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ABSTRACT

The U.§., Nuclear 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
trobabilistic 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 met'o-
dologles, 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
slgnificant 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 thelr
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
sefsmic events, Detalled analyses for fire and seismic events were (hen
perfermed, Final analysis of intarnal 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. VUncertainty analyses were performed for both fire
and seismlc events, and dominant components and scurces of uncertainty were
identi{tfied.
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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 {llustrates 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 1list of the original primary documentation 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 judzment elicitation covering all
plants, Volunes 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 iesults from the expert judgment elicitation are given
{n 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 "Draft
for Comment." Thus, the final revision of NUREG/CR-4550 1is 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, SAND87-2428, Modeling Time to Recovery and Initiating
Event Frequency for losg of Off-site Power Incidents at Nuclear Powep
Plants, R. L. Iman and §. C. Hora, Sandia National Laboratories,
Albuquerque, NM, January 1988,

NUREG/CR-4B840, SAND8B-3102,

. , M. P, Bohn and J. A. Lambright,
Sandia National Laboratories, Albuquerque, NM, November 1990,
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NUREG/CR-4772, SAND86-1996, Accident Sequence Evaluation Program Human
Relfability Analysis Procedure., A, D. Swain 11I, Sandia National
Laboratories, Albuquerque, NM, February 1987,

NUREG/CR-5263, SAND88-3100, Ihe Risk Mansgement Implications of NUREG:
1150 Methods and Results, A. C. Camp et al,, Sandia National
Laboratories, Albuquerque, NM, December 1988,

Closure at the Peach Bottom Atomic Power Statiom. A-3272, W. J. Luckas,
Jr, et al., Brookhaven National Laboratory, Upton, NY, 1986,

A brief flow chart for the documentation is given in Figure 2. Any
related vupporiing documents co the back-end NUREG/CR-4551 analyses are
delineated in NUREG/CR-4551, A complete list of the revised NUREG/CR-
4550, volumes and parts is given below.

General

NUREG/CR-4550, Volume 1, Revision 1, SAND86-2084, Analysis of Core
Damage Frequeicy: Methodology Cuidelines for Internal Events.

NUREG/CR-4550, Volume 2, SAND86-2084, Analysis of Core Damage Frequency
WMWMW
lssues - Part 1. Expert Panel Results, Part 2: Project 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
Damage 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 Revisiorn 1, Part 1, SAND86-2084, Analysis of
Core Damage Freguency: Surry Unit 1 Internal Events,

NUREG/CR-4550, Volume 3, evision 1, Part 2, SAND86-2084, Analysis of
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5 EXECUTIVE SUMMARY

The U.§. Nuelear Regulatory Commission (USNRC) is sponsoring
probabilistic risk assessments of five operating commercial nuclear power
plants as part of & major update of the understanding of risk as provided
by the original WASH-1400 assessments. In contrast to the WASH-1400
studies, at least two of the NUREG-1150 risk assessments will include a
detalled analysis of hazards due to earthquakes, firves, floods, etc.,
vhich are collectively known as “"external events." The two plants for
which external events are being considered are Surry and Peach Bottom, &
PWR and & BWR respectively. This report presents the results obtained
for the Peach Bottom external event core damage frequency assessment,

In keeping with the philesophy of the internal events analyses for NUREG-
1150, whiech are Intended to be “"smart" PRAs making full use of all
insights gained during the past ten years' developments in risk
assessment methodologles, the corresponding external event analyses heve
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 selsmic frapllities, fire occurrence frequencies and fire
damapeability thresholds. These methods were developed at Sandia
National Laboratories under the sponsorship of the USNRC's Division of
Systems Research as part of their Dependent Failure Methodology
Develeopment 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 lssue USI A-45 - Adequacy of Decay
Heat Removal Systems. Extension of these wethods to fire, flood, ete.,
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 analvses are based on the
full internal event PRA systems models (event trees and feult trees) and
make use of extensive computer-aided scveening to reduce them to accident
sequence cut sets important to each external event, This provides two
major advantapes in that both consistency and scrutability with respect
to the internal event analysis is achieved, and the full gamut of random
and test/maintenance unavailablilities are automatically included, while
only those probabilistically lmportant survive the screening process.
Thus, full benefit of the internal event analysis {s obtained by ‘
performing the internal and external event analyses sequentially.
\

The external event analysis bepan with a review oif the FSAR, related
desipn documents and the systems descriptions in the internal events PRA.
Imporvant components were located on general arrangement drawings. The
utility fire study prepared to meat Appendix R of 10CFR50 requirements
formed the basis for the initial identification of fire and flood area |
boundaries and barriers. Shortly thereafter, a plant visit of 3 days |
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duration was made, involving an integrated team of specialists in the
sarious external events, Based on the plant walkdown and the screening
anclysis described in Chapter 3, all external hazards were screened out
bated on probability considerations except for seismic and fire events.

The selsmic risk assessment was the critical path item due to the time
required to assemble the structural drawings and models. A best estimate
structural dynamic response calculation for each building containing
equipment important to safety was made using models used in the original
design. The results were distributions for floor slab accelerations, and
estimates of varlability and correlations. Component fragilities were
obtained either from a generic data base or derived on a plant specific
basis as needed., Dual probabilistic screening methods were used to
determine important cut sets while allowing for explicit incorporation of
correlation. The seismic hazard itself wees 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) Selsmic Hazard ilethodology 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
estimates based on walkdown observations and a translenr combustible data
base developed at Sandia. Component damage temperatures (rather than
auto-ignition temperatures) were based on SNL fire tests., The COMPBRN
111 code was used to predict component temperatures in fire areas where
growth and separation are important 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 tougether, due to the
commonality of the analysis processes. For example, it is a minor task
to extend the seilsmic 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 (mean) 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
ueing hazard curves developed by Lawrence Livermore National Laboratory.
The mean selismic core damage frequency was also calculated using hazard
curves developed by the Electric 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 laentified,
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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
thes» resulted from failures in the emergency service water (ESW) and
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.
1t appears that modifications which would lower the contribution of these
dominant sequences to core damage frequency could be easily implemented.
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1.0 INTRODUCTION

1.1 The NUREG-1150 Risk Analyses

This report describes the Level 1 external events probabilistic ritk
assessment (PRA) performed for the Feach Bottom Atomic Power Station as
part of the NRC-sponsored Accident Sequence Evaluation Program (Ref. 1)
power plant risk reevaluations, often referred to as the NUREG-1150
program (after the principal document swmmarizing the results of the
program), In contrast to the original WASH-1400 risk assessments (Ref.
2), both detailed internal and detalled external events risk analyses are
being performed in this program.

A Level 1 PRA consists of an analysis of plant design and operation
focusing on accident sequences that could lead to core damage, their
baslec 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. Examples of external Initlators
include earthquakes, floods and high winds. The results of both analyses
provide assessments of plant safety, design an? 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., 1t 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 damapeability thresholds. In addition, they provide for
minimization of execution time and cost reduction through the use of past
PRA experience, pgeneric data bases and defensible methodological
simplification where possible. A full description of these procedures is
piven 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.

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

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

To be consistent., The external event analyses are intended to be
consistent with the internal event analyses due to common generic
data, and methodolopgy, and common level of detail,
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1.2 The External Event Methodology

The PRA procedures desciibed in this section arve based on the following
Jeneral 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
events to which the plant could conceivably be exposed (e.g.,
aircraft crash, external flooding, tornade, extreme wind, ete.) is
performed to eliminate early all unimportant contributing events.

¢. Simultaneous and coordinated evaluation of all won-negligible
external events is performed to minimize data gathering efforts and
prevent duplication of effort. For example, building fragilities for
extreme winds can be derived directly from selsmic fragilities,
Also, simultaneous evaluation produces insights into interactions
(for example, seismic<fire interactions) not otherwise readily
perceived,

d. In the analysis of each types of external event, computer-aided
screening techniques and generic failure data are used prior to
detailed component fallure analysis caleulations.

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

a, Determine the hazard,
b. Model piant and systems.

¢, Solve fault trees with screening techniques to determine non-
nepligible cut sets.

d. Determine vesponses, fragilities, and correlation for basic events in
non-nepligible cut sets.

e. Evaluate point estimate sequence and core damage frequencies,

f. Perform uncertainty analysis and sensitlivity studies,

These geneval steps apply to the full range of external events to which a
power plant may be exposed. Table 1.1 presents & reasonably complate
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
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contributors In addition, external flooding, tornade or aircraft
¢ ashes are less frequent (and usually less significant) contributors.

Simplifications in Step (a), hazevd determination, have been identified
for both the seismic and fire analyses, Computer-ajded screening
techniques are used {or Step (c) for fire, flood and seismic analyses to
reduce the required number of plant-specific component failure
caleulations, For Step (d), response determination, seismic design
fixed-base structural models are utilized in conjunction with an accurate
and fully defensible soil-structure interaction aodel. While not a
simplification, this process has been made very efficient by
standardization, an¢ vie 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.

The procedures used here have been applied (in whole or in part) to six
power plants as part of the U.§. NRC-sponscred Unresolved Safety lssue 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

Majoxr PRA Consideratiol Minor PRA Consideration
Seismie Lightning
Jlre Low Lake/River Level
Internal Flood Ice Cover

Avalanche

Forest Fire

Industrial Facility Accident
Landslide

Meteorite

Volcanic Activity

Hail

Qecasional FRA Consideration

External flood
Transportation accidents
Pipe line accidents
Alrcraft impact

Extreme winds

Tornado

1-3




1.3 Steps in the Analysis
1.3.1 Plant Walkdown and Data Gathering

The Peach Bottom external events analysis began with a [lunt visit in
April 1987. The initial visit served as the basis for the initial plant
Information request submittal, Prior to the first plant wvisit, 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. 1In
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,

The team consisted of the following personnel:

PRA Project Manager - M, F. Bohn

Team Leader - J. A. Lambright

Structural Fragility Analysts - J. J. Johnson, P. O, Hashimoto
Fire 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 cxcept the containment. Two full days were
adequate for this initial visit. At the completion of this initial
visit, the following had been obtained,

a. 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, ete,) and components potentially damaged by these secondary
failures.

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

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

€. A visual evaluation of structural connectivity of floor slabs, wall-
to-ceiling connections, location of diaphragm cut-outs etc,, which

define load carrying paths. These were to be compared with
structural drawings later.

f. For each room or compartment containing essential safety equipment,
an identification of fire sources (power cables, pump motors,
svlvents, etc.), locations of fire barriers, fire/smoke detectors,

separation of cable trains, etc., and a list of equipment in the
room,
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¢. The event cannot occur close enough to the plant to affect it. This
is also a functior of the magnitude of the event. Examples of such
events are lana..ides, volcanic eruptions and earthquake fault
ruptures.

d. The event is included in the definition of another event. For

example, storm surges and seiches are included in external flooding;

*he release of toxic gases from sources external to the plant is

cluded in the effects of either pipeline accidents, industrial or
allitary facility accidents, or transportation accidents.

These criterie :v¢ usually sufficient to exclude all but a few "other"
external even.s. ror those remaining, a simple bounding analysis (Ref.
9) will ofter provide sufficient justification for exclusion. The
screening and vownding analyses for Peach Bottom are given in Chapter 3.

1.3.3 Seismic Risk Azsesstant Methodology

A nuclaar power plant is designed to ensure the curvival of all buildings
and emergency safety systems in a worst-case ("safety shutdown")
earthquake. The assumptions underlying this design process are
deterministic and subject to considerable uncertainty. It is not
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 aud 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!~ant interactions. Total risk is then obtained by considering the
entire spectrum of possible earthquakes and integrating their calculated
consequences, This point underscores an important requirement for a

seismic PRA; the nuclear power plant must be examined in its entirety, as
a system.

A second important aspect which must be addrezsed in a seismic PRA is
that during an earthquake, all parts of the plant are excited
simultaneously, Thus, during an earthquake, redundant safety system
components experience highly correlated base motion, and there is a high
likelihood that multiple redundant components would be damaged if one is.
Hence, the planned-for redundancy would be comprised. This "common-
cause" failure possibility represents a pctentially significant risk to
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 detailed
seismic risk assessment methodology 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
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was made to accurately compute the responses of all walls and floor slabs
in the Z2len structures, moments In the important piping systeuns,
accelerations of all important valves, and the spectral acceleration at
each safety system component (pump, electrical buss, motor control
center, 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 fault trees
were developed which 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 determine
quantitatively the risk importance of the components, initiating events,
and accldent sequences,

The second is the NRC-sponsored Eastern Seismic Hazard Characterization
program (Ref. 11) which performed a detailed earthquake hazard assessment
of all sites east of the Rocky mountains. Results of these two programs
formed the basis for a number of simplifications used in the selsmic
methodology reported here.

There are seven steps required for calculating the seismic risk at a
nuclear power plant:

a. Determine the local earthquake hazard (hazard cure and site spectra).

b. ldentify acclident scenarios for the plant which lead to radicactive
release (initiating events and event trees).

¢. Determine failure modes for the plant safety and support systems
(fault trees).

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

e. Determine fragilities (probabilistic failure criteria) for the
fmpertant structures and components.

£. Compute the probability of core damage using the information from
Steps a through e.

g. Estimate uncertainty in the core damage frequencies.
Only the level of detall differentiates a simplified seismic analysis

from a detailed seismic PRA. The seven steps of the NUREG-1150 selsmic
risk analysls procedure are summarized below.

BEhua < alants axavd @ binindis

The NUREG-1150 seismic analyses make use of hazard curves obtained from
two recent programs almed at developing sets of hazard curves based un



consistent data bases and assunptions. The first is the Eastern United
Sto.es Seismic Hazard Characterization Program supported by the USNRC at
Lawrence Livermore National Laboratory. The second 1s the industry-
sponsored Seismlc Hazard Methodology program performed by the Electric
Power Research Institute. In both these programs, hazard curves were
developed for all U.$. commercial nuclear power plant sites east of the
Rocky Mountains.

Step b - Initiating Events and Event Trees

The scope of NUREG-1150 includes all potentlial initiating events,
including loss of coolant accidents (Vessel Rupture, ALOCA, MLOCA, SLOCA)
and transient events. Two types of transients are being considered:
those in which the power conversion system (PCS) is initially available
(denoted Type T? transients) and those in which the PCS is failed as a
direct consequence of the initiat ; event (denoted Type Tl transients).
The event trees derived for the ! ‘nal even analysce arve utilized,

The reactor vessel rupture and 1 cge LOCA event frequencies are Lased on
& Monte Carlo analysis of steam generator and reactor coolant pump
support failures, The medium and small LOCA event frequencies are
obtained from detailed piping failure calculations pertormed in the
SSMRP,

The frequency of Type Tl transients 1is based on the probability of
selsmically-induced loss of offsite power (LOSP). This is the dominant
type of transient (for the majority of plants for which LOSP causes loss
of me'  feedwater)., The frequency of the Type T3 initiating event is
computed from the condition that the sum of the initiating event
probabilities must be unity, The hypothesis is that, given an earthquake
of reasonable size, at least one of the initiating events will occur,

Step ¢ - Fault Trees

Fault trees for the safety sys.ems 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 pertinent selsmic cut sets to be
Included in the probablilistic calculations. Probabilistic culling is
used In resolving these trees in such a way as to assure that important
correlated fallure modes are not lost.

Component seismic fragllities are obtained both from a generlc fragility
data base and from plant-specific fragilities developed for components
identifled during the plant walkdown.

The generic data base of fragility functions for selsmically-induced
failures was oviginally developed as part of t''e SSMRP (Ref. 10).
Fragility functions for the generic categories were developed based on a
combination of experimental data, design analysis reports, and an
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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 obtalned from the U.S, Corps of Engineers extensive SAFEGUARD
Subsystem Hardness Assurarce Program (Ref. 12). These data were
statistically combined with the expert opinion survey data to produce
frapility 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 yleld the final generic
frapility 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.

Step e - Seismic Response of Structures and Components

Bullding and component selsmic 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 locel soil column (if any) on the surface peak ground
acceleration and soil structure interactions. This permits an evaluation
of the effects of non-homogenous underlying soil conditions which can
strongly alfect 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
elgensystem model of the structure and input-specified frequency
dependent soil impedances and computes the structural response (as well
as varlation 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:

Quantity Random
Peak CGround Acceleration 0.25
Floor Zero Period Acceleration 035
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 rragilities of each component. Inasmuch as



there are no data as vet on correlation between fragilities, the
fragility correlations between like components are taken as zero, and the
possible effect of such correlation quantified in a sensitivity study.
Th correlation between responses is assigned according to a set of rules
‘nat are explained in Chapter 4.0.

Step £ - Probabilistic Failure and Core Damage Calculations

Given the input from the five steps above, the SETS (Ref. 15) code and
mean basic event frequencies are used to calculate the required output
(mean probabilities of failure, core damage, etc.).

Step g - Estimate Uncertainties

Complete uncertainty distributions are computed for all 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 years,
it has been observed that a typical wuclear power plent will have three
to four significant fires over its 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, seismic, flood, fire, and other
events). Because of the relatively high core damage contribution, fires

are always examined in detail. An overview of the NUREG-1150 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
arvangements 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 best
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.
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2.0 PLANT DESCRIPTION

2.1 Plant Site and Ceneral 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 aach 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 mothbail
status, Units 2 and 3 are located approximately 300 ft from the
shoreline of Conowingo Fond. In addition to the reactor units, three
transmission substations (twn of 500 kV and one of 220 kV) represent the
dominant features at the plant site.

2.2 Description of Plant Systems

2.2.1 1Introduction

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 developaed

during the internal events analysis ensured consistency between these
major studies.

The discussion of the systems that follow includes:

a, A brief functional description of the system with reference to the
one-line diagrams that were developed to indicate which components
were included in the model:

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

¢. Interfaces and safety actuation provisions between the frontline
systems and the support systems.

2.2.2 High Pressure Coolant Injection (HPCI) System
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
(event tree nomenclature--Ul),



The HPCl1 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 HPC1 system is provided by Figure 2.1. Major components are shown
that were modeled in the system fault tree.

The HPCI system is automatically initiated and controlled, Operator
intervention is required as follows: (a) to prevent either vessel
overfill or continuous system trip/restart cycles, (b) tc manually start
the system given an auto-start failure, and (c) to set up the system for
continuous operation under long-term station blackout conditions. The
success criteria for the HPCI system is injection at rated flow to the
reactor vessel.

Most of the HPCI system is located in a separate room in the reactor
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 fail the
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 to
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 and
a turbine-driven pump. Suction is taken from either 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 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 either
containment venting or containment failure should steam 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 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 will divert 250
gpm from the Coulensate 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
Flgure 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 pacth is blocked. With btoth
CRD pumps running and the reactor at nominal pressure, the second

discharge path restricts flow, by means of an orifice, to approximatel:
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 early high pressure injection,
the standby CRD pump must be placed into operation to achieve sufficient
flow to the reactor vessel.

In general, the CRD success criteria (as a sole injection source to the
reactor) requires both pumgs rurning and one of the two discharge paths
available. If some other injection system 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
avallable,
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Most 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 located 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 injection systems can inject coolant to the
reactor vessel (event tree nomenclature--X;, X;, X;).

The Automatic Depressurization system (event tree nomenclature--X,)
describes the automatic or, if required, manual operation of the ADS/SRV
system to depressurize the primary system. This allows the low pressure
injection systems to be used to cool the core. The Manual
Depressurization system (event tree nomenclature--X,) describes manual
operation of the ADS/SRV system to depressurize the primary system. This
allows the SDC mode of the RHR system to be used. A data value is used
for the event tree question, "Do the ADS/SRV valves reopen fullowing
containment failure or venting?" (event tree nomenclature--X;). This is
strictly a survivability concern.

The ADS cons ts of five relief valves capable of being manually opened.
Each valve .ischarges via a tailpipe line through a downcomer to the
suppression pool, Relief valve capacity is approximately 820,000 lb/hr,
A simplified schematic of Lhe ADS is provided by Figure 2.4,

The ADS is automatically initi. .ed. The operator may manually initiate
the ADS or may depressurize the reacter vessel using the six reli f
valves that are not connected to ADS logic. The operator can inhibit ALS
operation {f a spurious ADS signal occurs or if the operator desires tc
ao so (as in an ATWS scenario). The success criterion for the ADS 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. However, should containment pressure be
excessively high (~85 psig or greater), the valves could not be kept open
since the alr/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 system is to provide a makeup coolant source to
the reactor vessel during accidents ir which system pressure is low
(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
ocour,

The LPCS system is a two-loop system consisting of motor-operated valves
and motor driven pumps. There are two 50-percent capacity pumps per
loop, with each pump rated at 3125 gpm 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 of
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.

The LPCS system is automatically initiated and controlied. Operator
intervention is required to manually start the system given an auto-start
failure and to 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 pumpe, both injection valves are demanded to open, and the test
return valves are demanded to 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).

2.2.7 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
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.

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 exchangers is not required for the
LPCI mode, The LPCI suction source is the suppression pool. 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.g.,
P§5-19) used in the system fault tree,
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The LPCI system is automatically initiated and controlled. Operator
intervention is required to manually start the system given an auto-start
failure and to stop 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 located in t'.e reactor building. Local access
to the LPCI system could be affected by either containment venting or
failure. Room cooling failure is assumed to fall the LPCI pumps in 10
hours ,

Upon the receipt of a LPCl injection signal, start signals are sent to
all pumps, Loops A and B 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) Fystem

The function of the SDC system is to remove decay heat during accidents
in which reactor vessel integrity is maintained (event tree nomenclature-
-Wl). The SDC 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 requ.red 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 segment
definitions (e.g., PS-9) used in the system fault tree, The SDC system
is manually 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,

Most of the SDC system is located in the reactor bullding. 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
hours.

SDC is initlated after emergency core injection is successful and reactor
pressure 1s low, If an injection signal subsequently occurs, the RHR
system will automatically be realigned to the LPCI mode. SDC cannot be
initiated if any of the following conditions exist: (a) reactor pressure

preater than 225 psig, (b) high drywell pressure (scram pressure), or
(¢) low reactor water level.
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2.2.9 Residual Heat 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--WZ). The SPC
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 SPC
mode. The SPC suction source is the suppression pool. A simplified
schematic of the SPC (RHR) system is provided by Figure 2.8, Major
components are shown as well as the pipe segment definitions (e.g., PS-
26) used in the system fault tree. The SPC system is manually 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 RHR 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. However, 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 (S 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.

2=14
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Most of the CS5 system is located in the reactor building. Local access
to the €8 system could be affected by either containment venting or
failure. Room cooling failure is assumed to fail the CS pumps in ten
hours,

Reacvor water l-vel above the shroud (312 inches above vessel zero) and
high drywell pressure (2 psig) permissive signals must be present before
the C§ 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 isclated from each other.

The Peach Botvom station receives power from two separate of’site
sources, 1f both offsite sources are lost, auxiliarv --wver is svuplle.
to both Unit 2 and Unit 3 from four onsite lcsel generators .'.»2ta
hetween the two units. Loads important to plant safety are spl .t and
diversified, Station batteries provide control power for spacif’e
engineered safeguards and for other required functions when AC power i:

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 kW. The engine is rated for a
ten percent overload for any two of every 24 hours.

There ave 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- ifiers. 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 d¢ 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 by diesel generator automatically starts. The diesel generator

b ‘ed by the operator after determining that continued operation
¢ al 1is not required.

‘ the EPS is located in the diesel building and in com-
p lized rooms within the reactor building. Any physical impact of
act. s conditions on the ability of the EPS to perform its function
would be minimal. 1t is assumed that room cooling is not required for
the ac switchgear or dc battery rooms since the heat loads are small and
no sizeable heat loads are near these rooms, Diesel pgenerators 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

a=17
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existed, Possible recovery actions (by opening doors) could therefore
take place. Complete failure of the EPS would cause a station blackout,
After a total loss of ac power, dc-driven components could operate until
the station batteries are depieted (estimated at about & hours based on
PECO input).

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 automestic transfer to the other offsite source.
When the diesel generators are demanded, essential loads are automati-
cally sequenced onto the emergency tus. Nonessential 480 V lcads are
prevented from being automatically sequenced. Each diesel generator can
be started locally, but can be electrically connected to its bus oniy
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 systen 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 headers provide l.op 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 fe.

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

2«19
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d¢ischarge 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 pgate valve. Each header
deliver . water to two RHR heat exchangers in parallel, The pump
diecharge head is sufficient to maintain 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 HPSW system is provided by
Flgure 2.12. Major components are shown as well as the pipe segment
deflnitions (e.g., P§:10) used in the system fault tree.

The operator is required to initiate the HPSW system. 7o initiate the
system in the RHR cooling mode, the operstor must start the appropriate
HPSW pump and open the appropriate moter 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 reaztor vessel via the RHR

system, the operator starts B and/or D HPSW pumps and opens M-176 and M.
174,

The success :riteria 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-tie 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 huildings. Any physical impact of accident conditions on the
ability of the HPSW system to per..rm its tfunctions 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 HPSW system in the RHR cooling mode would fail the RHR
cooling function. Fallure 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
control room.

2.2.14 Emergency Ventilation System (EVS)

The objective of the EVS is ro maintain suitable temperatures in
equipment rooms to preclude component fallures.

The EVS cools the following: (1) standby diesel generator rooms, (2)
pump structure service water pump rooms, and (3) pump rooms for the RHR,
RCIC, HPCI and LPCS pumps. The pump rooms use small individual fan
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voolers 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., P§-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 ccoling loss for the RHR,
RCIC, HPC1, 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.

Bach standby diesel generator room is provided with ventilation air
supply fans and an exhaust relief damper. Diesel generator room cooling
requires operation of one of two supply fans. Any physical impact of
accident conditiens on the ability of the EVS to pevform its function
would be minimal. It is assumed that faellure of the EVS would fail
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. Dampers AV27, AV30, AV33, and AV36 open on
Fans 7, 9, 11, and 13, starting signals respectively and fail open on a
loss of instrument alr, Fans 7, 9, 11, 13 automatically start on a
diesel generator actuation signal. Fans 8, 10, 12, and 14 automatically
start on an automatic start signal of Fans 7, 9, 11, and 13 .espectively.
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 & pneumatic supply to support short-term and long-term
operations of safety equipment.

The 1AS and Service Alr System (SAS) consist of three, in parallel, a‘r
compressors supplying a common discharge header via individual a..
receiver tanks, piping, valves, and {instrumentation. A fourth a.r
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 1AS compressor serves in a standby capacity. A
simplified schematic of the 1AS is provided by Figure 2.14. Shown is the
tie-in with the Instrument 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 1AS/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,
aftercooler, moisture separator, and two receivers. This compressor is
rated at 400 scfm at 100 psig.

The 1AS 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
the air compressors when power is restored. The success criterion for
the 1AS 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 condensate 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 regquirements of the feedwater punps,. 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 tue turbine building.

2.2.17 Primary Containment Venting (PCV) System
When torus and containment sprays have failed to reduce primary

containment pressure | the PCV is used to prevent a primary containment
pressure limit from being exceeded (event tree nomenclature--Y).






The preferred primary containment vent paths lnclude: (1) 2+in torus
vent to the Standby Gas Treatment System (SCTS), (2) 6-in Integrated Leak
Rate Test (ILRT) line fror the torus, (3) 18.in torus vent path, (&) 18.
{n torus supply path, (5) 2<in drywell vent to the SCTS, (6) two 3-in
drywell sump drain lines, (7) 6-in ILRT 1linc from the drywell, (8) 18-in
drywell vent path, and (9) 18-in drywell supply path. A simplified
schematic of the PCV is provided by Figure 2.16.

For decay heat loads alone it 1s expected that the drywell pressure rise
will be relatively slow, PCV success in this cuse is the 6.in vent path
(or larger) being operational.

CQurrent 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 Bullding Cooling Water (RBCV) System

The function of the RBCW system is to provide a means of cooling
auwiliary plant equipment which is located primerily in the reactor
bullding (e.g. recireulation pumps, sump coolers, radwaste, etc.). The
RBCW system is & backup for cooling CRD pumps and 1AS compressors and
aftercoolers should the TBCW be lost.

The RBOW system is a clesed 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 RBOW 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
bullding auxiliary bay. The head tank is located on the reactor bullding
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,

The TBUW system is a closed loop system consisting of two full-capacity
pumps, two full-capacity heat exchangers, one head tank, one chemical
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fuel tank and associated piping, valves and controls, A simplified
schematic of the TBCW system is provided by Figure 2.18.

The TBOW 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, valv:s and controls are located on the
turbine building ground floor. The specific TBCW loads are distributed
throughout different areas of the plant,

2.3 Eveot Iree 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 possible sequences of events following
each initiator. The philosophy behind the event tree analysis for Peach
Bottom was to deplet system successes and fallures until the status of
the core and containment are safe, vulnerable, or damaged and te 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 represented 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:

a. Formal analysis was conducted for more systems capable of core
and containment cooling than considered before. Specifically,
credit for the Control Rod Drive (CRD) system and the High
Pressure Service Water (HPSW) 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 (8SDC), Suppression Pool Cooling
(SPC), and Containment Spray (CS) modes of the Residual Heat
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 fallure. 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 reallistic analyses subject to less overall conservatisn
than previous analyses. However, as will become evident in the following
subsections, conservative assumptions were still included in portions of
the aralyses so that the core damage potential would not be inadvertently
underestimated.

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
2.35.8 for the nomenclature used in the event tree headings and resulting
sequence ldentifiev .

2.3.1 General Event Tree Assumptions

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

a. low Pressure Core Spray (LPCS), Low Pressure Coolant Injection
(LPC1), and RHR (all modes) pumps are assumed to fall following
successful containment venting or containment failure by
overpressure/temperature conditions.

The suppression pool {s assunwed 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 (NPSH) for the
LPCS/LPCI/RHR pumpe such th’/ . these pumps cavitate, if running,
causing subsequent failure,

b. LPCS/LPCI/RHR (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 contalnment which will assure adequate NPSH,
(b) the pump seals and bearings being cocled by the Emergency
Service Water system, (¢) the findings of Ceneral Electric as
reported in Section 5 of Reference 16, and (d) the fact that the
RHR pumps normally pump water approaching such temperatures
during the early phases of plant shutdown,.

¢, High Pressure Coolant Injection (HPCI) and Reactor Core
Isolation Cooling (RCIC) will fail at pool temperatures of ~210-.
260°F.



In all the accidents of interest, the HPCI system will
eventually switch suction source from the condensate storage
tank to the suppression pool automatically on high pool water
level . Following procedures at Peach Bottom, the operator
switches the RCIC system when he sees HPCI switch. Switching
back requires overriding certain circuits and therefore would
not normally be performed. 1f, while the systems are running,
the pool water should reach the 210-260°F range (nominally
~230°F), pump failure for both systems is assumed since these
pumps are not externally cooled.

d. The CRD system in the enhanced mode (two pumps) is assumed to
fail following reactor depressurization for SDC due to low NPSH.

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 NPSH.

In some event trees, the same event occurs more than once. A system may
be successfully utilized in & sequence and later in the same sequence,
following contalnment venting, may fail due to environmental conditions,.
In this analysis, credit is given for three injection systems (CRD (U4),
Condensate (V1), High Pressure Service Water (V4)) to operate following
the containment venting event (Y) in many of the event trees. If, in a
particular event tree, an injection event has been asked befors 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
containment venting. If the event is asked only before containment
venting, it refers te a hardware failure. If the event is asked only

after containment venting, 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
soor. after the initiating event and for which recovery is not performed.
A late core damage designation is found in the Tl 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 injection fails and core damage occurs. A sequence
designated as containment wvulnerable 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,




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 cach initiator in subsequent subsections.

2.3.3 Large Loss-of-Coolant-Accident (1OCA) Event Tree

This section contains information on the large LOCA 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,

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 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 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 a large LOCA.

A: Initiating event, large LOCA,

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

LOSP: Success or failure to maintain offsite power.

A8 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.

V3 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.

Wl: Success or failure of RHR in the SPC mode. Success implies at
least one RHR pump operating in the SPC mode with the
appropriate heat exchanger in the loop along with the HPSW
system in operation to the ultimate heat sink.
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Wi: Success or fallurte of RHR in the C8 mode, Success lumplies at
least one RHR pump operating in the C5 mode with the
appropriate heat exchanger in the loop along with the HPSW
system in operation to the ultimate heat sink.

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

¥l: Succese or failure of the Condersate System, Success fmplies
at least one pump opersting with sufficient makeup to the
condenser hotwell for a continuing water supply.

V! Success or failure of the HPSV 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 HPSW pump successfully provides coolant to the reactor.

The fellowing descriptions refer to the sequences found in Figure 2,19,

SEQUENCE 1 -+ ACYLOSP*V2¥W1

Following the large LOCA (A), the RPS successfully inserts the rods into
the core (/C). Offsite power remaine available (/LOSP). High pressure
cooling cannot be utilized because insufficient steam is available to run
the turbines and LPCS is initiated to provide core coolant (/V2). The
suppression pool temperature is increasing since residual heat from the
reactor is being dumped to i{t. SPC is initiated to provide suppression
pool cooling (/W1). With coolant makeup and containment overpressure
protection provided, the core and containment are safe.

SEQUENCE 2 - ARCYLOSP*V2#W1*W3

Same as Sequence 1 except containment overpressure proteciion is provided
by the 8 mede of RHR (/W3) following the failure of SPC (Wl).

SEQUENCE 3 «« ARCHLOSPHVI*W1%WI*Y*V]

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

LPCS failure is assumed following containment venting due to insufficient
NPSH for the LPCS pumps. The operator then initiates Condensate (/V1) to
continue to cool the core.
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I
! SEQUENCE & -+ ARCYLOSPAVZ#WIMWIRYWVINVa
| Same a8 Sequence 3 except HPSW provides core coolant (/V4) subsequent to
l Condensate failure (V1).
SEQUENCE 5 -+ A®CHLOSPAVIWWIWUISY#VI#V4
Sawe as Sequence 4 except HPSW falls (V4) to cool the core. At this
point all coolant manep 18 lost, which leads to core damage in a vented
containment
SEQUENCES 6 TO 8
Same as Sequences 3 to 5 except containment venting fails (Y) leading to
containment fallure by overpressurization,
SEQUENCES ¢ TO 16 !
Same as Sequences 1 to B except LPCS fails (V2) and LPCI provides inicial
low pressure coolant injection (/V3).
SEQUENCE 17 «+ AMCYLOSP*V2#V3
Following the large LOCA (A), the RPS successfully inserts the rods into
| the core (/C). Offsite power remains available (/LOSP). LPCS and LPCI
fail to provide low pressure core cooling, resulting in early core
damage
) SEQUENCES 18 TO 19
l Same as Sequences 1 and 2 except offsite power is not maintained (LOSP).
Onsite power is established which enables LPCS to cool the core (/V2) and
SPC (/W1) or C§ (/W3) to provide containment overpressure protection.
\ SEQUENCES 20 TO 21
| Same as Sequences 4 and 5 except offsite power is lost (LOSP) and

| Condensate is therefore not available following successful containment
venting,

SEQUENCES 22 TO 23

Condensate is therefore not available following fallure of containment

|
| Same as Sequences 7 and 8 except offsite power is lost (LOSP) and
venting.

2=41
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SEQUENCES 24 TO 29

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

SEQUENCE 30 .- A®CHLOSPAV2%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 lew
probability.

2.3.4 1Intermediate LOCA Event Tree

This section contains information on the intermediate LOCA 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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o

Initiating event, intermediate LOCA,

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

Success or failure to maintain offsite power.

Success or failure of the HPCI system. Success implies
operation of the HPCl system for ~1-2 hours until low primary
system pressure causes isolation of HPCI either automatically
or manually, Ul' refers to the HPCI system without pump room
ventilation,

Success or fallure 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 X1 operation.

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.

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.

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

Success or failure of the RHR in the SPC mode or CS mode,
respectively. Success implies at leas. 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.

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

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.
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The following descriptions refer to the sequences found in Figure 2,20,

SEQUENCE 1 - S1%C*LOSP*UL'#V2#iWl

Following the intermediate LOCA (51), the RPS successfully inserts the
rods into the core (/C)., Offsite power remains available (/LOSFP) and
HPC1 (/U1') initially provides core coolant., The primary pressure
decreases and steam is lost through the break, which eventually fails
HPCI. LPCS is initlated to continue core cooling (/V2). Residual heat
from the reactor is being transferred to the suppression pool, SFC s
successfully inftiated (/W1). With LPCS and SPC providing adequate
coolant makeup and containment overpressure protection, the core and
containment are safe.

SEQUENCE 2 «« S1%CHLOSP#UL ' #V2#W1%W3

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

SEQUENCE 3 -+ S1%CHLOSP*UL ' #V2#W1#WI*Y*V]

Same as Sequence 1 except SPC (Wl) 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 NPSH,
Condensate is initiated (/V1) for coolant makeup resulting in no core
damage in a vented containment.

SEQUENCE & -+ S1%CHLOSPXUL ' %V2#W1*WI*Y*V1#VG

Same as Sequence 3 except Condensate fails (V1) and HPSW {s Initiated to
supply coolant makeup (/V4).

T —— w— w—

SEQUENCE 5 -- STRCHLOSPHUL  #UZHW I *WIRY RV %V

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

SEQUENCE 6 -- SI®C*LOSP*UL'#V2*W1*W3I*YsV]

Same as Sequence 3 except containment venting fails (Y) following the
loss of containment cooling resulting in o pressure rise in contairment
which leads to containment failure. This 1fails LPCS due to low NPSH
Condensate is initiated to provide coolant makeup (/V1). This rezults in
no core damage in a falled containment.
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SEQUENCE 7 -+ SI%CHLOSP#U1 ' #V24W1 #W3RYVINV4

Same as Sequence 6 except HPSW provides coolant makeup (/V4) subsequent
to Condensate failure (V1).

SEQUENGE B -+ S1%CHLOSPwUI ' ¥V2H1#WIRYRVI#V4

Same as Sequence 6 except both Condensate (V1) and HPSW (V4) fail to pro-
vide conlant 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 HPSW provides early low-

pressure coolant makeup (/V4) following LPCI (V3) failure, HPSW asked
following containment venting refers to survivabilicy.

SEQUENCE 25 - S1%CYLOSP*UL ' *24V3*V4

Same as Sequence 1 except all efforts to establish early low-pressure
core cooling with LPCS (V2), LPC1 (V3) and HPSW (V4) fail, resulting in
early core damage in a vulnerable concainment.

SEQUENCES 26 TO 50

Same development as Sequemnces 1 to 25 except HPCI fails te initiate (U1')
wvhich requires depressurization of the primary system (/X1) to allow the
low-pressure systems te provide coolant makeup.

SEQUENCE 51 - S1#CALOS P#U1'*X1

Same as Sequence 1 except HPCI fails to initiate (Ul') 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 52 to 57

Same development as Sequences 1 to 8 except offsite power is lost (LOSP)
early in the sequence and onsite emergency power is provided by the
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Success or faillure of the RCIC system. Success 1implies
operation of the RCIC pump train so as to maintain sufficient
coolant injection.

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,

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.

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 since a

small LOCA requires less makeup than two pumps provide.

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.

Success or failure of the HPSW system in the inject mode to the
reactor vessel through a LPCI injection line. Success impiies
manual operation of this injection source such that one HPSW
pump successfully provides coolant to the reactor.

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 HPSW system in operation to the
ultimate heat sink,

Success or failure of the CRD system as an injection source.
Success implies one pump operation.

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.

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

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
injection.
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The following descriptions refer to the sequences found in Figure 2.21.

SEQUENCE 1 -- S2%C*LOSP*QL

A small LOCA (82) 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
(/Ql), resulting in no core damage in a safe containment.

SEQUENCE 2 -- S2%C*LOSP*QL*UI*W1

Same as Sequence 1 except the PCS fails (Ql), HPCI is initiated to
provide core coolant (/Ul), and SPC provides containment overpressure
protection (/W1).

SEQUENCE 3-1 -- S2%CXLOSP*QL¥UL*W1%W3%U4

Same as Sequence 2 except containment overpressure protection fails with
SPC (W1l) failure and CS8 (/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 3-1 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,

SEQUENCE 3-6 -- S2%C*LOSP*Q1*UL*W1*WIXU4RX1HV1*V2¥VI*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,

SEQUINCE 3-7 -- S24CXLOSP*QL¥UL*W1*WI*U4*X1

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



SEQUENCE 4-1 -- S2%CHLOSPHQ1*UL#W] #WIRULRY*UG /

Same as Sequence 2 until both SPC (W1) and C§ (W3) fail to provide con-

tainment overpressure protection. HPCI eventually trips on high
suppression pool temperatures (Ul) 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 HPSW (/V4) to continue core cooling.

SEQUENCE -4 -~ S2%CHLOSP*QL*UL*W1*WIULRYRUL  *XIRVIHV4

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

SEQUENCE 4-5 -- S2WwCW*LOSPRQL*UL*W1%*W3I*U4G*YRUL %X 3

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,

SEQUENCES 4-6 TO 4-10

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.

SEQUENCE 4-11 «- $2%C*LOSPH*QL¥UL*W1*WIRULKY*R¥US '

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%CH*LOSP*QL¥UL*W1*WIRUAKY*R*UL '

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 HPCI
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 4-16 except containment venting fails (Y) and
the containment ruptures (/R).

SEQUENGE 4+21 «- S2#ORLOSPAQI*UL*WIHWI*ULRXI*VI*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 & pressure
rise in the vessel which precludes low pressure cooling, and core damage
results in & leaking containment.

SEQUENCE 422 - S2%CHLOSP*QI¥UL*WI*WIRUA*KX1#V1#V2#Y*XI*V4

A small LOCA (S82) occurs which generates a reactor scram condition and
the RPS succegsfully inserts the rods into the core (/C) Offsite power
{s maintained (/LOSP) and the PCS fails to remove heat from the core
(Ql). HPCI 1s initlated for coolant makeup (/Ul). Containment
overpressure protection fails using SPC (Wl) and C§ (W3), which
eventually fails HPCI 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
operation of LPCS (/V2) to cool the core. High containment pressure ls
alleviated by containment venting (/Y), which fails LPCS due to low NPSH.
The reactor is again depressurized (/X3) and HPSW continues core cooling
(/V4), resulting in no core damage in a vented containment.

SEQUENCE 4-23 - S2%CH*LOS P*QL¥UT*W1*WIRULRX 1*V1%V2 XY *K I*V4

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

SEQUENGE 4-24 -+ S2*CKLOSPAQLAUL*WI*WIRULKK]#V1*T2*YHX)

Same as Sequence 4-22 except reactor depressurization following
containment venting 1is unsuccessful (X3), precluding the use of HPSW,
resulting in core damage in a vented containment.



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¥CALOS PHQLAUT#WI*WIRUGKKI*VI*V2RYR

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 &s 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 -+ §2%CHLOSP*QI*ULKWLAWIXUARKLAVLRV2¥VI*V4

Same as Sequences 4-36 to 4-42 except HPSW fails (V4), which leaves no
system available for coolant makeup, resulting in core damage in a
vulnerable containment,

SEQUENCE 4-44 -~ S2#CHLOSP*QLYUL¥WI*W3I*U4*X1

Same as Sequence 4-22 until reactor depressurization is unsuccessful (Xl)
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 & except RCIC provides early high-pressure coolant
makeup (/U2) following HPCI fallure (Ul).

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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{s maintained (/LOSP) and the PCS fails to remove heat from the core
(Ql). HPCI (Ul) 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
containment.

SEQUENCE 10-1 -- § 2HCHLOSPHQL*UL¥U2*X L V1 *W1*W3*UL*Y*UG *

Same as Sequence 8 until SPC (Wl) and CS (W3) fail to provide zontainment
overpressure protection, resulting in the eventual loss of Condensate due
to high primary system pressure, which occurs after 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

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%CKLOSP*QL*UL*UZ*X1#VI*WI*WIRULKYHUL ' *XI¥V1*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*QI*UL*U2¥X1*V I %W LAWIXULYHUL ' *X3

Same &s 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)
and eventually ruptures (/R).

SEQUENCE 10-11 -+ S2%C*LOSPHQLAULXU2*XL*VL#W1#W I*UL*Y*R¥UL !

Same as Sequence 10-6 until 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*U1*U2AX1*V]#W1HWIRUL ' #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.

SEQUENCES 10-13 TO 10-14

Same as Sequence 10-1 until CRD fails to initiate (U4) ¥ollowing the loss
of Condensate., The containment is vented (/Y) to relieve the pressure
and following reactor depressurization (X3), Condensate (/V1) or HPSW
(/V4) provides core coolant, resulting in no core damage in a “ented
containment.

SEQUENCE 10-15 -- S2%CHLOSP*QL¥UL*U2%X L%V I*W1*WIXULKYRXI*VI*VE

Same as Sequence 10-13 except both Condensate (V1) and HPSW (V4) fail,

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

SEQUENCE 10-16 -~ $2%C*LOSP*QL¥UT*U2RX1*V]1*W1*WI*UL*Y*X3

Same as Sequence 10-13 except reactor depressurization is unsuccessful
(X3) following containment venting, which leaves Condensate and HPSW
unavailable for coolant makeup, resulting in core damage in a vented
containment,

SEQUENCES 10-17 TO 10-20

Same as Sequences 10-13 to 10-16 except containment venting 1is
unsuccessful (Y), leaving the containment overpressurized, resulting in
eventual rupture of the containment (/R).

SEQUENGE 10-21 -- S24CHLOSP*QL¥UL¥U2%X1#V1*W1*W3*UL*Y*R

Same as Sequence 10-17 except (R), and core damage results in a
vulnerable containment.

SEQUENCES 11 TO 12

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

SEQUENCE 13-1 -+ S2%CH*LOSP*QLXUL*U2RK L*V1#V2*W1*WI*UA*Y*UG *

Same as Sequence 1l until containment cooling with SPC (W1l) and CS (W3)
fails. High 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 inftiated 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 contalnment.

SEQUENCE 13-2 - S2%CHLOSPHQLRULKU2RX1#VI#V2*W1#WIRULRYRUG  #X3#V4

Same as Sequence 13-1 except CRD does not survive containment venting
(U4), the reactor is depressurized (/X3) to allow HPSW to continue
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 13-1 to 13-4 except containment venting fails (Y) and
the containment eventually ruptures (/R).

SEQUENGE 139 +. S2%CHLOSP*QL*UL*U2XK]*V1IRV2*W1#WIULRY*R*UL 1

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

SEQUENCE 1310 - - S2¥CHLOSP*QL¥ULXU2XXI*VI*VZ*WI*WIKUL ' *Y*R¥UL
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 - $2%C*LOSP*Q1*ULRU2*X1#V1*V2*W1*WIRUA*Y*XI*VE

Same as Sequence 13-1 except CRD fails to initiate (U4) followliug the
loss of LPCS. The containment is vented (/Y) and the primary system is
depressurized (X3) to allow HPSW to provide ccolant makeup (V4),
resulting in no core damage in a vented containment.
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SEQUENCES 13-12 TO 13-13

Same as Sequence 13-11 except either HPSW fails (V4) or reactor
depressurization is unsuccessfu’ (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 .- $2#C*LOSP*QI*UL*U2%X1#V1#V2% W1 #WIKUL*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%CHLOSP*QLAULRU2RXI*VI*V2*Y3I*V4

Same as Sequence 17 except HPSW fails to operate (V4). At this point all
core coolant systems are lost, resulting in early core damage in a
vulnerable containment.

SEQUENCE 21 -- SZ*E*LOSP*QI*Ul*U2*X1

Following the small LOZA (S2) and successful reactor scram (/C), offsite
power 1s maintained (/LOSP). The PCS fails to remove heat from the core
(Ql). Both high-pressure injection systems, HPCI (Ul) and RCIC (U2),
fail to operate. Depressurization of the reactor is unsuccessful (X1),
which leaves no system available 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)
early in the sequence. Onsite emergency power is utilized for core



cooling systems, with the excepticn of the Condensate 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 .- 82%C

The RPS fails to scram the reactor (C) following the small LOCA (82).
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 even.
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 offsite 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 time with no
significant breach of the primary system. While the CRD failure
model explicitly treats only the two pump criteria for success,
single pump operation was treated as success during these long-term
scenarios by eliminating (by hand) failures of the CRD system which
would fail only one pump.

b, For scenarios in which core cooling is successful up to the tine of
containment venting or containment failure, 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 trie for the loss of offsite power
initiator. The entire PCS, Feedwater, and 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 approximate
chronological order that would be expected following a loss of offsite
power. For convenience, the RHR containment cooling choices are shown
early in the tree to decrease the size of the event tree, Otherwise, the
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tendency is to show high and then low pressure injection systems,
followed by containment wventing, and finally long-term continued core
cooling possibilities, 1In addition, onsite ac power rescoration is shown
as a specific event so that station blackout sequences can be explicitly
depicted,

Ti: Initiating event, loss of offsite power.

(9 Success or fallure of the RPS. Success implies automatic
scram by the control rods.

M: Success or failure of Reactor Coolant System (RCS)
overpressure protection (if required) by automatic operation
of the SRVs, Success implies prevention of RCS overpressure
80 as to avold damage to the primary system,

B Success or failure associated with reclosing of any SRVs which
should open in response to reactor vessel pressure rises
throughout the sequence. Success implics reclosure of all

valves when vessel pressure drops below the closure setpoints,
"1, P2 and P3 refer to the fallure to reclose one, two and
three SRVs, respectively.

8 Success or failure of the onsite ac power system (diesel
generators and associated equipment and emergency buses) in
response to the loss of offsite power, Success implies
operation of at least one emergency ac power division sc that
ac-powered mitigating systems can be utilized. Failure
implies loss of agll ac, or station blackout,

Ul: Success or failure of the HPCI system. Success implies
operation of the HPCI pump train so as to maintain sufficient
coolant injection. Ul' refers to the HPCI system without pump
room ventilation.

U2: Success or failure of the RCIC system. Success implies
operation of the RCIC pump train so as to maintain sufficient
coolant injection., U2' refers to the RCIC system without pump
room ventilation.

- 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.

U3: Success or failure of the CRD system as ar injection source.
Success implies two puiip opération.

v2: 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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SEQUENCE 2 - - TINCHMEPRB*UT+W1#X2#W2

Same as Sequence 1 but SPC fails to provide containment overpressure
protection (Wl) and SDC is initiated (/W2) following reactor
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). HPCI has failed due to high
suppression pool temperatures and either CRD (/U4), LPCS (/V2), LPCI
(/V3) or HPSW (/V4) continues core cooling.

e e e

SEQUENCE 3-5 «- TI#CHMaPHB*ULIAW1*X2*W2HWIRUL*V2AVI*VS

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

SEQUENCE 4+1 =- TIXCHM*PrBRUL*W1*X2%W2#WI*UG. VUL !

Same as Sequence 2 except SDC fails (W2), followed by C§ failure (W3),
leaving the containment without overpressure protection. HPCI eventually
fails dus 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 contalnment,

- e s e -

SEQUENCE G4-2 +- TL*CHMAPRBRULAWINK2W2%WIRULRY*UL ! #XI*Vh

Same as Sequence 4-1 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 HPSW provides ccre coolant (/V4).

SEQUENCES 4-3 TO 4-4

Same as Sequence 4-2 except HPSW fails (V4), or reactor depressurization

prior to HPSW operation is unsuccessful (X3), resulting in core damage in
a vented containment,
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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).

— .

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

- e —

GEQUENCE 4-10 -- TI*CHM#P*BrUT*WI*X2*W2*WI*UL ' ¥Y*R¥U4

Same as Sequence 4-9 except CRD does not continue to operate (U4)
tollowing the containment leak and because of high containment pressure,
ADS cannot relieve primary pressure to allow HPSW to operate, resulting
in core damage in a leaking containment.

— - e -

Same as Sequence 4-1 except CRD does not operate (U4) following HPCIl
failure. IL.PCS is initiated (/V2) to continue core cooling and the
containment is eventually vented (/Y). The LPCS pumps then fail due to
low NPSH 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 prior
to HPSW operation fails (X3), resulting in core damage in a vented
containment.

SEQUENCES 4-14 TO 4-16

Same as Sequences 4-11 to 4-13 except containment venting is unsuccessful
(Y) and the containssnt ruptures before core damage (/R).

Same as Sequence 4-11 except containment venting fails (Y) and the
containment does not rupture (R), thereby closing the SRVs due to high
containment pressure and preventing low pressure cooling. This results
in core damage in a leaking containment.



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.

SEQUENCES 4-25 TO 4-31

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

- - - -

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

SEQUENCE 5-1 -+ TI*CHMXPrB*UL*W1%X2%WI%U4

Same as Sequence 2 except reactor depressurization for SDC is
unsuccessful (X2) and CS is initiated to provide containment overpressure
protection (/W3). HPCI 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 HPSW
(/V4) provide core cooling.

SEQUENCES 5-5 TO 5-6

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

SEQUENCE 6-1 - TLXCHM*PXBrUL*WI*X2%WIUL*Y*UL"

Same as Sequence 5 except CS fails (W3), resulting in the loss of all
containment overpressure protection. High suppression pool temperatures
fail HPCI, and CRD (1 pump mode) is initiated for core coolant (/U4).
Increasing containment pressure is relieved by containment venting (/Y).
CRD survives venting and the core is safe in a vented containment.



SEQUENCE 6-2 -- TI1*CHMAPARKUL*W1*X2*WIRUL*YHUS ' #X 3%V,

Same as Sequence 6-2 except CRD does not survive containment venting, the
reactor i{s depressurized (/X1), and HPSW continues core cooling (/V4).

SEQUENCES 6-3 TO 6-4

Same as Sequence 6.2 except either reactor depressurization fails (X1),
or HPSW fails (V4) following reacter depressurization, leading to core
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).

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

Same as Sequence 6-9 except CRD fails (U4) following the containment
leak, at which point all coolant makeup is lost, resulting in core damage
in a vulnerable containment,

Same development as Sequence 6-1 until CRD fails to initiate (U4) follow-
ing HPCI failure. The reactor is depressurized (/Xl) to initiate LPCS
for coolant injection (/VZ). The reactor is sufficiently depressurized
to initiate late SDC for containment overpressure protection (/W2),
resulting in a safe core and containment.

SEQUENCE 6-12 -« TLACH*MAPRB*UL*WL*X2%WIRULKK1*V2*W2KY*XI*VE

Same as Sequence 6-11 except SDC fails to provide containment
overpressure protection (W2), Jollowed by successful venting of the
containment (/Y). Cociant injection is restored using HPSW (/V4)
following reactor depressurization (/X3), resulting in a safe core in a
vented containment,



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 (¥) and
the containment ruptures (/R).

— e w—

SEQUENCE 6-18 -- TLACHMAPHBHUT AW HX2¥WIRULRXTHU2HW2*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, Ccre damage results in a vulnerable
containment.

SEQUENCES 6-19 TO 6-26

Same as Sequences 6-11 to 6-18 except LPCI provides coolant makeup (/V3)
following failure of LPCS (V2).

SEQUENCES 6-27 TO 6-34

Same as Sequences 6-19 to 6-26 except HPSW provides coolant makeup (/V4)
following failure of LPCI (V3).

- e

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

Same as Sequ nce 6-11 until CRD fails to continue covlant makeup (U4)
following HPCI failure. Reactor depressurization fails (X1), which
disables all low-pressure core cooling systems, resulting in core damage
in a vulnerable containment.



SEQUENCES 7 TO 12

Same as Sequences 1 to 6 except RCIC provides high pressure coolant
maheup (/U2) following failure to initiate HPCI (Ul).

SEQUENCES 13 TO 15

Same as Sequence 1 until failure to initiate HPCI (Ul), followed by
failure of RCIC (U2), The reactor is depressurized (/X1) and LPCS 1is
{nitiated for coolant makeup (/V2). Containment overpressure protection
is provided by SPC (/W1), SDC (/W2), or CS (/M3), resulting in a safe
core and containment,

SEQUENCES 16-1 TO 16-2

Same as Sequence 13 until SPC fails (Wl), followed by failure of SDC (W2)
and CS (W3). Without containment overpt-ssure protection, the pressure
{n containment rises until the SRVs c¢. 2. Primary system pressure then
rises, eventually failing LPCS (V2). ..D is initiated (/U4) for ccolant
makeup. High containment press.ir: ls reiieved by containment venting
(/Y). CRD continues to c¢ool the core, oc the reactor is depressurized
(/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
either reactor depressurization is unsuccessful (X1), or HPSW fails (V4)
following reactor depressurization, resulting in 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 -« TIRCH*M* PABAULXU2RX L*V2RW L *#W2*WIKUL*Y*R¥UL '

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

SEQUENCE 16-10 -~ T1*CHMXPHBAUL*U2*K1*VI*W1AW2*WIXUL ' kY*R*UG

Same as Sequence 16-9 except CRD 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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SEQUENCES 29-4 TO 29-6

Same as Sequences 29-1 to 29.3 except containment venting fails (Y) and
the containment eventually ruptures (/R).

SEQUENCE 20-7 - T1#C#M#PHBRUIRUZ#XIRTIAWLXI#W24WIRVIHYHR

Same as Sequence 29-4 until the containment fails to rupture (R), which
precludes HPSW operation because of forced closure of the SRVs. This
results in core damage in a vulnerable conta.nm’ it

SEQUENCES 29-8 TO 29-14

Same as Sequences 291 to 29:7 except LPCS fails to initiate (V2)
following contalnment cooling failure and LPCI provides coolant makeup
(/V3),

SEQUENCES 29-15 TO 29-21

Same as Sequences 29-6 to 29-14 except LPCI fails to initiate (V3)
following containment cooling failure and HPSW provides coolant makeup
(/VG).

SEQUENCE 2022 -+ TINCHMAPRBAUI#U2#X1#USAW1 R X224 WIAV2#VI*V4

Same as Seg.ence 29-11 until LPCS fails (V2) following containment
cooling failure. LPC1 (V3) and HPSW (V4) also fall to initiate,
resulting in core damage in & vulnersble containment.

SEQUENCE 30 -+ T1#C: MaP*BRUI#U2*X1#T %01 #X2#03

Same as Sequence 26 until SPC fails (W1), followed by fallure of reactor
depressurization for SDC (X2)., €8 is initiated to provide containment
overpressure protection (/W3). Since reactor depressurization was
unsuccessful, CRD does not fail, resulting in a safe core and
containment .

SEQUENCES 31-1 TO 31.2

Same as Sequence 30 until C§ fails (W3), at which point all containment
overpressure protection is lost. Eventually containment venting ls
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 HPSW cools the core (,V4), resulting in a safe core in a
vented containment,



SEQUENCES 31-3 TO 31-4

Same as Sequence 31-2 except HPSW fails (V4) or reactor depressurization
fails prior to HPSW operation (X3), resulting in core damage in & vented
containment.

SEQUENCES 31-5 TO 31-8

Same as Sequences 31-1 to 31-4 except containment venting fails (Y) and
the containment eventually ruptures (/R).

SEQUENCE 31-9 - TIACHM*PABRUIRU2*X) #UI*WIX2#WIRY#RATG

Same a8 Sequence 31-5 except the containment does not rupture (R) but
develops & leak. CRD continues to cool the core, resulting in a safe
core in a leaked containment.

SEQUENCE 31-10 -+« TIRCHM*PABRULIRUZ#X]#UI#W1#X2#WINYRR*UL

Same as Sequence 31-9 except CRD does not survive the containment leak
(U4), resulting in core damage in a vulnerable containment.

SEQUENCE 32 «- TI®CAM#PxB*UL#U2#X1%U3

Same as Sequence 26 until CRD fails to initiate (U3) in the two-pump mode
following failure to depressurize the reactor, which leaves no system
available for voolant makeup. Early core demage results, with a
vulnerable contalament,

"JUENCES 33 TO 34

A loss-of-offsite-power occurs (Tl) which generates a reactor scranm
condition and the RPS successfully inserts the rods inte the core (/C).
The SRVs properly cyecle to ~ontrol reactor pressure (/M, /P) and onsite
emergency power fails to be established (B). HPCI or RCIC is initiated
(ZUl', /U2') for coolant injection until it fails in the harsh
envivonment or due to battery depletion, and core damage occurs late in a
vulnerable contalnment,

SEQUENCE 35 - TINCHMWPAE*UL‘#U2"

Same as Sequence 34 except RCIC fails to operate (U2') and early core
damage results with a wvulnerable containment since no other coolant
injection i{s possible without ac power.






SEQUENCE 45 ~- T1#C#M

A loss-of -offsite-power occurs (T1) 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 (M). 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 WPS fails to insert the rods into the core (C), The sequence is
traneferred to the ATWS 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 {ts 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 PC§ was
unavailable from the start. T3A represents all the transients of this
type except Inadvertent Open Relief Valva (IORV) events and a loss of
feedwater which can have somewhat different effects on plant conditions.

2.3.7.2 Event Tree

The 131 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:
I31: Initiating event, transient with PCS initially available.

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

LOSPl: Success or failure to maintain offsite power. The designa-
tion LOSPl is used instead of LOSP for purposes of computa-
tional efficiency within the SETS code.

Q! Continued success or subsequent falilure of the PCS.

Success implies continued operation of the PCS such that a
safe cooldown of the plant is achieved using the PCS.

2=-80
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M: Success or failure of Reactor Coolant System (RCS) over-
pressure protection (if required) by automatiic operation
of the SRVs, Success implies prevention of RCS
overpressure so as to avold damar~ .0 the primary system.

) & Success or failure assoclated with reclosing v. 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., FP1, P2 and P3 refer to the failure of one, two
ot three or more SRVs to reclose, respectively.

The following descriptions refer to the sequences found in Flgure 2.23.

SEQUENCES 1 TO 36 -+ T3A*CYLOSP*QAM*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 malntained (/LOSPL). The PCS fails (Q)
and the SRVs properly cycle to control reactor pressure (/M, /F). All
sequences then transfer to the T2 tree at the T2-1 branch.

SEQUENCE 37 -- T3A*C*LOSP*Q

Same as initial development of Sequences 1 to 36 except the PCS remains
available (/Q), resulting in a safe core and containment.

SEQUENCE 38 «- T3AXC*LOSPYQ¥M*P]

Same as initial development of sequences 1 to 36 except one SRV fails to
close (P1) and the sequence is transferred to the §2 LOCA tree.

SEQUENCE 39 -« T3I®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*CHLOSP*Q¥M*P1

Same as Sequence 39 except three or more SRVs fail to close (F3) and the
sequence is transferred to the A LOCA tree,
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SEQUENCE 41 -+ T3*C*LOSPHQ*M

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.

SEQUENCE 42 .- TI®C*LOSP

A transient occurs with the PCS initially available (T3) and the RPS
successfully scrams the reactor (C). Offsite power is not maintained
(LOSP) and the sequence is transferred to the Tl tree.

SEQUENCE 43 .+ Ti*C

A transient occurs with the PCS initially available (T3), the RPS falls
to successfully scram the reactor (C), and the sequence is transferred to
the ATWS tree. As mentioned previously ATWS sequences were analyzed as
part of the internal events analysis.

The following descriptions vefer to the Sequences found in Figure 2.24.

SEQUENCES 3-1 to 3.5

Same as Sequence 2 until SDC fails (W2) and CS8§ is initiated to provide
contalnment overpr :ssure protection (/W3). By the time €58 is initiated,
the enviromment withi, the containment has failed HPCl1. Core coolant is
provided by Condensate (/V1), CRD (/U4), LPCS (/V2), LPC1 (/V3) or HPSW
(/V4), resulting L. - safe core and containment.

- e—— e

SEQUENCE 3-6 =+ T2%CRLOS PRM*PRUT %W #X2#W2#W IV #ULRV 2%V 3¥V4

Same as Seyuence J3-1 except all low-pressure cooling systems fail
(Condensate, CRD (1 pump), LPCS, LPCI, HPSW) which resulte in core damage
in a vulnerable containment,

SEQUENCE 41 « T2#CHLOSPAM* PAUT#WIX2#W2#W IRV #UARY LG !

Same as Sequence 2 until S$DC falls to cool the containment (W2, followed
by failure of CS§§ (W3), resulting in the loss of all containment
overpressure protection. HMHPCI has failed due to the adverse containment
environment, and Condensate is inftiated 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 .

2-817
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SEQUENCES 4-2 to 4-3

Same as Sequence 4-1 except CRD does not survive containment wventing.
The reactor is depressurized again (/X3) and condensate (/V1) or HPSW
(/V4) provide core coolant,

SEQUENCES &4-4 to 4-5
Same as Sequence 4-3 except either reactor depressurization fails (X3),

or HPEW falls (Va), which leaves no system available for core coolant,
resulting In core damage in a vented containment,

SEQUENCES 4-6 to 4+10

flame as Sequences 4-1 to 4-5 except containment venting fails (Y) and the
containment eventually ruptures (/R).

SEQUENCE 4-11 -« T2#CHLOS PRM* PAUT#W 1A X2 W2 %W AV #ULRYRRRUG ¢

Same as Sequence 4-6 except the containment does not rupture (R) but
develops & leak, CRD continues to provide core cooling (/U4').

- pe— - -

SEQUENCE 4-12 «- T2wCKLOSPAM*PRUT#WI#X 2w W2 W IRV wU4*YRR*UG !

Same as Sequence 4-11 except CRD fails (V4') following the leak in
containment, leading to core damage in a vulnerable containment,

SEQUENCE 4-13 to 4-16

Same as Sequences 4.2 to &4-5 except CRD fails to initiate (U4) following
Condensate fallure,

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#ORLOSPRM#PrUT#W1%X2#W2#W3# V] RULRYHR

Same as Sequence 17 until the containment fails to rupture, which

inhibits other low-pressure systems from operating, resulting in core
damage in a vulnerable containment,



SEQUENCES 4-22 TO 4-23

Same as Sequence 4-1 until Condensate fails to initiate (V1) following
containmen' 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
HPSW, or HPSW fails to initiate (V4), resulting in core damage in &
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 «+ TI*CKLOSPHMaPHUL*WL*X2*W2 %W IRV UL *VAR*UG !

Same as Sequence 4-26 except the containment dues not rupture (R) but
develeps a leak and CRD continues to provide core coolant,

. a——— - -

SEQUENCE 4-31 - TI*CALOS PAMAPRUT#W1*X2*W2 %W IV 1 *ULRY*R*UG '

Same as Sequence 4-30 except CRD does not survive the containment leak,
which leaves no system available for core coolant, resulting in core
damage in a vulnerable containment.

SEQUENCE 4-32 -« TIRCwLOS PHM* PHUT#W1#X 2% W2RW IRV | % ULV I*Y X I¥VE

Same as Sequence &-22 except CRD does not initiate (U4) after Condensate
failure and LPCS i{s initiated for core coolant (V2). Containment venting
is performed to relieve overpressure (Y), which fails LPCS due to low
NPSH. The reactor is depressurized again (X3) and HPSW is initiated (V&)
te continue core cooling, resulting in a safe core in a vented
containment




SEQUENCES 4-33 TO 4-34

Same as Sequence 4-32 except HPSW fails (V4) or reactor depressurizatio.
prior to HPSW initiation fails (X3), resulting in core damage in a vented
containment,

SEQUENCES 4-35 TO &-37

Same as Sequences 4-32 to 4-34 except containment venting fails (Y) and
the containment eventually ruptures (R),

SEQUENCE 4-38 -. TI®CKLOS PHM* PRUT*W1AXZ*W24W 3%V ] #UL*V2 YRR

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 4-3) to 4-45 except prior to containment venting, HPSW
provides core coolant (V4) following LPCI fatlure (V3).

SEQUENCE 4-53 -« T3*CHLOSPHMA PRUT#W1*X2¥W2 %W IV 1 *ULAV2%Y 3%V4

Same as Sequence 4-46 until HPSW fails (V4), which leaves no core coolant
system available, resulting in core damage in a vulnerable cuntainment,

SEQUENCES 5-1 TO 5-0

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 (V1), LPCS (V2), LPCI (V3)
or HPSW (V4) continues core cooling, resulting in a safe core and
containment .

g%
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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 vulnercble containment.

SEQUENCES 6-1 TO 6-3

Same as Sequence 1 until all contalnment overpressure protection is lost
(§PC, reactor depressurization for SDC, and CS). High suppression poel
temperature fails HPCI (U1) and CRD is initiated for core coolant (U4).
High containment pressure is relieved by containment venting (Y), and CRU
(U4), Condensate (V1) or HPSW (V4) continues core cooling, resulting in a
safe core {n 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
core cooling, resulting in core damage in a vented contalnment,

SEQUENCES 6-6 TO 6-10

Same as Sequences 6-1 to 6.5 except containment venting fails (Y) and the
containment eventually ruptures (R).

- me—— -

SEQUENCE 6-11 -« T3IRCRLOSP*M*PHUT#W 1 #X29WIRUGRYRR*UL ¢

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,

S w— W S ——

SEQUENCE 6-12 -« T3I*CHLOSPRMAPULRW]I*X2#WIRULHY*RYUG

Same as Sequence 6-11 except CRD does not survive the containment leak
(U4), resulting in core damage in a vulnerable containment.

SEQUENCE 6-13 -+ TI*CRLOSPAM*PRUT W1 RX2%WI*ULH N1 #V] * W2

Same as Sequence 6-1 until CRD fails to initiate (U4) following loss of
containment cooling, The reactor {s depressurized (X1) and Condensate is
initiated for core coolant (V1). Containment overpressure protection is
established with 8DC (W2), resulting in & sale core and containment.

e~9l
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SEQUENCES 6-14 TO 6-17
| Same as Sequences 6.2 to 6-5 except CRD has falled (U4), the reactor is
| depressurized (X1) and Condensate continues core cooling (V1).

SEQUENCES 6-18 TO 6-21

Same as Sequences 6-14 to 6-17 except containment venting falls (Y) and

the containment eventually ruptures (R).

SEQUENGE 622 -« T3#CHLO8 PriaPoUT W1 nX2#W V4w XTHVT M2 0 YR

Same as Sequence 6.13 until SDC fails (W2), followed by failure of

containment venting (Y) and containment rupture (R), resulting in core
damage in & vulnerable containment.

SEQUENCE 6-23 -« TI®CHLOS PoMa PHUL#W1#X2#W UG X1 #V1#U2# W2

Same as Sequence 6.13 except LPCS provides core cooling (V2) following
Condensate failure (V1).

S s

SEQUENCE 6-24 «+ TIRCHLOS PAM*PAUT W1 #X2%W3RUGART V] #V2#W2#TwX VG

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 HPSW initlation (V4),
resulting in a safe core in a vented containment,

SEQUENCES 6-25 to 6-26

Same as Sequence €24 except resctor depressurization prior to HPSW
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).

- eete——— -

SEQUENCE 630 -« TI®CRLOSFAM# PRUT#WI#X2%WINULAN] V1 #VZ #W2¥YHR

Same as Sequence 6-27 except the containment fails to rupture (R), which
leaves no system available for core cooling because of forced closure of
the 8RVs. This resulcs in core damage in & vulnerable containment.




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).

SEQUENCES 6-39 TO 6-46

Same as Sequences 6-31 to 6-38 except HPSW provides core coolant (V&)
following failure of LPCI to initiate (V3).

SEQUENCE 6-47 -+ TINCHLOS PAM*PAUT*W1#X2¥WIRUGHXT#VI#V2#VI*V4

Same as Sequence 6-39 until HPSW fails (V4) and all core cooling is lcost,
resulting in core damage in a vulnerable containment.

SEQUENCE 6-48 -+ TI*CHLOSPAM*PHUT MWL *X2#WI*UG*X]

Same as Sequenc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>