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1.0 EXECUTIVE SUMMARY

In November 1988, the U.S. Nuclear Regulatory Commission (NRC) staff issued Generic Letter 88-20,
"Individual Plant Examination for Severe Accident Vulnerabilities - 10CFR50.54(f)," which established a
formal request for utilities to perform an Individual Plant Examination (IPE). In addition to the performance
of the IPE, this lefter requested utilities to identify potential improvements to address the important
contributors to plant risk and implement improvements that they believed were appropriate for their plant.
In August 1989, the NRC issued Supplement 1 to Generic Letter 88-20, "Initiation of the Individual Plant
Examination for Severe Accident Vulnerabilities - 10CFR50.54(f)," accompanied by NUREG-1335, "Individual
Plant Examination Guidance," (Reference 20) which provided guidance for the information to be reported
back to the NRC. In July 1990, the NRC issued Supplement 3 to Generic Letter 88-20, "Completion of
Containment Performance Improvement Program and Forwarding of Insights for Use In the Individual Plant
Examination for Severe Accident Vulnerabilities,” which stated that licensees with ice condenser containments
are expected to evaluate the vulnerability to interruption of power to the hydrogen igniters as part of the IPE,

[

This report provides the requested information for the Donald C. Cook Nuclear Plant, Units 1 and 2,” *

.

1.1 Background and Objectives L

In its Severe Accident Policy Statement (SOFR43621, Reference 32) issued in 1985, the NRC concluded that
operating nuclear plants pose no undue risk to the public health and safety. However, recognizing that these
generic conclusions were derived from a diverse but smaller sample of the existing plants, the NRC requested
that all licensees perform a "limited-scope accident safety analysis" to determine if there might be any unique
plant-specific vulnerabilities leading to a core damage accident or to poor containment performance given a
core damage event.

In responding to Generic Letter 88-20 and its Supplement 1, American Electric Power Service Corporation
(AEPSC) established five specific objectives for the severe accident issue resolution program for the Cook
Nuclear Plant. The program objectives were:

1. To identify, evaluate, and resolve the severe accident issues germane to the Cook Nuclear Plant in a
realistic, technically acceptable manner with emphasis on the prevention of such accidents.

2. To identify and develop input to decision making processes relative to potential enhancements to plant
design and/or operation aimed at reduction of risk from severe accidents.

3. To evolve a realistic, documented, auditable Probabilistic Risk Assessment (PRA) for the Cook Nuclear
Plant which could be readily used and maintained and which would be suitable for ongoing use.

4. To address the existing NRC information request in Generic Letter 88-20 and those information requests
anticipated in the near future on closely related topics.

5. To familiarize AEPSC and Cook Nuclear Plant staffs with the basis and methodology of PRA so that,
in the future, the PRA could be independently maintained and updated as necessary.

AEPSC has completed and documented a full scope Level III PRA for the Cook Nuclear Plant that has
completely met these objectives. This report, containing a summary of the methods, results, and conclusions,
fully complies with the NRC request for information contained in Generic Letter 88-20, Supplement 1. In
addition, the entire PRA was conducted according to the applicable sections of 10CFR50, Appendix B,
"Quality Assurance Criteria for Nuclear Power Plants and Fuel Reprocessing Plants," AEPSC has retained
all supporting analyses, descriptions and files pertaining to the PRA., These are available at AEPSC offices
for NRC review as necessary.

1-1



o As a result of AEPSC’s decision to perform a Level III PRA including an External Events Analysis, the scope

3of the AEPSC PRA program goes beyond that described in Generic Letter 88-20. To assist NRC reviewers,
this submittal is structured to contain the Internal Events Analysis (often referred to as a Level I PRA), the
Containment Performance Analysis (referred to as a Level I PRA), and the Consequence Analysis (a Level
IIT PRA). The External Events Analysis, including internal fire, seismic PRA, and other external events
analysis are described in separate submittal documents. :

“

" 1.2 Plant Familiarization

The AEPSC PRA program for the Cook Nuclear Plant involved an extensive plant familiarization effort
. because the undertaking of a full-scope realistic Level IIl PRA required careful analysis of the as-built,
**as-operated plant. To accomplish this familiarization, several data collection and documentation activities
were undertaken during the initial phase of the project. System notebooks were prepared for modelled
systems after plant walkdowns and analyst review of drawings, system descriptions, the Updated Final Safety
Analysis Report (UFSAR, Reference 1), technical specifications (References 2 and 3) and applicable plant
procedures. The plant walkdowns were conducted to verify the design of the systems, to become familiar with
the physical layout of the plant and to visualize restorative actions or alternative systems. Plant records were
reviewed to develop plant specific behavioral characteristics such as component failure rates and initiating
. event frequencies. Also, as part of the familiarization effort, the analysts identified any differences between
: ;the systems for Units 1 and 2, Only Unit 1 was specifically modelled as the base analysis.

1.3 Overall Metquology

The AEPSC IPE was performed by conducting a full scope, realistic Level IIl PRA. In performing the IPE,
standard PRA systems analysis practices such as those outlined in the PRA Procedures Guide
_ (NUREG/CR-2300, Reference 26) were used.

The Cook Nuclear Plant IPE is a full scope investigation of the plant systems and operator response. The
focus of investigation was on the performance of the realistic assessment of the plant response to potential
accident sequences. The models of plant systems are detailed and explicitly include the performance of all

. key components. The success criteria used to determine whether or not plant systems achieve their intended
safety function were realistically determined for each important accident sequence. Rather than relying solely
on Reference 1 to set the success criteria for system and operator performed actions, the success criteria
deﬁmtxon involved consideration of both system capabxhty and timing, This, in turn, involved the analysis
“of plant response to a variety of accident scenarios usmg the Modular Accident Analysis Program (MAAP)
code (Reference 13) and other information as well.

""Well known approaches for common cause failure and human error were adopted for the Cook Nuclear Plant

F"IPE In determining the parametric values to be used in the quantification, available industry data bases
L Were scrutinized to assure events and failure modes appropriate for the Cook Nuclear Plant and its equipment

“\vere utilized, For common cause analyses, the Multiple Greek Letter (MGL) method was used. Human

Reliability Analysis (HRA) was performed using Technique for Human Error Rate Prediction (THERP)

L(Reference 22) methodology. Realism was achieved through detailed modeling of operator actions and
thorough treatment of operator recovery.

"Because the AEPSC Cook Nuclear Plant is a dual unit plant, special attention was paid to the consideration

_ of dual unit issues. The interactions of the two Cook Nuclear Plant units’ systems were modeled explicitly.
In certain cases, conservative assumptions were made in conducting the dual unit analysis in order to provide
a perspective of the entire plant’s response. The analysis was performed in a manner such that the systems
and resources at one unit may play a key role in managing the response to an accident affecting its companion
umt.

gpecxal attention was also paid to the interface between the traditional systems analysis and containment
systems analysis portions of the IPE. Proper integration of these portions of the analyses was basically
accomplished through the establishment of the event trees wherein both system performance and operator
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actions that affected Level I and II results were modelled. The tree structures and the use of the MAAP code
allowed proper interpretation and assessment of various recovery options. Key success criteria and timing
were established with these tools,

1.4 Summary of Major Findings

This section summarizes the major findings of the Cook Nuclear Plant PRA. First, the results of the core

damage frequency quantification are presented. Second, the dominant contributors leading to core damage
for significant initiating events are described. . The containment failure frequency and mechanism are then
described. Finally, the offsite dose consequences are reviewed.

The core damage frequency for the Cook Nuclear Plant was found to be 6.26E-5 per year considering internal .

initiating events, including internal flooding. This value is similar to the results of other PRAs for similarly
designed plants (Reference 66.)

For the initiating events with the largest contribution to the core damage frequency, the dominant system
failure contributors are described. The order in which the initiators are presented in this section represents
their descending contribution to overall core damage frequency.

The initiating event with the largest contribution to core damage frequency at 2.96E-5 per year was found
to be Small LOCA (SLO). Failure of the Emergency Core Cooling System (ECCS) during either the cold leg
injection or recirculation phases produced the two dominant sequences for this event. In turn, common mode
failure of the safety injection (SI) pumps (part of the ECCS) and failure of the Engineered Safety Features
(ESF) system to actuate the ECCS dominated these two sequences. The third leading sequence was a
functional failure to cool the reactor coolant system (RCS) followed by failure of primary bleed and feed
cooling, Hardware and common mode failures in the compressed air system, which supplies air to the
pressurizer and steam generator pressure relief valves (PORVs), were the primary contributors to these
failures,

The Loss of Component Cooling Water (CCW) event, with a core damage frequency contribution of 1.38E-5
per year, was dominated by three sequences. The first sequence was solely dominated by the failure of the
operator to trip the running reactor coolant pumps (RCPs) after seal cooling from CCW is lost, thus leading
to gross seal failure. The second sequence was dominated by failure of ECCS cold leg recirculation due to
common mode failure of the SI pumps. The third sequence involved the functional failure to restore reactor

.inventory after CCW was restored (which allows restoration of the ECCS charging pumps).. This latter

failure was dominated by operator error and ESF signal failure.

The core damage frequency initiated by a Steam Generator Tube Rupture (SGR) was 7.07E-6 per year and
it consisted of several significant sequences, The dominant failures associated with these sequences were
hardware and common mode failures of the compressed air system and failures of ESF signals. This event

is particularly significance since containment may be bypassed and fission products released directly to the .

environment, '

All other internal initiating events were very small contributors to the overall core damage frequency, a‘qd
displayed no significant vulnerabilities in addition to those previously discussed in this section. The
redundancy afforded by the auxiliary feedwater system (two motor-driven pumps and one turbine-driven
pump) was significantly beneficial for the transient events. The extremely reliable electric power grid, of
which Cook Nuclear Plant is a part, greatly influenced the initiating event frequencies for the Loss of Offsite
Power and Station Blackout events, thus directly influencing their small contributions to core damage
frequency.

Evaluation of the success criteria used in the event tree analysis showed that containment failure could occur
prior to core melt. It was also found that ECCS flow and secondary heat removal can prevent or
substantially delay containment failure in those sequences where core melt is prevented regardless of whether
contamment sprays are operated or not. . ub
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The overall frequency of containment failure, which includes isolation failures and containment bypass, was
found to be small at 9.1E-6 per year. Given that a core melt accident has occurred, there is approximately
an 85% chance that containment integrity will be maintained. Failure of the containment due to slow
overpressurization caused by steaming was found to occur only 3.3% of the time following core damage, with
the rest of the containment failures involving containment bypass sequences. It is important to note that
" containment overpressurization failure does not occur if containment spray injection and recirculation are
.available. Of the bypass sequences, only steam generator tube ruptures occur with sufficient frequency and
source term to be considered important,

Failure of containment due to hydrogen generation and combustion was found fo be unlikely even for those
" cases where all power was lost to the hydrogen igniters. Even for a total station blackout, the worst sequence
. with respect to hydrogen accumulation, it was found to be unlikely that sufficient hydrogen could accumulate
to challenge the containment ultimate pressure,

Containment failure due to overpressurization is expected to occur due to shear failure of the concrete at the
cylinder wall/basemat junction. This failure mechanism is believed to be such that very few accident
mitigation actions would be possible after failure due to the inability to maintain water inventory inside the
containment. Because :u. .ident mitigation and recovery actions would be very limited, the long term
consequences of this failuz could be severe and prevention of this failure is considered very important.

Using containment atmospheric release source terms from the Level II analysis, offsite consequences were
calculated using the MELCOR Accident Consequence Code System (MACCS). The short term offsite
consequences of the dominant sequences from the Level II analysis were addressed considering three
emergency planning scenarios (evacuation to 10 miles, no evacuation, and evacuation to 2 miles with sheltering
from 2 to 10 miles). In addition, MACCS was used to determine the long term (chronic) affects. The SGR50
sequence (steam generator tube rupture) source terms dominate early and cancer fatalities and whole body
doses. SGRS0 is a containment bypass sequence for which the containment also fails on overpressure,
Virtually all of the noble gases and > 10% of the volatile fission products are released from containment in
this scenario. An emergency operating procedure change is being investigated for this sequence to maintain
water level in the affected steam generator in the case of a tube rupture. This is expected to greatly reduce
the offsite dose consequences of this sequence.

The Cook Nuclear Plant PRA was developed to meet the requirements of 10CFR50 Appendix B. This
approach forced detailed review beyond that addressed in Generic Letter 88-20 (Reference 9). AEPSC is
confident that this analysis adequately meets the intent of Generic Letter 88-20, including Supplements 1 and
3. No major plant vulnerabilities have been identified which require immediate action or significant hardware
changes. Changes to both procedures and hardware, however, are being considered to address minor
. vulnerabilities, These are identified in Section 6.0.

v
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2.0 EXAMINATION DESCRIPTION

2.1 Introduction

The Cook Nuclear Plant IPE has been performed to identify and resolve plant specific severe accident issues.
In accomplishing this task, AEPSC has performed a full scope Level I PRA.

AEPSC has conducted the PRA in full compliance with the requirements of the NRC Generic Letter 88-20,
including Supplements 1 and 3. AEPSC’s approach to the IPE has been to perform realistic evaluations of
Cook Nuclear Plant’s capabilities, with emphasis on the prevention of severe accidents and on the need to
effectively respond to accident sequence progression in the event of a severe accident. AEPSC’s evaluations
were also carried out in a manner that supports decisions regarding potential enhancements to plant design
and/or operation aimed at reasonable, cost-effective reduction of risk from severe accidents.

The Cook Nuclear Plant Internal Events (Level I PRA) Program consisted of the following 12 major tasks:

Project Management

Data Analysis

Internal Initiating Event Analysis

Event Tree Analysis

Systems Analysis

Systems Interaction

Human Reliability Analysis

Internal Flooding Analysis ‘
Fault Tree and Accident Sequence Quantification
10. Recovery Actions

11. Sensitivity and Importance Analysis

12. Training and Technology Transfer

The Cook Nuclear Plant Containment Performance Analysis (Level I PRA) Program consisted of the
following four major tasks:

1. Containment Systems Analysis

2. Containment Structural Capability Review

3. Containment Event Tree Analysis

4. Source Term Analysis

The Cook Nuclear Plant Offsite Consequences Analysis (Level III PRA) Program consisted of the following
three major tasks:

1. Site Model Development
2, Offsite Consequences Analysis
3. Consequence Estimation

The models developed in the IPE represent the as-built, as-operated Cook Nuclear Plant. Efforts were taken
to ensure that formal procedures for which the operators were trained to use have been credited. In addition,
operator interviews were conducted to determine when credit could be taken for the knowledge gained by
operators through their daily activities. The value of equipment or procedural improvements and insights
were investigated through sensitivity studies. .

2-1
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2.2 Conformance with Generic Lefter and Supporting Material ‘ ‘
Generic Letter 88-20 requested each utility to perform an Individual Plant Examination for the purpose of:
(1) developing an appreciation of severe accident behavior,

(2) understanding the most likely severe accident sequences that could occur at its plant,

| (3) gaining a more quantitative understanding of the overall probabilities of core damage and fission product

releases, and if necessary,
(4) reducing the overall probabilities of core damage and fission produ&t releases,
General requirements provided in the Generic Letter for fulfilling the stated purpose were:

(1) The utility staff should be used to the maximum extent possible in the performance of the IPE to insure
that they:

e understand the plant procedures, design, operation, maintenance and surveillance,
¢ understand the quantification of the expected sequence frequencies,
¢ determine the leading contributors to core damage and unusually poor containmex)t performance,
o identify proposed plant improvements for prevention and mitigation,
e examine each of the proposed improvements, and ‘,}
o identify which proposed improvements will be implemented and their schedule.
(2) The utility should proceed with the examination of internally initiated events including internal flooding,
(3) The method of examination should either be a PRA that follows the PRA procedures described in
References 25, 26 and 29, plus a containment performance analysis that follows the guidance of Appendix
1 to Generic Letter 88-20 or the Industry Degraded Core (IDCOR) front-end method with NRC
“enhancements, or another systematic method that is acceptable to the staff.

(4 The utility should resolve Unresolved Safety Issue (USI) A-4S5, "Shutdown Decay Heat Removal
Requirements," as part of the IPE.

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

(6) The utility should report the results of the IPE to the NRC consistent with the criteria provided in the
Generic Letter and subsequent guidance provided in Reference 20.

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

(8) The utility should conduct future evaluations for accident management and external events when the
guidance for them have been developed. '

i/
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In response to the Generic Letter, AEPSC issued a letter on October 24, 1989 stating its intent to perform a
full scope Level Il PRA considering both internal and external events for the Cook Nuclear Plant in order
to identify, evaluate, and resolve severe accident issues germane to the plant.

AEPSC has invested substantial personnel time (in excess of 23,000 man-hours) in addition to financial
resources for the efforts of a contractor (Individual Plant Evaluation Partnership) in the performance of an
IPE that meets or exceeds the NRC directives listed in Generic Letter 88-20. A permanently assigned core
staff, knowledgeable in the design and operation of the Cook Nuclear Plant, has been involved in all aspects
of the IPE, Other AEPSC personnel have been intensively involved in various aspects of the evaluation as
needed. In addition, a substantial training effort was undertaken to insure that AEPSC personnel who had
a need for understanding of the evaluation or parts thereof developed an appreciation for the risk significance
of the results and the plant response and an understanding of the bases of the IPE,

Finally, AEPSC has and is continuing to review the results of the IPE for areas where plant improvements
can be effectively made to reduce the likelihood of core damage, These efforts are being made despite the
findings that the overall results of the Cook Nuclear Plant IPE indicate that the core damage frequency and
containment performance are within the expected limits,

2.3 General Methodology

The Cook Nuclear Plant IPE program, as previously identified, consisted of 19 major tasks covering the full
scope Level IIl PRA. The IPE was conducted using standard systems analysis practices such as those outlined
in References 25 and 26, A comprehensive task breakdown was developed for the Cook Nuclear Plant PRA
in order to organize the work to be accomplished. An overview of each of the tasks is provided below.
Guidebook instructions were developed for each of the key technical tasks,

Level I PRA Tasks

1. Project Management - Development and monitoring of detailed project planning and scheduling provided
necessary technical direction of project analyses and proper review of results,

2. Data Analysis - Plant-specific information was collected from a variety of job orders, control room logs,
and completed surveillance test procedures for the period from January 1, 1983 to August 1, 1989 to
identify and examine plant-specific component failure, testing, and maintenance data and data related
to initiating events that have led to reactor trips. Most of the data used in the Cook Nuclear Plant PRA
utilized plant-specific data to calculate failure rates through classical means or through the use of
Bayesian techniques. In some instances, generic data from IEEE-500, "IEEE Guide to the Collection
and Presentation of Electrical Electronic Sensing Component and Mechanical Reliability Data for Nuclear
Power Plant Generating Stations" (Reference 11), Reference 29 or other sources were used to supplement
plant data.

3. Internal Initiating Events Analysis - The selection of accident initiating events for the Cook Nuclear Plant
PRA considered both actual plant trip data and results of previous PRAs.

Cook Nuclear Plant trip data was collected from scram reports and plant control room operating logs
to identify actual trip events, power level at which the trip occurred, and the failure which caused the
trip,

The Cook Nuclear Plant accident initiating events also included large LOCA, medium LOCA, small
LOCA, steam generator tube rupture (SGTR), loss of offsite power, station blackout, steamline/feedline
breaks, ATWS, and transients. Most transient initiators were evaluated as either with or without the
power steam conversion system being available. Special initiators that were considered included loss of
essential service water, loss of component cooling water, loss of control air, loss of 120VAC and loss of
a 250VDC bus.



Several methods were employed to determine initiating event frequencies for the relevant initiators. For
those events having sufficient Cook Nuclear Plant data, each event was categorized as identified above
and the frequency determined by the number of occurrences of each event in the category. For events
such as LOCAs, the initiating event frequency was developed from generic data or from the results of
previous PRAs or similarly designed plants. As an example, the small, medium, and large break LOCA
initiating event frequencies were taken from WASH-1400, "Reactor Safety Study: An Assessment of
Risks in U.S. Commercial Nuclear Power Plants" (Reference 36). Loss of offsite power was determined
from a detailed study of the AEPSC grid reliability, and SGTR was determined from the Westinghouse
plant population experience data base. The initiating event frequency for the special initiators was
determined through plant specific fault tree analysis.

Event Tree Analysis - Plant-specific event tree models were developed for each accident initiator. This
task included the definition of critical safety functions relevant to the initiating events, development of
system level event trees and system success criteria for the various accident sequences, and incorporation
of operator actions and consequential failures related to various accident sequences.

'Systems Analyses - The Cook Nuclear Plant systems were modeled with fault trees. For each system,

the complete system analysis included the development of detailed system notebooks describing the
system, its operation, the effect of accident conditions (success criteria, initiator impact, etc.), its
operating history, the system models and assumptions, quantification, and analyst insights, The
relationship between the two units and differences in system designs were also carefully examined and
noted,

The development of the fault tree models was done from the top event down. Fault tree development
was accomplished through the generation of simplified flow diagrams and fault tree modules which
simplified and standardized the fault tree layouts. The fault trees were developed and quantified using
the Westinghouse fault tree GRAFTER Code System (Reference 10).

The fault tree models incorporated equipment failure, test, maintenance, human reliability modeling,
and common cause analysis where appropriate, As the Cook Nuclear Plant PRA utilized the fault tree
linking approach to quantification, the appropriate support systems are also included in the fault tree
models,

Systems Interaction - Possible system interactions were identified by conducting detailed system
walkdowns, a control room evaluation and interviews with plant operators. A dependency matrix was
also developed to identify the interactions between front-line and support systems.

Human Reliability Analysis - Detailed models were developed to represent the interaction of operators
and other plant staff with plant systems and equipment during normal operation and during transient
and accident conditions, The Technique for Human Error Rate Prediction (THERP) methodology
(Reference 22) was used for the human reliability analysis.

Internal Flood Analysis - A separate analysis was performed to determine areas in the Cook Nuclear
Plant that are susceptible to flooding, equipment in those areas whose failures could cause a plant
shutdown or result in a failed safety system, and the contribution to core damage from flooding of those
areas. The appropriate event trees from the other internal event initiators were used to quantify the
contribution of flooding to core damage frequency.

Fault Tree and Accident Sequence Quantification - The Cook Nuclear Plant system fault trees and event
tree accident sequences were integrated and quantified to obtain accident sequence cutsets, frequencies
for all accident sequences resulting in core damage, and to identify dominant accident sequences among
all event tree results. The Westinghouse WLINK Code System (Reference 46) was used to perform the
accident sequence quantification. Results of this analysis are the essential data input to the Level II
PRA.
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10.

11.

12.

Recovery Actions - Recovery actions were identified and their respective failure probabilities quantifie?i.

Senéitivity and Importance Analyses - The response of the core damage frequency to changes in input
parameters and modeling assumptions for the core damage frequency dominant contributors was
examined to identify important actions and equipment and to study the sensitivity to those assumptions,

Training and Technology Transfer - Training was conducted by contractor employees for utility
personnel to provide the in-house ability to understand, evaluate, modify, and update the PRA study to
reflect proposed or actual changes in the plant design and operation. Training included initial
orientation to PRA technology, training sessions on each major task, and discussion of analysis-specific
guidebooks.

Level II PRA Tasks

l.

Containment Systems Analysis - Quantitative models for containment systems failures and containment
bypass events were developed and quantified as part of the Level I PRA. The results of these analyses
provide information for use in the Level II analysis regarding the state of the plant systems, the physical
state of the core, and the reactor coolant system. A model for failure of containment isolation was
developed and quantified independently of the other models. The failure probability of containment
isolation was used for the containment event tree quantification.

Containment Structural Capability Review - Existing and updated structural analyses were used to
determine the containment ultimate pressure capability and potential failure locations.

Containment Event Tree Analysis - A containment event tree (CET) was developed to provide a
systematic method for integrating the Level I results with the Level II analysis. The CET describes the
containment response to a core melt accident and accounts for system interactions, operator actions, and
key phenomenological issues by defining a functional set of top events and their success and failure states.

Source Term Analysis - Source terms were developed by analyzing the dominant accident sequences that
led to containment failure using the MAAP code (Reference 13). Source terms were binned into release
categories based on the type, timing, and magnitude of the release.

Level IIl PRA Tasks

1.

2‘

Site Model Development - A Cook Nuclear Plant site model was developed using available information
on the demography and meteorology in the region of the Cook Nuclear Plant site.

Offsite Consequences Analysis - The offsite consequences associated with each of the fission product
release categories identified in the source term analysis were determined using the MACCS computer code
(Reference 14). The MACCS computer code outputs used in the analysis included acute fatalities, latent
fatalities, and total population exposure. The analysis accounted for emergency action plans, including
evacuation, sheltering, and decontamination,

Consequence Estimation - The offsite consequences for the three identified outputs (acute fatalities, latent
fatalities, and total population dose) were developed based on multiple atmospheric dispersion analyses
and presented in the form of complementary cumulative distribution functions, which showed a graphical
representation. The analyses yielded the expected consequence level and the probability of exceeding that
level. The estimated probabilities were based on the assumption that the release had occurred.
Therefore, the actual probability of offsite consequence is equal to the containment release probability
times the consequence probability.
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2.4 Information Assembly

_ A tremendous amount of information was needed to perform the detailed Cook Nuclear Plant IPE study. The

project team reviewed and assembled information from plant. specific sources, similar plant studies, and
generic sources, Plant walkdowns were a part of the data collection effort. Information was assembled to
familiarize the analyst with the plant, determine the important initiating events and quantify their frequency,
determine the component and system failure rates, perform various supporting analyses, conduct the
evaluation of internally initiated flooding events, and develop plant layout insights through the use of plant
walkdowns. Walkdowns were specifically used to search for plant characteristics that could impact the
transport of radionuclides in the containment and auxiliary building. Table 2.4-1 provides a list of the
important sources of information that were reviewed for the Level I analysis. The complete lists of all
individual references used are documented in the Cook Nuclear Plant IPE project notebooks.

The Cook Nuclear Plant IPE team modelled the Cook Nuclear Plant as-built condition as it existed on August

1, 1989. No major changes to plant operation or design have been identified since August 1, 1989, that would
be expected to significantly affect the PRA results.

Much of the information was collected at the outset of the project. All information used in the project is
available at the AEPSC offices in Columbus, Ohio. Copies of some information are also housed at the
Westinghouse office in Monroeville, PA and the Fauske and Associates (FAI) office in Burr Ridge, Dlinois.

Detailed system notebooks were developed for 14 major systems and several miscellaneous systems that were
expected to have an influence on the Cook Nuclear Plant IPE results. In addition, notebooks were developed

- for major analyses of the IPE project (e.g., initiating events, internal flooding, etc.). Plant information

sources identified in Table 2.4-1 were used to develop system descriptions and models. Both plant specific
and generic sources identified were used to define component availabilities, initiating events and initiating
event frequency, important accident sequences, potentially important modeling features, common cause failure
rates, and human reliability data. Subsequent sections of this report provide a more detailed discussion of
the use of the information collected. .

Plant walkdowns were conducted by all members of the AEPSC IPE team and some representatives from the
IPEP team who were responsible for the evaluation of a specific plant system, the containment and/or its
systems, or the evaluation of internal flooding, The walkdown teams were led by Cook Nuclear Plant
personnel who were knowledgeable about the plant systems and the containment and their detailed
arrangement. )

Walkdowns were conducted for the systems and plant environment of most concern to the PRA. These areas
are contained primarily in the Auxiliary Building and the Containment; however, several other buildings or
areas were examined because important systems and components are located therein. The areas or buildings
in which walkdowns were made are: :

o  Containment

¢ Auxiliary Building

e  Turbine Building

e  Service Water Screen House

¢ Control Room

e  Outside Grounds Including Switchyards

General arrangement drawings of these areas are contained in the UFSAR.
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The walkdowns that were conducted during the IPE project are summarized below.

System Walkdowns -

Containment Walkdowns -

Operator Interviews -

Internal Flooding Walkdown -

The AEPSC system fault tree analysts conducted initial walkdowns of the
systems modelled within the Cook Nuclear Plant PRA from March 13 to
March 15, 1990. Walkdowns were conducted in Units 1 and 2. Cook
Nuclear Plant operations personnel assisted the team in becoming familiar
with equipment locations, system operations, and test/maintenance
practices.

The PRA team members assigned to the Containment Performance
Analysis task performed a containment walkdown of the Unit 1
containment on July 16 and 17, 1990, to verify that the phenomenological
models accurately reflected the condition of the plant. In addition,
containment isolation capability and potential containment bypass flow
paths were also examined for Units 1 and 2 by walkdowns of the
Auxiliary Building during this time,.

The execution of the human reliability analysis involved both the
identification and evaluation of plant procedures and a discussion of the
pertinent steps therein with plant operators. The interviews, which were
conducted on March 14 and 15, 1991, provided the analysts with insights
into the complexity of the tasks, the familiarity of the operators with the
required task steps, the time constaints involved, and the extent of
training conducted by the plant. The analysts directly involved in the
human reliability analysis performed the interviews.

Walkdowns were performed on March 13 through 15, 1990, and July 18
and 19, 1990, primarily to gain an understanding of the special
relationships of components and equipment to the various specific hazards
presented by internal flooding sources. Analysts assigned to this task were
the primary participants in these walkdowns.



Table 2.4-1 | ‘3

Cook Nuclear Plant IPE Information Sources

SOURCE
Plant Specific

Donald C. Cook Nuclear Plant Updated Final Safety Analysis Report, American Electric Power Service
Corporation, July 1989. (Reference 1)

Donald C. Cook Nuclear Plant Units 1 and 2 Technical Specifications, Donald C. Cook Nuclear Plant,
American Electric Power Service Corporation, Amendment 127 Unit 1, Amendment 113 Unit 2. (References
2 and 3)

Donald C. Cook Nuclear Plant Units 1 and 2 System Descriptions, American Electric Power Service
Corporation. ,

Plant System Flow Diagrams,

Plant Arrangement Drawings.

Plant Electrical One-Line Diagrams and Elementary Diagrams,

Emergency Operaiing Procedures.

Normal Operating Procedures. : ‘)
Maintenance Procedures

System Surveillance Test Procedures

Donald C. Cook Nuclear Plant Facility Data hBase.

Donald C. Cook Nuclear Plant Setpoint Document.

Nuclear Test Schedule, Donald C. Cook Nuclear Plant, American Electric Power Service Corporation,
September 1989,

AEPSC Calculations.
Donald C. Cook Control Room Logs

Donald C. Cook Job Order Records
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Table 2.4-1 Cook Nuclear Plant IPE Information Sources (Cont’d)

NUREG-1032, Evaluation of Sta£ion Blackout Accidents at Nuclear Power Plants, June 1988. (Reference 19)

NUREG/CR-1174, "Evaluation of System Interactxons in Nuclear Power Plants," August 1989. (Reference
21)

NUREG/CR-1278, "Handbook for Human Reliability Analysxs with Emphasis on Nuclear Power Plant
Apphcatxons," August 1983, (Reference 22) -

NUREG-0909, "January 25, 1982 Steam Generator Tube Rupture at R. E. Ginna Nuclear Power Plant," April
1982, (Reference 18)

NUREG/CR-4142, "A Review of the Millstone 3 Probabilistic Safety Study," April 1986, (Reference 28)

WASH-1400, "Reactor Safety Study: An Assessment of Risks in U.S. Commercxal Nuclear Power Plants "

October 1975. (Reference 36)
NUREG/CR-2300, "PRA Procedures Guide," January 1983. (Reference 26)

NUREG/CR-2678, "Flood Risk Analysis Methodology Development Project Final Report," June 1982.
(Reference 23)

NUREG/CR-2815, "Probabilistic Safety Analysis Procedure Guide,” Rev. 1, August 1985. (Reference 25)

NUREG/CR-3862, "Development of Transient Initiating Event Frequencies for Use in Probabilistic Risk
Assessments," EG&G Idaho, Inc., May 1985. (Reference 27)

NUREG/CR-4550, "Analysis of Core Damage Frequency from Internal Events," Volumes 14, September
1987. (Reference 29)

NUREG/CR-4780, "Procedures for Treating Common Cause Failures in Safety and Reliability Studies,"
Volume 1, February 1988 and Volume 2, January 1989. (Reference 30)

EPRI NP-3967, "Classification and Analysis of Reactor Operating Experience Involving Dependent Evénts,"
June 1985. (Reference 7)

EPRI NP-3583, "Systematic Human Reliability Procedure (SHARP)," June 1984, (Reference 5)
NSAC-144, "Loss of Offsite Power at U.S. Nuclear Power Plants," April 1989. (Reference 17)
NSAC-108, The Reliability of Emergency Diesel Generators at U,S. Nuclear Power Plants, (Reference 16)

IEEE-500, IEEE Guide to the Collection and Presentation of Electrical Electronic Sensing Component and
Mechanical Equipment Reliability Data for Nuclear Power Generating Stations. (Reference 11)

IDCOR Technical Reports.




Table 2.4-1

Cook Nuclear Plant IPE Information Sources (Cont’d)
SOURCE
INPO SOER 85-5, "Internal Flooding of Power Plant Buildings," December 1985. (Reference 12)

NUREG/CR-5536, "Mitigation of Direct Containment Heating and Hydrogen Combustion Events in Ice
Condenser Plants," October 1990. (Reference 31)

EPRI NP-3878, "Large Scale Hydrogen Combustion Experiments," October 1988. (Reference 6)
Westinghouse WCAPs

WCAP-11902, "Reduced Temperature and Pressure Operation for Donald C. Cook Nuclear Plant Unit 1
Licensing Report," October 1988. (Reference 41)

WCAP-12078, "Input and Output Parameters for the Accident Analyses Performed for Reduced Temperature
and Pressure Operation for Donald C. Cook Nuclear Plant Unit 1," December 1988. (Reference 43)

WCAP-9600, "Report on Small Break Analysis for W&stmghouse NSSS Systems," Volume 1, June 1979.
(Reference 37)

WCAP-12135, "Donald C. Cook Nuclear Plant Units 1 and 2, Rerating Engineering Report," September 1989,
(Reference 44)

WCAP-10541, "Reactor Coolant Pump Seal Performance Following a Loss of All AC Power,"” Rev. 2,
November 1986. (Reference 39)

WCAP-11992, "Joint Westinghouse Owners Group/Westinghouse Program: Assessment of Compliance with
ATWS Rule Basis for Westinghouse PWRs," December 1988. (Reference 42)

WCAP-10858-PA, "AMSAC Generic Design Package,” Rev. 1, July 1987. (Reference 40)

WCAP-9914, "PORY Sensitivity Study for LOFW-LOCA Analyses," July 1981. (Reference 38)

2-10




2.5 Treatment of Dual Units

The Cook Nuclear Plant is a dual unit site. Both units are Westinghouse four-loop pressurized water reactors
with ice condenser containments. Unit 1 was explicitly analyzed in the Cook Nuclear Plant IPE. Both units
were examined and the Unit 1 analysis was determined to be bounding for Unit 2.

The multi-unit methodology used for the Cook Nuclear Plant IPE consisted of five key analysis areas. These
areas were: 1) plant familiarization, 2) initiating event analysis, 3) support system analysis, 4) front line
system analyses, and 5) containment analyses.

Plant familiarization involved the collection and evaluation of plant documentation on the design and
operation of each unit and identification of dependencies between front line systems and support systems.
Plant walkdowns were conducted to support the plant documentation review and to look for dependencies and
other as-built information that was not evident from the plant documentation, including differences in the
configuration of the same systems in the different units. No differences which would have had an impact in
the IPE results were identified.

Data collected to determine the relevant initiating events and the system dependencies were examined to
identify intersystem dependencies between units that could result from particular initiators. No inter-unit
dependencies were identified which would have had an impact on the internal initiating events analysis.

Support systems were most crucial in determining the correct plant response to an initiating event because
some support systems are shared or have the potential to be cross connected between units, The AEPSC
method for capturing the effects of the second unit of Cook Nuclear Plant was to develop fault tree models
for the shared support systems. These fault tree models were explicitly included in the overall accident
sequence quantification through fault tree linking.

Frontline systems analyses used a comparative method for those systems that were found to be completely
independent between units, while those systems that were found to be shared or partially shared were modeled
to include all components of the system or systems to the extent of influence. For the front line systems, a
detailed comparison of the two units was made to identify the differences and commonalities. No differences
which would have had an impact on the IPE results were identified.

A final step in the dual unit methodology resulted in the examination of the event trees developed for the first
unit to determine whether any differences identified in the review of the second unit would cause different or
additional events to be necessary to accurately represent the second unit. No significant differences were
found. ’

Finally, the level 2 analysis which was conducted for Unit 1 was found to be bounding for Unit 2.
In summary, the Cook Nuclear Plant IPE analyzed the design and operation of Unit 1. Unit 2 was examined

and no differences from Unit 1 were identified which would have impacted the IPE results, The IPE,
therefore, may be applied to either unit.
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3.0 FRONT-END ANALYSIS

3.1 Accident Sequence Delineation
3.1.1 Initiating Events

All internal initiating events, including internal flooding, analyzed in the Cook Nuclear Plant IPE are listed
in Table 3.1-1. Internal initiating events cause sequences of events that can result in insufficient core cooling,
Insufficient core cooling can be caused by either a loss of primary coolant (LOCA) or insufficient heat removal
by secondary side systems. A more detailed discussion of the grouping of initiation events follows.

3.1.1.1 Loss of Coolant Accidents

The géneral category of initiating events referred to as LOCAs includes all accidents that result in a reduction
of primary coolant system water inventory. This category of events was further divided into subcategories
on the basis of the leak path and size. These subcategories are described below.

3.1.1.1.1 Large LOCA

The large LOCA category includes ruptures inside containment in the size range from a double-ended cold
leg guillotine (DECLG) pipe severance down to a six-inch equivalent diameter hole in the reactor coolant
system. This range was chosen because it is consistent with the size range for large LOCAs analyzed in

-

Reference 1. ,
3.1.1.1.2 Medium LOCA

The medium LOCA range of breaks represents all reactor coolant system ruptures inside containment of
equivalent diameter from 2 inches to 6 inches. The flow area of a pressurizer safety valve is 3.644 square
inches, therefore, failure of one or all pressurizer safety valves would fall within this category of LOCA. The
flow area of a pressurizer PORYV is 2.0 square inches. Failure of two or more pressurizer PORVs would be
included within this category, however, the random failure of two components is not considered credible and,
therefore, will not be considered further,

This range was chosen because it is below the lower bound of the large LOCA analysis in Reference 1 and
above the size hole where accumulator injection would occur. This size range includes the most limiting size
break of the small break LOCA analysis in Reference 1, a 3-inch cold leg break.

3.1.1.1.3 Small LOCA

This category of events comprises breaks inside containment in the range of 2-inch to 3/8-inch equivalent
diameter holes. Also included are RCP seal failures, control rod ejections and single failures of PORVs, The
upper bound of this event was chosen because, for holes less than 2 inches in diameter, no accumulator flow
is required to keep the core covered. The lower bound is the size hole for which normal charging flow can
maintain liquid inventory. For breaks in this size range, heat removal by the secondary systems in addition
to the heat removal by the ECCS systems would be required to prevent core damage.

3.1,1.1.4 Steam Generator Tube Rupture
Although this category can be included in the small LOCA category, it is separated due to its unique effects
on the plant and the environment., A steam generator tube rupture may result in direct bypass of the
containment boundary, if steam generator safety or relief valves lift or the steam generator is not isolated.
This category includes all abnormal leakages including multiple tube ruptures from the reactor coolant system

(RCS) into one steam generator in excess of charging pump makeup capacity and which would be expected
to result in actuation of the ECCS.
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3.1.1.1.5 Breaks Beyond ECCS Capability

Two classes of LOCAs that may be beyond the capacity of ECCS have been identified: simultaneous rupture
of two or more large pipes and a catastrophic reactor vessel rupture. -

3.1.1.1.6 Interfacing Systems LOCA

This category considers RCS supporting systems that have direct piping connections between the RCS and
systems outside the containment. Piping and/or valve failures associated with these systems have the potential
to cause a LOCA that could disable the ECCS functions and bypass the containment. The limiting factors
in this type of event are possible loss of primary coolant outside via a direct release path to the environment,

3.1.1.2 Transients

Ten transient initiating event categories were analyzed. They were grouped into categories based on plant
response, signal actuation, systems required for mitigation and subsequent plant-related effects. The following
sections provide a general description for each transient initiating event category.

3.1.1.2.1 Transients With the Steam Conversion System Available

This category includes events and support system losses not evaluated separately which cause a reactor trip
and would occur with the steam conversion system available to remove decay heat. Practically, this means
events in which main feedwater is able to supply the steam generators.

3.1.1.2.2 Transients Without the Steam Conversion System Available

This category includes events and any support system failures not evaluated separately as special initiators
that would occur with the steam conversion system not available to remove decay heat. Practically, this means
that main feedwater is not available to supply the steam generators.

3.1.1.2.3 Large Steam Line/Feedline Break

This event includes main feedwater breaks and main steam line breaks both inside and outside containment
and any spurious valve openings that could result in a large reactor power increase due to a secondary side
steam demand increase, This event includes those unanticipated transients that require rapid secondary side
isolation and ECCS actuation. The plant response is modelled as if the break occurs inside containment
because a break inside containment presents the greatest challenge to safety systems.

3.1.1.2.4 Loss of Offsite Power
This event results from a complete loss of the offsite grid power accompanied by a turbine trip. Following

the initial loss of AC power, at least one diesel generator would, by definition, come on line to supply
electrical power. Events where both diesel generators fail are included under the station blackout event.

3.1.1.2.5 Station Blackout

This event results from the loss of offsite power accompanied by the loss of the onsite emergency AC power
distribution system.

3.1.1.2.6 Anticipated Transient Without Scram
This event involves the failure of the RPS system to trip the reactor following an anticipated transient, The
event could be initiated by any event which requires a reactor trip to mitigate the event, This event is

basically a transient described in either section 3.1.1.2.1 or 3.1.1.2.2 above combined with the failure
probability of the RPS system.
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3.1.1.2.7 Loss of Essential Service Water

This event involves the complete loss of ESW cooling to one unit’s components for any reason other than
support system failures, A total loss of ESW would cause rising temperatures in the CCW system. With the
loss of CCW cooling, RCP seal temperatures and bearing temperatures would increase and the operators
would be expected to initiate a reactor trip. Following the reactor trip, components requiring ESW cooling,
including the CCW system, would not be available for accident mitigation until ESW cooling is recovered.
In addition, a consequential RCP seal LOCA 'must be assumed because cooling to the seals would be lost.

3.1.1.2.8 Loss of Component Cooling Water

This event involves the complete loss of CCW cooling to one unit for any reason other than support system
failures, This event is analyzed separately from the loss of ESW event because, for this event, the
containment spray system would be available to prevent containment failure if core damage occurs. As in
the loss of ESW event, the operators would be expected to initiate a reactor trip on high RCP bearing and
seal temperatures,

3.1.1.2.9 Loss of 250 YDC

Loss of a single train of 250 VDC would cause a loss of power to the RCP undervoltage and underfrequency
sensing relays causing the reactor protection system to sense a low flow condition. Concurrent loss of two
trains of 250 VDC is not evaluated because the initiating event frequency is very small. Following the
resulting reactor trip, the train which lost DC power will not have control power available to the safety and
non safety equipment. Lack of control power will prevent the automatic starting of standby equipment
necessary to mitigate the event.

3.1.1.2.10 Internal Flooding

The only internal flooding scenario of significance involved an ESW discharge line break that resulted in flood
of the turbine building sub-basement. The NESW pumps are housed in the sub-basement and are postulated
to fail due to the submergence of the motors. These pumps provide cooling water for the control air
compressors and plant air compressors which in turn are postulated to fail, Failure of the compressors will
result in closure of the feedwater regulating valves which subsequently cause a reactor trip. This event was
Jjudged to be bounded by the transient without the steam conversion system available event tree discussed in
Section 3.1.1.2.2,



Category

10
11
12
13
14
15
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TABLE 3.1-1

Title

Large LOCA

Medium LOCA

Small LOCA

Steam Generator Tube Rubture
Breaks Beyond ECCS Capability

Interfacing Systems LOCA
(V-Sequence)

Transients With the Steam
Conversion System Available

Transients Without the Steam
Conversion System Available

Large Steamline/Feedline Break
Loss of Offsite Power

Station Blackout

ATWS

Loss of Essential Service Water

Loss of Component Cooling Water

Loss of 250 YDC

Internal Flooding
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SUMMARY OF INTERNAL INITIATING EVENT FREQUENCIES

Frequency per
Calendar Year

3.00E-04
9.17E-04
6.8E-03
7.2E-03
3.0E-07
6.7E-07

3.8

1.2E-01

3.3E-04

4.0E-02

1.40E-05
4.67E-05
3.73E-05
8.71E-04
1.16E-02

3.00E-03

Variance (per

Year Squared)
5.5E-07

3.9E-06
6.3E-05
2.9E-05
5.SE-13

2.5E-13

8.9

0.28

5.5E-07

9.0E-04

1.11E-10
1.22E-09
6.04E-10
1.14E-06
4.42E-05
5.04E-06

)



3.1.2 Front-Line Event Trees

Event trees were developed for each of the initiating events described above and are shown in Figures 3.1-1 -

3.1-16. The event tree analysis for each initiating event was developed to present the most important events
and systems necessary to mitigate the event. These events and systems modelled within the event trees are
referred to as top events and may be generally divided into two categories. The first category includes systems
needed to provide adequate core cooling to prevent severe core damage. The second category includes systems
used to mitigate impact on containment integrity following severe core damage. Some top events fit each
category depending on the accident sequence.

Support systems required for the success of the top events were not modelled within the event tree, Support
systems were, however, modelled within the fault trees and factored into the accident sequences through the
fault tree linking process of the accident sequence quantification.

The accident progression was analyzed with the purpose of preventing severe core damage or mitigating the .
containment transient for a 24 hour period. The 24 hour period was based on the assumption that
extraordinary and generally unquantifiable operator actions can be taken by 24 hours to mitigate the
consequences of most accidents. This assumption was consistent with past PRAs and was specified in
Reference 20,

For the ECCS and containment spray systems, operation was modelled in two phases: the injection phase and
the recirculation phase. Although the length of each phase varied depending on the number of pumps running
in each phase, the total time modelled for any accident scenario was 24 hours. In order to simplify the
modelling within the fault trees for these systems, the injection phase was modelled for one-half hour and the
recirculation phase for 24 hours. Using these mission times was conservative in that a total of 24.5 hours of
run time was modelled when only 24 hours was required. In addition, all important operator actions needed
to transition from injection to recirculation were included as well as a pump start for the beginning of each
phase,

Because this project integrated the Level I and Level IT analyses, the success criteria for top events considered
the effect of the systems on the containment. In developing the event tree success criteria, prevention of core
damage was assumed to be possible only if containment overpressurization was prevented. If the containment
pressure increased above the ultimate capacity, then gross containment failure was assumed and all inventory
available for ECCS recirculation was assumed to be lost. It should be noted, therefore, that when an accident
sequence was indicated as successful, neither severe core damage nor gross containment failure would have
occurred. Because modelling containment isolation within the system event trees would have increased the
complexity of the event trees, failure to isolate the lines penetrating containment was modelled within the
Level II containment event tree.

For accident sequences where severe core damage occurred, containment protection systems were modelled
as top events to show the effect of support system interactions on the systems. In addition, this modelling
provided a quantified assessment of the state of the containment protection systems for use in the Level II
PRA. The success or failure of a top event following core damage, however, did not imply that the
containment either remained intact or failed. The specific containment response to the success or failure of
containment systems was modelled as appropriate in the Level II analysis.

For all internal initiating event tree accident sequences, the ice condenser was assumed to function as designed
to mitigate the effect of RCS or steam generator blowdown on containment. As a result, the ice condenser
was not modelled as a top event for internal initiating events, The ice condenser is a completely passive
system with no support system interrelationships with other systems. An analysis of the probability of ice
condenser failure following an internal initiating event was performed. This analysis concluded that, if the
ice condenser was demanded following an internal initiating event, the frequency of occurrence of such a
sequence would be sufficiently low that the core damage frequency for the sequence would be below the cutoff
frequency specified in Reference 20 as requiring further evaluation.

3-5




Success criteria for top events were taken from many sources. Where possible, the equipment requirements

. from the analyses in Reference 1 were used. Because of their inherent conservatism, analyses in Reference

1 were considered to present the greatest challenge to plant systems. If an analysis was not available in
Reference 1 to support development of success criteria, then equipment success criteria were selected based
on the emergency operating procedures or their background documents and the success criteria was verified
using the MAAP computer code (Reference 13). In some cases, success criteria were defined in the event tree
to determine the subsequent accident progression. The success of these top events, however, did not cause or
prevent core damage. The basis for success criteria determination is defined and referenced in Tables 3.1-2 -
3.1-17,

The initial .condition of the NSSS was usually assumed to be normal operating temperature, pressure and
pressurizer level with the reactor at 100% power. There were exceptions to these conditions when the initial
conditions would impose more limiting success criteria on the top events. For example, the success criteria
for the steam line rupture event tree were taken from the Reference 1. The initial operating condition of the
reactor assumed for this analysis was hot zero power with the reactor critical in the source range. In all cases,
however, the success criteria were taken to be the most limiting in order to bound all initial Mode 1 or 2
operating conditions of the reactor.

Consequential failures, which would transform the accident sequence from one initiating event category to
another, were not explicitly modelled within the event trees. Rather, consequential failures were bounded by
the initiating event categorization and frequency development. For example, a transient event could lead to
core damage because of a loss of essential service water which, in turn, would cause a consequential RCP seal
LOCA. Rather than model the effects of a consequential RCP seal LOCA within the transient tree, a separate
initiating event and accident sequence analysis was performed to, quantify the effects of a loss of essential
service water. All consequential failures caused by the loss of essential service water were considered bounded
by the loss of essential service water event tree,
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P

Lo ACC LPl cst LPR CSR Hl cF
1 SUCCESS
____-l-————'l 2 ALC
. —{ i acr
. S ALR
L
7 ALRIF
8 ALC
P S o
« 10 ALCIF
' J ll AL
[~ 1 —— 12 ALl
‘_____-L.___._ 13 ALIF
14 ALR
T L L
16 ALRIF
17 ALC
R Sy ¥
19 ALCIF
20 ALW
L — &%
22 ALVIF
23 ALR
L et}
25 ALRIF
26 ALC
T L —— &
28 ALCIF
r 29 ALV
S S
31 ALVIF
EVENT EVENT NAME CATEGDRY DESCRIPTION
LLO  LARGE LUCA INITIATING EVENT SUCCESS NO CORE DAMAGE, NO CONTAINMENT FAILURE
ACC ACCUMULATORS ALC LARGE LOCA, LOW PRESSURE, CSR FaILS
LP] RHR (LUV PRESSURE) lNJECTlUN ALCI LARGE LOCA, LOWV PRESSURE, CSR & HI FAIL
Csl CUNTAINHENT SPRAY INJECTION ALCIF LARGE LOCA LOV PRESSURE, CSRHLCF FAIL
LPR  RHR (LOW PRESSURE) RECIRCULATIDN ALR LARGE LOCA, LOW PRES, CT HEAT REMOVAL
CSR  CONTAINMENT S?RAY RECIRCULATION ALRI LG LOCA CT HEAT REMOVAL SUCCESS HI FAILS
HI HYDROGEN IGNI ALRIF LG LOCA M1, CF FAIL, CT HEAT REMDVED
CF CONTAINMENT RECIRCULA”UN FANS AL LARGE LOCA, LOW PRESSURE
AL LARGE LOCA, LOW PRESSURE, HI FAILS
ALIF LARGE LOCA, LOW PRESSURE, Hl 1 3 Cf FAIL
ALY LARGE LOCA, LOV PRESSURE,
ALV LARGE LOCA. LOW PRESS ¢7 DP\' Hl FAILS
ALWIF (G LOCA, LOW PRES. €7 IRy, Kl & CF Fail
Figure 3.1-1 -
Large LOCA Event Tree
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sLo HP2 0A6 PBF

csI KPR

CSR HI CF

1 SUCCESS

SHR
SHRI
SHRIF
SHC
SHCE
SHCIF

ONOUVMEWN

V‘I"

SUCCESS

3 3A

S ST
11 SHIF

12 SUCCESS

13 SHR

i
15 SHRIF

16 SHC

—'—-1___'_____ 17 suel
19 sROIC

19 SUCCESS

20 SH

L %5
22 SHIF

23 SHR

&
2S5 SHRIF

26 SHC

T e —— g0
- 28 SHCIF

29 SH

EVENT  EVENT NAME
SLO  SMALL LOCA INITIATING EVENT
ECCS <HIGH PRESSURE) INJECTION

HP2 S
0A6  RCS COOLDOWN USING EACSI AND STEAM DUMP SHRJ

e M
31 SHIF

32 SkR

L iim
34 SHRIF

33 SHC

T %3
37 SHCIF

38 SHW

CATEGORY

SUCCESS
HR

39 SHVI
e W shur

DESCRIPTION

NO CORE DAMAGE, NO CONTAINMENT FAILURE
SHALL LOCA HIGH PRESS, CT HEAT REMOVAL
SM LOCA CT HEAT REHOVAL SUCCESS HI FAILS

PBF PRIMARY BLEED AN SKRIF SM LOCA. _HI, CF FAIL, CY HEAT REMOVED
CSL  CONTAINHENT SPRAY INJECTION SHC SHALL LOCA, HIGH PRESSURE. CSR FAILS
HPR  HIGH PRESSURE COLD LEG RECIRCULATION SHC1 $MALL LOCA, HIGH PRESSURE, CSR & HI FAIL
CSR  CONTAINNENT SPRAY RECIRCULATION SHCIF SH LOCA_HIGH PRESSURE, CSR, HL CF FAIL
Hi HYDROGEN IGNITERS SH SMALL LOCA HIGH PRESSURE
cF CONTAINHENT reccmcuunon FANS SHI SMALL LOCA, HIGH PRESSURE. Wl FAILS

SHIF SMALL LOCA HIGH PRESSURE. Wl & CF FaiL

SHV SHALL LOCA, HIGH PRESSURE. C

SHWI ., SHALL LOCA HIGH PRESS. CT Sev. R FaiLs

SHVIF SM LOCA. RIGK PRES, CT DRY, HI & CF FAIL

Figure 3.1-3
Small LOCA Event Tree
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ISt BRH HR2 ols AF4 RCE RVC
1 LEAK
[__f———{: 2 v .
3V
l 4V
SV
- 6 V-
7V
EVENT  EVENT NAME CATEGORY  DESCRIPTION
1Sy INI’ERFACING SYSTEMS LOCA LEAX NO CORE DAMAGE, PRIMARY CODLANT RELEASED
BRH m SYSI’EN BREACH v CORE DAMAGE, INTERFACING SYSTEM LOCA
HP2  E£CCS CHIGH PRESSUREY INJECTION
OIB  OPERATOR ACTION TO lSD..A‘IE RHR SEAL LOCA
AF4 AUXILIARY FEEDWATER ACTUATION
RCE RCS CODLDOWN AND RWST CONSERVATION
RVC  RHR RELIEF VALVE CLOSURE

Figure 3.1-5
Interfacing Systems LOCA Event Tree
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VEF csi "CSR Hi ¢cF
( 1 ALR
1 ¢ 2 ALRL
1 3 ALRIF
: 4 ae
i ( S ALCI
1 6 ALCIF
f— 7 ALV
1 ¢ 8 ALVl
1 9 ALVIF
EVENT  EVENT NAME CATEGORY  DESCRIPTION
YEF  BREAK BEVOND ECCS CAPABILITY INITIATING  ALR LARGE LOCA, LOW PRES, CT HEAT REMOVAL
CS!I  CONTAINMENT SPRAY INJECTI ALR] LG LOCA CT'HEAT REMOVAL SUCCESS HI FAILS
CSR  CONTAINMENT SPRAY RECIRCUL ATION ALRIF LG LOCA, HI, CF FAIL, CT HEAT REHOVED
‘. BRI HYDROGEN IGNITERS ALC LARGE LOCA, LDV PRESSURE, CSR FAILS
CF  CONTAINMENT RECIRCULATION FANS ALCI LARGE LOCA, LDW PRESSURE. CSR & HI FAIL
ALCIF LARGE LOCA, LOV PRESSURE, CSRHLCF FAIC
ALV LARGE LOCA, LOV PRESSURE, C
ALVI CARGE LOCA LDV PRESS GT DRY. I FAILS
ALVIF LG LOCA, LOV PRES, CT DRY, HI & CF FAIL
»
Figure 3.1-6
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EVENT
TRA

EVENT NAME

TRANSIENTS W/STEAM CONV. SYSTEMS AVAIL.
AUXILIARY FEEDWATER ACTUATION
OA TO DEFRESSURIZE A STEAM GENERATOR

MAIN FEEDWATER
PRIMARY BLEED AND FEED

CONTAINMENT SPRAY INJECTION
HIGH PRESSURE COLD LEG RECIRCULATION
CONTAINMENT SPRAY RECIRCULATIDN

HYDROGEN 1

GNIT
CONTAINMENT RECIRCULATION FANS

CATEGORY

SUCCESS
THR

THRI
THRIF
THC

THCI
THCIF
TH

THI
THIF
THW
THW]
THWIF

Figure 3.1-7

DESCRIPTION

1 SUCCESS
2 SUCCESS
3 SUCCESS
4 SUCCESS
S THR

6 THRI

7 THRIF

8 THC

9 THCI

10 THCIF

11 SUCCESS
12 TH

13 TH!

14 THIF

15 THR

16 THRI

17 THRIF
18 THC *
19 THCI

20 TMCIF
21 THV

22 THwW!
23 THWIF

NO CORE DAMAGE, NO CONTAINMENT FAILURE
TRANSIENT, HIGH PRESS, CT HEAT REMOVAL

REMOVED

TRANSIENT, HIGH PRESSURE, CSR FAILS
TRANSIENT, HIGH PRESSURE, CSR & HI FAIL
TRANS, HIGH PRESSURE, CSR, HI, CF FAIL

TRANSIENT, HIGH PRC SSURE
JRANSIENT, HIGH

JO

ESSURE, HI FAILS

TRANSIENT, HIGH PR:SSURE. HI & CF FAIL
TRANSIENT, HIGH PRESSURE. CT DRY

TRANSIENT, HIGH PRESS. CT DRY, HI FAILS
TRANS, HIGH PRES, CT DRY, HI & CF FAlL

Transients With Steam Conversion Systems

Available Event Tree



Ll

EVENT

SUCCESS

SUCCESS

THR

THRI
 THRIF

THCI
THCIF
SUCCESS

e

1
2
3
4
S
6 THC
7
8
9
10

TH

By S—T
12 THIF

13 THR

e —— 4
15 THRIF

16 THC

T i
18 TKCIF

19 Thv

EVENT NAME CATEGORY

TRANSIENTS W/0 STEAM CONVERSION SYSTEMS  SUCCESS
AUXILIARY FEEDWATER ACTUATION THR
PRIMARY BLEED AND FEED THRI
CONTAINMENT SPRAY INJECTION THRIF
* HIGH PRESSURE COLD LEG RECIRCULATION THC
CONTAINMENT SPRAY RECIRCULATION THCI
HYDROGEN IGNITERS THCIF
CONTAINMENT RECIRCULATION FANS ’}HI
H
THIF
THV
THWI
THVIF

. Figure 3.1-8

20 THVI
e %

DESCRIPTION

NDO CORE DAMAGE, NO CONTAINMENT FAILURE
TRANSIENT, HIGH PRESS, CT HEAT REMOVAL
TRANS, CT HEAT REMOVAL SUCCESS Hl FAILS
TRANS, Hl & CF FAIL, CT HEAT REMOVED
TRANSIENT, HIGH PRESSURE, CSR FAILS
YRANSIENT, HIGH PRESSURE, CSR & HI FAIL
TRANS, HIGH PRESSURE, CSR, HI, CF FAIL
TRANSIENT, HIGH PRESSUR

TRANSIENT, HIGH PRESSURE, HI FAILS
TRANSIENT, HIGH PRESSURE, Hl l. CF FallL
TRANSIENT, HIGH PRESSURE, C

TRANSIENT, HIGH PRESS. CT DRY Hl FAILS
TRANS, HIGH PRES, CT DRY, HI & CF FAIL

Transients Without Steam Conversion Systems

&

Available Event Tree




SLB

HP3 MS! AFS PBF

cst

H'R

CSR Rl cF

EVENT
SLB

1 SUCCESS

SUCCESS

THR

THC

THCI
THCIF
SucLess

2

3
T i

S THRIF

6

7

8

9

10 TH

L &
12 THIF

13 THR

e i
1S THRIF

16 THC

—L__.r_ 17 TKCI

— 18 IR

19 THW

L &
2! ThWIF
22 THR

- e —Zm
24 THRIF

25 THC .
e — %
27 THCIF

28 THV

L——— 5 o
30 THWIF
3t THR

L 5o
33 THRIF

34 THC
i
36 THCIF

37 THW

EVENT NAME
STEAM LINE BREAK INITIATING EVENT
ECCS (CHARGING PUMP) INJECTION/BORATION
SECCNDARY SIDE ISOLATION

UXILIARY FEEDWATER ACTUATION W/SLB
PRIMARY BLEED AND FEED
CONTAINMENT SPRAY INJECTIO N
HIGH PRESSURE COLD LEG REC!RCULATION
CONTAINMENT SPRAY RECIRCULATION
HYDROGEN IGNITERS
CONTAINMENT RECIRCULATION FANS

CATEGCRY
SUCCES?S
THR

‘Figure 3.1-9
Large Steam Line/Feedline Break Event Tree
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L S nw
39 THVIF

DESCRIPTION *

NO CORE DAMAGE, NO CONTAINMENT FAILURE
TRANSIENT, HIGH PRESS, CT HEAT REMOVAL
TRANS, CT KEAT REMOVAL SUCCESS, HI FAILS
TRANS, HI ¢ CF FAIL, CT HEAT REMOVED
TRANSIENT, HIGH PRESSURE, CSR FaAlLS
TRANSIENT, HIGH PRESSURE. CSR & HI FAIL
TRANS, HIGH PRESSURE, CSR, Hl, CF FAlL
TRANSIENT, HIGH PRESSURE

TRANSIENT, HIGH PRESSURE, Hl FAILS
TRANSIENT, HIGH PRESSURE, HI & CF FAIL
TRANSIENT, HIGH PRESSURE, C DRY
TRANSIENT, HIGr PRESS. CT DRY, ol FAILS
TRANS, HIGH PRES, CT DRY, Hl £ CF FAIL

- v nSum pme m
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LSP Af} PBF csI I HPR l CSR HI o2 . l
1 [ }
1 SUCCESS
2 SuCCESS
3 TR
T e i
S THRIF
: 6 THC
L —— i
8 THCIF
9 SuCCess
— 10
| 1 TH
L
13 THR
%
15 THRIF
16 TKC
e ia
18 THCIF
, ¢ 19 THW
l :___: 20 THvI
21 THWIF
EVENT EVENT NAME CATEGORY DESCRIPTION
LSP LOSS OF OFFSITE POVER SUCCESS NO CORE DAMAGE, NO CONTAINMENT FAILURE
AF1 AUXILIARY FEEDVATCR ACTUATION THR TRANSIENT, HIGH PRESS. CT HEAT REMOVAL
PBF PRIMARY BLEED AND FEED THRI TRANS, CT HEAT REMOVAL SUCCESS, Ml FAILLS
CS1 CONTAINMENT SPRAY INJECTION THRIF TRANS, Ml & CF FAIL, CT HEAT REMOVED
HPR HIGH PRESSURE COLD LEG RECIRCULATION THC TRANSIENT, RIGH PRESSURE, CSR FAILS
CSR CONTAINMENT SPRAY RECIRCULATION THCI TRANSIENT, HIGH PRESSURE, CSR & HI FAIL
Hi HYDROGEN IGNITORS THCIF TRANS, KIGH PRESSURE, CSR, M1, CF FaAlL
CF CONTAINMENT RECIRCULATION FANS TH TRANSIENT, HIGH PRESSURE
THI TRANSIENT, RIGH PRESSURE. Ml FAILS
THIF TRANSIENT, HIGH PRESSURE. Wl & Cr FalL
THW TRANSIENT, HIGH PRESSURE, CT DRY
THWI TRANSIENT, HIGH PRESS. CT DRY, Hl.FAILS
THWIF TRANS, HIGH PRES, CT DRY, Ml & CF FalL
Figure 3.1-10

Loss of Offsite Power Event Tree
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Figure 3.1-15

. Loss of a Single Train of 250 VDC Event Tree
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RS af1 PBF cst’ KPR cSR HI cF
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EVENT EVENT NAME CATEGDRY  DESCRIPTION
TRS TRANSIENTS W/0 STEAM CONVERSION SYSTEMS SUCCESS NO CORE DAMAGE, NO CONTAINMENT FAILURE
AF1 AUXILIARY FEEDVATER ACTUATION THR TRANSIENT, HIGH PRESS, CT HEAT REMOVA!
PRF PRIMARY BLEED AND FEED 1 TRANS, HE, EMOVAL SUCCESS, HI FAILS
Ccs! CONTAINMENT SPRAY INJECTION THRIF TRANS, HI & CF FAIL, CT HEAT REMOVED
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THWI] TRANSIENT, HIGH PRESS. CT DRY. Hl FAILS
THVIF TRANS, HIGH PRES. CT DRY, Bl & CF FAIL
Figure 3.1-16
Internal Flooding Event Tree
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Event Tree

System

Accumulators
(ACC)

RHR (Low Pressure)
Injection (LPI)

Containment

Spray

Injection

(CSD

RHR (Low Pressure)

Recirculation
(LFR)

Equipment
Success

Criteri

Jof3
accumulators
inject to the intact
cold legs

1 of 2 RHR Pumps
to 1 of 3 intact
cold legs

lof2
Trains

1 of 2 RHR trains
switched from the
RWST to the
recirculation

sump and restarted
to 1 of 3 intact

legs

ﬁ
.

TABLE 3.1-2
LARGE LOCA
SYSTEM SUCCESS CRITERIA

System Operator
Dependencies Actions -
None None
Electric Power, None
Component
Cooling Water,
SI Signal
Electrical None
Power,
Hi-Hi Containment
pressure signal
Electrical Manual valve
Power, changes in RHR
Component system, pumps
Cooling Water restarted

Mission
Time(hr)

0.5

0.5

4

References

4,33




Event Tree

System

Containment
Spray
Recirculation
(CSR)

Hydrogen
Igniters (HI)

Containment

Recirculation
Fans (CF)

Equipment
Success

Criteri

1 of 2 CS trains
switched from
the RWST to the
recirculation
sump

1 of 2 trains

in both

upper and lower
containment

1 of 2 trains
operating

TABLE 3.1-2 (Cont’d.)

LARGE LOCA
SYSTEM SUCCESS CRITERIA
System Operator Mission
Dependencies Actions Time(hr
Electrical Manual valve 24
Power, changes in CS
Essential system, pumps
Service Water restarted
Electrical Energize 24
Power Igniters
Electrical None 24
Power,
Hi-Hi
Containment
Pressure
Signal,

CCw

References
L4

Engineering
Judgement

Engineering
Judgement



Event Tree

System

Accumulators
(ACC)

ECCS (High
Pressure)
Injection (HP2)

RCS Cooldown
Using AFW and
Steam Dump (OA6)

Equipment
Success

Criterig

Jof3
accumulators inject
to the intact

cold legs

1 of 2 CCPs and
1 of 2 SI pumps
to 1 of 3 intact
loops (SI cross-
tie assumed shut)

450 gpm of AFW

to at Least 2 of

4 Steam Generators
at Least 2 of 4

S/G PORVS Opened

-
A

TABLE 3.13

MEDIUM LOCA

SYSTEM SUCCESS CRITERIA

System Operator
Dependencies Actions

None None

Electric Power, None
SI Signal,

Component Cooling
Water

Electric Power, Initiate

Control Air, Cooldown

Main Steam within 2 Hours
following
accident .

ilitiation

005

References
33

3



Event Tree

System

Depressurization
and Low Pressure
Injection (OLI)

Containment
Spray
Injection
(CSD

High Pressure
Cold Leg
Recirculation
(HPR)

Equipment
Success

Criteri

RCS depressurized
by dumping steam
from at least 2 of

4 S/G PORVs, and

opening 2 of 3

pressurizer PORVs, -

1 of 2 RHR Pumps
injecting to 1
of 3 intact cold

legs, 450 gpm of AFW to

2 of 4 SIGs

1of2
Trains

1 of 2 RHR trains
supplying 1

of 2 SI and 1 of
2 CC pumps, to 1
of 3 intact legs

TABLE 3.1-3 (Cont’d.)

MEDIUM LOCA
SYSTEM SUCCESS CRITERIA
System Operator Mission
Dependencies Actions Time(hr)  References
Electric Power, Depressurize 0.5 4,33
Component RCS within 20
Cooling Water, minutes of
Control Air, accident
Main Steam, initiation,
Pressurizer verify RHR
PORYVs injection
Electrical None 0.5 1
Power,
Hi-Hi Containment
pressure signal
Component Manual valve 24 4,33
Cooling Water, changes in
Electrical SI system
Power, Isolate RWST
RHR Open sump valves
Restart pumps
-




Event Tree

System

RHR (Low Pressure)
Recirculation

(LFR)

Containment
Spray
Recirculation.
(CSR)

Hydrogen
Igniters (HI)

Containment
Recirculation
Fans (CF)

Equipment
Success

Criteri

1 of 2 RHR ftrains
switched from the
RWST to the
recirculation

sump and restarted

to 1 of 3 intact
legs

1 of 2 CS trains
switched from
the RWST to the
recirculation
sump

1 of 2 trains

in both

upper and lower
containment

1 of 2 trains
operating

e‘

TABLE 3.1-3 (Cont’d.)
MEDIUM LOCA

SYSTEM SUCCESS CRITERIA
System Operator Mission
Dependencies Actions Time(hr
Electrical Manual valve 24
Power, changes in RHR
Component system, pumps
Cooling Water restarted
Electrical Manual valve 24
Power, changes in CS
Essential system, pumps
Service Water restarted
Electrical Energize 24
Power Igniters
Electric Power, None 24
Hi-Hi Containment
Pressure Signal,
CCw

3-27

References
4,33

Engineering
Judgement

Engineering
Judgement




TABLE 3.14

SMALL LOCA
SYSTEM SUCCESS CRITERIA
. Equipment

Event Tree Success System Operator Mission
System Criterig Dependencies Actions Time(hr References
ECCS (High 1 of 2 CCPs and Electric Power, None 0.5 1
Pressure) 1 of 2 SI pumps SI Signal,
Injection (HP2) to 1 of 3 intact Component Cooling

loops (SI cross- Water

tie assumed shut)
RCS Cooldown 450 gpm of AFW Electric Power, Initiate 24 33
Using AFW and to at Least 2 of Control Air, Cooldown
Steam Dump (OA6) 4 Steam Generators Main Steam within 2 Hours

at Least 2 of 4 . following

S/G PORYVS Opened accident

initiation

Primary Bleed Manually open "~ Electric Power, Open2of 3 0.5 4,33
and Feed (PBF) 2 of 3 PORVs CCW to SI and PORYVs and block

and block valves, CC pumps, valves, Start

10f2 SIand Control Air, pumps or verify

1 of 2 CC pumps Pressurizer PORVs pumps running
Containment 1of2 Electrical None 0.5 - 1
Spray Trains Power
Injection Hi-Hi Containment
(Csn pressure signal

e o ®




Event Tree

System

High Pressure
Cold Leg

Recirculation

- (HFR)

Containment
Spray
Recirculation
(CSR)

Hydrogen
Igniters (HI)

Containment
Recirculation
Fans (CF)

Equipment
Success

Criteri

1 of 2 RHR trains
supplying 1

of 2 SIand 1 of

2 CC pumps, to 1
of 3 intact legs

1 of 2 CS trains
switched from
the RWST to the
recirculation
sump

1 of 2 trains

in both

upper and lower
containment

1 of 2 trains
operating

.
-
Vs

A

TABLE 3.1-4 (Cont’d.)
SMALL LOCA

SYSTEM SUCCESS CRITERIA
System Operator
Dependencies Actions
Component Manual valve
Cooling Water, changes in
Electrical SI system
Power, Isolate RWST
RHR Open sump valves

Restart pumps

Electrical Manual valve
Power changes in CS
Essential system, pumps
Service Water restarted
Electrical Energize
Power Igniters
Electrical None
Power,
Hi-Hi Containment
Pressure Signal,

ccw

References
4,33

Engineering
Judgement

Engineering
Judgement



Event Tree

System

Auxiliary
Feedwater to
the Intact
SIG (AF2)

Auxiliary

Feedwater to

the Faulted
S/G (AF3)

ECCS (High
Pressure)
Injection
(HPI)

S/G Isolation

by MSIV
Closure (SGD

e
‘-‘
»

Equipment
Success

Criteri

1 of 3 aux feed
pumps to 1
intact S/IG | |

© s
S

1 of 2 aux feed
pumps to the
faulted S/G ;4

1 of 4 SI or CCPs
tolofd
Cold Legs

Closure of MSIV
on faulted S/G

Electric Power

@

TABLE 3.1-5
STEAM GENERATOR TUBE RUPTURE
SYSTEM SUCCESS CRITERIA
System Operator
Dependencies Actions
Electric Power, Provide
Start Signal additional
water supply
on depletion
of CST
Electric Power, Provide
Start Signal additional
water supply
on depletion
of CST
Electric Power, - None
Component Cooling
Water,
Start Signal

Closure of
MSIV on
faulted S/IG

Mission
Time(hr)

N/A

References

45

45



Event Tree

System

Cooldown &
Depressurization
Before Faulted
S/G Fills

(OAY)

Integrity
Maintained or
Restored in
Faulted Steam
Generator (SSV)

Cooldown &
Depressurization
After Faulted
S/G Fills

(0A2)

Equipment
Success

Criteria

RCS pressure
about faulted S/G
pressure within
30 min using

2 of 4 SG PORVs.

Start cooldown
within 20 min,

All secondary
relief valves
in faulted
S/G remain
closed

RCS pressure
about faulted
S/G pressure
within 1 hr. using

2 of 4 SG PORYVs.

Start cooldown
within 30 min. |

e‘

TABLE 3.1-5 (Cont’d.)
STEAM GENERATOR TUBE RUPTURE

SYSTEM SUCCESS CRITERIA
System Operator
Dependencies Actions
HPSI, Cooldown and
AFW, Depressurize,
Main Steam, Terminate SI
Electric Power,
Control Air,
CCw
None None
HPSI, Cooldown and
AFW, Depressurize,
Electric Power, Terminate SI
Control Air,
CCw,
Main Steam

Mission

Time(hr

24

N/A

24

References
1,4

Engineering
Judgement



Event Tree

System

Cooldown &
Depressurization

per
ECA-3.1/3.2
(OA3)

Primary Bleed
and Feed (PBF)

Containment
Spray '
Injection

(CSDn

Equipment
Success

Criteri

Faulted S/G and
RCS reduced to
atmospheric pressure
using 2 of 4 S/G
PORVs and 1 of 3
pressurizer PORVs
prior to draining

the RWST

Manually open

2 of 3 PORVs
and block valves,
10f2SIand

1 of 2 CC pumps

1of2
Trains

TABLE 3.1-5 (Cont’d.)

STEAM GENERATOR TUBE RUPTURE

SYSTEM SUCCESS CRITERIA
System - Operator Mission
Dependencies Actions Time(hr)
HPSI, . Cooldown, 24
AFW, Depressurize,
Electric Power, Reduce SI
CCw, .
Control Air,
Main Steam
Electric Power, Open2of3 0.5
CCW to SI and PORYVs and block
CC pumps, valves, Start
Control Air, pumps or verify
Pressurizer PORVs pumps running
Electrical None 0.5
Power,
Hi-Hi Containment

pressure signal

“'(‘

-

References
1,4

4,33




Event Tree

System

High Pressure
Cold Leg
Recirculation
(HPR)

Containment
Spray
Recirculation
(CSR)

Hydrogen
Igniters (HI)

Containment
Recirculation
Fans (CF)

Equipment
Success

Criteri

1 of 2 RHR trains
supplying 1

of 2 SIand 1 of
2 CC pumps, to 1
of 3 intact legs

1 of 2 CS trains
switched from
the RWST to the
recirculation
sump

1 of 2 trains

in both

upper and lower
containment

1 of 2 trains
operating

-‘!
-
A

TABLE 3.1-5 (Cont’d.)
STEAM GENERATOR TUBE RUPTURE
SYSTEM SUCCESS CRITERIA

System Operator

Component Manual valve

Cooling Water, changes in

Electrical SI system

Power, Isolate RWST

RHR Open sump valves
Restart pumps

Electrical Manual valve

Power, changes in CS

Essential system, pumps

Service Water, restarted

Electrical Energize

Power Igniters

Electrical None

Power,

Hi-Hi

Containment

Pressure Signal

CCw

Mission
Time(hr)

24

24

ey

References
1,4,33

Engineering
Judgement

Engineering
Judgement




Event Tree

System

RHR System
Breach (BRH)

ECCS High
Pressure
Injection
(HFP2)

Operator Action
to Isolate the .
RHR Seal
LOCA (OIB)

Auxiliary
Feedwater
Actuation (AF4)

Equipment
Success

Criteri

RHR piping
does not fail

10of2 CCPs

and 1 of 2 SI
Pumps to

1 of 3 Intact

Cold Legs.

Closure of
RHR Suction
Valves
IMO-310 and
IMO-320

450 gpm of
AFW to
2 of 4 steam

generators

TABLE 3.1-6

INTERFACING SYSTEM LOCA
SYSTEM SUCCESS CRITERIA
System Operator
Dependencies Actions
None None
Electric Power, None
SI Signal,
Component Cooling
Water
Electric Power Closure of
both MOVs

Electric Power,
Start Signal

Mission

Time(hr

N/A

0.5

N/A

Provide additional 24

water supply on
on depletion
of CST

33

3




~
- v
»
-
A ©

TABLE 3.1-6 (Cont’d.)
INTERFACING SYSTEM LOCA
SYSTEM SUCCESS CRITERIA
- Equipment
Event Tree - Success - System Operator Mission
System Criteria Dependencies Actions Time(hr)  References
RCS Cooldown . Cooldown and Main Steam, Perform cooldown 24 4,33
and RWST depressurize Electric Power, and depressurization
Conservation (RCE) using 2 of 4 SG Control Air, - to less than 450 psig
PORVs and 1 of 3 Pressurizer PORVs prior to RWST
Pressurizer depletion, Stop CTS
PORYVs pumps, Terminate SI
: Realign normal
charging
Relief Valve RHR relief valve None ' None N/A Engineering

Closure (RVC) closes Judgement




Event Tree

System

Containment
Spray
Injection
(CSDn

Containment
Spray
Recirculation
(CSR)

Hydrogen
Igniters (HI)

Containment
Recirculation
Fans (CF)

TABLE 3.1-7

BREAKS BEYOND ECCS CAPABILITY SYSTEM SUCCESS CRITERIA

Equipment
Success

Criteri

1of2
Trains

1 of 2 CS trains
switched from
the RWST to the
recirculation
sump

"1 of 2 trains

in both
upper and lower
containment

1 of 2 trains
operating

System )
Dependencies

Electrical
Power,

Hi-Hi Containment

pressure signal

Electrical
Power,
Essential

Service Water )

Electrical
Power

Electrical
Power,
Hi-Hi
Containment
Pressure
Signal,

- CCW

Operator
Actions

None

Manual valve
changes in
system, pumps
restarted

Energize
Igniters

None

Mission
Time(hr)

0.5

24

References

Engineering
Judgement

Engineering
Judgement

Engineering
Judgement

Engineering
Judgement




Event Tree

System

Auxiliary

Feedwater
Actuation
(AFI)

Main Feedwater
(MF1)

Operator Action
to Depressurize
Steam Generators
(OAS)

»
+

TRANSIENTS WITH STEAM CONVERSION SYSTEMS AVAILABLE

Equipment
Success

Criterig

450 gpm AFW
flow to 2 of

4 steam
generators

1 out of 2 main
feedwater pumps
to 2 of 4 SGs-

or 450 gpm AFW
from the opposite
Unit to 2 of 4 SGs

Supply at least 2
steam generators
from at least one
condensate booster
pump within 30
minutes

TABLE 3.1-8
SYSTEM SUCCESS CRITERIA
System ) Operator
Dependencies Actions
Electric Power, Provide
Start Signal additional
water supply
on depletion
of CST
Electric Power, Defeat MFW
Condensate, pump trip and
Main Steam, MFW isolation
AFW signals
Start pumps,
Manual valve
changes to align
systems
Electric Power, Depressurize
Condensate, SGs to allow
Main Steam, condensate flow
Control Air,
Main Steam

3-37

Mission
Time(hr

0.5

1,4



TABLE 3.1-8 (Cont’d.)

TRANSIENTS WITH STEAM CONVERSION SYSTEMS AVAILABLE

SYSTEM SUCCESS CRITERIA

Equipment
Event Tree Success System Operator Mission
System Criteria Dependencies Actions Time(hr References
Primary Bleed Manually open Electric Power, Open 2 of 3 0.5 4,33
and Feed (PBF) 2 of 3 PORVs CCW to SI and PORYVs and block

and block valves, CC pumps, valves. Start

1of 2 SI and Control Air, pumps or verify

1 of 2 CC pumps Pressurizer PORVs pumps running
Containment lof2 Electrical None 0.5 1
Spray Trains Power,
Injection Hi-Hi Containment
(CSI) pressure signal
*. High Pressure 1 of 2 RHR trains Component Manual valve 24 4,33
Cold Leg supplying 1 Cooling Water, changes in
Recirculation of 2 SI and 1 of Electrical SI system
(HPR) 2 CC pumps, to 1 Power, Isolate RWST

of 3 intact legs RHR Open sump valves

Restart pumps

Containment 1 of 2 CS trains Electrical Manual valve 24 1
Spray switched from Power, changes in CS
Recirculation the RWST to the Essential system, pumps
(CSR) recirculation Service Water restarted

sump

* Conservatively assumed only three cold legs available to minimize the number of fault trees to be developed. This’success criteria is consistent with
the LOCA success criteria. .

(]




Event Tree

System

Hydrogen
Igniters (HI)

Containment
Recirculation
Fans (CF)

-
b
3
-
*

TABLE 3.1-8 (Cont’d.)

TRANSIENTS WITH STEAM CONVERSION SYSTEMS AVAILABLE

Equipment
Success

Criteria

1 of 2 trains
in both

upper and lower

containment

1 of 2 trains
operating

SYSTEM SUCCESS CRITERIA
System Operator Mission
Dependencies Actions Time(hr
Electrical Energize 24
Power Igniters
Electrical None 24
Power,
Hi-Hi
Containment
Pressure
Signal,
CcCw

3-39

References

Engineering
Judgement

Engineering
Judgement




Event Tree

System

Auxiliary

Feedwater
Actuation
(AF1)

Primary Bleed
and Feed (PBF)

Containment
Spray
Injection
(CSD

TABLE 3.1-9

TRANSIENTS WITHOUT STEAM CONVERSION SYSTEMS AVAILABLE

Equipment
Success

Criteri

450 gpm AFW
flow to 2 of

4 steam
generators

Manually open

2 of 3 PORVs
and block valves,
1of 2 SIand

1 of 2 CC pumps

1of2
Trains

SYSTEM SUCCESS CRITERIA
System Operator
Dependencies Actions
Electric Power, Provide
Start Signal additional
’ water supply
on depletion
of CST
Electric Power, Open 2 of 3
CCW to SI and PORYVs and block
CC pumps, valves. Start
Control Air, pumps or verify
Pressurizer PORVs pumps running
Electrical None
Power,
Hi-Hi Containment

pressure signal

Mission

Time(hr)  References
24 1
0.5 4,33

0.5 1




Event Tree

System

* High Pressure
Cold Leg
Recirculation
(HFPR)

Containment
Spray
Recirculation
(CSR)

Hydrogen
Igniters (HI)

Containment
Recirculation
Fans (CF)

TRANSIENTS WITHOUT STEAM CONVERSION SYSTEMS AVAILABLE

Equipment
Success

Criterig

1 of 2 RHR trains
supplying 1

of 2SI and 1 of
2 CC pumps, to 1
of 3 intact legs

1 of 2 CS trains

_ switched from

the RWST to the
recirculation
sump

1 of 2 trains

in both

upper and lower
confainment

1 of 2 trains
operating

TABLE 3.1-9 (Cont’d.)

SYSTEM SUCCESS CRITERIA
System Operator
Dependencies Actions
Component Manual valve
Cooling Water, changes in
Electrical SI system
Power, Isolate RWST
RHR ' Open sump valves

Restart pumps
Electrical Manual valve
Power, _changes in CS
Essential system, pumps
Service Water restarted
Electrical Energize
Power Igniters
Electrical None
Power,
Hi-Hi
Containment
Pressure Signal
CCw

Mission
Time(hr)

24

24

References
4,33

1,4

Engineering
Judgement

Engineering
Judgement

* Conservatively assumed only three cold legs available to minimize the number of fault trees to be developed. This success criteria is consistent with

the LOCA success criteria.
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Event Tree

System

ECCS (Charging
Pump) Injection/
Boration (HP3)

Secondary Side
Isolation (MS1)

Auxiliary

Feedwater
Actuation with
Steam Line Rupfure

Primary Bleed
and Feed (PBF)

Equipment
Success

Criteria

1of2 CCPs
to 1 of 4 loops
with Boration
from BIT

Shut 3 of 4 MSIVs

600 gpm AFW
flowto2of 3
intact steam
generators
AFW isolated to
faulted steam
generator

Manually open

2 of 3 PORVs
and block valves,
10f2 SI and

1 of 2 CC pumps

TABLE 3.1-10

LARGE STEAM LINE/FEEDLINE RUPTURE

SYSTEM SUCCESS CRITERIA
System Operator Mission
Dependencies Actions Time(hr
Electric Power, None 0.5
SI Signal,
Component Cooling
Water
Electric Power, None N/A
Isolation Signal
Electric Power, Provide 24
Start Signal additional
water supply
on depletion
of CST,  Y(AFS)
Isolate faulted
SIG
Electric Power, Open 2 of 3 0.5
CCW to SI and PORYVs and block
CC pumps, valves. Start
Control Air, pumps or verify
Pressurizer PORVs pumps running

References

1 & Engineering
Judgement

1

4,33




Event Tree

System

Containment
Spray
Injection
csnp -

* High Pressure
Cold Leg
Recirculation

(HFR)

Containment
Spray
Recirculation
(CSR)

Equipment
Success

Criteri

1of2
Trains

1 of 2 RHR trains
supplying 1

of 2 SI and 1 of

2 CC pumps, to 1
of 3 intact legs

1 of 2 CS trains
switched from
the RWST to the
recirculation
sump

6,

-

TABLE 3.1-10 (Cont’d.)

LARGE STEAM LINE/FEEDLINE BREAK

SYSTEM SUCCESS CRITERIA
System Operator
Dependencies Actions
Electrical None
Power,

Hi-Hi Containment
pressure signal
Component Manual valve
Cooling Water, changes in
Electrical SI system
Power, Isolate RWST
RHR Open sump valves
Restart pumps
Electrical Manual valve
Power, changes in CS
Essential system, pumps
Service Water restarted
v

Mission
Time(hr)

0.5

24

24

References

4,33

* Conservatively assumed only three cold legs available to minimize the number of fault trees to be developed. This success criteria is consistent with

the LOCA success criteria.



TABLE 3.1-10 (Cont’d.)

LARGE STEAM LINE/FEEDLINE BREAK

SYSTEM SUCCESS CRITERIA
Equipment
Event Tree Success System Operator Mission
System Criteria : Dependencies Actions - Time(hr References
Hydrogen 1 of 2 trains "7 Electrical Energize 24 Engineering
Igniters (HI) in both Power Igniters Judgement
upper and lower
containment
Containment 1 of 2 trains Electrical None 24 Engineering
Recirculation operating Power, - Judgement
Fans (CF) Hi-Hi :
Containment -
Pressure
Signal,

CCw




Event Tree

System

Auxiliary

Feedwater
Actuation
(AF1)

Primary Bleed
and Feed (PBF)

Containment
Spray
Injection
(Csp

Equipment
Success .

Criterig

450 gpm AFW
flow to 2 of

4 steam
generators

Manually open

2 of 3 PORVs
and block valves,
10of2 SI and

1 of 2 CC pumps

1o0f2
Trains

Q

pressure signal

345

TABLE 3.1-11
LOSS OF OFFSITE POWER
SYSTEM SUCCESS CRITERIA
System Operator Mission
Dependencies Actions Time(hr)
Electric Power, Provide 24
Start Signal additional
water supply
on depletion
of CST
Electric Power, Open 2 of 3 0.5
CCW to SI and PORYV:s and block
CC pumps, valves, Start
Control Air, pumps or verify
: Pressurizer PORVs pumps running
Electrical None 0.5
Power,
Hi-Hi Containment

References

4,33




Event Tree

System

* High Pressure
Cold Leg
Recirculation
(HFPR)

Containment
Spray
Recirculation
(CSR)

Hydrogen
Igniters (HI)

Containment
Recirculation
Fans (CF)

Equipment
Success

Criteri

1 of 2 RHR trains
supplying 1

of 2 SI and 1 of
2CCpumps, tol
of 3 intact legs

1 of 2 CS trains
switched from
the RWST to the
recirculation
sump

1 of 2 trains

in both

upper and lower
containment

1 of 2 trains
operating

TABLE 3.1-11 (Cont’d.)

LOSS OF OFFSITE POWER
SYSTEM SUCCESS CRITERIA

System Operator Mission

Dependencies Actions Time(hr)

Component Manual valve 24

Cooling Water changes in

Electrical SI system

Power Isolate RWST

RHR Open sump valves
Restart pumps

Electrical Manual valve 24

Power changes in CS

Essential system, pumps

Service Water restarted

Electrical Energize 24

Power Igniters

Electrical None 24

Power,

Hi-Hi

Containment

Pressure Signal,

CcCw

References
4,33

Engineering
Judgement

Engineering
Judgement

* Conservatively assumed only three cold legs available to minimize the number of fault trees to be developed. This success criteria is consistent with
the LOCA success criteria. ‘




Event Tree

System

Turbine-Driven
Auxiliary
Feedwater
Pump (AFT)

RCS Cooldown (RCD)

Auxiliary Feedwater
Continues (AFC)

Equipment
Success

Criteri

Turbine-driven
pump delivers flow
to 2 Sgs

RCS cooled down
by 2 of 4

steam generators
PORYVs - Start
within 60 min,

Turbine-driven pump
continues to

deliver flow to

2 of 4 S/Gs for

an additional 2

hours past AFT
mission time,

TABLE 3.1-12
STATION BLACKOUT
SYSTEM SUCCESS CRITERIA
System Operator Mission
Dependencies Actions Time(hr)
N-Train Verification 4
Battery, or manual starting
ESFAS Signal of pump
Main Steam, Open S/G 24
Nitrogen PORYV’s,
. depressurize
S/Gs to 200
psig within 2
hours after SBO
None

347

Verification 2

References
39

33,39

39



Event Tree

System

Power Restored
Within X Hours
(XHR)

Core Not Uncovered
(CNU)

Restore RCS
Inventory (RRI).

Auxiliary

Feedwater
Actuation
(AF1)

Equipment
Success

Criterig

Power restored to
AC power system
within X hours,
X is defined in
Reference 47.

Core not uncovered
after power is restored

Restore safeguards
systems, initiate

SI with 1 of 4 SI

or CC pumps delivering
to the RCS

450 gpm AFW
flow to 2 of

4 steam
generators

TABLE 3.1-12 (Cont’d.)

STATION BLACKOUT
SYSTEM SUCCESS CRITERIA

System
Dependencies

None

None

Electric Power,
CCw

Electric Power

Operator Mission
Actions Time(hr

Verification N/A
or manual starting
of diesel generator,
various manual

breaker alignments,
restart motors

None N/A

Restore 24
systems, start
pumps

Provide 24
additional

water supply

on depletion

of CST,

Start pumps

33,39

39

1,39

33




-

TABLE 3.1-12 (Cont’d.)
STATION BLACKOUT
SYSTEM SUCCESS CRITERIA

Equipment
Event Tree Success System Operator Mission
System Criteria Dependencies Actions Time(hr)  References
Primary Bleed Manually open Electric Power, Open 2 of 3 0.5 4,33
and Feed (PBF) 2 of 3 PORVs CCW to SI and PORYVs and block

and block valves, CC pumps, valves, Start

1 of 2 SI and Control Air, pumps or verify

1 of 2 CC pumps Pressurizer PORVs pumps running
Containment 1of2 Electrical Start system 0.5 1
Spray Trains Power
Injection
(CSDh
* High Pressure 1 of 2 RHR trains Component Manual valve 24 4,33
Cold Leg supplying 1 Cooling Water changes in
Recirculation of 2 SI and 1 of Electrical SI system
(HPR) 2 CC pumps, to 1 Power Isolate RWST

of 3 intact legs RHR Open sump valves

Restart pumps

Containment 1 of 2 CS trains Electrical Manual valve 24 1
Spray switched from Power changes in CS
Recirculation the RWST to the Essential system, pumps
(CSR) recirculation Service Water restarted

sump

* Conservatively assumed only three cold legs available to minimize the number of fault trees to be developed. This success criteria is consistent with

the LOCA success criteria.
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Event Tree

System

Hydrogen
Igniters (HI)

Containment
Recirculation
Fans (CF)

"
5 .

-’

I

TABLE 3.1-12 (Cont’d.)

STATION BLACKOUT
SYSTEM SUCCESS CRITERIA

Equipment
Success System Operator Mission
Criteria " Dependencies Actions Time(hr
1 of 2 trains Electrical Energize 24
in both Power Igniters
upper and lower
containment
1 of 2 trains Electrical None 24
operating Power, .

Hi-Hi

Containment

Pressure

Signal,

CcCw

Referen

Engineering

Judgement

Engineering
Judgement




Event Tree

System

Reduced Power
Level (RPL)

Manual Rod
Insertion (MRI)

AMSAC (AMS)

Auxiliary

Feedwater
Actuation
(AF1)

Equipment
Success

Criterig

Transient Initiated
From Less Than ~
40% Power

One Minute of
Manual Rod
Insertion Within
One Minute

Trip Turbine
and Generate a
Signal to Start
AFW Pumps

- 450 gpm AFW

flow to 2 of
4 steam
generators

TABLE 3.1-13

ANTICIPATED TRANSIENT WITHOUT SCRAM

SYSTEM SUCCESS CRITERIA
System Operator Mission
Dependencies Actions Time(hr)
None None N/A
Electric Power Manually N/A
) Insert Control
Rods
Electric Power None N/A
Electric Power, Provide 24
Start Signal additional
. water supply
on depletion

of CST

3-51

References
42
a2
42
42



TABLE 3.1-13 (Cont’d.)

ANTICIPATED TRANSIENT WITHOUT SCRAM

SYSTEM SUCCESS CRITERIA

Equipment )
Event Tree Success System Operator Mission
System Criteria Dependencies Actions Time(hr) References
900 gpm Aux 900 gpm AFW Electric Power, Provide 24 42
Feedwater " Flowto2of Start Signal additional
Flow (AFH) 4 Steam , ‘ water supply

Generators on depletion

of CST

Primary Pressure No unfavorable Electric Power, Open Block 24 42
Relief (PPR) exposure time, Control Air Valves if

3 of 3 Safety Valves, Necessary

and either:

a) 3 of 3 PORVs

if MRI is

successful, or:

b) 1 of 3 PORVs

if MRI fails.
Long Term 1of 2 CCPs Electric Power, Trip Control Rod 24 4, 42
Shutdown (LTS) or establish CCw Motor Generator

subcriticality Sets, Locally Open

by other than Reactor Trip

boration Breakers,

Manually insert

all control rods
fully, or initiate
boration




Event Tree

System

Containment
Spray
Injection
(CSD

Containment
Spray
Recirculation
(CSR)

Hydrogen
Igniters (HI)

Containment
Recirculation
Fans (CF)

Equipment
Success

Criteri

l1of2
Trains

1 of 2 CS trains
switched from
the RWST to the
recirculation
sump

1 of 2 trains

in both

upper and lower
containment

1 of 2 trains
operating

CCw

TABLE 3.1-13 (Cont’d.)
ANTICIPATED TRANSIENT WITHOUT SCRAM

SYSTEM SUCCESS CRITERIA
System Operator
Dependencies Actions
Electrical None
Power,
Hi-Hi Containment
pressure signal
Electrical Manual valve
Power, changes in CS
Essential system, pumps
Service Water restarted
Electrical Energize
Power Igniters
Electrical None
Power,
Hi-Hi
Containment
Pressure
Signal,

Mission
Time(hr)

0.5

24 -

References

1,4

Engineering
Judgement

Engineering
Judgement



Event Tree

System
Trip RCPs (RCP)

Awxiliary
Feedwater
Actuation (AF1)

Main Feedwater
(MF1)

Restore ESW
System Within
One Hour (EH1)

Equipment
Success

Criteri

All RCPs tripped
following loss
of seal cooling

450 gpm of AFW
flow to 2 out

of 4 steam
generators

1 out of 2 main
feedwater pumps
to 2 of 4 SGs-

or 450 gpm AFW
from the opposite
Unit to 2 of 4 SGs

Restoration of
flow to one
ESW header

TABLE 3.1-14

LOSS OF ESSENTIAL SERVICE WATER

SYSTEM SUCCESS CRITERIA
System Operator Mission
Dependencies Actions Time(hr)
None Trip RCPs upon N/A

Electric Power

Electric Power
Condensate,
Main Steam-

None

loss of seal
cooling

Provide 24
additional water
water supply on
depletion of CST

Defeat MFW 24
pump trip and

MFW isolation

signals

Start pumps,

Manual valve

changes to align
systems

Restore system 1
(one train)

References

39 & Engineering
Judgement

39

4,39

4,39




Event Tree

System

RCS Cooldown
(RCD)

Restore ESW
System Within
Eight Hours (EHS)

Core Not
Uncovered (CNU)

Restore RCS
Inventory (RRI)

Containment
Spray Injection
(CSD

Equipment
Success

Criteria

RCS cooldown by
2 of 4 S/G PORVs
- start within 60
minutes

Restoration of
flow to one
ESW header

Core not uncovered
after ESW cooling
is restored

Restore safeguards
systems using

1 of 4 SUCC
pumps to 3/4 RCS
cold legs

1 of 2 CS pumps

. s
)

TABLE 3.1-14 (Cont’d.)

LOSS OF ESSENTIAL SERVICE WATER

SYSTEM SUCCESS CRITERIA

System Operator Mission
Dependencies Actions Time(hr
Electric Power, Open S/G PORVs, 24
Control Air depressurize
Main Steam S/G to initiate

RCS cooldown
None Restore system 8

(one train)
None None N/A
Electric Power, Restore systems, 24
CCw start pumps
Electric Power, None 0.5

Hi-Hi Containment
Pressure Signal

References
33,39

4, 39

39

4,39




TABLE 3.1-14 (Cont’d.)

LOSS OF ESSENTIAL SERVICE WATER

SYSTEM SUCCESS CRITERIA
Equipment
Event Tree Success System Operator Mission
System Criteria Dependencies Actions Time(hr References
* High Pressure 1of4SIor Electric Power, Manual valve 24 4,33
Cold Leg ) CCP pumps CCW, RHR changes in SI ’
Recirculation 1/2 RHR trains system,
(HPR) isolate RWST,
align cooling
water to HX,
open sump valves,
< start pumps
Containment 10f2CTS Electric Power, Manual valve 24 1
Spray pumps . Essential Service changes,
Recirculation Sump & HX Water, pumps restarted
(CSR) Hi-Hi Containment
Pressure Signal
Hydrogen 1/2 trains Electric Power Energize 24 Engineering
Igniters (HI) ) operating , Igniters Judgement
Containment 1/2 Containment - Electric Power, None 24 Engineering
Recirculation Recirculation Hi-Hi Judgement
Fans (CF) Fan Trains .Containment )
Pressure Signal,
CCw

* Conservatively assumed only three cold legs available to minimize the number of fault trees to be developed. This success criteria is consistent with
the LOCA success criteria. '

A .
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Event Tree

System
Trip RCPs (RCP)

Auxiliary
Feedwater
Actuation-(AF1)

Main Feedwater
(MF1)

Restore CCW
System Within
One Hour (CHI1)

Equipment
Success

Criteri

All RCPs tripped
following loss
of seal cooling

450 gpm of AFW
flow to 2 out

of 4 steam
generators

1 out of 2 main
feedwater pumps.
to 2 of 4 SGs-

or 450 gpm AFW
from the opposite
Unit to 2 of 4 SGs

Restoration of
flow to one
CCW header

TABLE 3.1-15
LOSS OF COMPONENT COOLING WATER
SYSTEM SUCCESS CRITERIA
System Operator Mission
Dependencies Actions Time(hr)
None Trip RCPs upon  N/A

Electric Power

Electric Power
Condensate,
Steam

None
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loss of seal
cooling

Provide 24
additional water

water supply on
depletion of CST

Defeat MFW 24
pump trip and

MFW isolation
signals

Start pumps,

Manual valve

changes to align
systems

Restore system 1
(one train)

References

39 & Engineering
Judgement

39

4,39

4,39




Event Tree

System

RCS Cooldown
(RCD)

Restore CCW
System Within
Eight Hours (CHS)

Core Not
Uncovered (CNU)

Restore RCS
Inventory (RRI)

Containment
Spray Injection
(CSD

Equipment
Success

Criteria

RCS cooldown by
2 of 4 S/IG PORVs
- start within 60
minutes

Restoration of
flow to one
CCW header

Core not uncovered
after CCW cooling
is restored

Restore safeguards
systems using

1of 4 SUCC
pumps to 3/4 RCS
cold legs

1 of 2 CS pumps

TABLE 3.1-15 (Cont’d.)

LOSS OF COMPONENT COOLING WATER

SYSTEM SUCCESS CRITERIA
System Operator Mission
Dependencies Actions Time(hr)
Electric Power, Open S/G PORVs, 24
Control Air, depressurize
Main Steam S/G to initiate
RCS cooldown
None Restore system 8
(one train)
None None N/A

Electric Power,
CCw )

Electric Power,
Hi-Hi Containment
Pressure Signal,

Restore systems, 24
start pump

None 05 -

References
33,39

4,39

39

4,39



Event Tree

System

* High Pressure
Cold Leg

Recirculation

(HPR)

Containment
Spray
Recirculation
(CSR)

Hydrogen
Igniters (HI)

Containment

. Recirculation

Fans (CF)

* Conservatively assumed only three cold legs available to minimize the number of fault trees to be developed. This success criteria is consistent with
the LOCA success criteria.

Equipment
Success

Criteri

1of4SIor
CCP pumps
1/2 RHR trains

10f2 CTS

pumps
Sump & HX

1/2 trains
operating

" 1/2 Containment Q

Recirculation
Fan Trains

TABLE 3.1-15 (Cont’d.)

CcCcw
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LOSS OF COMPONENT COOLING WATER

SYSTEM SUCCESS CRITERIA

System Operator

Dependencies Actions

Electric Power, Manual valve

CCW, RHR changes in SI
system,
isolate RWST,
align cooling
water to HX,
open sump valves,
start pumps

Electric Power, Manual valve -

Essential Service changes,

Water, pumps restarted

Hi-Hi Containment

Pressure Signal

Electric Power Energize
Igniters

* Electric Power None

Mission
Time(hr)

24

24

References
4,33

Engineering
Judgement
Engineering
Judgement



Event Tree

System

Auxiliary

Feedwater
Actuation
(AF1)

Unit 2 AFW
Crosstie

2AV)

Containment
Spray
Injection
(CSD

Containment
Spray
Recirculation
(CSR)

Equipment
Success

Criteri

450 gpm AFW
flow to 2 of

4 steam
generators

450 gpm Unit 2
AFW flow to

2 of 4 steam
generators

1of2
trains

1 of 2 CS trains
switched from
the RWST to the
recirculation
sump

TABLE 3.1-16

SYSTEM SUCCESS CRITERIA
System Operator
Dependencies Actions
Electric Power, Provide
Start signal additional
water supply
on depletion
of CST
Electric Power Open crosstie
valve, isolate
Unit 2 S/Gs,
start Unit 2
AFW pump
Electrical Power, None
HI HI containment
pressure signal
Electrical power Manual valve
Essential Service changes in CS
Water system, pumps
restarted
3-60
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LOSS OF SINGLE TRAIN OF 250V DC ELECTRIC POWER

0.5

24

1,4




TABLE 3.1-16 (Cont’d.)

" LOSS OF SINGLE TRAIN OF 250V DC ELECTRIC POWER

SYSTEM SUCCESS CRITERIA

Equipment
Event Tree Success System Operator Mission
System Criterig Dependencies Actions Time(hr) References
Hydrogen 1 of 2 trains Electrical power Energize 24 Engineering
Igniters (HI) in both Igniters Judgement

upper and lower

containment
Containment 1 of 2 trains Electrical power None 24 Engineering
Recirculation operating Hi-Hi containment Judgement
Fans (CF) pressure signal,

CcCcw
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Event Tree

System

Auxiliary

Feedwater
Actuation
(AF1)

Primary Bleed
and Feed (PBF)

Containment
Spray
Injection
(CSI)

Equipment
Success

Criterig

450 gpm AFW
flow to 2 of

4 steam
generators

Manually open

2 of 3 PORYVs
and block valves,
1of 2 SI and

1 of 2 CC pumps

1of2
Trains

TABLE 3.1-17

INTERNAL FLOODING .
SYSTEM SUCCESS CRITERIA

System Operator - Mission
Dependencies Actions Time(hr)
Electric Power, . Provide 24
Start Signal additional

water supply

on depletion

of CST
Electric Power, Open 2 of 3 0.5
CCW to SI and PORVs and block
CC pumps, valves. Start
Control Air, - pumps or verify
Pressurizer PORVs pumps running
Electrical None 0.5
Power,
Hi-Hi Containment

pressure signal

References

4,33




Event Tree

System

* High Pressure
Cold Leg

Recirculation

(HPR)

Containment
Spray
Recirculation
(CSR)

Hydrogen
Igniters (HI)

Containment

* Recirculation

Fans (CF)

- Equipment

Success

Criteri

1 of 2 RHR trains
supplying 1

of 2SI and 1 of

2 CC pumps, to 1
of 3 intact legs

1 of 2 CS trains
switched from
the RWST to the

recirculation
- sump ’

1 of 2 trains

in both

upper and lower
containment

1 of 2 trains
operating

Rregs

TABLE 3.1-17 (Cont’d.)

INTERNAL FLOODING
SYSTEM SUCCESS CRITERIA

System Operator Mission

Dependencies Actions Time(hr)

Component Manual valve 24

Cooling Water, changes in

Electrical SI system

Power, Isolate RWST

RHR Open sump valves
Restart pumps

Electrical “Manual valve 24

Power, “changes in CS

Essential system, pumps

Service Water restarted

Electrical Energize 24

Power Igniters

Electrical None 24

Power,

Hi-Hi

Containment

Pressure Signal

CcCw

References
4,33

1,4

Engineering
Judgement

Engineering
Judgement

* Conservatively assumed only three cold legs available to minimize the number of fault trees to be developed. This success criteria is consistent with

the LOCA success criteria,
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3.1.3 Special Event Trees

. Several special event trees were modelled to accommodate consequential events and supbort system failures,
These event trees are included in the above discussion.

3.1.4 Support System Event Tree

Because the Cook Nuclear Plant IPE uses fault tree linking to quantify the accident sequences, no support
system event frees were developed. The fault tree linking method requires the development of a system fault
tree for each of the front-line systems and for each of the support systems modeled. Each front-line system
fault tree calls in the appropriate support system fault tree or trees and the linking process properly quantifies
the accident sequences without double counting support systems.

3.1.5 Sequence Grouping and Back-End Interface

The primary focus of the event tree analysis was to provide a quantifiable model of the safeguards and
containment protection systems for the Level II analysis. Each sequence in the event tree that resulted in core
damage was identified by a series of descriptors that indicated the type of event, state of the primary system,
and state of containment protection systems, These descriptors were then used to group similar core damage
states for the Level IT analysis.

The first character in the descriptor is one of the following:
A Large LOCA - Characterized by rapid depressurization of the RCS and subsequent core
uncovery.

S Small LOCA - Characterized by a small breach of the RCS pressure boundary resulting in a
direct release path to the containment. RCS depressurization is expected to be limited by the
size of the break and may even stall at relatively high pressure levels,

T Transient - An event which is not initiated by a breach of the RCS pressure boundary. Events
in this category are characterized by the opening of pressurizer safety or relief valves with the
associated loss of primary coolant subsequent to the event initiation.

. G Steam Generator Tube Rupture - This event is initiated by the failure of the primary to

: secondary pressure boundary of one steam generator. In this event, primary coolant may be

lost through steam conversion systems resulting in a direct release of radionuclides to the
environment,

Y Interfacing Systems LOCA - This event is characterized by a breach of the RCS pressure
boundary which dxrectly bypassm the containment (other than the steam generator tube
rupture). Since primary coolant is lost outside the containment, no recirculation capability
exists and no water is in the containment to provide for fission product scrubbing following core
melt. This results in a large release of radionuclides outside the containment building.

The second character is one of the following:

'H RCS at High Pressure - Indicating that, when vessel failure occurs followmg core damage, the
RCS is at high pressure, generally taken to be above 200 psig.

L RCS at Low Pressure - Indicating that, when vessel failure occurs following core damage, the
RCS is at low pressure, generally taken to be below 200 psig.
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Following the first two characters, the following characters may be used either alone or in combination to
classify the status of the containment and the containment protection systems:

W  The RWST inventory has not been emptied into containment indicating that the reactor cavity
isdry.

Containment spray injection was successful, however, containment spray recirculation was
disabled.

Containment spray injection and recirculation were successful.

I Hydrogen Igniter System failure, °

F Containment Recirculation Fan system failure,
Those sequences that do not result in core damage are identified by one of the following two descriptors:

SUCCESS Core damage was prevented and the containment either remained intact or was not
challenged.

LEAK Core damage was prevented, however, a breach of the containment resulted in a loss of
primary coolant to the outside atmosphere.

No binning of plant damage states was done in the front end portion of the analysis other than to assign the

descriptors described above. All binning of plant damage states was done in the Level 2 portion of the
analysis. The process of binning is described in Section 4.6 of this report.
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3.2 Systems Analysis O
‘ )

To develop an understanding of the contribution of system performance to accident sequences and to quantify DA
the event trees, a comprehensive analysis of all key plant systems (from a risk perspective) was performed. o
This activity included a plant familiarization activity which is documented in system notebooks, an exhaustive

search for dependencies between plant systems, and detailed fault tree analysis for each key system. Technical

guidelines were prepared for each of these activities to assure that a consistent, thorough approach was

employed by all analysts throughout each stage of the work. These guidelines also served as references that
documented the methods used. This section provides an overview of the methods used in the plant systems

analysis activity. ’

3.2.1 System Descriptions

To ensure that the IPE accurately represented how the plant’s systems contribute to the overall risk profile,

a thorough understanding of key frontline and support systems was essential. Prior to the development of

the fault tree logic models, a comprehensive collection, evaluation, and documentation of information was
performed for each system. This information was consolidated into a single reference notebook for each

system. The outline used for each of these system notebooks is given in Table 3.2-1. The first six sections

of the system notebooks contain the essential plant design and operational information needed to develop the

fault trees. Included in these sections are the important dependencies reflected in the matrices described in

Section 3.2.3 of this document, instrumentation and control requirements, and the results of a comprehensive

review of equipment maintenance and surveillance practices. The plant walkdown, described in Section 2.4

of this report, was used to verify that the system model accurately reflected the system configuration and
operating conditions. The results of a thorough operating experience review are also documented. This
information was used to be sure that plant specific operating experience is reflected in the model development

and in the quantification of system and component performance parameters. Section 7 contains the logic

models and the assumptions used to construct the fault trees, Section 8 provides the results of the model .
quantification and Section 9 identifies the insights related to that system that were developed during the course Iy
of the IPE.,

Because the Cook Nuclear Plant is a dual unit site, a careful examination of the documentation for both unit’s
systems was performed. Any key differences were identified and explicitly documented:in the system
notebooks. Shared systems or components were identified, including the degree of sharing and the systems’
preferential alignments. Any unit-to-unit cross ties, along with the normal alignment and emergency
alignment capabilities, were identified. Plant operating, surveillance and maintenance procedures were
reviewed, E .

Table 3.2-2 lists the systems modeled in the Cook Nuclear Plant IPE. The remainder of this section provides
a brief description of these systems and their important design features from a risk perspective. The symbols
used in the simplified flow diagrams for these systems are shown in Figure 3.2-1.
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1.0

2'0

3.0
4.0

5.0
6.0
7.0

8.0
9.0

TABLE 3.2-1
OUTLINE FOR SYSTEM NOTEBOOKS
SYSTEM FUNCTION

SYSTEM DESCRIPTION

2.1 Support Systems

2.2 Instrumentation and Controls

2.3 Technical Specification Limitations
24 Test and Maintenance ’

2.5 . Component Location

2.6 Comparison of Units

- SYSTEM OPERATION

PERFORMANCE DURING ACCIDENT CONDITIONS
4.1 Success Criteria ‘

4.2 Initiator Impact on the System

OPERATING EXPERIENCE

INITIATING EVENT REVIEW

SYSTEM LOGIC MODELS

7.1 Assumptions and Boundary Conditions

7.2 Fault Tree Models

QUANTIFICATION AND RESULTS

SYSTEM INSIGHTS

10.0 REFERENCES

APPENDICES

A. Common Cause Calculations

B. Computer Code Input and Output
C.  Supporting Technical Information
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Section 3.2.1.1
Section 3.2.1.2
Section 3.2.1.3
Section 3.2.1.4
Section 3.2,1.5
Section 3.2.1.6
Section 3.2.1.7

Section 3.2.1.8

Section 3.2.1.9

Section 3.2.1.10
Section 3.2.1.11
Section 3.2.1.12
Section 3.2,1.13
Section 3.2.1.14

TABLE 3.22 O\

SYSTEMS MODELLED IN THE COOK NUCLEAR PLANT IPE et

Auxiliarsv Feedwater System
Containment Spray System
Component Cooling Water System
Essential Service Water System
Nonessential Service Water System
Compressed Air (Control Air) System
Emergency Core Cooling System

(Ihcluding safety injection/charging, residual heat removal, and accumulators)
Electric Power System

(Including 4160 VAC, 600 VAC, 120 VAC and 250 VDC)
Main Feedwater and Condensate Systems
Main Steam System -
Pressurizer Power Operated Relief Valve and Safety Valve System
Containment Air Recirculation and Hydrogen Skimmer System
Hydrogen Igniter (DIS) System ‘
Refueling Canal Drains )
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3.2.1.1 Auxiliary Feedwater System

The primary function of the auxiliary feedwater (AFW) system is to provide sufficient makeup to the steam
generators to maintain a minimum heat transfer area to prevent loss of primary water through the pressurizer
safety or relief valves when normal feedwater supply is not available. For the IPE analysis, the AFW system
is the primary source of water to the steam generators when the steam generators are used to remove latent
or decay heat from the reactor coolant system (RCS) and the core. Additionally, the AFW system is used to
supply the steam generators during startup and shutdown when insufficient steam is available for the main
feedwater pumps, however, this function is not modelled in this study. Figure 3.2-2 shows a simplified flow
diagram of the system.

The primary source of water for the system is the unit’s 500,000 gallon condensate storage tank (CST). An
emergency backup supply is available from the opposite unit’s CST through normally closed condensate
storage tank cross-tie valve, 12-CRYV-51. If both unit’s CSTs are unavailable, then the system may be aligned
to take suction from the essential service water (ESW) system but, this is only used after all other sources of
condensate have been exhausted,

AFW flow is delivered to the steam generators by three pumps, one turbine-driven auxiliary feedwater pump
(TDAFP), and two motor-driven auxiliary feedwater pumps (MDAFP). Each pump has its own suction
strainer and discharge isolation and check valves. The TDAFP is capable of supplying all four steam
generators. The east MDAFP supplies only steam generators two and three, and the west MDAFP supplies
only steam generators one and four.

A cross tie between units is provided between the east MDAFP discharge isolation and check valves. This line,
normally isolated by locked closed valve, FW-129, provides the ability for one unit’s east MDAFP to supply
the opposite unit’s steam generators normally supplied by the west MDAFP and vice versa.

There are nine models (fault trees) associated with the Auxiliary Feedwater System. Each model represents
the unavailability of this system in response to different accident events.

AF1 - This system model defines the logic associated with the response of the AFW system to provide
at least 450 gpm of flow to at least two of four steam generators.

AFS - This system model defines the logic associated with the response of the AFW system to provide
at least 600 GPM of flow to at least two of the three intact steam generators following a large
steam line/feed line rupture event,

AFT - This system model defines the logic associated with the response of the AFW system to provide
flow from the TDAFP to at least two of four steam generators during a station blackout event.

AFH -  This system model defines the logic associated with the response of the AFW system to provide
at least 50% capacity flow to the steam generators.

AF2 - This system model defines the logic associated with the response of the AFW system during a
SGTR event to provide flow from at least one of three pumps to at least one of three intact
steam generators. )

AF3 - This system model defines the logic associated with the response of the AFW system during a
SGTR event to provide flow from one of two pumps to the faulted steam generator.

AFC - This system model defines the logic associated with the response of the AFW system to provide

flow to at least two of four steam generators for an additional two hours after the N-Train
battery is assumed lost.
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AF4 -

2AF -

This system model defines the logic associated with the response of the AFW system to provide
at least 450 gpm of flow to at least two of four steam generators during LOCA scenarios.

This system model defines the logic associated with the response of the AFW system to provide

at least 450 gpm of AFW flow to at least two of four steam generators through use of the unit
cross-tie connections,
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3.2.1.2 Containment Spray System

The containment spray (CTS) system is required in the event of a loss of coolant accident (LOCA) or a main
steam line break (MSLB) accident inside containment where containment pressure rises above 2.9 psig. The
primary functions of the system include: ’

1) limiting the peak pressure inside the containment to below the containment design pressure of 12 psig,
and

2) removal of radioactive isotopes from the containment atmosphere.

The CTS system performs the post-accident containment depressurization and long-term cooling function
following a LOCA or MSLB, and it removes fission products from the containment atmosphere to reduce the
radiological consequences of an accident. The CTS system, consisting of two 100% capacity, independent flow
trains, is initiated only during an accident and delivers chemically-treated water to the spray ring headers in
both lower and upper containment, Figures 3.2-3, 3.2-4, and 3.2-5 show simplified flow diagrams of the CTS
system during standby conditions, the injection phase and the recirculation phase, respectively.

Each train of the containment spray system consists of a containment spray pump, a containment spray heat
exchanger, valves, piping, spray headers in both the upper and lower containment volumes, and all necessary
controls and instrumentation. The single refueling water storage tank (RWST) and spray additive tank serve
the two trains.

The operation of the CTS system consists of two sequential modes, the injection phase and the recirculation
phase. During the injection phase, a portion of the RWST is sprayed into the containment atmosphere via
the CTS pumps. By means of an eductor, the NaOH solution in the spray additive tank is mixed with the
spray. The recirculation phase begins after the pump suction has been switched over manually, by the control
room operator, to the containment recirculation sump, Water is recirculated from the containment sump
through a containment spray heat exchanger and back to the ring headers.

There are two fault trees associated with the CTS system. Each model represents the unavailability of this
system as it responds to accident events.

CSI - This system model (fault tree) defines the response of the CTS system to provide coolant from
the RWST to the upper and lower CTS ring headers. This model is also referred to as the
"injection model”,

CSR - This system model defines the response of the CTS system to recirculate coolant from the

containment recirculation sump through the CTS heat exchangers and the upper and lower
CTS ring headers. This model is also referred to as the "recirculation model."
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3.2.1.3 Component Cooling Water System

The primary functions of the component cooling water (CCW) system are to:

a) remove residual and sensible heat from the reactor coolant system (RCS) via the residual heat removal
(RHR) system during plant shutdown

b) cool the spent fuel pool water and the letdown flow to the chemical and volume control system (CVCS)
during power Ope;'ation -

¢) provide cooling to dissipate waste heat from various primary plant components
d) provide cooling for safeguards equipment

The CCW system is a support system that provides an intermediate loop between the RCS or other potentially
radioactive heat sources and the lake water (essential service water) to ensure that the components receiving
cooling water do not leak radioactive fluid outside the plant. The CCW system also provides cooling for each
of two safeguard headers following a safety injection signal. Figure 3.2-6 shows a simplified flow diagram
of the CCW system for Cook Nuclear Plant Unit 1. ‘

The CCW system is a closed cooling water loop consisting of two component cooling water pumps, two
component cooling water heat exchangers, a surge tank, a chemical addition tank and associated piping,
valves, instrumentation, and the equipment being cooled. An installed spare maintenance pump is available
as a replacement for either unit’s CCW system. This pump is placed in service by realigning its associated
valves and by switching the pump into the out-of-service pump’s power supply and control circuitry.

Component cooling water is normally circulated by one of the two CCW pumps through the shell side of one
of the two heat exchangers. Heat is removed from the CCW system by the essential service water which flows
through the tubes of the heat exchanger. Component cooling water is supplied to three headers of service:

1) The west safeguards header
2) The east safeguards header
3) The miscellaneous services header

The CCW surge tank is connected to the suction side of the pumps and accommodates the change in volume
due to thermal expansion and contraction. By monitoring the surge tank level, leakage into and out of the
system can be detected. Make-up to the system is supplied to the surge tank from the demineralized water
system.

The CCW system chemistry is controlled by chemical addition to the surge tank through its own charging
system and, if required, by system blowdown. Chemical control limits are specified in plant procedures.

The CCW system is a support system to the engineered safeguards system and is required for post-accident
removal of decay heat from the reactor. Two completely independent, parallel headers are available for heat
removal of the safeguards equipment. The installed spare maintenance pump is capable of completely
replacing, both mechanically and electrically, any of the other pumps on either Unit 1 or Unit 2. The two
headers are normally cross-tied through the miscellaneous services header, but after an accident occurs, the
headers are separated by the operator and function as independent systems,

Power for each CCW pump is provided from a separate electrical bus. The motor-operated valves associated
with a given pump’s safeguards header, including its supply to the miscellaneous services header, are provided
by the same bus. Each bus is fed from both normal and emergency diesel generator power sources. The
power supplies are arranged so that one pump and its associated motor-operated valves are served by each
emergency diesel generator.
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The CCW system is required to be in service at all times. During normal power operation, one header of
CCW is utilized. The second pump is on stand-by and will start automatically upon a low discharge pressure
from the in-service pump or a safety injection signal. The CCW heat exchanger outlet valve in the stand-by
header is normally closed. Both supply valves to the miscellaneous services header are normally open. This
alignment provides for a cooling water supply to both safeguards headers and a supply of cooling water to
all the miscellaneous services header equipment. There is no need to manually realign the system should the
stand-by pump be required to start.

When a safety injection signal is generated, the standby CCW pump receives a start signal, the ESW return
valves from the CCW heat exchangers (WMO-733,737) receive a signal to go to a pre-set position, and the
CCW heat exchanger discharge valve in the standby header receives an open signal.

Upon switchover of the ECCS to cold leg recirculation following a LOCA, the CCW discharge crosstie valves
(CMO-412, -414) are closed to isolate the two CCW headers. This prevents the failure of one header from
failing the other header and it also allows the balancing of heat loads. The closure of these valves also isolates
any radioactive contamination of the CCW system. Isolation of the two headers does not affect CCW
operation.

Upon a total loss of AC power (station blackout), the normally running CCW pump stops operating due to
a loss of motive power. When AC power is recovered (either from loading the diesel generators or recovery
of offsite power), the CCW pump(s) automatically restart. (If the pump switch is in the pull-to-lock position,
the pumps will be manually restarted.) .

During cooldown of the reactor coolant system, two CCW pumps and two CCW heat exchangers are used.
If a pump fails under these conditions, the cooldown rate may be slowed or even stopped for the time period
required to align the spare pump for service.

During cold shutdown, two CCW pumps and two CCW heat exchangers are used. It should be noted that
the spent fuel pit heat exchanger can be removed from service periodically or served by the other unit,
therefore enabling a single CCW pump and heat exchanger to sufficiently handle the heat load for the
shutdown unit,

There are four models (fault trees) associated with the CCW system. Each model represents the unavailability
of a single CCW header for two different plant conditions. The models are designated as follows:

CCWE -  This system model defines the unavailability of the CCW east header to provide sufficient
flow to the east RHR heat exchanger and other essential loads to mitigate the effects of a
'LOCA (both during injection and recirculation). This is for normal AC power conditions.

CCWW - This system model defines the unavailability of the CCW west header to provide sufficient
flow to the west RHR heat exchanger and other essential loads to mitigate the effects of a
LOCA (both during injection and recirculation). This is for normal AC power conditions.

CCWEL - This system model defines the unavailability of the CCW east header to provide sufficient
flow to the east RHR heat exchanger and other essential loads after AC power is recovered
following a station blackout.

CCWWL - This system model defines the unavailability of the CCW west header to provide sufficient
flow to the west RHR heat exchanger and other essential loads after AC power is recovered
following a station blackout.
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3.2.1.4 Essential Service Water System

The essential service water (ESW) system provides the cooling water requirements for the component cooling
water (CCW) heat exchangers, the emergency diesel generator coolers, the containment spray (CTS) heat
exchangers, and the control room air conditioning condensers and air handling units. It also provides an
emergency supply of water to the auxiliary feed pumps in the event that the condensate storage tanks are
emptied or otherwise lost as a source of water. )

The ESW system, shared by both units, consists of four ESW pumps, each with an automatic backwashing
duplex strainer and associated piping, valves, and instrumentation. The system is comprised of two identical
main headers. Each header is served by two pumps and each header, in turn, serves half of the system load
in each unit. The two headers are arranged such that a rupture in either header will not jeopardize the safety
functions of the system. Two pumps are sufficient to supply all service water requirements for unit operation,
shutdown, refueling, or post-accident operation, including a loss-of-coolant accident (LOCA) on one unit and
a simultaneous hot shutdown in the other. However, a third pump is normally started under the shutdown
and refueling operations. All pumps receive a start signal (SI) in the event of an accident. Figure 3.2-7 is
a simplified flow diagram for ESW for Unit 1 showing cross-ties to Unit 2.

During normal operation, water is supplied from the lake, through the circulating water intake pipes to the .
ESW pumps suction well located in the screenhouse. An alternate water supply is available by opening the
slide gates (WMO-17 and -27) between either discharge tunnel vault and the forebay, ensuring a water supply
in the event that the intakes are unavailable.

During start-up, normal system operation or shutdown, ESW is supplied to the CCW heat exchangers and
the control room air conditioning condensers. The remaining heat exchangers are supplied during a loss of
offsite power (LOOP) and/or a safety injection (SI).

Since the ESW system is relied upon by such engineered safeguards systems as the containment spray and
emergency core cooling systems, it is designed as a Seismic Class I system with the redundancy and other
criteria associated with safeguards systems.

There are four models (fault trees) associated with the ESW system. Each of these models represent the
unavailability of this system in response to different accident events.

ESWW -  This fault tree models the Unit 1 (U-1) west header. If utilizing the west header (standby
header), the U-2 east pump would have to remain on-line to supply the U-2 ESW needs
and prevent any flow diversion from U-1 to U-2 while the U-1 west pump supplies U-1,
The cross connect valves are not modeled since failure would add success to any flow
diversion,

ESWE -  This fault tree models the Unit 1 east header. With the U-1 east pump train supplying
flow to the east U-1 header, either the U-2 west pump train would have to pick up the U-1
ESW loads after it started on the safety injection signal (if the U-1 east pump train fails)
or no other flow diversion can be allowed (this flow diversion is modeled in the form of
valves inadvertently opening). With the U-2 west header in a standby state, no ESW
loads from U-2 would be placed upon it. Thus, the U-2 west pump train can provide full
flow to the U-1 east header (barring any of the mentioned flow diversions). The cross
connect valves (WMO-706 and -707) are modeled since their failure prevents U-2 flow
from going to U-1.
ESWWL -  This fault tree models the U-1 west header in response to a loss of power event. The loss
i of power event is assumed to affect both Units. This case is modeled the same as in the
ESWW model except now all pumps must be restarted (and checks valves opened) instead
of the standby pump starting as before. For the formerly operating pump, the discharge

L}
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motor operated valve does not close on a loss of power and thus does not have to reopen ‘
when the pump restarts, 5 ,)

! ESWEL -  This fault tree models the U-1 east header in response to a loss of power event. As in the
| ESWWL model, the loss of power affects both units, Also, the treatment of pumps and
valves is the same as in the ESWWL model.
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3.2.1.5 Nonessential Service Water System

The Nonessential Service Water (NESW) System is a shared system which provides lake water for cooling and
makeup water to numerous plant systems and components, including upper and lower containment ventilation
units and the plant and control air compressors.

The system consists of four NESW supply pumps, each with an automatic backwashing duplex strainer.
During normal two unit full power operation, the NESW system is shared between Unit 1 and Unit 2 with
three of four NESW pumps needed to supply required flow. The fourth pump and strainer combination is
provided for standby service as an installed spare,

Two NESW pumps are located in each unit. Each pump normally takes suction from its respective unit’s
circulating water intake tunnel. If the source of water to the circulating water intake is interrupted, all four
NESW pumps are capable of taking suction from their respective circulating water discharge tunnel and, by
means of a cross-tie line, each can also take suction from the other unit’s circulating water intake or discharge
tunnel. Thus, nonessential service water supply to both units is assured, even if the tunnels of one unit are
out of service. The return water flows to the circulating water discharge tunnel which discharges into Lake
Michigan,

Figure 3.2-8 is a simplified flow diagram of the NESW system during normal operating conditions. Figure
3.2-9 is a simplified flow diagram of the NESW system during station blackout conditions.

There are two models (fault trees) associated with the NESW system, Each model represents the unavailability
of this system in response to different accident events,

NESW1 - ’ This system model defines the response of the NESW system following the receipt
of a safety injection signal.

NESW2 - This system model defines the response of the NESW system following a station

blackout (SBO). For the station blackout case, only Unit 1 is assumed to be
undergoing the station blackout (thus the diesel generators in Unit 2 come on-line.)
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3.2.1.6 Compressed Air (Control Air) System

The control air system, which is a part of the compressed air system (CAS) provides filtered and dried air
for instrument and control usage in the plant (both inside and outside of containment).

Compressed air is supplied to Units 1 and 2 through an air distribution system located in the turbine;
auxiliary and containment buildings. This distribution system consists of a shared plant air ring header

- extending throughout the turbine building, a pair of parallel plant air headers in the auxiliary building, and

a plant control air header in each containment,

The CAS has two Plant Air Compressors (PACs), each of which is capable of supplying the total compressed

air demand for both units. One PAC, plant air receiver, and plant air after cooler is located in each unit.
Each plant air receiver supplies its own plant air header in the auxiliary building, however, the shared turbine
building plant air header may be supplied from either plant air receiver. Additionally, each unit has a control
air compressor (CAC), which is capable of supplying that unit’s control air (instrument air) needs.

During normal CAS operation, only one PAC is operating and supplies it’s compressed air to the turbine
building ring header and to it’s own plant air header in the auxiliary building, The turbine building ring
header, in turn, supplies compressed air to the standby plant air header in the auxiliary building. Since these
distribution headers are parallel and have hose connections in essentially the same location, one unit’s header
may be isolated from the CAS without affecting the availability of plant air to the auxiliary building.
Compressed air is then delivered to the header branches that feed the services requiring compressed air (e.g.,
screen house, service, turbine and auxiliary buildings).

Compressed air from the turbine room plant air header is filtered and dried for instrument and control usage
(control air system). Each unit has its own wet control air receiver. If there is a unit instrument and control
air demand and both plant air compressors are unavailable for service, low air pressure at each unit’s wet
control air receiver will automatically start both CACs. The CACs will run on constant speed regulation until
stopped by the operator,

Compressed air to be used for control, instrumentation, containment integrated leak rate testing, or
containment penetration and weld channel pressurization is dried to a dew point below the minimum
temperature expected at its point of use. Each dryer has a prefilter and afterfilter, The prefilter prevents
contamination of the dryer desiccant from moisture carry-over or scale. The afterfilter protects the CAS
downstream of the dryers from desiccant dusting. The use of copper and stainless steel for control air piping
minimizes pipe scale carry-over to instruments and controls. Each unit has a redundant string of control air
prefilters, dryers, afterfilters and dry control air receivers located downstream of the wet control air receiver.
Figure 3.2-10 is the simplified flow diagram of the CAS,

There are ten models (fault trees) associated with the compressed air system. Each model represents the
unavailability of the compressed air system or portions of it.

CONAIR1 - This fault tree models the Unit 1 PAC operating and the Unit 2 PAC in
standby (ready for automatic start), Both PACs feed into the turbine
building plant air ring header, which can be isolated into sections by valves
PRV-10,-11 (Unit 1) and PRV-20,-21 (Unit 2)., The compressed air then
feeds the control air dryer strings for filtering and drying. This model ends
at the point where the output of the dryer trains meet.

CONAIRLS .- This fault tree closely resembles that of CONAIRI except that the PACs
have to start and run following a loss of power. Also, valves PRY-10,-11,-
20 and -21 have to be reopened since these valves close when deenergized.

CONAIR2 - This fault tree models control air being supplied to the header inside of
containment that supplies compressed air to the Pressurizer PORVs. The

3-86



CONAIR2L -

CONAIR3, -
CONAIR4
and CONAIRS

CONAIR3L, -
CONAIR4L
and CONAIRSL

air flow is through containment isolation valves XCR-100,-101 and past
regulator XRV-186. Fault tree CONAIRI is called in as a sub-tree.

This fault tree closely resembles the CONAIR2 tree-except that valves

XCR-100,-101 have to be reopened after a loss of power (shut when
deenergized). The. CONAIRLS tree.is called in as a-sub-tree. No IPE
modeled components exist down stream of valves XCR-102-103. .- Thus,
these valves are not modeled.

These fault trees model the pressure reduction of:100 Ib control air (tied in-

as sub-tree (CONAIR1) to 85 1b air (CONAIR3), 50 Ib air (CONAIR4) and
20 Ib air (CONAIRS). The pressure reducers and filters associated with
each path are modeled.

These fault trees are the same as the original trees except that CONAIRLS

is now called in as a sub-tree to account for control air response to a loss
of power. :
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3.2.1.7 Emergency Core Cooling System

At the Cook Nuclear Plant, emergency core cooling water is supplied by the accumulators, safety injection
pumps, centrifugal charging pumps, and the residual heat removal pumps. For convenience, the system
descriptions and operations have been broken down into the functions of: accumulators, low head system
operation, and high head system operation.

3.2.1.7.1 Accumulators

The accumulator tanks are designed to operate in the case of a large size break in the reactor coolant system
and to rapidly inject the borated water stored in the tanks if the RCS pressure drops below the pressure in
the accumulator,’

There are four accumulators per unit. The accumulators are pressure vessels filled with borated water and
pressurized with nitrogen gas. One accumulator is attached to each of the four RCS cold legs. Figure 3.2-11
shows the simplified flow diagram for the accumulator system. -

The accumulator system is evaluated in the context of a large and medium LOCA where the pressure in the
RCS decreases sufficiently to allow rapid injection of coolant, Since the accumulator system is passive and

no manual actions are required, injection occurs when the RCS pressure drops to about 620 psig. When this.

occurs, the borated water from each accumulator flows through its respective normally open, motor-operated
isolation valve and continues through its two check valves into the attached RCS cold leg.

There is one model (fault tree) associated with the accumulator system. This model represents the
unavailability of this system in response to different accident events. '

ACC - This system model defines the unavailability of the accumulator system to

inject the contents of three accumulator tanks into the three intact RCS legs
given that a large or medium LOCA has occurred on the fourth RCS loop.
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Accumulator System Simplified Flow Diagram
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3.2.1.7.2 ECCS Low-Head Cooling System

One of the functions of the Residual Heat Removal (RHR) System is to provide the long term post-accident
cooldown requirements of the Emergency Core Cooling System (ECCS). In this function, the RHR subsystem
of the ECCS provides a low pressure, high volumetric flowrate water source to the RCS by supplying water
from the Refueling Water Storage Tank (RWST) during the injection phase and from the containment sump
during the recirculation phase, The RHR system also has a major function during normal plant operations
in that the system removes decay heat from the RCS during the second phase of normal plant cooldown when
it is no longer practical to cool the RCS to the cold shutdown condition by use of the steam generators.

The description presented herein is limited to that in which the RHR system supports the post accident
cooldown requirements of the ECCS in the event of a LOCA, The RHR system is evaluated in the context
of a large break LOCA; however, the system is also required for recirculation during small and medium break
LOCAs for both cooling and flow to the safety injection (SI) and charging pumps (CC).

The RHR system consists of two identical trains per unit. Each train consists of an RHR heat exchanger, an
RHR pump, valves and associated piping. A simplified flow diagram of the RHR system for the injection
phase of ECCS operation is shown in Figure 3.2-12 and a simplified flow diagram of the RHR system for the
recirculation phase of ECCS operation is shown in Figure 3.2-13.

In performing the post accident long term cooling function of the ECCS, the RHR system has two phases of
operation: injection and recirculation. The shutoff head of the RHR pumps is less than 205 psig.

Following a LOCA, the RHR system is supplied with water from the RWST during the injection phase.
During the recirculation phase, which begins after the RWST is drained, the RHR pumps take water from
the containment sump and inject water directly into the RCS cold legs if RCS pressure is below the RHR
pump shutoff head, and they also provide adequate suction head for the high pressure SI pumps and the
centrifugal charging pumps. In addition, the RHR system provides cooled water to the upper containment
RHR spray headers if containment pressure rises above 8 psig.

There are two fault trees associated with the RHR system. Each model represents the unavailability of this
system as it responds to accident events. ‘

LPI - This system model defines the logic associated with the response of the RHR
system to provide coolant from the RWST to the RCS cold legs. This
model is also referred to as the "injection model."

LPR - This system model defines the logic associated with the response of the RHR
system to take coolant from the containment sump and inject it into the
RCS cold legs. This model is referred to as the "recirculation model."
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Low Head Cooling System Simplified Flow Diagram
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3.2.1.7.3 ECCS High Head Cooling System

The high head ECCS provides emergency core cooling and helps to maintain reactor coolant inventory in the
event of a LOCA or a main steam line break.

The major components of the high head ECCS are: two centrifugal charging (CC) pumps, a boron injection
tank (BIT), two safety injection (SI) pumps, and their associated valves. The primary source of water is the
refueling water storage tank (RWST) (injection phase); the secondary source of water is from the containment
sump via the RHR pumps (recirculation phase).

The high head ECCS consists of three separate subsystems: one containing the charging pumps and the BIT,
one containing the SI pumps, and the last containing the RHR pumps and heat exchangers.

During normal plant operation, a continuous requirement for fluid to the reactor coolant pump seals requires
that one charging pump, either centrifugal or positive displacement, be run whenever reactor coolant pumps
are operated. During normal operation, the safety injection pumps and the residual heat removal pumps are
not operating. A flow diagram of the ECCS alignment during normal plant operation is illustrated in Figure
3.2-14,

The high head ECCS has two phases of operation following an accident: injection and recirculation.

Following a LOCA or steamline break event, the high head system is supplied with coolant from the RWST
during the injection phase, This phase ends when the contents of the RWST are nearly depleted. In the
recirculation phase, the water that is spilled from the break collects in the containment sump and flows
through mesh screens into the recirculation sump., The CC and SI pumps then take suction from the RHR
pump’s discharge which in turn takes suction from the recirculation sump. During the recirculation phase,
both the RHR and SI pumps’ discharge line crosstie valves are shut. This provides two separate trains in the
recirculation phase should a pipe or pump failure occur, which is in keeping with the plant’s licensing basis
that pipe breaks must be considered as a possible passive failure during the recirculation phase. The
confi gurat:on of the ECCS during the injection phase is illustrated in Figure 3.2-15 and the recirculation phase
is illustrated in Figure 3.2-16. .

There are five models (fault trees) associated with the high head ECCS system.

HPI - This system model defines the unavailability of the ECCS system to provide
sufficient flow to three of four RCS cold legs. (SI crosstie valves are open.)

HP2 - This system model defines the unavailability of the ECCS system to provide
sufficient flow to one of three intact cold legs. (SI crosstie valves are
closed.)

HP3 - This system model defines the unavailability of the ECCS system to provide

sufficient flow to one of four RCS cold legs,

HP5 - This system model defines the unavailability of the ECCS system to provide
sufficient flow to four of four RCS cold legs.

HPR - This system model defines the unavailability of the ECCS system to provide
sufficient flow to one of three intact RCS cold legs during recirculation.
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