300E 03 $ ACP DGN TE EDGD $ 247

3,000E-03 $ SLC EPV-HW EV14A $ 248

3.000E 03 $ SLC EPV-HW EV14B $ 249

2,000E-04 $ SLC EPV HA EV14A $ 250
~2,000E-04 $ SLC EPV KA EV14B $ 251

5.000E 04 $ EHV-FAN FP 0AV64 $ 252

5,000E 04 $ EUV-FAN FR 0AV91 $ 253

5.000E 04 $ EHV FAN FR 0BV64 $ 254

5.000E 04 $ EHV FAN FR 0BV91 $ 255'

5,000E-04 $ EHV FAN FR 0CV64 $ 256

5.000E 04 $ EHV FAN FR 0CV91 $ 257
5,000E 04 $ EHV-FAN FR 0DV64 $ 258

5.000E 04 $ EHV FAN FR 0DV91 $ 259

3.750E 04 $ EHV-FAN FS 0AV64 $ 27 24 260

3.750E-04 $ EHV-FAN-FS 0AV91 $ 261
;

| 3.750E.04 $ EHV FAN-FS 0BV64 $ 262

i 3.750E-04 $ EUV-FAN-FS 0BV91 $ -263

3.750E-04 $ EHV-FAN-FS 0CV64 $ 264
3,750E 04 $ EHV FAN FS 0CV91 $ 265

3.750E 04 $ EHV FAN PS 0DV64 $ 266

3.750E 04 $ EHV-FAN FS 0DV91 $ 267

5,000E 04 $ ESW-FAN FR-HX1 $ 0 0 268

5.000E 04 $ ESW-FAN-FR HX10 $ .269

5.000E-04 $ ESW FAN-FR-HX12 $ 270

5.000F-04 $ ESW-FAN-FR HX13 $ 271
5,000E 04 $ ESW FAN-FR HX15 $ 272

5.000E-04 $ ESW FAN-FR HX16 $ 273
5,000E-04 $ ESW-FAN FR HX;8 $ 274

5,000E-04 $ ESW FAN-FR HX19 $ 275

5.000E 04 $ ESW-FAN FR HX2 $ 276

5.000E-04 $ ESW-FAN-FR-HX21 $ 277

5.000E-04 $ ESW-FAN FR HX22 $ 278

I
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frandom Basic Evt 3 EE Ufrag dresp dcorr 61.

5.000E 04 $ ESW FAN FR HX24 $ 279
5.000E-04 $ ESW FAN FR HX25 $ 280
5.000E 04 $ ESW FAN FR HX27 $ 281
5.000E 04 $ ESW-FAN-FR ilX28 $ 282
5.000E 04 $ ESW FAN FR-itX3 $ 283
5.000E 04 $ ESW FAN FR HX4 $ 284
5.000E 05 $ ESW FAN FR HX6 $ 285
5.000E 04 $ ESW-FAN-FR HF.7 $ 286
5.000E 04 $ ESW-FAN-FR 10;9 $ 287
3.750E 04 $ ESW FAN-FS-hX1 $ 27 15 288
3.750E-04 $ ESU FAN FS ilX10 $ 289
3.750E-04 $ ESW FAN-FS-HX12 $ 290
3.750E 04 $ ESW-FAN FS-HX13 $ 291
3.750E 04 $ ESW FAN FS HX15 $ 292
3.750E 04 $ ESW FAN-FS IlX16 $ 293
3.750E 04 $ ESW-FAN FS-IlX18 $ 294
3.750E 04 $ ESW FAN-FS HX19 $ 295
3.750E-04 $ ESW-FAN FS HX2 $ 296
3.750E-04 $ ESW-FAN FS-HX21 $ 297
3.750E-04 $ ESW FAN FS-IlX22 $ 298
3.750E 04 $ ESW FAN FS.IlX24 $ 299-
3,750E 04 $ ESW FAN FS-IlX25 $ 300
3.750E 05 $ ESW-FAN FS-HX27 $ 301
3.750E 04 $ ESW FAN-FS-HX28 $ 302-
3.750E 04 $ ESW FAN-FS IlX3 $ 303
3.750E-04 $ ESW-FAN-FS IlX4 $ 304
3.750E 04 $ ESW FAN-FS HX6 $ 305
3.750E-04 $ ESW FAN FS HX7 $ 306
3,750E 04 $ ESW FAN FS-IlX9 $ 307
1.860E-03 $ ESW-FAN MA-HX1 $ 0 0 308
1.860E 03 $ ESW-FAN-MA-llX10 $ 309
1.860E 03 $ ESW-FAN-MA HX12 $ 310
1.860E 03 $ ESW-FAN MA-HX13 $ 311-
1.860E-03 $ ESW FAN MA-HX15 $ 312
1.860E-03 $ ESW FAN MA HX16 $ 313
1.860E-03 $ ESW FAN MA-llX18 $ 314
1.860E 03 $ ESW-FAN MA-HX19 $ 315
1.860E-03 $ ESW-FAN-MA-HX2 $ 316
1.860E 03 $ ESW FAN MA-HX21 $ 317
1.860E-03 $'ESW-FAN MA-HX72 $ 318
1.860E 03 $ ESW-FAN MA HX24 $ 319
1.860E 03 $ ESW-FAN MA HX25 $ 320
1.860E-03 $ ESW FAN MA-HX27 $ 321
1.860E 03 $ ESW FAN-MA-HX28 $ 322
1.860E 03 $ ESW-FAN MA HX3 $ 323
1.860E-03 $ ESW-FAN MA IlX4 $ 324
1.860E-03 $ ESW FAN-MA-HX6 $ 325
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frandcw - Basic Event' EE Nfrag dresp Ecorr- 824

1.860E 03 $ ESW FAN MA HX7 $ 326

1.860E 03 $ ESW FAN MA HX9- $ 327 a

2.660E 04 $ HSW-FAN FR ECTEA $-
~

3281

2.660E 04 $ HSW FAN FR ECTFB $- 329- a
2.660E-04 $ HSW-FAN FR-ECTFC $ _

330.

3.500E 03 $ HSW-FAN FS ECTFA $ 27 31 331'
3.500E-03 $ HSW FAN FS-ECTFB $ 332 i

:

3.500Ee03 $-HSW-FAN FS ECTFC $ 333:
1.860E 03 $ HSW-FAN MA ECTFA $ 0 0 1334:

3

1.860E 03 $ HSW FAN MA-ECTFB $ 335- |
'

1.860E 03 $.HSW-FAN MA-ECTFC $ 336.
2.280E 04 $.HSW-HTX PG HXA $ 337=

2.280E 04 $ HSW-HTX-PG HXB $ :338

2.280E 04 $ HSW-HTX PG HXC $ 339-
2,280E-04 $ HSW HTX PG HXD- S _340-
1.200E 04 $ HSW-HTX-RP HXA $ =25 ' 27 1341- .;

1.200E-04 $ HSW-HTX RP HXB $ 342

1.200E-04 $ HSW-HTX-RP HXC $ 343- <

1-200E 04 $ HSW-HTX RP HXD $ -344-.

'

1.250E-04 $ HCI-ICC HW-FC108 $ 3- 9 345
1.250E 04 $ RCI-ICC HW FIC91 $ 3 11 346

j 4.000E 03 $ DCP INV LP 24C $ 3.0 6 1 347
i 4.000E 03-$ DCP-INV LP-24D $ 348

1.000E-05 $ ADS-LOG-HW INHIB $ 0 -349
; 1.610E-03 $ ESF-LOG;HW RHRA $ 350-
'

1.610E 03-$ ESF-LOG HW RHRB $ -351
7.200E-04-$ CRD MDP FR-PA $ 0 0 352-
7.200E 04 $.CRD MDP-FR PB $

.26 354L
353 -.

3.000E 03 $ CRD MDP-FS PA. $ 16 .

3.000E 03-$ CRD MDP FS PB - $ 3554

. 1.200E 03 $-ESW MDP FR ECW $ 0 0 356
! 1.200E 03 $ ESW-MDP-FR MDPA $ 357

1.200E-03 $'ESW-MDP FR-MDPB $ 358
: 3.000E 03 $ ESW-MDP FS-ECW $ 10, 17 30 359
'

~ 28- 3603.000E-03 $ ESW-MDP FS MDPA $- 10. 17
i; 3.000E-03 $ ESW-MDP FS-MDFB $ 361
3 2.000E-03 $ ESW MDP MA-ECW $ 10. 0 0 362

2.000E 03 $ ESW-MDP MA MDPA $ 363
.! 2.000E 03 $ ESW-MDP MA MDPB $- .364-

3 1.200E-03-$-HSW MDP FR MDPA $ 365
i 1.200E-03 $ HSW MDP FR MDPB $ -366

-1.200E 03 $ HSW-MDP FR MDPC $ 367,
1.200E-03 $ HSW-MDP FR MDPD $ 3684

3.000E-03 $ HSV MDP FS MDPA $ 10. 17 28 369' 'l
3.000E-03 $ HSW MDP-FS-MDPB $ 370 !

3.000E 03 $-HSW-MDP-FS MDPC- $ 371
4- 3.-000E-03 $-HSW MDP-FS-MDPD -$ 372

L, +
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frandom- Basic Event Ef Efrag dresp Ucorr H2.

2.000E-03 $ HSW MDP MA MDPA $ 3.0 0 0 373
2.000E-03 $ HSW-MDP MA MCPB $ 374
2.000E-03 $ HSV MDP MA MDPC $ 375
2.000E-03 $ HSW MDP-MA-MDPD $ 376
1.200E-03 $ LCI MDP FR 2AP35 $ 377
1.200E 03 $ LCI MDP FR 2BP35 $ 378
1.200E-03 $ LCI MDP-FR-2CP35 $ 379
1.200E-03 $ LCI MDP-FR 2DP35 $ 380
3.000E-03 $ LCI-MDP FS 2AP35 $ 16 14 381
3.000E 03 $ LCI MDP FS 2BP35 $ 382
3,000E 03 $ LCI MDP FS 2CP35 $ 383

'

3.000E 03 $ LCI MDP-PS-2DP35 $ 384

2.000E-03 $ LCI MDP MA-2AP35 $ 0 0 385
2.000E 03 $ LCI-MDP MA 2BP35 $ 386
2,000E 03 $ LCI-MDP MA 2CP35 $ 387
2.000E 03 $ LCI MDP MA 2DP35 $ 388
1.200E 03 $ LCS MDP-FR 2AP37 $ 389
1.200E-03 $ LCS-MDP FR 2BP37 $ 390
1.200E-03 $ LCS MDP FR 2CP37 $ 391-
1.200E-03 $ LCS-MDP FR 2DP37 $ 392
3.000E-03 $ LCS MDP FS-2AP37 $ 16 14 393
3,000E 03 $ LCS MDP FS 2BP37 $ 394
3.000E-03 $ LCS-MDP FS 2CP37 $ 395
3.000E 03 $ LCS MDP FS-2DP37 $: 396
2.000E-03 $ LCS MDP MA-2AP37 $ 0 0 397
2.000E 03 $ LCS MDP MA-2BP37 $ 398-
2,000E 03 $ LCS-MDP MA-2CP37 $ 399
2.000E-03 $ LCS MDP-MA-2DP37 $ 400
1.200E 03 $ RBC-MDP FR PA $ 401
1.200E 03 $ RBC-MDP-FR PB $ 402
3.000E-03 $ RBC MDP FS PA $ 16 17 403
3.000E 03 $ RBC MDP-FS-PB $ 404
1.500E-05 $ SLC MDP FR MDPA $ 0 0 405
1,500E 05 $ SLC-MDP-FR-MDPB $ 406
3.000E-03 $ SLC MDP-FS MDPA $ 407
3.000E 03 $ SLC MDP FS MDPB $ 408
2.000E-03 $ SLC-MDP-MA MDPA $ %09

1.200E 03 $ TBC MDP FR-PUMPA $ zl0
1.200E 03 $ TBC MDP-FR PUMPB-$ 411
3.000E 03 $ CSS MOV CC MV26A $ 19 12 412
3.000E-03 $ CSS MOV CC-HV26B $ 413
3.000E 03 $ CSS MOV-CC MV31A $_. 414
3.000E 03 $ CSS MOV-CC-MV31B $ 415
2.000E 04 $ CSS MOV-MA MV26A $ 0 0 416
2.000E 04 $ CSS MOV-MA-MV26B $ 417
3.000E 03 $ ESW MOV-CC M0841 $ 19 22 418
2.000E-04 $ ESW MOV-MA M0841 $ 0 0 419

!

\
'
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frandom Basic Event EE Ufrag dresp 8 corr E2m

2.000E 04 $ ESW MOV MA MV1 $ 420
'

4.000E 05 $ ESW MOV PC M2972 $ 19 22 421

3.000E-04 $ ESW MOV RE M2972 $ 0 0 422

3.000E 03 $ HCI MOV CC MV14 $ 19 12 423

3.000E 03 $ hcl MOV CC HV19 $ 19 18 424

3.000E 03 $ HCI MOV CC MV57 $ 19 12 425

3.000E 03 $ HCI MOV CC MV58 $ 426

4.000E 05 $ HCI.MOV HW HV15 $ 19 16 427

4.000E 05 $ HCI MOV HV MV20 $ 428

2.000E 04 $ HCI MOV MA HV14 $ 0 0 429

2.000E-04 $ H"I MOV MA HV17 $ 430
2,000E 04 $ HCI MOV MA MV20 $ 431

2.000E 04 $ FJI MOV MA HV57 $ 432

2.000E 04 $ HOT MOV MA PCV50 $ 433

4.000E-05 $ r.Gi-M>V-PC HV16 $ 19 12 434

4.000E-05 $ HCI M)V PC HV17 $ 435

3.000E-03 $ HSU .C CC 2344 $ 19 27 436

3.000E-03 $ HSW Mo'v CC 2804A $ 19 29 437

3.000E-03 $ HSW MOV CC 2804B $ 438

3.000E 03 $ HSW MOV-CC M2803 $ 19 22 439
3.000E-03 $ HSW MOV-CC M502C $ 19 29 440

3.000E-03 $ HSW MOV CC MV174 $ 441

3.000E 03 $ HSW-MOV CC MV176 $ 442
3.000E 03 $ HSW MOV-CC HV89A $ 19 27 443

3.000E-03 $ HSW MOV CC MV89B $ 444

3.000E-03 $ HSW MOV-CC HV89C $ 445
3.000E-03 $ HSW MOV-CC HV89D $ 446

2.000E-04 $ HSW MOV-MA 2344 $ 0 0 447
2.000E-04 $ HSW-MOV-MA 2804A $ 448

2.000E 04 $ HSW MOV MA 2804B $ 449
2.000E 04 $ HSW-MOV-MA-M2486 $ 450
2.000E-04 $ HSW MOV-MA M2803 $ 451
2.000E 04 $ HSW MOV MA M502A $ 452
2.000E-04 $ HSW MOV MA M502B $ 453
2.000E-04 $ HSW MOV-MA M502C $ 454
2,000E-04 $ HSW MOV-MA HV174 $ 455
2.000E 04 $ HSW MOV MA MV176 $ 456
2.000E 04 $ HSW MOV MA-MV89A $ 457
2.000E-04 $ HSW MOV MA MV89B $ 458
2.000E 04 $ HSW-MOV-MA HV89C $ 459
2.000E-04 $ HSW MOV-MA HV89D $ 460
4.000E-05 $ HSW MOV PC-M2486 $ 19 22 461
4.000E-05 $ HSW MOV-PG M502A $ 19 29 462
4.000E 05 $ HSW MOV-PC M502B $ 463
3.000E 04 $ HSW MOV RE 2344 $ 0 0 464
3.000E-04 $ HSW MOV RE M2803 $ 465'
3.000E-03 $ LCI-MOV CC MV25A $ 19 18 466

;

|
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frandom Basic Event ]U Efrag dresp Ecorr; eda

3.000E 03.$-LCI MOV CC MV25B'$- 467

4.000E 05 $ LCI-MOV HW.MV13A $-- '19 12 468 1

4,000E 05 $ LCI-MOV HW HV13B $? - 469
_

4.000E 05 $ LCI-MOV HW HV13C $ ~ 470

4.000E 05 $ LCI MOV HW MV13D $' .

471

2.000E 04.$ LCI-MOV MA 154A $ 0 0 472

2.000E 04 $ LCI MOV MA 154B: $ 473:
2,000E 04-$ LCI MOV MA 2677A $ 474-;

i

| 2.000E 04 $ LCI MOV MA 2677D $ 475-

| 2.000E 04 $ LCI MOV MA M154A $i 476
2,000E 04 $ LCI-MOV MA M154B $~ . 477-

2.000E 04 $ LCI-MOV MA MV16A' $ 478:
479:2 000E 04 $.LCI MOV MA MV16B $

~480=2.000E 04 $ LCI MOV MA MV160 $
2.000E 04 $ LCI-MOV-MA HV16D $ 481'
4.000E 05 $ LCI MOV PG 154A $ 19 18 482
4.000E 05 $ LCI MOV PG 154B $ ' 483
4,000E 05 $ LCI MOV-PG 2677A $ - 484

4.000E 05 $ LCI MOV-PG 2677D $ 485
4.000E 05 $ LCI MOV-PG-HV16A $ 19 12 486
4.000E 05 $ 141-MOV PG HV16B $- 487
4.000E 05-$ LCI-MOV-PG-MV16C $ 488 3

!4,000E 05 $ -LCI-MOV PG HV16D $
.

489:
1.200E 03 $ LCI MOV RE 154A. $ 0 0 - 490

i 1.200E 03 $ LCI MOV-RE 154B _ $ 491
l 3.000E-03 $ LCS MOV-CC-MV12A $: 19 18 492 -f

| 3.000E-03 $ LCS-MOV CC HV12B $ ; 493

| -1.800E 04 $ LCS MOV CO MV26A $ 19- 12 494 - !

| 1.800E 04 $ LCS MOV-CO HV26B $ - 495

4.500E 05 $ LCS-MOV HW MV7A $ 496
4.500E-05 $-LCS-MOV-HV HV7B $ 497
4.500E 05-$ LCS MOV HW MV70 $- - 498

4.500E 05 $ LCS MOV MW-HV7D $ 499 '

2.000E 04 $ LCS MOV MA HVilA $ 0 0 500
, - 2,000E 04 $ LCS MOV MA MV11B $ 501
'

2.000E 04 $ LCS-MOV-MA-HVSA $ .502-
5032.000E 04 $ LCS-MOV MA-HV5B $
.5042.000E-04 $ LCS-MOV MA HV50 $

2.000E 04 $ LCS MOV MA-HV5D ~ $ 505
.

4.000E-05 $~'LCS MOV PG-MVllA $ 19 12. 506
4.000E 05 $.LCS-MOV PG MV11B $ 507
4.000E-05 $ LCS-MOV-PG HV5A $ 508
4.000E 05 $ LCS-MOV-PG-HV5B $ 509-
4.000E 05=$ LCS-MOV PG-MV5C -$ 510

' - 4.000E-05 $ LCS MOV PG HV5D $ 511-
1.500E 03 $ LCS MOV RE HV11A $- 0 0 512 +

1.500E 03 $ LCS MOV RE HV11B $ 513

i
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frandom Basic Event Ef' Hfrag Eresp Ecorr UAi

3.000E 03 $ RCI MOV-CC MV131 $ 19- 12 514
3.000E 03 $ RCI-MOV CC HV132 $ -515
3.000E 03 $ RCI MOV CC MV21 $ 19 18~ 516.
3.000E 03 $ RCI.MOV CC-MV39 $ 19 -- 12. 517 -j
3.000E 03 $ RCI MOV CC MV41 $ 518- 1

4.000E 05 $ RCI.MOV HW MV20 $ 19- ,20- 519 |

2,000E 04 $ RCI MOV MA MV131 $ O' O 520
2.000E 04 $ RCI-MOV MA-HV132 $- 521 ;

,

2.000E 04 $ RCI MOV MA MV18 $ -522: -|
2.000E-04 $ RCI MOV MA MV20 -$ 523' !

2.000E 04-$ RCI-MOV MA MV39 $- 524:
4.000E 05 $ RCI MOV-PC HV15 $ 19 20 -525
4.000E 05 $ RCI MOV-PC HV16 $ 526
4.000E 05 $ RCI MOV PC-HV18 $ 527
3.000E 03 $ RHR MOV CC MV34A $ 19 .12 ; 528
3.000E 03 $.RHR MOV-CC MV34B $: -529
3.000E 03 $ RHR-MOV CC MV39A $- 530
3.000E-03 $ RHR MOV-CC MV39B $ 531
2.000E 04 $ RHR MOV MA MV39A $ 0 0 532.
2,000E-04 $ RHR MOV-MA MV39B $

__

533
3.000E 03 $ SDC MOV-CC HV15A $ 19 12 534
3.000E-03 $ SDC MOV-CC-HV15B $ .-535
3,000E-03 $ SDC MOV CC HV150 $ 536
3.000E 03 $ SDC MOV CC HV15D $_ 537
3.000E 03 $ SDC MOV CC MV17 $ 538
3.000E 03 $ SDC-MOV CC MV18 $- -539
2.000E 04 $ SDC MOV MA MV15A-$ 0- 0'- 540
2.000E-04 $ SDC-MOV-MA HV15B $ 541
2.000E-04 $ SDC MOV MA HV15C $ 542
2.000E 04 $ SDC MOV MA MV15D $ 543
3.-000E 03 $ SDC MOV 00 HV13A $. 19 12 -544
3.000E-03 $ SDC MOV-00 MV13B $ 545
3,000E 03 $ SDC MOV 00 HV13C-$_ 546
3.000E 03 $ SDC MOV-00 KV13D $1 547
3.000E 03_$ SLC MOV 00 HV15 $ 5484

3.000E 03 $ SLC MOV 00 HV18. $ _

549
1.000E-03- $ ESF-PER LCI3ACT _ $ 3 11 550'
5.000E 04 $-ESF PER LCI3ACT2 $. 551
1.000E+00 $ ESF-PER-LIA3 TEST $ 'O O ._552-
1.000E+00 $ ESF-PER-LIB 3 TEST _$ 553
1.000E+00 $ ESF-PER-LIC3 TEST =$ - 554-

'

1.000E+00 $ ESF-PER LID 3 TEST $ . 555
1.000E+00 $ ESF-PER-RXLNTHET $ 556 ,;

.7.000E 04 $ HSW PPT RE MDPB $ .557-
1.000E-05 $ CST PSF CSTLOST $ 0 558 ?SS?
1.000E+00 $ CST PSP. DEPLETED $ 0 0 559'
4.000E 05 $ HCI-PSF HW COL 13 $- 560-
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frandom Easie Event EE Ufrag dresp Ucorr E2m

2.000E 03 $ SLC PSF MA MDPB $ 561
1,000E 06 $ ADS PTF VF.ADSRV $ 20 20 562

1.000E 06 $ ADS PTF VF NADSV $ 21 20 563

2.000E 03 $ CRD PTF.MA PB $ 0 0 564
2,000E 03 $ EHV PTF MA 0AV64 $ 565
2,000E 03 $ EHV PTF.MA 0AV91 $ 566

2.000E 03 $ EHV PTF MA 0BV64 $ $67

2.000E 03 $ EHV PTF MA 0BV91 $ $68
2,000E 03 $ EHV PTF MA 0CV64 $ 569

2.000E 03 $ EHV PTF MA 0CV91 $ 570
2.000E 03 $ EHV PTP.MA 0DV64 $ 571

2.000E 03 $ EHV PTF.HA 0DV91 $ 572

9.000E 04 $ EHV PTF RE 0AV64 $ $73

6.000E 04 $ EHV PTF RE 0AV91 $ 574

9.000E 04 $ EHV PTF.RE 0BV64 $ 575
6,000E 04 $ EHV PTF.RE 0BV91 $ 576 '

9.000E 04 $ EHV PTF RE 0CV64 $ 577

6.000E 04 $ EHV PTF RE 0CV91 $ 578
9.000E 04 $ EHV PTF RE 0DV64 $ 579

6.000E 04 $ EHV PTF RE 0DV91 $ 580
1.000E 03 $ ESW PTF RE DGA $ 581
1.000E 03 $ ESW PTF.RE DGB $ 582
1.000E 03 $ ESW PTF RE DGC $ 583
1.000E 03 $ ESW PTF RE DGD $ 584
7,000E 04 $ ESW PTF RE ECW $ 585
7.000E 04 $ ESW PTF RE HX1 $ 586
7,000E 04 $ ESW PTF RE HX10 $ 587
7.000E 04 $ ESW PTF.RE HX12 $ 588
7.000E 04 $ ESW PTF RE HX13 $ 589
7,000E 04 $ ESW PTF RE HX15 $ 590-
7.000E 04 $ ESW PTF RE HX16 $ 591
7,000E 04 $ ESW PTF RE HX18 $ 592
7,000E 04 $ ESW PTF RE HX19 $ 593
7,000E 04 $ ESW PTF RE HX2 $ 594
7,000E 04 $ ESW PTF RE HX21 $ 595
7,000E 04 $ ESW PTF RE HX22 $ 596
7.000E 04 $ ESW PTF RE HX24 $ 597
7,000E 04 $ ESW PTF.RE HX25 $ 598
7.000E-04 $ ESW PTF RE HX27 $ 599
7,000E 04 $ ESW PTF RE-HX28 $ 600
7,000E 04 $ ESW PTF RE HX3 $ 601
7,000E 04 $ ESW PTF RE HX4 $ 602
0.000E 01 $ ESW PTF RE HXS $ 603

-7,000E 04 $ ESW PTF RE HX6 $ 604
7,000E 04 $ ESW PTF RE HX7 $ 605

7.000E 04 $ ESW PTF RE HX9 $ 606
7,000E 04u$ ESW-PTF RE MDPA $ 607
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7.000E 04 $ ESW PTF.RE MDFB $ 608
1.000E 03 $ HCI PTF VF NOSUC $ 19 12 609
1.200E 03 $ HSW PTF RE ECTFA $ 0 0 610
1.200E 03 $ HSW-PTF RE ECTFB $ 611
1.200E 03 $ HSW PTF RE ECTFC $ 612
1.200E 03 $ HSW PTF RE HXA $ 613
1.200E 03 $ HSW PTF.RE HXB $ 614

,

1.200E 03 $ HSW PTF RE HXC $ 615
1.200E 03 $ HSW PTF.RE HXD $ 616 -
7.000E 04 $ HSW PTF RE MDPA $ 617
7.000E 04 $ HSW PTF RE MDPB $ 618
7,000E 04 $ HSW-PTF.RE MDPC $ 619
7.000E 04 $ HSW PTF RE MDPD $ 620
6.000E 04 $ HSW PTF RE PS10 $ 621
9.000E 04 $ HSW PTF RE PS18 $ 622
9.000E 04 $ HSW PTF RE PS20 $ 623
1.000E 04 $ IAS PTF HW IAS $ 10. 16 26 624
1.500E 03 $ LCI PTF RL 2AP35 $ 0 0 625
1.500E 03 $ LCI PTF RE 2BP35 $ 626
1.500E 03 $ LCI PTF RE 2CP35 $ 627
1.500E 03 $ LCI PTF.RE 2DP35 $ 628
1.200E 03 $ LCI PTF.RE LOOPA $ 629
1.200E 03 $ LCI PTF RE LOOPB $ 630
1.500E 03 $ LCS PTF RE 2AP37 $ 631
1.500E 03 $ LCS PTF RE 2BP37 $ 632
1.500E-03 $ LCS PTF RE 2CP37 $ 633
1,500E 03 $ LCS PTF RE 2DP37 $ 634
2.000E 03 $ RBC PTF MA PB $ 635
9.000E 04 $ RBC PTF RE 2352 $ 636
9.000E-04 $ RBC PTF RE 2354 $ 637
1.200E 03 $ RBC PTF RE PB $ 638
3.000E 03 $ TBC PTF FS PUMPB $ 16 26 639
2.000E 03 $ TBC PTF MA PUMPB $ 0 0 640
1.200E 03 $ TBC PTF RE PUMPB $ 641
1.000E 03 $ ESF PWR FC-4160A $ 2 7 642
1.000E 03 $ ESF PWR FC 4160B $ 643
1.000E 03 $ ESF PWR FC 41600 $ 644
1.000E 03 $ ESF-PWR FC 4160D $ 645
8.000E 06 $ DCP REC LP 1 $ 6 7 646
8.000E 06 $ DCP REC LP 2 $ 647
8.000E 06 $ DCP REC-LP 3 $ 648
8.000E-06 $ DCP REC LP 4 $ 649
1.000E 03 $ RBC SOV FT S2352 $ 20 16 650
1.000E 03 $ RBC SOV FT S2354 $ 651
2.000E 04 $ RBC SOV MA S2352 $ 0 0 652
2.000E 04 $ RBC SOV-MA S2354 $ 653
3.000E 04 $ EHV SRV CC RV1 $ 21 6 654
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frandom Basic Event ff Efrag dresp Ecorr EE.

3.000E 04 $ EHV SRV CC RV2 $ 655
3.000E 04 $ EHV SRV CC Rv3 $ 656

3.000E 04 $ EHV SRV CC RV4 $ 657

3.000E 04 $ SLC SRV CC RV39A $ 0 0 658

3.000E 04 $ SLC SRV CC RV39B $ 659

1.000E 01 $ CDS SYS FO COND $ 10. 16 26 660
1,000E 01 $ NSW SYS FO NSW $ 661

1.000E 04 $ PCV SYS HW SYSTM $ 19 20 662

3.400E 03 $ SLC SYS TE SLC $ -0 0 663

1.000E 04 $ HCI TCV HV TCV18 $ 19 12 664

1.000E 04 $ LCS TCV HW TV13A $ 665

1.000E 04 $ LCS TCV HW TV13B $ 666

1.000E 04 $ RCI TCV HW TCV22 $ 667

5.000E 02 $ HCI TDP FR 20S37 $ 10. 0 0 668 m.c.
3.000E 02 $ HCI TDP PS 20S37 $ 10. 16 14 669 m.e. I

1.000E 02 $ HCI TDP MA 20S37 $ 10. 0 0 670 1
5.000E 02 $ RCI TDP FR 20S38 $ 10, 671 m.e. '

,

3.000E 02 $ RCI TDP FS 20S38 $ 30. 16 14 672 m.e. :

1.000E 02 $ RCI TDP.MA 20S36 $ 10. 0 0 673 m.e. t
*

1.000E 05 $ ESW TNK LL.PS13 $ 10, 24 2' 674 m.e.
1.000E 05 $ HSW TNR LF RESVR $ 0 675

1.000E 06 $ ADS TSW PT DC125 $ 13 11 676
1.250E 03 $ LCI TSW PT ATOC $ 3 11 677 )

1.250E 03 $ LCI TSW PT BTOD $ 678 a

1.000E 05 $ HSW VFC LF PPBAY $ 0 0 679 r

5.000E 01 $ CRD XHE FO BRRRS $ 5. 680 e

5.000E 01 $ CRD XHE F0 CRD $ 5. 681 (
4.000E 04 $ CRD XHE RE PB $ 682 y

5.000E 01 $ ESF XHE FO ADSBT $ 683
! 5.000E 01 $ ESF XHE FO DEPRE $ 5. 684

5.000E 01 $ ESF XHE-FO DEPSD $ 685
1 5.000E 01 $ ESF XHE FO HCICL $ 5. 686
! 5.000E 01 $ ESF XHE FO HCIRL $ 687

5,000E-01 $ ESF XHE FO HPSAT $ 688
5.000E 01 $ ESF XHE FO HPSRL $ 689
1.000E 01 $ ESF XHE FO HSWIN $ 10, 690
5.000E 01 $ ESF XHE FO LPSAT $ 691
5.000E 01 $ ESF XHE FO 0VRID $ 692
5.000E 01 $ ESF XHE FO RCICL $ 693
5.000E 01 $ ESF XHE FO RCICO $ 694
5,000E 01 $ ESF XHE FO RCIRL $ 695
5.000E 01 $ ESF XHE FO RHRAT $ 696

,

2.500E 05 $ ESF XHE MC CSTLV $ 697
1.000E 04 $ ESF XHE MC.HDPRS $ 698
2.000E 04 $ ESF XHE HC PRES $ 699
5.000E-05 $ ESF-XHE MC-VSLVL $ 700
9.000E 01 $ ESW XHE FO EHS $ 10. 701
5.000E 01 $ HSW XHE FO PS9 $ 5, 702
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Erandom Basic Event EE Efrag dresp dcorr 822

5.000E 01 $ PCV XHE FO PCV $ 703

5.000E 01 $ RBC XHE FO LCVAL $ 5.0 704

5.000E 01 $ RBC XHE TO SWCH $ 5.0 705

5.000E 01 $ SLC XHE FO SLC $ 706
1.200E 02 $ SLC XHE RE DIVER $ 707

3.000E 03 $ SLC XHE RE EV14A $ 708

3.000E 03 $ SLC XHE RE EV14B $ 709

1.000E 03 $ SLC XHE RE MDPA $ 710

1.000E 03 $ SLC XHE RE MDPD $ 711

2.000E 04 $ ESW XVM MA XV517 $ 712
l 4.000E 05 $ ESW XVM PG D504A $ 713

4.000E 05 $ ESW XVM PG D504B $ 714

4.000E 05 $ ESW XVM PG D504C $ 715
4.000E 05 $ ESW XVM PG D504D $ 716
4.000E 05 $ ESW XVM PG D505A $ 717

4.000E 05 $ ESW XVM PG D505B $ 718
4.000E 05 $ ESW XVM PG D505C $ 719
4.000E 05 $ ESW XVM PG D50$D $ 720
4.000E 05 $ ESW XVM PG D519A $ 721
4.000E 05 $ ESW XVM PG D519B $ 722
4.000E 05 $ ESW XVM PG D5190 $ 723

,

4.000E 05 $ ESW XVM PG D519D $ 724
4.000E 05 $ ESW XVM PG X507A $ 725
4.000E 05 $ ESW-XVM PG X507B $ 726
4.000E 05 $ ESW XVM PG XV13 $ 727
4.000E 05 $ ESW XVM PG XV15 0 728
4.000E 05 $ ESW XVM-PG XV16 $ 729

|
4.000E 05 $ ESW XVM PG XV17 $ 730
4.000E 05 $ ESW XVM PG XV18 $ 731
4.000E 05 $ ESW XVM PG XV19 $ 732
4.000E 05 $ ESW XVM PG XV20 $ 733
4.000E 05 $ ESW XVM PG XV21 $ 734
4.000E 05 $ ESW-XVM PG XV22 $ 735
4.000E 05 $ ESW-XVM PG XV23 $ 736
A.000E 05 $ ESW-XVM PG XV24 $ 737
4.000E-05 $ ESW XVM PG XV25 $ 738
4.000E 05 $ ESW XVM PG XV26 $ 739
4.000E 05 $ ESW XVM PG XV27 $ 740
4.000E 05 $ ESW XVM PG XV28 $ 741
4.000E 05 $ ESW XVM PG XV29 $ 742
4.000E 05 $ ESW-XVM PG XV30 $ 743
4.000E 05 $ ESW XVM-PG XV31 $ 744
4.000E 05 $ ESW XVM PG XV32 $ 745
4.000E 05 $ ESW XVM PG XV33 $ 746
4.000E 05 $ ESW XVM PG XV34 $ 747
4.000E-05 $ ESW XVM PG XV35 $ 748
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frandom Basic Event EE Ufrag Eresp Mcorr E24

4.000E 05 $ ESW XVM PG XV36 $ 749

4.000E 05 $ ESW XVM PG XV37 $ 750

1 4.000E 05 $ ESW XVM PG XV38 $ 751
1 4.000E 05 $ ESW XVM PG XV39 $ 752

4.000E 05 $ ESW XVM PG XV40 $ 753

4.000E 05 $ ESW XVM PG XV41 $ 754

4.000E 05 $ ESW XVM PG XV42 $ 755

4.000E 05 $ ESW XVM PG XV43 $ 756

4.000E 05 $ ESW XvM PG XV44 $ 757

4.000E 05 $ ESW XVM PG XV45 $ 758

i 4.000E 05 $ ESW XVM PG XV46 $ 759

4.000E 05 $ ESW XVM PG.XV47 $ 760

4.000E 05 $ ESW XVM PG XV48 $ 761

4.000E 05 $ ESW XVM ?' : V49 $ 762

4.000E 05 $ ESW XVM PG XV50 S 763

4.000E 05 $ ESW XVM PG XV502 $ 764

4.000E 05 $ ESW XVM PG-XV506 $ 765

4 000E 05 $ ESW XVM PG XV509 $ 766
,

4.000E 05 $ ESW XVM PG XV51 $ 767

4.000E 05 $ ESW XVM PG XV510 $ 768
4.000E 05 $ ESW XVM PG XV517 $ 769

4.000E 05 $ ESW XVM PG XV52 $ 770
4.000E 05 $ ESW XVM PG XV53 $ 771
4,000E 05 $ ESW XVM PG XV54 $ 772

4.000E 05 $ ESW XVM PG XV55 $ 773
4,000E 05 $ ESW XVM PG XV56 $ 774

4.000E 05 $ ESW XVM-PG XV57 $ 775
4.000E 05 $ ESW XVM PG XV58 $ 776

4.000E 05 $ ESW XVM PG XV59 $ 777
4.000E 05 $ ESW XVM PG XV60 j$ 778
4.000E 05 $ ESW XVM PG XV61 H$ 779

4.000E 05 $-ESW XVM PG XV62 $ 780
4.000E 05 $ ESW XVM PG XV63 $ 781
4,000E 05 $ ESW XVM PG XV64 $ 782
4.000E 05 $ ESW XVM PG XV65 $ 783
4.000E 05 $ ESW XVM PG XV66 $ 784
4.000E 05 $ ESW XVM PG XV67 $ 785

4.000E 05 $ ESW XVM-PG XV68 $ 786
4.000E 05 $ ESW XVM PG XVA $ 787
4.000E 05 $ ESW XVM-PG XVB $ 788

| 4.000E 05 $ ESW XVM PG XVG $ 789
4.000E 05 $ ESW XVM PG XVD $ -790
4.000E 05 $ ESW XVM PG XVE $ 791
4.000E 05 $ ESW XVM PG XVF~ $ 792
4.000E 05 $ ESW XvM-PG XVG $ 793
4,000E 05 $ ESW XVM PC XVH $ 794
4.000E 05 $ ESW XVM PG-XVI $ 795
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frandom Basic Event El dfrag dresp dcorr U2A

4.000E 05 $ ESW XVM PG XVJ -$ 796-

4.000E 05 $ ESW XVM PG XVK $ 797

4.000E 05 $ ESW XVM PG XVL $ 798

4.000E 05 $ ESW XVM PG XVM $ 799 |

4.000E 05 $ ESW XVM PG XVN $ 800

4.000E 05 $ ESW XVM PG XVO $ 801

4.000E 05 $ ESW XVM PG XVP $ 802

4.000E 05 $ ESW XVM PG XVQ $ 803

4.000E 05 $ ESW XVM PG XVR $ 804

4.000E 05 $ ESW XVM PG XVS $ 805

4.000E 05 $ ESW XVM PG XVT $ 806

3.000E 04 $ ESW XVM RE XVS17 $ 807

0.000E 01 $ ESW XVM RE XVA $ 808

9.000E 04 $ ESW XVM RE XVAB $ 809

9.000E 04 $ ESW XVM RE XVCD $ 810

9.000E 04 $ ESW XVM RE XVEF $ 811

9.000E 04 $ ESV XVM RE XVCH $ 812

9.000E 04 $ ESV XVM RE XVIJ $ 813

9.300E 04 $ ESV-XVM RE XVKL $ 814

9.000E 04 $ ESW'XVM RE XVMN $ 815
9.000E 04 $ ESV XVM RE XV0P $ 816

9.000E 04 $ ESW XVM RE XVQR $ 817
9.000E 04 $ ESW XVM RE XVST $ 818
4.000E 05 $ HCI XVM HW CST 01 $ 819

4.000E 05 $ HCI XVM PG XV12 $ 820
4.000E 05 $ .1 XVM PG XV23 $ 821
1.250E 04 $ HSW XVM 00 516A * 822
4.000E 05 $ F9W XVM PG '501A $ 823
4.000E 05 $ h.s-XVM-PG .iO1B $ 824
4.000E 05 $ hSW XVM PG X5010 $ 825

l 4.000E 05 $ HSW XVM PG X501D $ 826
4.000E 05 $ HSW-XVM PG X515B $ 827
4.000E 05 $ HSW XVM PG XV11 $ 828
4.000E 05 $ HSW XVM PG XV5 $ 829
4.000E 05 $ HSW XVM PG XV6 $ 830i

l 4.000E 05 $ HSW XVM PG XV7 $ 831
4,000E 05 $ HSW XVM PG XV8 $ 832
4.000E 05 $ HSW XVM PG XV9 $ 833
4.000E-05 $ LCI-XVM PG XV81A $ 834
4.000E 05 $ LCI XVM PG XV81B $ 835
4.000E 05 $ LCS-XVM PG XV14A $ 836
4.000E 05 $ LCS XVM PG XV14B $ 837
4.000E 05 $ LCS XVM PG XV63A $ 838
4.000E 05 $ LCS-XVM PG XV63B $ 839
4.000E-05 $ LCS XVM PG XV63C $ 840
4.000E 05 $ LCS XVM PG XV63D $ 841

| 4.000E 05 $ RCI XVM PG XV17 $ 842

C 27
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frandom Basle Event If Efrag dresp Ecorr F2..

4,000E 05 $ RCI XVM PO*XV9 $ 843
4,000E 05 $ SDC XVM Po XVI $ 844
4,000E 05 $ SLC XVM PC XV11 $ 845 ,

4,000E 05 $ SLC XVM PG XV12A $ 846
4,000E 05 $ SLC XVM PC XV12B $ 847
4,000E 05 $ SLC XVM PG XV13A $ 848-
4,000E 05 $ SLC XVM Po XV13B $ 849
4,000E 05 $ SLC XVM PC XV15 $ 850
4,000E 05 $ SLC XVM PG XV18 $ 851
0,000E 00 $ SLOCA FIT $ 3.0 29 32 852
0,000E-00 $ MLOCA FIT- $ 3.0 30 32 853
0.000E 00 $ RECIRC PUMP $ 3,0 31 1 854
0,000E 00 $ VESSEL SKIRT $ 3,0 28 1 855
5,000E 06 $ ACP CCF 2 4KV $ 5,0 41 7 2 856
7,800E 05 $ ESW CCF 2 MDPS $ 10, 17 28 2 857
3,900E 05 $ ACP CCF 2 DOS $ 3,0 42 22 2 858
0,000E 00 $ DIRE CST RWST $ 3.0 32 1 859
0,000E 00 $ EMER COOL TOWER $ 3,0 33 1 860
0.000E 00 $ REACTOR BLDG $ 3,0 34 1 861
0.000E 00 $ RADWASTE/TB ROOF $ 3,0 35 1 862
0.000E 00 $ RADWASTE/TB WALL $ 3,0 36 1 863
0.000E 00 $ TURBINE BLDG $ 3,0 37 1 864
0,000E-00 $ BLOCK WALLS VAR $ 3.0 38 1 865
0.000E&00 $ RECIRC PUMP 2CCF $ 3,0 31 1 2 866
5,000E 06 $ ACP CCF 3 4KV $ 5.0 41 7 3 867

s

C-28



. _. _ ._ . . _ _ _ _ _ __

APPENDIX D ,

CRITICAL COMPONENTS liY TIRE AREA

,

!

!

,

i

>

,

m . - r--m_m --_--____ _.__... _.__. ___ __ _
_u-_,n...,w.m..



_-_ _ _ _ _ _ _ - _ -

Appendix D

Critical Components by Fire Area

_

Tire Area Component Description

1 Unit 2..RHR Heat Exchangers (A and C); RHR Paps A and C;
RHR Pump Discharge Bypass Valves; PJ1R Heat Exchanger Dis-
charge Valves; LPCI Suction Isolation Valves; RHR Shutdown
Cooling Suction Valves; PJtR Pep Room Cooling Fans (A.D).

2 Unit 2..RHR Heat Exchangers (B and D); RHR Pumps B and D;
RHR Pump Discharge Bypass Valves; RHR Heat Exchanger
Discharge Valves; LPCI Suction Isolation Valves; RHR Shut-
down Cooling Suction Valves; RHR Pap Room Cooler Heat
Exchanger; ESW Header Isolation Valve; HPCI Turbine; HPCI
Pap Suction Valves From Torus; HPCI Pump Suetion From CST;
Outboard HPCI Pump Discharge Valve; HPCI Steam Line to
Turbine; HPCI Hinimum Recirc to Torus; Condensate Drain Pot
Drain Valve; HPCI Pump Room Cooling Fans A and B; RCIC
Turbine; RCIC Pump Suction Valves from Torus; RCIC Pap
Suction from CST; Outboard RCIC Discharge Isolation Valve;
RCIC Pump Room Cooling Fans;

3 Unit 3 RHR Heat Exchanger (A and C); RHR Pumps A and C;
RHR Pap Discharge Bypass Valves; RHR Heat Exchanger Dis-
charge Valves; LPCI Suction Isolation Valves; RHR Shutdown
Cooling Suction Valves; RHR Pump Room Cooling Fans (A D);
RHR Service Water Crosstie Valves; HPCI Turbine; HPCI Pump
Suction Valves From Torus; HPCI Pump Suction From CST:
Outboard HPCI Pump Discharge Valve; HPCI Steam Line to j

Turbine; HPCI Minimum Recirc to Torus; HPCI Pump Room Cool-
ing Fans A and B; RCIC Turbine; RCIC Pump Suction Valves
From Torus: RCIC Pump Suction From CST; Outboard RCIC Dis-
charge Isolation Valve; RCIC Steam to Turbine Isolation
Valve; RCIC Lube Oil Cooler Isolation Valve; RCIC Pump Room
Cooling Fans A and B.

4 There is currently no major safety related equipment in
Fire Area 4. The Unit 2 HPCI alternative control station
vill be located in Fire Area 4

5 Unit.2 RHR Supply to Torus Valves (4); RHR Recire Loops A
and B Return Valves; Core Spray Pumps A.D; Core Spray Pump
Suction Valves; Core Spray Minimum Bypass Valves; Core
Spray Pump Roon Cooling Fans (8); Core Spray Pump Room
Cooler RXs (8).

D-1
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Appendix D

Critical Components by Fire Area'

(Continued)

..

Fire Arf.,g Comeonenr_,Descrietion

6N RHR Shutdown Cooling Suction Valve; RHR Recire ' Loop .B
Return Valve; RRR Drywell Spray Isolation Valves (B); Out.
board and-Inboard Core Spray Discharge Valves-(B).

6S RRR Recire 140p' A Return Valve; RHR Drywell Spray Isolation
Valve (A); Outboard and Inboard Core Spray Discharge Valves
(B).

17 Inboard RCIC Discharge Isolation Valve; Inboard HPCI Purop
Discharge-Valve.

18 RHR Shutdown Cooling Suction Valve; Inboard RCIC Steam
Supply Isolation Valve; Inboard HPCI Steam Supply Isolation
Valve.

19 Control Rod Drive Mechanisms.
,

25 Fire Area 25 contains the controls, instrumentation, and
logic for all the plant's major safety related systems.

.

30 Unit 3.. Station Batteries B and D; Distribution Panel.

31 Unit 3 Station Batteries A and C; Distribution Panel;

32 Battery Chargers A and C; 3C Emergency Auxiliary Switch-
gear.

33 3A Emergency Auxiliary Switchgear; 3A Hotor Control Center.

34 3D teergency Auxiliary Switchgear;. Battery Charger D; 125V
de Panel.

35 3B Emergency Auxiliary Switchgear; Battery Charger B,
I

36 Battery Chargers B and D;. 2D Emergency Auxiliary Switch.
r

l gear.
;

37 2B Emergency Auxiliary Switchgear.

38 2C Emergency Auxiliary Switchgear; Battery Chargers A, C.

39 2A Emergency Auxiliary Switchgear.

I

D*2
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Appendix D

Critical Components by Fire Area
(Concluded)

!

t

Fire Area Comoonent Descrietion j

40 2B Station Battery: 2D Station Battery.

41 2A Station Battery; 2C Station Battery.

43 E4 DG Building Vent supply; E4 DG Building Supply Fan;
Distributien Panel; E4 Diesel Generator.

44 E3 DO Building Vent Supply;- E3 DG Building Supply Tan;
Distribution Panel; E3 Diesel Generator.

45 E2 DG Building Vent Supply; E2 DG Building Supply Tan;
Distribution Panel; E2 Diesel Generator.

46 El DG Building Vent Supply; El DG Building Supply Tan;
Distribution Panel: El Diesel Generator.

47 B ESW Pump.

48 A ESW Pump, HPSV Pumps A.D. I

50 Condensate Storage Tank Water Level Transmitters (LT 2217,
LT 3217, LT 9459).

,
51 Emergency Cooling Tower Fans A.C; - Emergency Cooling Water

Pump; Emergency Cooling Water Pump Discharge; ESW Discharge!
.

Valves A C to Reservoir; HPSW Discharge-to Reservoir.

54 ESW Discharge Valve; HPSW Discharge Valves (2) to
Reservoir.

.
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Appendix E. Peach Bottom Fire Event Data Table--: Auxiliary Building Fires
:
t

'

; i
i l
s i

-Plant Date of Plant Fire ,!
4

;
! Name Occurrence Status Tvve Remarks

t,

; San Onofre 1 2/7/68 Power Cable Thermally overloaded 480 V j
operation cables caught fire - 55 |

cables damaged. i

I

; San Onofre 1 3/9/68 Power Cable Thermally overloaded cables )
!

Operation in switchgear room.
t3 i

Palisades 6/25/71 Cold Air Dryer Low flow of air through air [
;

Shutdown Filter dryer resulted in temperature ;
j .

fbuildup, and ignition of'

|i filter.
|
!

M Lacrosse 7/15/72 Power Circulation Cil on pump lagging ignited
|

Operation Pump by hot pump casing.
j -

i'

)
| Turkey Point-3- 12/16/72 Power Battery Battery charger overheated |

. operation Charger and a small fire occurred in ;

the transformer winding [

insulation. !
'

-

t
i

Robinson 2 4/19/74 Power Expansion Cigarette or welding slag

Operation Joint from construction workers
ignited combustible expansion

'

joint material. ,

!,
..

| Robinson 2- 4/19/74 Power Expansion Same type of event as j

i Operation Joint previous event - occurred one t

i week apart. . |
!
,

1

i.
)
t-

fa

'

4
-
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Appendix E. Peach Bottom Fire Event Data Table--Auxiliary Building Fires (Continued)

Plant Date of Plant Fire

Name Occurrence Status Tvoe Remarks

Turkey Point 3 5/75 _ Power Battery Transformer overheated ignit-

Operation Charger ing insulation. Similar to
j (100%) previous event on 12/14/72.

Millstone 2 3/24/76 Hot Motor Control Fire resulted from arcing of

Shutdown Center a supply lead. Extinguished
by de-energizing MCC.

I

Dresden 2 4/76 Cold Circuit ECCS Jockey Pump control feed.

Shutdown Breaker breaker caught fire from a
burned-out contacter coil. j

|
|

7 Fitzpatrick 6/11/76 Power Circuit Overload in HPCI valve

Operation Breaker circuit breaker. Extin-"

(934) guished by de-energizing
breaker.

Millstone 2 11/15/76 Hot Relay-MCC Relay fire in' motor control |
Shutdown center.

Pilgrim:1 3/77 Hot Circuit Circuit breaker under-voltage

Shutdown Breaker coil burnt due to high float-
ing charge on station
battery.

Fitzpatrick 4/4/77 Power Circuit Coil failed by fire in HPCI

Operation Breaker test valve breaker and extin-

(88%) guished by de-energizing.
Similar to 7/28/75 event.

_- ,
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Appendix E. Peach Bottom Fire Event Data Table--Auxiliary Building Fires (Continued) ;'

i :

I !

Plant Date of Plant Fire
'

Na ne Occurrence Status Type Remarks
>

It

Arnold 5/7/77 Refueling Circuit Breaker relay failed, burning
*

j
' Outage Breaker .open and starting phase p

burner material above it on'

] fire.

I

Salem 1 6/30/77 Power Relay - Fire detection instrumenta- i;

Operation Cabinet ion panel fire due to relay !
'

failure. '

:
'

Unknown 4/13/78 Power Circuit Failure breaker contact due
!Operation Breaker - to improper maintenance -

1

MCC occurred in motor control [
j 7 center. ;

w

Robinson 2 7/16/78 Power Battery Resistance heating of termi-
Operation nal connection ignited ~f

'

i plastic tops of two cells of
a battery.

3

i

| Unknown .7/27/78 Power Battery Defective terminal or connee- !

j Operation Terminal tions not secured. (

Arkansas 8/16/78 Cold Pump LPSI pump motor on fire |
'

Nuclear Shutdown . Motor (being used for shutdown !
,

;One I cooling) due to incorrect
irstallation of motor bear- i

ings resulting in shorting [
of rotor with the stator. [

- !

! Salem 1 1/79 Fower Transformer Moisture in the windings j
i Operation resulted in a short and j

(95%) subsequent fire. ,

!

F

[i

I I

I

i
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Appendix E. Peach Bottom Fire Event Data Table--Auxiliary Building Fires (Continued) [
l
!

!
4

i Plant Date of Plant Fire

; Name Occurrence Status Tvre Remarks [
'

:

, Palisades 4/4/79 Power Battery Battery burst due to internal f
4 Operation explosion of hydrogen ignited (

(100%) by a test lead being used to I
3

measure voltage. [
'

!i
| San Onofre 1 11/27/79 Power Switchgear Rodents shorted two phases of |

Operation a 4.80V bus in the switchgear
.

! (1001) room. !

! !
3 Hatch 2 '4/80 Cold Cable A loose connection resulted [

#

I- Shutdown in a wire of an RPS motor
1 generator set breaker; en

| E. burning. t
1'
;

Unknown BUR 4/15/80 Power Bus Fire involving supply bus
*

Operation occurred in switchgear room. t*

!

Peach Bottom 1 6/3/80 Power Transformer A filtering capacitor in a'

. Operation vital bus transformer caught 'j
(100%) fire damaging the

,

i transformer. [
t

i
t

i Unknown PVR 7/6/80 Power Circuit Circuit breaker caught fire i

!
'

Operation Breaker when it failed to close {
properly because contacts ;

; "

were out of adjustment.
. I
! ;

! Unknown 1%'R 10/2/80 Power Valve Motor Air sample inlet valve motor p
"

Operation issued smoke. Power wasj'
removed from motor.

,

,

i

i <

$ I,

I
; 't
- __.

__



_ - _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _

Appendix E. Peach Bottom Fire Event Data Table--Auxiliary Building Fires (Continued)
i

s

Plant Date of Plant Fire ,

Name Occurrence Status Type Remarks

Troj an 12/31/80 Power Circuit Breaker stab misaligned caus-
Operation Breaker ing ignition of plastic dust

(100%) collector by arcing.

Palisades 1/24/81 Power Pump Component cooling water pump
Operation Motor motor caught fire due to

(98%) bearing. failure from loss of
lubricating oil.

San Onofre 1 7/17/81 Cold Gas Decay Explosion. of 112 in

Shutdown Tank recombiner.

7
v. Indian Point 2 8/10/81 Power Pump Short circuit within SI pump

Operation Motor caused fire and an overload

(100%) trip of its supply breaker.

North Ania 1 11/11/81 Power Pump Main feedwater pump fire. |

Operation

Itacch 1 11/23/81 Cold Relay Insulation breakdown caused
Shutdown fire in a reactor low-low RPS

relay.

Point Beach 1 10/15/82 Power Circuit Supply breaker for MG set
Operation Breaker caught fire.

(78%)

.
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Appendix E. Peach Bottom Fire Event Data Table--Auxiliary Building Fires (Continued)

Plant Date of Plant Fire

Name Occurrence Status Type Remarks

Salem 1 11/9/82 Cold Relay Relay failure resulted in a
Shutdown fire in a fire detection

instrumentation panel. Fire
detectors for switchgear
rooms, battery room, and DG
area were rendered
inoperable.

Brunswick 1 11/27/82 Power Battery Resistor on charger amplifier
Operation Charger board opened causing a volt-

(68%) age increase and capacitor
failure.

m

E Oconee 2 2/3/83 Power Pump Loss of lubrication oil

Operation Motor resulted in high bearing

(100%) temperature and smoke.

Brunswick 1 4/26/83 Refueling Transformer Following a loss of offsite
power, a fire occurred in a.

transformer between emergency
.

! buses.

Oconee 3 5/25/83 Power Cable and Welding operation started a
Operation Conduit fire in conduit surrounding

(100%) a cable (letdown valve). ,

i
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Appendix E. Peach Bottom Fire Event Data Table--Auxiliary Building Fires (Concluded) !

Plant Date of Plant Fire

Name Occurrence Status Type Remark.s

Salem 2 6/20/83 Cold Transformer Transformer breaker tripped

Shutdown on overcurrent and was
reclosed. Fire occurred
immediately thereafter.

Peach
Bottom 1 9/9/83 Power Control Water entered a control

Operation Panel room ventilation chiller

(100%) control panel shorting
motor starter contacters.

i

Yankee Rowe 8/2/84 Power Circuit High resistance in the main

m Operation Breaker disconnecting contacts of

i (100%) the center phase of the
breaker caused an are to
propagate to outside phases.

,

!1

|
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I Appendix E. Peach Bottom Fire Event Data Table--Reactor Building Fires
.

i- i
,

Plant Date of Plant Fire
,

Name Occurrence Status Type Remarks
|
7

i Quad Cities 1 12/10/72 Power Oil, A small open flame was
.

'
! Operation Insul- observed within a RHR

ation service-water pump housing. !

{j - Fire was set by welding j
sparks on oil soaked
insulation. !;

! !

{Peach Bottom 1 12/22/72 Power The motor on a residual heat'

Operation removal pump burst into ;
j

1 flames due to insufficient :
r

| lubrication to the lower !

]
bearing.

m.

i d, Monticello 5/15/74 Hot Hydrogen An off-gas ignition occurred i

.>hutdown resulting in the rupture of ;
4

both air ejector discharge f
j ' line rupture discs. t

!
. .

I

f Dresden 3 11/15/74 Power Hydrogen An off-gas explosion occurred j

[ Operation when the 3A recombiner outlet '

; valve was opened. ;

I i

Oconee 2 2/31/75 Hot Oil A small oil fire occurred ;
,

1 Shutdown underneath a reactor coolant
! pump motor stand.
E
i- .

4/14/77 Power Hydrogen .A hydrogen flame was in the
. .

!' Brunswick.2

i Operation. off-gas system at burning }

| the flow orifice or in the [
j jet air ejector. !

v

I'

1 ;
I l

P

S

I
|
,

4
- t

_.. . . _ ._ . __ . _ _ , . _ _ . . . _ _



.. ..

.,

Appendix E. Peach Bottom Fire Event Data Table--Reactor Brilding Fires (Continued)

Plant Date of Plant Fire

Name Occurrence Status Tvre Eemarks

Brtinswick 2 6/15/77 Power Hydrogen Following an off-gas ou r-

Operation pressurization, a hydrogen
fire was detected downstream
of the steam jet air
ejectors.

Unknown BL~d 2/10/78 Power Elec- Smor ad coming
Operation tricas from e her.

.

1

Indian 9/4/79 Power 011. 4 Uw _.. the

Point 2 Operation Insu- reactor coolant pump tube.

lation in,ulation was saturated
with oil and ignited.

; n
e,

Robinson 2 9/30/79 Power Oil 3gging fire on cold legso

Operation piping. Fire caused by
' Aricating oil leak.

San Onofre 1 /16/80 Hot 011. Oil from leaking reactor

Shutdown Insu- coolant ptwp oil filter came

lation in contact with the hot pump

casing and ignited.

Nine Mile 4/22/80 Povar Oil Fire resulted from lube oil
Point 1 Operation that leaked from a main

turbine shaft-driven feed
water pump.

- -

. . . .
- -
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Appendix E. Peach Bottom Fire Event Data Table--Reactor Buildinr, Fires (Concludad)

Plant Date of Plant Fire

Narre Occurrence Status Tvre Recarks

Pilgrim 2/24/81 Power Insu- A fire was ignited by welded

Operation lation sparks falling on temporary
foam rubber insulation.

Unknown PWR 11/7/81 Power Elec- Wiring harness was pinched
Operation trical off inside a cabinet and

electrically shorted out.

Unknown BWR 2/12/82 Cold Oil Pipe vibrating loose leaked

Shutdown snto a hot turbine casing.

r-:
I

w

O

i
I

|
;

I

i
'

I

|
i,

1

i

i
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Appendix E. Peach Bottom Fire Event Data Table--Control Room Fires

Plant Date of Plant Fire

Name Occurrence Status Tvre Remarks

Unknown 7/4/78 Power Diode Zener diode failed in an RPS
Operation circuit.

Three Milt 7/12/79 Cold Circuit Overheated resistor caused
Island 2 Shutdown Board fire in a radiation monitor-

ing readout panel.
Extinguished immediately.

Hatch 1* 3/12/83 Power Relay Low reactor water level
Operation RPS relay burned caustag a
(94%) 1/2 scram (failed safe).

Extinguished by operators.

7 Hatch 1* 3/30/83 Power Relay Scram discharge volume

:: Operation high level RPS relay burned
(34%) a 1/2 scram (failed causing

safe). Extinguished by

I
operators. Same type of
relay as in previous event.

* Counted as one event for quantification of fire frequency.

I

__
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Appandix E. Peach Bottom Fire Event Data Table--Cable Spreading Room Fires

t

i
i

Plant Date of Plant Fire ;

Name Occurrence Status Type Remarks ,

;

Browns 3/22/ 5 Power Cable Spread from cable spreading

Ferry 162 Operation Fire room to reactor building in

(1001) Unit 1 and affected Unit 2. !
!

Peach Bottom 3 4/18/77 Power Relay Fire in PCIS logic and RHR ,

Operation Fire valve relay. |
(25%) ,

!
,

!

tn ;

8 i

-
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Appendix E. Peach Bottom Fire Event Data Table--Switchgear Room Fires

;

Plant Date of Plant Fire .}
Name Occurrence Status Type Remarks

Unknown Pk'R 11/7/79 Power 480 V Bus Fire involved 480 V bus; t

Operation short circuit caused by I

rodent bridging two energized j

phases. .)

Unknown Ek'R 4/15/80 Power Bus Fire involved supply bus in !

Operation switchgear room. }
!

Unknown Pb'R 7/6/80 Power Circuit Fire involving switchgear
Operation Breaker . room breaker. Out of ,

adjustment control circuit i

completed

'
7 Yankee Rowe 8/2/84 Fower Circuit A fault occurred in the 480 V

[ Operation Breaker supply ACB to bus 4-1; high ,

(100%) resistance in the main dis-
connecting contacts caused an -|
are to propagate from the [
center phase to the outside
phases.

,

.
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| Appendix E. Peach Bottom Fire Event Data Table--Sattery Room Fires f'

!

,

Plant Date of Plant Fire

Name Occurrence Status Tvne Remarks ;

Robinson 2 7/16/78 Power Battery Plastic tops of two Operation'

cells of a station battery ;

caught fire caused by
resistance heating of a ,

terminal connection during !
the heavy de load of the !

emergency oil pump.'

Unknown 7/27/78 Power Battery Fire caused by defective j
.

Operation terminal or unsecured :

connections.

'

- m Palisades 4/4/79 Fower Battery A test lead being used to
Operation take battery voltage read-'

(100%) ings . fell and struck a ,o
'

battery connector, causing a
spark which ignited hydrogen ;

gas.

- Brunswick 1 11/27/82 Power Capacitor Battery charger capacitor
Operation caught fire for unknown j;

*

(68%) reason. |

I
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Appendix E. Peach Bottom Fire Event. Data Table--Turbine Building Fires

,

,

!

l I
i

Plant Date of Plant Fire* .

Name Occurrence Status Tvoe Remarks !
.

Nine Mile 9/13/72 Power Lil, Leak in oil supply line |'

Point : Operation Insulation soaked insulation and !

ignited when it came in ;

contact with hot pipe. ;

-!

Yankee Rowe 6/15/73 Power Oil, A fire' started in oil

Operation Insulation soaked insulation around
the high pressure turbine ,

bearing casing.

i,

Unknown PWR 8/15/73 Power Unknown Fire around turbine area-

!- 'm Operation unknown cause. [
I 1

-
.

i

- u Unknown PWR 9/20/74 . Power Ping Pong Cigarette ignited box of |

Operation Balls ping pong balls - |
automatic deluge system !

I initiated. i
,

.

Kewaunee 4/15/75 Power Bus Bus fault resulted in ;

Operation cable. insulation damage.
4

I Oil Leaking oil from aUnknown PWR 6/27/75 Power. <

Operation turbine oil purifier
,

ignited when it contacted i

' purifier heaters. Cables }i

above the fire charred. !

,

I Haddam Neck ,9/75 Power Oil, 011 soaked insulation ;

i Operation Insulation fire on . gland !
steam lines under high ;

pressure turbine.
i
!

I

i

i
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Appendix E. Peach Bottom Fire Event Data Table--Turbine Building Fires (Continued)

Plant Date of Plant Fire

Name Occurrence Status Type Remarks

Unknown PWR 4/3/77 Power flydrogen Ieaking hydrogen at the.
Operation generator ignited. Purged

with CO by shift personnel.2

Saint Lucie 1 4/3/77 Power liydrogen Hydrogen leaked from turbine
Operation and ignited. Generator

inerted with CO -2

Oyster Creek 1 5/77 Refueling Cable Aluminum to copper bus

Insulation terminal connecters |

resulted in high resis- |

tance and burned cable
insulation.

tn
s

~

; Peach Bottom 3 9/77 Power Relays Three relays in feedwater

Operation pump relay cabinet ignited.
Since flame retardant cables
were used in cabinet., fire
did not propagate.

'

| Unknown PWR 7/5/78 Power Auxiliary Class B fire including the

Operation Boiler' auxiliary boiler.

Cook 2 11/13/78 Power Hydrogen Hydrogen fire under
,

| Operation generator. Purged with
CO -2

L

I
/21/80 Power Cable Fire in cable tray beneath1

| ' Browns Ferry 1
|

Operation Insulation the turbine building operat-

ing floor.
'

i
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Appendix E. Peach Bottom Fire Event Data Table--lurbine: Building Fires (Concluded)

Plant Date of Plant Fire

Name Occurrence Status Type Remarks

Cook 2 12/15/80 Power Electrical Fire in generator pilot

Operation exciter.

Unknown BUR 7/24/81 Power' Pump Condensate booster pump bind-
Operation ing overheated and caught

fire.

.

Sequoyah 1 1/19/82 Cold Transformer Neutrai ground transformer
Shutdown exploded activating deluge r

system.
;

,

!

7 Unknov- NR 2/4/82 Power Hydrogen Hydrogen leaked from a bad ,

; Operation seal into the. generator.

!2 Rancho Seco 3/19/84 Power Hydrogen Hydrogen explosion occurred
. Operation following loss of H side2;

seal' oil pump.

Indian Point 2 10/22/84 Power Insulation Fire in insulation at the |
Operation governor end of the high '

pressure turbine.
.

Arnold 11/4/84 Power Transformer Transformer fire.in yard
Operation propagated to the turbine

*

building.

<

4

1

4
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Appendix E. Peach Bottom Fire Event Data Table--Diesel Generator Room Fires

Plant Date of Plant Fire

Name Occurrence Status Type Remarks

Three Mile 11/18/74 Power Oil Leaking oil onto external

Island 1 Operation surface of a diesel engine
exhaust manifold ignited.

n ree Mile 12/15/74 Power Oil A small fire occurred in the

Island 1 Operation lagging around the diesel
engine exhaust inlet.

Unknown PWR 3/5/75 Power Cable A fire started on a lift

Operation drive motor electrical cable
left adjacent to the diesel
generator exhaust stack.

m
i

; Fitzpatrick 3/15/75. Power Oil Back pressure in the exhaust
Operation manifold caused an explosion

in the crankcase. Oil leaked
from several locations and

f ignited on the exhaust

I manifold.

Millstone 2 9/15/75 Power Oil Fire in a diesel exhaust

Operation manifold.

Duane Arnold 12/21/75 Power Oil A small fire occurred on the

Operation surface of the exhaust
manifold.

| Duane Arnold 2/27/76 Re fueling Oil A small fire occurred on the
Outage- exhaust manifold.

I
!

t

I
I

i . _ . . . . . . . _ . .. ..
. . . , . .. . . .
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Appendix E. Peach Bottom Fire Event Data Table--Diesel Generator Room Fires (Continued)

Plant Date of Plant Fire
'

Name Occurrence Status _ Tvve Remarks

Duane Arnold 3/17/76 Refueling Oil The diesel flange gasket :

leaked exhaust gases withOutage
traces of oil cato the
exterier of the flange. The
oil was ignited by exhaust
heat.

Duane Arnold 4/17/76 Power Oil Oil leaked onto the diesel
Operation exhaust manifold and caught

fire.

Millstone 2 9/15/76 Power Oil, A small fire occurred on the

Operation Insu- exhaust manifold on the
'i

lation control end of the engine.,

-

e
Zion 2 9/15/76 Power An operator disconnected a

Operation de tie breaker, tripping the
reactor and initiating safety

injection. The main
generator was overloaded,
resulting in a fire.

Fitzpatrick 10/15/76 Power Oil During testing a fire was

Operation discovered in the exhaust of
the emergency diesel
generator.

Duane Arnold 11/4/76 Power Oil A hairline fracture in a

Operation fuel line fitting caused fuel

to spray out and be ignited
by heat from the exhaust
header.

._ __



Appendix E. Peach Bottom Fire Event Data Table--Diesel Gen _rator Room Fires (Continued)

Plant Date of Plant Fire
Name Occurrence Status Type Remarks

Unknown WR 12/4/76 Power Oil During maintainence on the
Operation emergency diesel, a filter

was ignited due to overheated
oil.

Calvert 7/11/77 Power Oil A small fire developed when
Cliffs 1 Operation lube oil sprayed from the

lube oil strainer and ignited
on contact with the exhaust
manifold..

Kewaunee 9/20/77 Power Carbon A fire was caused by carbon
Operation Buildup residue buildup in the

exhaust path through then
turbocharger.'

w
o

Unknown 12/28/77 Power Probable cause of fire was
Operation combustible materials left in

close proximity to the diesel
exhaust stack.

t

1

Arkansas 3/20/78 Refueling Oil Failure of bearing oil seal-
:

Nuclear Outage allowed lubricating oil,into
One 1 the turbocharger of the

diesel generator.

Arkansas 11/15/78 Refueling Oil Fire in a diesel exhaust

Nuclear Outage manifold during a test _.

One 1

. _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Appendix E. Peach Bottom Fire Event Data Table--Diesel Generator Room Fires (Continued)

Plant Date of Plant Fire
Name Occurrence Status Tvoe Remarks

Crystal 7/24/79 Hot Oil, A fire was caused in the

River 3 Shutdown Carbon exhaust manifold of an
emergency diesel generator by
an excessive fuel rich !

mixture aided by 'll and
carbon accumulation.

Unknown Pk'R 7/24/79 Power Elec- A fire involved the exciter
Operation trical control cabinet of a diesel

generator.

|

Crystal 10/15/79 Hot Oil Fire in the exhaust manifold.g
8 River 3 Shutdown fuel-oil mix rich on start

(test).--

Maine Yankee 10/15/79 Power Oil A diesel turbocharger failed
Operaion which resulted in a fire

within the exhaust system.

Calvert 3/7/80 Power A small fire occurred in a

Cliffs 2 Operation diesel generator room.

Davis- 7/15/80 Power Fire in a turbocharger.

Besse 1 Operation

Davis- 'f/23/80 , Cold Oil A diesel turbocharger failed

Besse 1 Shutdown which resulted in a fire in
the exhaust pipe.

i

9
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Appendix E. Peach Bottom Fire Event Data Table--Diesel Generator Room Fires (Continued)

Plant Date of Plant Fire

Name Occurrence Status Type Remarks

Unknown PUR 3/9/81 Power Oil, Fire involved exhaust

Operation Insu- manifold insulation.

lation

North Anna 1 4/15/81 Power Oil An oil leak in the area of

Operation the exhaust manifold started
a small fire.

Unknown BUR 5/15/81 Power Elec- Smoke filled diesel gen-

Operation trical erator buiding.

Arkansas 6/30/81 flot 011 Oil leaked through a diesel

7 Nuclear Shutdown Insu- gasket onto insulation.

[ One 2 lation igniting a fire.

San Onofre 1 7/14/81 Power Oil Lube oil spraying from a

Operation cracked ~.nstrument line was
ignited by hot exhaust piping
above the diesel engine.

North Anna 1 7/16/31 Power Oil An oil leak in the diesel

Operation exhaust manifold caused the
fire.

Arkansas 7/27/81 Power Oil, Fire on oil soaked

Nuclear Operation Insu- insulation on a diesel.
One 1 lation engine.

..
- - .

-

- - - - - _



Appendix E. Peach Bottom Fire Event Data Table--Diesel Generator Room Fires (Concluded)

Plant Date of Plant Fire

Name Occurrence Status Type Remarks

Zion 1 8/15/81 Power Oil Lube oil sprayed past a

Operation operation o-ring seal onto a

hot exhaust manifold caused a
fire.

Prairie 8/15/82 Power Oil Turbocharger oil gasket

Island 1 Operation filter failure sprayed lube
oil on hot exhaust manifold
and ignited.

Peach 9/7/83 Maintainence Oil A diesel governor increased

Bottom 2 Outage fuel flow as a result of a

|

_ turbocharger failure. Excess
Y fuel ignited in the exhaust.
[

Surry 1 12/18/84 Cold Oil A diesel fire was caused by

Shutdown a leaking fitting on a fuel
injector line.

. . . . . . . _ _ _ _ - . . .. . , _ . . .,
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quakes. fires, floods, etc.) performed for the Peach Bottom Atomic Power
Station e si part of the USNRC-sponsored NUREG-1150 program. Both the
internal ano external events analyses make full use of recent insights and

idevelopments in risk assessment methods. In addition, the external event
analyses make use of newly-developed simplified nothods.

As a first step, a screening analysis was performed which showed that all
external events were negligible except for fires and seismic events. Sub-
sequent detailed analysis of fires resulted in a total (mean) core datage
frequency of 1.95E-5 per year. The seismic analysis resulted in a total
(mean) core damage f requency o f 7. 66E-5 per year using hazard curves
developed by Lawrence Livermore National Laboratory and 3.09E-6 per year
using hazard curves developed by the Electric Power Research I n s t i t ti t e .
Uncertainty analyses were performed, and dominant components and sources
of uncertainty were identified.
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Probabilistic Risk Assessment (PRA) Unlimited
External lla z a r d s ' ' ' ' " ' " " " * " " ' ' ' ' ' "

safety analysis " ' " ' " ' '

uncertainty analysis Unclassifled
accident sequence analysis " * " * ' " ' "

JJnclassified
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