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1.  EXECUTIVE SUMMARY

This document provides the results of the Individual Plant
Examination (IPE) of internal accident initiating events
performed for Illinois Power Company’s (IP’s) Clinton Power
Station in response to the August 1985 NRC Policy Statement on
issues related to severe accidents in NUREG-1070 and 10CFRS50. A
comprehensive and systematic plant analysis has been performed,
employing the accepted principles of Level I and II Probabilistic
Risk Assessment (PRA). The focus of this analysis was to
identify the existence of any potential plant vulnerabilities to
severe accidents and determine cost-effective safety improvements
that could reduce or eliminate the ir_act of any such
vulnerabilities. No such vulnerabilities were found. Instead
the IPE has shown that the Clinton Power Station has been well
designed and that its containment is robust. The safety
improvements identified by the IPE involved only small reductions
in the overall plant risk.

1.1 Backgreund and Objectives

The Severe Accident Policy Statement issued in 1985 and
implemented by the NRC staff in its Generic lLetter 88-20 stated
that on the basis of information available at that time, existing
nuclear plants pose "no undue risk"™ to the health and safety of
the public. Thus, the Comaission found that its announced
intention to conduct rulemaking was unwarranted at that time and
rescinded the rulemaking notification. The commission’s
conclusion of "no undue risk" was based upon extensive actions
taken as a result of the Three Mile Island action plan (NUREG-
0737) and joint investigation by NRC and the industry-sponsored
1DcoR} program of the large body of available information on

1 (IDCOR - Industry Degraded Core Rulemaking Program began in
1981 and concluded in 1988. It worked in cooperation with the
FRC to resolve the issues c¢f Nuclear Plant Safety with regard to
severe accidents)
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severe accidents. The intormation evaluated included NRC and
industry- sponsored research, published PRAs and operating
experience. The investigation was conducted on four
representative nuclear plants by IDCOR and six by NRC. On the
basis of the results of these investigations, the generic
conclusion ot "no undue risk" was developed.

Although the Severe Accident Pelicy rescinded rulemaking, the
Commission noted that the NRC staff, while performing PRAs on
certain plants, had found instances of relatively plant-uniqgue
vulnerabilities that were cc:rectable at low cost. The
Ccmmission concluded that these systematic studies should be done
at other plants to determine whether plant-unigue vulnerabilities
existed and to identify cost-effective means to eliminate or
mitigate them.

In November 1938, the NRC staff issued Generic Letter 38-20 to
fermally regquest that each utility perform a systematic plant
exanmination under 10CFR50.54(f) to satisfy the intent of the
pelicy. The Generic Letter requested the search for
vulnerabilities, the identification of potential improvemer* %,
and the impleme:tation of iwprovements that the utility believes
to be appropriate. It also requested that each utility develop
an overall appreciation for Severe Accideont Behavior.

In August of 1989, *he NRC issued the specific guidance for
utility IPE performance and submittals in a supplement to the
Generic Letter /NUREG-1335). The CPS IPE effort was begun in
1589 and the first phase, the analysis of internally initiated
accident events, has been completed.

IP's Clinton Power Station (CPS) IPE was performed to develop an
improved understanding of the plant’s response te potential
accident conditions by CPS personnel and to identify any
significant vulnerabilities to severe accidents that may have
been unknowingly included in the Clinton design. The specific

1=2
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objectives of the IPE are summarized below. FEach of these
objectives is addressed by the report sections indicated in
parentheses.

- Identify any dominant accident sequence that occurs with a
frequency significantly higher than similar sequences at
other plants which may therefore identify potential plant
weaknesses (Section 1.4).

- Identify the potential accident sequences that contribute to
the overall core damage frequency (Section 1.4).

Identify any instances of unusually poor containment
performance for these dominant accident sequences (Section
1")!

- Identify any cost-effective modifications to the plant
design, oper~ting procedures, training or maintenance
practices that would reduce the likelihood of any accident
sequence identified to be highly significant (Sections 6.3
and 6.4).

- Maximize participation in the evaluation process by CPS
personnel and communicate the results of the IPE to
departments and personnel that can use the informatioun.
Ensure that the implications of the IPE findings are
understood by CPS management and personnel (Section 5.1).

- Establish a realistic estimate of the frequency of a core
damage event (Section 3.4).

- Determine the timing and nature of any radionuclide releases
to the environment that might be associated with the
identified dominant accident sequences (Section 4.6).
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- Develop risk-hased tools and documentation to ensure the IPE
can be maintained and understood by IPE persconnel and to
support resolution of future operational, safety, or
regulatory issues for CPS.

1.2 Plant Familiarigation

Illinois Power assembled an IPE team from among the plant
operations and engineering staff. This team brought to the IPE
project an ext nsive background in CPS design, systews, operating
procedures, and technical specifications. Plant information was
assembled from a variety of sources such as piping and electrical
drawings, operating and emergency procedures, vendor manuals, and
system descriptions. This information was analyzed for
applicability and summarized in the IPE system notebooks. Plant
walkdowns were conducted which provided additional
familiarization with system layouts, conditions under which the
systems must operate, and the physical arrangement of support
systems and the opportunity to verify the overall accuracy of
plant system information.

The IPE :.=2an maintained its integration in the CPS organizaticn
through continually participating in ongoing activities such as
requalification training and proficiency watches. This contact
with other CPS organizations allowed maintenance of a thorough
familiarization with plant status, planned design changes, plant
history, and plant problems throughout the performance of the
IPE.

The IPE in-house review team is also composed of knowledgeable
plant personnel who are intimately familiar with and active in
all aspects of the plant design and operation.

The individuals and organizations composing the CPS IPE team and
review teams are discussed further in Sections 5.1 and 5.2.
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pDetailed discussion of information assembly is provided in
Section 2.4.

The composition of the IPE and in-house review teams allowed
continuous access to on-shift operating crews, the plant
engineering staff and to most plant areas. ™his access resulted
in the application of the PRA to situations in which plant
mndifications have been contemplated. The usefulness of the CPS
PRA has thus been demonstrated, and it is intended to be a living
document used to support future plant operations,

1.3 Overall Methodology

The IPE program for the Clinton Power Station is based on level 1
and level 2 PRA methods described in the followiig NUREGS.

- NUREG/CR-2300, "PRA Procedures Guide"

- NUREG/CR~2815%, "Probabilistic Safety Analysis Procedures
Guide", and

- NUREG=1335, "Individual Plant Examination Subnittal
Guidance",

The CPS level 1 study started by determining initiating events,
which are occurrences that can disrupt normal plant operation and
r2sult in a plant trip. A logic diagramn (event tree) was
constructed for each initiating event using nodes (branches) to
depict success or fzilure of various systews or actions used to
mitigate the unwanted effects of the initiating event.

Individual system fault~-trea models were developed and then
linked to properly account for system dependen.ies due to
initiating events. The CPS level 1 model is based on a large
fault tree and small event tree approach.

Single component failure probabilities were included as well 1as
commcn cause failure data. The "Multiple Greek Letter" (MGL)
method was used to model common cause failure,

1-5
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Human error events were modeled in the fault trees as occurring
prior to or after an initiating event. Screening values were
used during the initial quantification to determine which hu.an
errors were significant. The human errors determined to be
important were then evaluated in detail with the methodology
described in NUREG/CR-4772, "Accident Seguence Evaluation Program
(ASEP) ",

Plant specific data were collected and used to calculate system
unavailabilities and to support success criteria. Industry data
were used for situations in which insufficient C/5 data existed.

Containment Event Trees (CETs) were developed to characterize the
containment response to severe accidents for the level 2 or
“back-end" analysis. Certain severe accident phenomena Jere
examined in detail, using past industrv or CPS experiences,
analytical work and CPS-specific pairameters. Phenomenology
evaluation summaries were developed for these phenomena to
describe their applicability to Clinton and, if necessary,
incorporation into the appropriate CE™ headings.

The level 1 and level 2 portions of the IPE were integrated by
using the same analysts to perform both evaluations and
continuing the segquence equations from the leve! 1 results
through the sequences in the CETs. This assured continuity,
consistency, and accuracy of the cverail project.

A variety of software was used during the course of the IPE
study. The Electric Power Research Institute’s (EPRI‘’s) Computer
Aided Fault Tree Analysis (CAFTA) program was used for
development and linking of the system fault trees and
manipulations of the results (cutsets) developed from the fault
trees. The personal computer (PC) version of Sets Equation
Transformation System (PCSETS) software was used to generate the
system and level 1 sequence equatir-s from the fault and event
trees and then solve the equations in order to determine
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numerical frequencies for each sequence. Another EPRI code, the
Modular Accident Analysis Program (MAAP), was used to support
success criteria and to determine best estimate analysis of
reacte~ =nd containment response during accident sequences.
PCSETS was used to quantify the CETs, carrying the level 1
equations through to final containment results.

A review and update of the level 1 system models and
documentation to incorporate recent modifications, procedure
changes, and recent operating history were conducted prior to
final quantification of the front-end analysis. This was done to
ensure that the IPE accurately modeled the current plant
configurati . Sensitivity studies were conducted to assess the
impact of key assumptions.

A more detailed discussion of the methodology used and the
products develcoped by the IPE study is found in Section 2.3.

1.4 Summarv of Major Findings
1.4.1 Clinton-Specific Level 1 Analysis

No vulnerabilities or new or unusual means were discovere. by
which core damage or containment failiure could occur.

The overall mean core damage frequency (CDF) for CPS is 2.6 x
10™3 per reactor year. This ircludes internal flooding, but not
other external events such as earthgquakes. These wi 1 be
analyzed in the Individual Plant Examination for External Events
(IPEEE). The CPS CDF for internal events is well below the NRC'’s
proposed safety goal of 1 X 10”4 per year. The Clinton IPE
results were thoroughly examined for design conditions and
operating modes that contribute unduly to core damage or poor
containment performance. The most significant contributor to
core damage was determined to be staticn blackout (SBO). This
result is typical for many boiling water reactor (BWR) PRAs. The
low probability of this sequence shows good plant capability to
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1¢spond to this potentially hazarcdous loss of power event.
Chapter 6 provides additicnal discussion on significant sequences
and ‘nsights,.

Figures 1.4~1 through 1.4~3 and Tables 1.4-1 through 1.4~3 show
that station blackout and transients are the most significant
contributors to CDF. CDF due to anticipated transients without
SCRAM (ATWS), loss of coolant accidents (LOCA), and intrrnal
flooding are of much less importance.

Of the set of core damage sequences composing the overall CDF,
six seqguences, as shown on Tabla 1.4-4, were above the sequence
screening criteria from Appendiy 2 of Generic Letter 88«20 of
1.0E~6 per reactor year. These and other seguences which CPS
considers important are examined in more detail in Section 2.4.1.

A breakdown of CDF by initiating events is presented in the

following “able.

1-8
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TABLE 1.4-1
CORE _DAMAGE FREQUENCY BY INITIATOR

Initiating Core Percent
Event Damage of
Initiating Event Frequency*  Frequency* Tetal
Transients
Without 1solation 4.7 4.8BE~06 1L é
With Isoiation P 4.2E~C6 16%
loss of Feedwater 0.6 9.6E-07 4%
Loss of DC Bus 1.39E-02 1.2E-06 5%
lLoss of Inotrument Ailr 4.32E-03 1.0E-08 0%
Loss of Service Water 1.75E-<03 1.9E~07 1%
Total Transients 1.1E~05 414
Loss of Off-Site Power
Non=5BO B.40E~02 2.4E-06 9%
SBO N/A 9.8E~06 37%
Total LOOP 1.2E-05 464
Loss of Coolant Accidents
Lnr?o 1.00E~04 <l E~-09 0%
Medium 31.00E-04 1.3E~-08 0%
Small 1.00E~03 <] E~09 0%
TORV 1.00E-01 1.1E-06 4%
Total LOCA 1.01E-01 1.1F-Co "ty
ATWS N/A 1.4E~07 it
Interfacing System LOCA 5.00E~06 <1 E-09 0%
Internal Flooding 1.6E~06 6%

Total Core Damage Frequency

* Frequencies are per reactor year

2.6E~05%/Reactor Year
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TABLE 1.4-2

CORE DAMAGE FREQUELCY BY INITIATOR CATEGORY

Core Percent
Damage of
Initiutor Class Fxequency Total
Transients (including non-5BO 1.4E-05 52%
LOOP)
LOCA (including IORV & 1SLOCA) 1.1E-06 it
5B0O 9.8BE-06 378
ATWS 1.4E-07 1%
Internal Flooding 1.6E~06 (33
TABLE 1.4-3
CORE_DAMAGE FREQUENCY BY ACCIDENT CLASS
Core Percent
Damage of
Accident Class Frequency Total

Transients -~ high pressure (IA) 9.8E-06 3%
Station Blackout (1IB) 9.8E~06 37%
Transients - low pressure (ID) 5.7E~06 21%
LOCAs = high pressure (1118) 1.3E-08 0%
LOCAs = low pressure (111C) 1.1E~06 4
ATWS events (1IV) 1.4E-07 1%
Containment bypass (V) <1,0E-09 0%
Overall Core Damage Freguency 2.6E~05/reactor year

Pie Charts developed from the above data are shown in Figures
1.4-1, 1.4-2, and 1.4-3.
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CORE DAMAGE FREQUENCY

1 4E-05 52% TRANSIENTS (INCLUDING NON-SBO LOOM

1 6E06 6%

11800 4% L1 g INTERNAL FLOODING

LOGA (INCLUDING 10RY ¢

AK.) 1SLOCA) Y 14E07 1%

ATWS

QREO6 37%  STATION BLACK OUT

Figure 1.4~-1
Core Damage Frequency by Initiator Category
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CORE DAMAGE FREQUENCY

TRANSIENTS WITH POWER CONVERSION
SYSTEM INITIALLY AVAILABLE

4 BE-06 35%

TRANSIENTS WITH |
ISOLATION !

42600 30% |

F24E06 18%
LOSS OF O F.SITE
POWER (IWIN-SBO)

. r PLANT SERVICE WATER
9.6E-07 7% Tl 1 W ?:b
LOSS OF FEEDWATER

1 2606 9%
LOSS OF NON-SAFETY DC BUS

Figure 1.,4-2
Transient Core Damage Frequency by Specific Initiator
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TLU1U3

TILU1LADG1DG2

T2U2UX1

T3U2UX1

INTERNAL
FLOODING

DCQa2u2uv

14Q1U1V

EXECUTIVE SUMMARY

TABLE 1.4-~4
Peominant Accident Seguences
Eregquency/
Rescription Percent
Short-term Station Blackout, 5.24E~06/
initiated by loss Of Off-site Power, 20.1%

SCRAM successful, both division 1 & 2
Diesel Generators fail, HPCS & RCIC fail.

Long~tarm SBO, initiated by LOOP, 4.59E-06/
SCRAM successful, division 1 & 2 17.6%
DGs fail, HPCS fai’ RCIC runs

until battery fail

Transient without isclation, all 3.39E-06/
high pressure injection fails, 13.0%
depressurization fails, low pressure

injection systems not able to be

effective.

Identical to T2U2UX1, exceot main 3.03E~06/
condenser is also lost; results are 11.6%
the same.

Combination of several scerarios, 1.60E-06/

predominantly Feedwater line break 6.1%
in steam tunnel which disables RCIC
as well ag Feedwater

Loss of non-safety DC bus with SCRAM 1.14E~-06/
caused by loss of FW control, main 4.4%
condenser is lost, all injection sources

lost

Open relief valve initiator with loss 1.06E~06/
of feedwater delivery & ayl high and 4.1%
low pressure inje tion sy:stems. In many

cases, fs.llure of?injection is because of

lack of 2?7 powsr., There sequences are

included 1ere in-.=~a” of in the SBO

sequences’ because of the LOCA effects of

" the open relief valve.
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No sequences fall into accident Class 11 (Loss of Containment
Heat Removal) because analysis (Section 3.1,2.3) shows that the
Enmergency Core Cooling System (ECCS) pumps a.e capable of pumping
from the suppression pool even under saturated conditions,

sequence contributions, a way to measure the importance of
various systems in averting core damage. No single compenent,
system, or action was found to predominate in contribution to

The analysis of CDF yields, in addition to the identification of
i
|

core damage. The following list shows the mcst important systems
from this analysis.

. Reactor Core lsolation Cooling

’ Diesel Generators
’ Automatic Depressurization System
. Fire Protection Injection

The human interaction events which have the greatest effect on

|
' High Pressure Core Spray
core damage freaquency are as follows:

- Manual reactor depressurization,
. Recovery of off-site power and diesel generators and
¥ Manual back-up to the automatic start of the shutdown

service water pumps

1.4.2 Clinton-8pecific Level 2 Analysis

The level 1 core damage state sequences are binned (grouped)
based on the potential impact on containment functions so that
the levei 1 resuits are carried over intc the containment
analysis. These bins are illustrated in Figure 1.4-3. Details
of the binning process are contained in Section 4.3.
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Event trees were then constructed to evaluate actious or events
that directly affect containment performance. An individual
containment event tree (CET) was then constructed to model each
accident class. Progression through the CETs eventually reaches
an end condition referenced as a plant damage state.

1.4.3 Containment Performance Findings

For plant damage states for which containment failure occurs, the
radionuclide release mode is also determined for use in the
calculation of the radionuclide release source term. The
containment fails in only 5% of the sequences in which core
damage occurs (Figure 1.4-4). The conditional containment
failure frequency is very small for CPS primarily because the
contajinment is very large compared to similar plants and has
greater strength than other BWR-6 plants because of additional
concrete reinforcement.

Figure 1.4~5 shows the fractions of containment failures that
fall into various classifications. The upper left figure shows
the containment conditions at the end of the sequence (plant
damage state, Section 4.3.3). The upper right figure shows the
fraction Ly rele? ;e mode (i.e., scrubbed or not, etc., Section
4.3.4). The lower figure shows the fractions that can be
classified as moderate release (ST II) or major release (ST III)
(Section 4.3.5). As the figure shows, the frequency of major
release is 7.52E-7, which is well below the NRC goal of 1.0E~-6.

Further analysis of insights relating to conta.nment failure is
included in Section 6.4.
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CONTAINMENT FAILURE

25005 5%
CONTAINMENI
NON FAILLIY

] 13608 5%
CONTAINMENT FAILLURE

CORE DAMAGE FVENTS
LEADING TOCONTAINMENT FAR LR

Figure 1.4-4

Containment Failure Fraction
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CONTAINMENT FAILURE
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1.4.4 Consistency With Qther PRAs

Several PRAs have been performed on a variety of plants over the
years. These studies resulted in core damage frequency estimates
from 2.8E~4 to 4,0E-6. Many of these studies were for PWRs. The
BWR results ranged from 5.5E~5 to 4.0E-6. The CPS result of
2.6E~% falls within both ranges. Other BWR-6 studies, including
Kuosheng and Perry, ranged from 3.4E-5 to 4E-6.
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2.  EXAMINATION DESCRIPTION

2.1 Introduction

This section describes how the IPE analysis was performed in
order to ensure that the objectises of NRC Generic lLetter 88-20
were met. In addition to compliance with the Generic Letter, the
IPE was developed to previde a decision optimization tool that
can be used to aid in achieving corporate goals related to the
continuation and enhancement of the safe, reliable, ard efficient
operation of the plant.

2.2 Conformance with Generic Letter and Supporting Moterial

The program objectives for the CPS T"E are as follows:

1) Develop an overall appreciation of severe accident
kehavior,

2) Understand the most likely severe accident sequences
that could occur at the Clinton Power Station,

3) Gain a more quantitative understanding of the overall
nrobability of core damage and radioactive material
releases, and

4) If indicated, reduce the overall probability of core
damage and radioactive material releases by appropriate
modification to hardware and procedures.

To accomplish the IPE program objectives, a level 1 PRA was
performed with containment performance analysis in accordance
with Generic Letter 88-20. The evaluation was performed and
controlled by a team of IP engineers intimately familiar with
CPS. An indepencent in-house review was performed at several key
stages of the process. Review and technical advice were
supplied, as necessary, by consultants. Specific information on
the team makeup, structure, and experience level, and the review
processes is included in Sections 5.1. and 5.2. Containment
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severe accident phenomenclogical issues, as identified in Generic
letter 88-20, were analyzed during the course of the CPS IPE,
Other specific issues, such as unresolved safety issue (USI) A~
45, "Shutdown Decay Heat Removal Requirements", were also
addressed in the CPS 1PE,

This submittal is formatted in accordance with the guidance of
NUREG~1335, "Individual Plant Examination Subm.ttal Guidance".

The CPS IPE results will be used in an Accident Management
Program 2s guidance on this matter is developed.

2.3 General Methodology

The Level 1 PRA corforms to guidelines provided in NUREG/CR-2300,
"PRA Procedures Guide"; NUREG/CR-2815, "Probabilistic Safety
Analysis Procedures Guide"; and NUREG-1335, "Individual Plant
Examination Submittal Guidance".

The following paragraphs highlight the main topics of the
methodology used to perform the CFS evaluation.

2.3.1 Initiating Events

The CPS IPE study was started with a review of industry and
plant-specific data to determine what occurrences can disrupt
normal plant cperation sufficiently to induce a plant trip. CPS
Licensee Event Reports (LERs) were reviewed for events which did
happen (or could have happened) at power and caused (or could
have caused) a plant shutdown. Industry data included other
published PRAs, NUREGs, EPRI documents, etc., in addition to
domestic BWR-6 LERs.
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There were three phases in the initiating event identification
process: (1) identification of possible events as indicated
above, (2) grouping of the identified events based on their
similarity for modeling and impact on risk, and (3)
guantification of the frequency of initiating events. ‘The
initiating events that are identified in Section 3.1 were used to
develop the CPS event trees.

2.3.2 Event Trees

The Level 1 event trees model the plant’s major systems or
functions that are available to prevent core damage for a given
initiating event. Event trees generally start with an initiating
event and are logic diagrams using branches (nodes) to depict
success or failure of various systems or actions used to mitigate
the effects of the initiating event. Each combination of
successes and failures, called accident sequences, was evaluated
to determine whether it would lead to core damage. Event trees
were developed for each of the initiating event groups. The
level 1 event trees address event tsequences up to the point at
which core cooling is lost. The event trees are bassd on the
small event tree approach which includes certain operator
actions, where appropriate.

2.3.3 Fault Trees

In order to evaluate the branches of the event trees, system
failure diagrams were developed. These diagrams of systems are
called fault trees and contain detailed system fajilure
information. Section 3.2 discusses the front-line and support
systems modeled during this study. Fault trees were developed
for each of the front-line and support systems. These system
fault trees were then linked to properly account for system
dependencies under different initiating events.

2=3
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Failure modes in the fault trees include hardware failures,
maintenance unavailabilities, support and dependency failures,
common cause failures, and human errors.

In order to facilitate future applications of the IPE,
maintenance uravajilabilities are separated into two subgroups,
preventive and corrective, either of which can ~ause a component
‘0 be unavailable when required during plant operation.
Restoration from maintenance errors is also modeled for cases in
vhich component non-coperability is not readily apparent.

The treatment of dependent failures is considered throughout the
analysis. Dependencies between components tend to increase the
frequency of multiple, concurrent component failures. Since
essentially all important accident sequences that can be
postulated for nuclear reactor systems involve the hypothesized
failure of multiple components, systems, and containment
barriers, dependent-failure aralysis is an extremely important
aspect of the PRA study.

Dependent failures are included in the IPE by two primary
methods, fault tree linking and common cause modeling. In
addition, dependency among human failure actions is included in
the sequence evaluation as discussed in Section 3.3.3.1.7.

Fault tree linking ensures that all support system and front-line
interconnection dependencies in each fault tree are complete.

Common cause failure analysis involves defining azdditicnal events
to be included in the system fault trees. The primary benefit
from this analysis is the modeling, in the fault trees, of
potential failure of redundant components from a single event.
This is a more realistic treatment of the important combinatic .s
of failures for olant r 3k than one in which the failures of
redundant components are assumed to be independent events.
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Common cause fallure analysis used the "Multiple Greek lLetter"
(MGL) model to define conditional probubilities of the failure of
additional components in a comson cause group, given that at
least one has falled.

Human Reliability Analyasis is necessary to consider the human
tasks that are performed under normal and abnormal operating
conditions. The tasks considered fall into three groups as
follows:

1) Pre~accident errcrs, such as improper calibration and
fallure to restore equipment after mainterance or
testing,

2) Operator acts of omission, which are tailures to take
required actions., (Acts of commission, taking
incorrect or wrong actions where none are required, are
not modeled.)

3) Repair ard recovery of failed systems.

Errors might be made cduring or atter maintonarce, calibration, or
testing in the normal operation of the plant and may oscour both
inside or outside the main control room. For sbnormal
operations, most of the safety-significaut errors modeled occcur
in the main control room,

2.3.4 Data Analysis

Aftar the development cof the fiult traes, preobabliities were
assigned to wach of the modeied conporent or human failures.
These probabilities were required in order %o deterrine the
overall failure probability of a system. Data for guantitative
evaluat.on ot the models were collected at various stages of the
atudy. Even though limited cperating history for Clinton was
available, plal.-specif!c data w~ere analyzed and used in
appropriate cases. Industry genei.ic data were used for mos*
comprnent failure rates. The wethodology used to analyze data
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has been documented in order to provide the foundation fer *uture
updates of the PRA as more plant-specific data becounss availablie,

2.3.8 Quantification

After failure probabilities are determined for =mach basic event,
the fault tree and event tree models are solved. This is done
using PCSETS. Each system is first solved with all its
dependencies. Then the event tree headings are solved by
combining systems as necessary (e.g., V [low pressur-~ injection;
heading ~ Low Pressure Core Spray, Residual Heat Removal,
Condensate, and Condensate Booster). Then, each sequence on the
event trees is solved by combining the initiation frequency with
appropriate system failures and successes based on the event tree
structure. SETS is also used to combine similar sequences (i.e.,
all high pressure sequences) and to apply recoveries. Recoveries
include both restoration of faulted systems and power recover)
based on empirical data; and use of additicmrnal systems per
procedure, such as Control Rod Drive (CRD) and Fire ‘rotection.
Finally, SETS is used to create cutsets which are = gurted into
the CAFTA cutueet editor for review and evaluati »

2.3.6 Containment Analysis

The general approach in the containment analysis is the
simplified containnent performance methodology discussed in EPRI
RP 3114-29, “Generic Framework for Individual Plant Examination
(IPE) back-end (level 2) analysis®. This methodology starts with
a review of the plant conditions existing in the various level 1
event tree end states that identify core damage. These end
states were thon grouned (binned) oy commor thermal-hydraulic,
equipment availability and timing characteristics. The various
groups of level 1 event tree and states, called accident classes,
form the beginning states for the containment event trees (CETs).
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designed to facilitate sensitivity analyses to reflect different
viewpoints on the severe accident phenomena. The phenomenology
1ssues were evaluated in detail, not only for applicablility to
CPS, but also for the extent of the lmpact of certain issues on
the containment results.

2.3.7 pecumentation

In order to capture the thought processes and methods as the
study progressed, reports were developed during the different
stages of the study. These reports are referred to as interim
products and include the following:

Initiating Events Report
Event Tree Report

System Fault Tree Report
Data Analysis Report
Quantification Report
Containment Analysis Report

System Notebooks were developed during the course of the IPE to
document information used in the study,

Each of the above~listed reports has been reviewed as described
in Section 5.1 for accuracy and completeness. These reports form
part of the second tier of documentation and serve as the
foundation for future applications and updates. They are
structured specifically to document methods which can be vsed for
subsegquent applications.

Information from these reports has been directly used in
development of this submittal,
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2.4 Iniermation Assembly

2.4.1 Blant Layout

Clinton is a Boiling Water Reactor (BWR) rated a: 2894 megawatts
thermal (MWt). It is a BWR-6 with a Mark III containment. Some
of the major plant features include the following:

' Aoventory Make-up Systems

- 4 motor driven low pressure ECCS tra .. (LPCS & LPCI)
rated approximately 5000 gpm each.

- 1 motor driven high pressure ECCS train (HPCS) rated
approximately 5000 gpm.

- 1 steam driven high pressure system (RCIC) rated
approximately 600 gpm.

- Feedwater delivery system consisting of 2 turbine
driven and 1 motor driven pump with 4 sets of
motor driven condensate/condensate booster pumps.

' Main Steam System

- 16 s~ fety/relief valves, 7 of which are Automatic
anressurization System (ADS) Valves.

- 35% turbine bypass capability.
* Electric Power Systems
- 4 off-site power circuits (3 lines at 345 kv through

the switchyard and 1 line at 138 kv bypassing the
switchyard).

- J exergency, safety-related AC busece,

- 3 standby diesels.

- 4 safety-related batteries.

- 2 non-safety-related batteries.

- 4 hour battery life (with load shedding).

- Dedicated switchyard with 2 separate buses,
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¥ CPS Mark 111 Containment

- Steel~lined reinforced concsoto centaiiment, with a
volume of 1,550,000 ft~.

- Drywell structure with a volume of 246,500 ft? enclosed
by the containment.

- Suppression pool with a \v_lume of 135,700 ft?, which
communicates between the drywell and containment.

- 2 trains of containment spray, suppression pool cooling
or shutdown heat removal.

- A reinforced concrete basemat of over 10 feet in depth.

Various support systems which are directly necessary to support
front~line system operation, including cooling water, air, room
cooling, are not mentioned here explicitly but are included in
the IPE model. The IPE is based on the plant as described in the
USAR and currently configured and operated.

2.4.2 LIPE/PRA Review

No previous PRA evaluation has been performec on CPS. However,
two BWR-6 PRAs were reviewed as part of this project. These were
the Kuosheng PRA and NUREG 4550 on Grand Gulf.

PRAs have been previously completed for several different reactor
types using different risk analysis methods. These sources were

carefully screened to determine applicability of the information

to Clintoen.

A source that was reviewed extensively throughout the IPE for
applicability te Clinton was the documentation of the NRC risk
study performed on Grand Gulf, another BWR-6. System comparisons
between the two plants were performed and documented in the IPE
system notebooks. Generally, the CPS IPE used more detailed
system models incorporating more common cause failures, human
wctions, and support system dependencies. Several balance of

2=10
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TABLE 2.4~1
REFERENCE DOCUMENTATION
ROCUMENT ANFORMATION

Systen Descriptions

Clinton Drawings
Piping and Instrument Drawings
Electrical Drawings
Vendor Drawings

Master Equipment List

Maintenance Work Requests

Operations Tagout Logs

Surveillance Logs

Updated Safety Analysis Report

Technical Specifications

Procedures
Normal
Off-Normal
Emervgency
Maintenance

Licensee Event Reports,
Post Scram Trip Reviews, and
Significant Operating Event Reports

Nuclear Power Reliability
Data System (NPRDS)

Other Reports
BWR Owners Group
Nuclear Safety Analysis Center
Industry Degraded Core Rulemaking
Electric Power Research Institute
NUREG (Various)

General System Design
Capablilities, Operating
Features

System Components and
System Interconnections

Instrument and Equipment Lists
Hardware Characteristics

CP5-Specific Fallure Data

System and Component Unavailability
data

Test Frequencles
Inftiating Events, Success
Criteria, and Plant Response

Test Frequencies

System Operations,
Maintenance Activities,
Operator Actions, and
Flant Information

Initiating Events, Failure
Data and Plant Response

Ceneric Fallure Data

Submittal contents,
Organization, Guidance,
and Techinical Details

Nuclear Management and Resources Council
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2.4.4 Walkdowns

Plant walkdowns were performed for the IPE to verify system
informa'.ion accuracy, identify spatial or unusual characteristics
of individual components or their locations, and identify
potential recovery actions. A fleocoding walkdown determined both
the sources and potential effects of flroding including
Interfacing System Loss of Coclant Accident (ISLOCA) effects.
Internal flooding data were collected to supplement the Sargent &
Lundy Internal Flooding Report. The containment and drywell
walkdowns were conducted to evaluate building characteristics and
validate Modular Accident Analysis Program (MAAP) parameter file
information. A Human Reliability Assessment (HRA) walkdown
included an expert in this field to assist the IPE team.
Simulator walkdowns by a member of the IPE team and a consultant
were also included for operator actions, both when an operating
crew was in training and when no simulations were in progress.

Documentation of observations and insights obtained during the
walkdowns was accomplished mainly through the use of checklists.
A walkdown report was developed from the obszervations of the
walkdowns and includes the checklists. A videotaped recording of
the containment and some of the ECCS rooms is part of the IPE
reference documentation. The walkdowns provided an overall
verification of system models, operator actions, and flooding
events., The IPE team, located at the plant site, performed
additional walkdowns as necessary to answer specific gquestions as
they arose.

The combination of interim products, referenced documents, and
collective experience of the IPE team provides an excellent
foundation for the TPE and future PRA analyses and applications.
It is IP’s intent to periodically update the CPS PRA and use it
to improve plant safety and economy.
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3. Freont-End Analysis

This section contalins a description of the Clinton Power Station
(CPS) Level 1 Probabilistic Risk Assessmert (PRA). A discussion
on the identification of CFJ initiating events, development of
fault trees, and quantification results is included.

3.1 Accident Beguence Delineation

3.1.1 Initiating Events

The first step taken in the development of the CPS accident
sequence definitions wae the identification of initiating events.
An initiating event results in a reactor trip, either
automatically or by manual action. A reactor trip is definel as
a rapid shutdown of the reactor and does not include coitrolled
oraerly shutdowns such as those required by technical
specifications. The study considered only those events which can
occur during power opera®ion. Initiating events which have
occurred during plant shutdown ci refueling were also reviewed to
determine if they could initiate a reactor trip during power
operatioi.

The CPS Individual Plant Zxamination (IPE) team developed a
comprehensive initiating event list to assure completeness of the
CPS PRA. This list was used to define the accident sequence
event trees which, in turn, were used to determine what system
fault trees were necessary.

The initiating event identification process began by defining the
general categories of plant events to be considered as initiating
events in the PRA. This task consist~4 of the following four
sub-tasks:

a. Developing an initiating event identification flow chart.
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b. Review ng existing PRAs and other indus*ry information
sources.

(-8 Reviewing CPS operating experience and the operating
experience of plants with similar design. This included a
review of Licensee Fvent Reports (LERs) from the other
domestic Boiling Water Reactor (BWR) Mark III plants; River
Bend, Grand Gulf, and Perry.

d. Obtaining feedback from IPE team members and plant operating
personnel .

The initi-.ing events were then grouped based on their general
effect on the plant., Initiating event grouping guidelines, shown
in Table 3.1-1, were used to accomplish this task. The four
categories used at ( 3 are 1) loss of coolant accidents (LOCAs),
Z) Transients, 3) Special Initiators, 4) Other. The "other"
category includes anticipated transient without SCRAM (ATWS) and
station blackout (3B"). The above categories were analyzed as
part of the intern:l events PRA. External events, with the
exception of internal flooding, are not part of the CPS IPE.
External events will be studied and reported separately in the
CPS Individual Plant Examination for Exteinal Events (IPEEE).

Critical support system failures are treated as initiating events
if their failure results in a reactor trip and causes the
degradation or loss of one or more front-line systems. These
evenis are called special initiators. Critical support sy tems
that meet this definition include Plant Service Water (WS),
Instrument Air (IA), and non-safety D.C power. A description of
the front-lin: and support systems is contained in Section 3.2.

Table 3.1-2 lists the initiating events in their appropriate
grouping, along with the initiating event frequency.
Justification for grouping the initiating events ir this manner
is as Jollcws:
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3.2.1.1  Less of Coolant Agcidents (LOCAs)

This category is divided into two sub-categories which have
significantly different effects on plant response. These sub-
categories are Loss of Coolant Accidents (LOCAs) which release
primary system coolant inside containment and LOCAs which release
priwary system coolant outside containment. The initiating
events causing a loss of primary system inventory inside
containment were further sub-divided into small, medium and large
break LOCAs, and inadverteni/stuck open relief valve. The
subcategory of LOCA identified which would release primary
coolant outside the containmert is an interfacing system LOCA
(ISLOCA). The definition of these events is as follows:

3s Small Break IOCA - A break in a primary system in which
the capacity the Reactor Core Isolation Cooling (RCIC)

system is sufficient to maintain coverage of the core.
The reactn: does not rapidly depressurize.

2. Medium Break LOCA - A break in a yrimary system in
which the capacity of the RCIC System is not sufficient

to maintain coverage of the core. I1f the High Pressure
Core Spray (HPCS) system is unavailable, the reactor
must be depressurized so that low pressure injection
systems can be used.

- 1 Large Break LOCA -~ A break in a primary system in v ich
the reactor vessel will rapidly depressurize and th

low pressure injection systems are used to maiatain
coverage of the cora.

4. Interfacing System LOCA - A breach of a high pressure

to low pressure interface on systems that connect with
the primary system and penetrate the primary
containment.
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Inadvertent/Stuck Open Safety Relief Valve (IORV) -
While this event is initiated as a transient, it is
included here because many of the characteristics of
this event are similar to other types of LOCAs. These
events occur when a safety relief valve opens or
remains open when not required due to operator error or
equipment failure. The resulting uncontrolled steam
flow from the reactor vessel is such that the capacity
of the RCIC system is insufficient to maintain coverage
of the core.

Transients

Transients are events in which the loss or degradation of a

system or function results in a reactor SCRAM. Transients

analyzed include the following:

1.

Loos of Off-site Power (IOOP) - All power to the plant

from external sources (345 KV and 138 KV transmission
lines) is lost due to off-site or onsite failures.
Modeling the loss of off-site power (LOOP) in this
manner is conservative because the loss of the 138 KV
source alone would not cause a reactor SCRAM ancd ‘he
safety related buses would remain energized from the
345 KV source. The loss of the 345 KV source alone
would lead to a reactor SCRAM, but the safety related
buses wculd remain energized from the 138 KV source.
However, since specific data was not available to
guantify the loss of only one bus, the loss of both
sources was modeled. Note that this event assumes that
either the division 1 or 2 diesel generator
successfully starts and runs. If neither succeeds then
the event is evaluated as a station blackout (SBO).

loss of Feedwater - A transient that causes a complete
or partial loss of Feedwater (FW) flow to the reactor
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resulting in a reactor SCRAM due to low reactor water
level. Events in this group include the following:

a) Loss of All Feedwater ~ The simultaneous loss of
all main FW flow to the .eactor (Excep. that loss

of FW caused by a loss of off-site p« ‘2r was
modeled in the Loss of Off-site Power Event).

b) Low Feedwater Flow =~ Insufficient FW flcw to the

reactor for a given reactor power resulting in a
SCRAM on low reactor water level. Included are
all events which lead to insufficient FW flow
except those which result from a loss of an
operating FW pump.

c¢) Partial Loss of Feedwater - The loss of one FW

pump, one Condensate (CD) pump or one Condensate
Booster (CB) pump resulting in a reduction of FW
flow to the reactor. The reactor SCRAMs on low
reactor water level.

Transients with Isolation - The isolation of the

reactor from the main condenser so that the main
condenser is not available as a heat sink for reactor
vessel pressure/temperature control after a reactor
SCRAM. 1In this situation, the safety relief valves
(SRVs), RCIC, and Emergency Core Cooling (ECCS) systems
are used for reactor pressure/temperature control.
Events in this group include the following:

a) Maipn Steam Isclation Valve (MSIV) Closure - The
closure of all main steam isolation valves (MSIVs)
e#ither automatically or by operator action.
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Inadvertent Closure of One MSIV - The closure of

one MSIV due to operator error or eguipment
failure.

Partial MSIV Closure - The partial closure of one
MSIV due to operator error or equipment failure.

Loss of Condenser Vacuum - Vacuum in the main

condenser is lost due to equipment failure. The
MSIVs will evantually close.

Turbine Tr.p with Turbine Bypass Valve Failure -
An automatic or manual trip of the main turbine

with the turbine bypass valves failing to open.

Events included are generator load rejection and
an ‘~ter’ 'onal turbine trip.

Turbine Bypass Valves Fail Open - The inadvertent
opening of turbine bypass valves due to equipment

failure or operator error. This results in a
decrease in the reactor vessel level, MSIV closure
on low main stream line pressure, and reactor
SCRAM.

Turbine Pressure Regulator Fajlure -~ The

controlling pressure requlator or backup pressure
regulator fails in an open or closec direction.
Failure in the open direction will cause the main
turbine control valves and bypass valves to open
resulting in a low main steam line prossure
isolation of the main condenser. Failure in the
closed direction will result in closure of the
main turbine control valves and iahibit opening of
the turbine bypass valves. This causes high
reactor pressure.
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Abnormal Startup of an ldle Reactor Recirculation
Pump - An idle RR pump starts at an improper power

and flow condition resulting in a neutron flux
spike.

Feedwater Flow Increase - An event that causes an

inadvertent increase in FW flow at power resulting
in a hign reactor vessel water level and/or
neutron flux spike.

loss of Feedwater Heating - The loss of FW heating

such that the reactor vessel receives cooler
feedwater causing an increase in reactor power.

Inadvertent Startuo of the High Pressure Core
Spray System - The High Pressure Core Spray (HPCS)
system inadvertently starts, supplying high
pressure, ccld water to the reactor vessel
resulting in a water level transient and possibly
high neutron flux.

Rod wWithdrawal at Power - This transient occurs
when one or more control rods are inadvertently
withdrawn when the reactor is operating.

3.1.1.3 Bpecial Initiators

Special Initiators are the failure of a support system which
adversely affects a front-line system and results in a reactor
SCRAM. Events in this category include the following:

1) Less of Instrument Aixr - A loss of Instrument Air (IA)
results in balance of plant (BOP) equipment and systen

failures. In this case, FW control would be lost and
the reactor would automatically SCRAM on low reactor
water level. A partial loss of IA (i.e., loss of IA to

3-8
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the containment) would result in the closure of the
MSIVs, reactor SCRAM, and the loss of the main
condenser as a heat sink.

Loss of Service Water - A loss of Plant Service Water

(WS) causes a loss of cooling to plant components.
Various BOP equipment and system failures occur,.

Less of Non-Safety DC Bus - This event is defined as

the loss of a single bus of non-safety DC power. A
loss of FW control and automatic reactor SCRAM would
occur on a high or low reactor water levsl.

Internal Flooding - A break in a system pipe or

component which could cause flooding in an area that
would disable important equipment. Flooding could also
be caused by the failure to properly restore equipment
after maintenance or tagging errors. A flood in one
area could affect important equipment in another area.
Although internal flooding meets the definition of a
special initiator, it was not treated with an event
tree like the other special initiators because it
really is a composite of many scenarios. The treatment
of internal flooding is discusied in section 3.3.8.

Qther

These events are not initiating events but events that cause a

particular challenge to safety systems subsequent toc or in
conjunction with another initiating event. Included in this
group are the following:

Anticipated Transient Without SCRAM (ATWS) ~ The

failure of the reactor to SCRAM either manually or

automatically after the occurrence of another
initiating event.
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- Station Blackout (8BQO) - The failure of the division 1

and 2 diesel generators to start or to run after
starting concurrent with a loss of off~site power.

3.1.1.5 Initiating Event Data

Initiating event frequencies are in units ot average frequency
per calendar year of plant operation. Method. of estima‘ing
initiating event frequencies differ among the different
categories of initiators because of plant design, plant operating
history and industry experience.

Some initiating events, such as anticipated transients, can be
expected to occur during the life of a plant. After several
years of operating experience, the initiating event frequency for
these events can be derived from plant-specific data.

Some initiators are less common so that a frequency based on
plant specific data would not pe meaningful. The freguency of
some of these initiators is esssumed to relate strongly to plant-
specific features so that averages based on industry data are not
applicable. For example, industry experience with loss of
off-site power shows a correlation between the event frequency
and plant exposure tc severe weather as well as grid stability.
The initiating event frequency for CPS was derived from industry
data and the iocation of the CPS site.

Other ‘nitiators, which are not expected to occur over the life
of the plant, have little accumulated data to derive a frequency
estimate. An example is a loss of coolant accident (LOCA) which
has not occurred at a boiling water reactor (BWR). Therefore,
LOCA frequencies are based on data from other industries.
Interfacing system LOCA frequencies are based on plant-specific
modeling of potential scenarios based on precursor events in
nuclear plant industry experience,.
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The following is a brief discussion on the derivation of
initiating event frequencies used in the CPS IPE. The initiating
event frequencies for the CPS IPE are included in Table 3.1~2.

3.1.1.5.1 Loss of Coolant Accidents (LOCA) inside Containment

This category includes large, medium and small LOCAs. No plant-
specific or industry data exists which directly applies to the
CPS IPE. Several differen* industry sources such as PRAs
performed at other plants were reviewed to determine the source
of the initiator frequencies. The initiating event frequencies
in the WASH-1400, "A Reactor Safety Study", have a factor of 10
uncertainty. Since the LOCA initiators in the other reports fell
within this uncertainty range and the values from WASH-1400 were
used in the Grand Gulf PRA, it was decided to also use these
frequencies in the CPS IPE.

3.1.1.5.2 LOCA Outside Containment

The LOCA outside containment modeled in the CPS IPE is the
interfacing system LOCA (ISLOCA). This scenario can arise only
if specific combinations of component failures or human errors
occur in specific plant systems. The frequency of the scenario
is estimated by modeling the series of events that must occur,
assessing the likelihood of each event, and using the model to
estimate the expected frequency of the initiator. The methods of
NUREG/CR~5124, "Interfacing Systems LOCA, Boiling Water
Reactors", with additional input from WASH-1400, “Reactor Safety
Study", the IDCOR BWR IPE Methodoloyy (IPEM), EPRI pipe failure
data, and the GESSAR PRA, were used to perform this analy-is.

The analysis began by considering the containment penetraticns to
identify which lines are susceptible to ISLOCA. Lines eliminated
from further consideration include high energy lines, lines with

a diameter of less than one and one half inches, Control Rod



CPS INDIVIDUAL PLANT EXAMINATION ACCIDENT SEQUENCE
DELINEATI1ON

Drive (CRD) injection lines, lines connected to primary systems
with a normally closed isolation valve, lines not connected to
primary systems, and open ended lines that could not be
overpressurized. An analy<is was performed on the remaining
lines to determine the ISLOCA initiating event frequency.

Table 3.1-3 identifies those lines susceptible to ISLOCA and the
initiating event frequency for each.

3.1.1.5.3 Loss of Off-site Power (LOOP)

A total loss of off-site power (LCCP) has not occurred at CPS so
the frequency for this initiating event was determined using the
model and data in NUREG'‘CR~1032, "Evaluation of Station Blackout
Accidents at Nuclear Power Plants". Supporting data from Nuclear
Management and Resources Council (NUMARC) 87-00, "Guidelines and
Technical Basis for NUMARC Initiative Addressing Station Blackout
at Light Water Reactors,"™ was also vsed. The frequency of LOOP
is evaluated from the following four variables:

1) Grid-related factors

2) Extremely severe weather factors

3) Severe weather factors

4) Plant centered factors

Grid related off-site power events are those related to
insufficient generation, excessive loads, or dynamic instability.
Extremely severe weather factors are the probability of stornms
occurring with winds greater than 125 mph. Severe weathe.
factors consider the probability of storms that include excessive
snowfall, tornadoes, other storms with winds between 75 and 124
mph, and salt spray. Flant-centered factors for LOOP include
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events such as switching errors, hardware failures, design
deficiencies, and local weather induced effects such as lightning
strikes.

The total LOOP initiating event frequency was derived hy summing
the frequency contributions from the four frequency factors
discussed above.

3.1.1.5.4¢ Transient Initiators

Transient initiating events occur with greater frequency than
other initiators and are expected to occur during the life of the
plat. Plants with several years of operating history can derive
vaiid transient initiator freguency estimates based on plant-
specific data, CPS has been operating only a few years so
industry dats was used primarily.

The CPS IPE uses data from NUREG/CR-4550, "Analysis of Core
Damage Frequency Grand Gulf, Unit 1 Internal Events", The
transient initiators in this report were based on industry data
compiled in NUREG/CR-3862, "Development of Transient Initiating
Event Frequencies foi. use in Probabilistic Risk Assessments". To
determine if significan* deviations exist between these estimates
and the limited CPS data, CPS-specific initiator frequencies were
derived and compared with Grand Gulf data. In each case, the
industry estimates fell within the confidence bands associated
with the CPS data. Table 3.1~4 contairs the results of the
analysis.
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As CPS accumulates more years of operating data, plant-specific
estimates will be developed to replace the industry estimates
when the PRA is updated.

3.1.1.5.5 Bpecial Initiators

Included in this category are support system failures that lead
to a reactor SCRAM and cause the unavailability of front-line
systems. Initiator freguencies were based on plant data, if
available, or quantification of a system model. Industry data
for these initiators are not easily applied because support
systems have different configurations, success criteria, and
operating conditions at different plants.

The following is a brief discussion of the initiating event
frequency for the special initiators.

Loss of Plant Service Water - The Plant Service Water (WS) system

consists of three pumps which pump lake water through two
strainers to cool BOP loads. Two pumps are normally running with
the third in standby. The system fails if all three pumps fail.
Other system failure modes include plugging of the intake
travelling screens or discharge strainers. This simplified WS
system model was used to determine the initiating event
frequency.

The CPS estimate is lower than the estimate in the boiling water
reactor (BWR) individual plant examination methodology (IPEM).
The IPEM estimate is conservative and is based on an empirical
estimate from a database with no loss of WS events occurring in
over 400 years of plant operation. Additionally, since the
design of WS systems varies from plant to plant, it is difficult
to apply generic estimates to a specific plant. The Crand Gulf
analysis does not include this initiating event.
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loss of a Non-Safety DC Bus - An event of this type did occur at

CPS during the first year of operation. However, using one event
to develop an initiator frequency would distort the event.
Therefore, data from NUREG-0666, "A Probabilistic Safety Analysis
of DC Power Supply Requirement for Nuclear Power Plants" was
used. The values for the loss of a DC bus from a combination of
hardware failures and a LOOP was combined with the loss of a DC
bus due to operator and maintenance errors to arrive at an
initiator frequency. Although the NUREG addresses safety-related
buses, it is appropriate to use these values for the CPS IPE
because the models in the NUREG are similar to the non-safety DC
buses at CPS. The frequency obtained from the NUREG was
increased based on the actual event that occurred at CPS.

This initiator was not included in the Grand Gulf analysis.

Loss of Instrument Air - A fault tree model was developed for the
CPS Instrument Air (IA) system. This model was quantified to

estimate the IA system unavailability during power operation by
removing events such as LOOP which would be the result of another
initiator.

The Grand Gulf analysis initiator frequency estimate was based on
a simple model that assessed the probability that all the
compressors in the system are unavailable. However, other
failures in the system could result in a loss of IA so a
frequency estimate based only on compressor failures does not
accurately model the system.

3.1.2. Front-Line Event Trees

Event trees are logic diagrams which depict the success or
failure of various systems or actions which may result in core
damage. The initiating event frequencies together with the
prebabilities of the system successes and failures were evaluated
to determine the overall probability of core damage.
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Figure 3.1-1 through 3.1-17 are the event trees used to represent
the CPS response to the transient and accident initiators
identified in the previous section. The functional headings of
the event trees are defined and important assumptions made in the
development .f the event trees are identified in this section.

A mission time of twinty-four hours is assumed for the level 1
accident sequencer. Many events are resolved in much less time,
but systems required to operate for long periods of time will be
modeled as failing if they do not operate for the entire mission
time. The basis for this assumption is that after twenty-four
hours the amount of decay heat that must be removed to prevent
core damage has been reduced such that a significant amount of
time is available to repair critical equipment. Alternate
systems could also be used at this point to rem>ve decay heat.
Additionally, after twenty~-four hours, a substantial amount of
resources would be available to resclve the problem which
initially caused the scenario. Therefore, the probability of
repair or restoration of systems which failed or were unavailable
early in the event is high. Likewise, the probability that
alternate systems which perform the sa 2 critical safety function
could be put into service is high. A twenty-four hour mission
time has been used in other similar studies which have shown that
there is a negligible increase in risk when the mission time is
extended beyond twenty-four hours.

3.1.2.1 Critical Safety Functions

Critical safety functions (CSFs) are defined as those conditions
which, if satisfiea, limit the potential for breaching (or
mitigate challenges to) the fission product barriers, namely the
fuel cladding, the reactor coolant pressure boundary and the
containment. These barriers can be fulfilled by automatic
injtiation of plant systems, by passive system performance, or by
operator action.
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This section provides a general description of each CSF
considered in the CPS IPE. The CSFs that providc the framework
for the safe operation of CPS include the following:

) Reactivity control

2. Reactor pressure vessel (RPV) pressure control
3 High pressure coolant injection

4. RPV depressurization

$. Low pressure coolant injection

6. Containment pressure control

Each CSF is described below.

Reactivity Control - During postulated accident sequences, an
important safety function is to insert a sufficient amount of

negative reactivity to oriung the reactor subcritical. After a
transient, this is normally done by automatically or manually
initiating a SCRAM signal which causes the rapid insertion of
control rods.

The Reactor Protection System (RPS) and Control Rod Drive (CRD)
System are the systems designed to insert negative reactivity.
Since both are highly reliable systems, reactivity control is not
broken down further in the event trees except for anticipated
transient without SCRAM (ATWS). If an automatic SCRAM is not
successful, then the event is transferred to the ATWS event tree
for further analysis. There are basic events for the fajlure to
SCRAM due to a mechanical failure and the failure to SCRAM due to
an electrical failure. The backup for the mechanical failure is
the injection of a neutron absorber solution by the Standby
Liquid Control (SLC) system. The backup for the electrical
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failure is SLC and the Alternate Rod Insertion (ARI) system. The
Reactor Recirculation (RR) Pump Trip (RPT) system assurazs that
the RR pumpe trip to reduce reactor power. The safety relief
valves (SRVs) can be used to dump steam into the suppression ponl
if the main condenser is not available.

Success for reactivity control is automatic or manual insertion
of all control rods to at least positior. 00 or insertion of all
except a maximum of eight rods, each at least twc cells apart.

Reactor Pressure Vessel (RPV) Pressure Cortrcl - Peactor pressure

vessel (RPV) pressure control is necessary to ensure that nuclear
system pressure does not increase to the point at which the
integrity of the reactor coolant pressure boundary could be lost.
There are a number of transients in which the rain steam
isclation valves (MSIVs) close and the main ce-denser is not
available. The SRVs are then used to control RPV pressure. At
least one of the sixteen SRVs must function to successfully
control RPV pressure. Additionally, the SRVs must also close.
Otherwise, the Reactor ZTore I(sclation Cooling (RCIC) system does
not have the steam pressure to enable it to make up the coolant
inventory loss. If the SRVs do not close, analysis would
transfer tc the inadvertent/stuck open reiief valve event tree.

Success for pressure control is that at least one of the 16 SRV’s
opens to prevent reactor pressure vessel overpressurization for
all initiators except ATWS. For ATWS at least four SRV’s must
funztion. Any SRVs that open must also close so that RCIC is
able to function.

With the MSIVs open, the Circulating Water (CW) system coperating,
and vacuum maintained, the turbine bypass valves may be opened to
use the main randenser as a heat sink.
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High Pressure Coolant Injection - The high pressure coolant

injection systems provide reactor coolant makeup after a
transient without depre surizing the k?V. Transients such as a
turbine trip will require inventory makeup at the rate of boil
off from decay heat generation.

Success for high pressure injection is operation of the Feedwater
(FW) delivery system, the High Pressure Core Spray (HPCS), or
RCIC system. If these systems do not function properly, it would
be necessary to depressurize the RPV so that low pressure systems
could provide makeup.

Credit was also taken for the Control Rod Drive (CRD) system
providing high pressure make-up after a reactor SCRAM. CRD is
used only after some other system has successfully functioned for
some period of time so that the decay heat generation rate is
reduced.

RPV_Depressurization - The RPV is depressurized by marually or

automatically opening SRVs so that low pressure systems can
provide reactor coolant makeup. This is accomplished with the
Automatic Depressurization System (ADS). One relief valve is
required to function in order to successfully depressurize the
reactor in time to allow iow pressure systems to function
preventing core damage. The relief valves are located on the
Main Steam (MS) lines in the drywell and diccharge to the
suppression pool. In a large break loss of coolant accident
(LOCA), the RPV would rapidly depressurize so the SRVs would not
be required to function.

Emergency Operating Procedures (EOPs) direct the operator to
manually control reactor pressurize using SRV’s if needed. The
EOP’s alsc direct the operators to inhibit ADS during an ATWS or
if reactor vessel water level cannot be held above the top of the
active fuel, Successful manual operation of SRVs is assumed for
any event in which high pressure injection is lost and low
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reactor vessel water level occurs. The functioning ot an SRV
vhen reactor pressure reaches the SRV setpoint is not affected by
operating the valves manually.

Low-Pressure Coolant Injection ~ Luw pressure coolant injection

is used following depressurization of the RPV below the maximum
operating pressure for there systems, through normal cooldown,
actuation of ADS or a large break LOCA. The low pressure
injection systems can provide a.lequate core cocling once the RPV
is depressurized.

The systems used for low pressure coolant injection include the
following:

1) The Residual Heat Removal (RHR) system operating in the low
pressure coolant injection (LPCI) mode.

2) Low Pressure Core Spray (LPCS)

3) Condensate Booster (CB) pumps in conjunction with the
Condensate (CD) pumps

4) CD Pumps without CB

5) The diesel driven fire pumps in conjunction with the Plant
Service Water, (WS) Shutdown Service Water (8X) and RHR
system niping and valves.

Each system can inject water into the vessel once reactor
pressure is reduced to the operating range of that system. The
fire pumps require several hours to align hefore injection into
the RPV can begin. The fire pumps as an injection source are not
modeled as a front-line system but are used as a recovery upon
delayed failure of other systenms.
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Success for low pressure injection is successful operation of
LPCS or any one of the three low pressure Coolant Injection
(LPCI) traini or CD/CB.

containment Pressure Control- Containment heat removal is

required to maintain containment pressure below pressure limits
and ensure that containment integrity is maintained. Venting the
containment is an alternate method of heat removal/pressure
control.

Decay heat is normally removed through the main condenser. This
requires that the MSIVs remain open and the MS, CD, CB, FW,
Condenser Air Remuval (CA), and CTirculating Water (CW) Systems be
in service. If the main condenser is not available, the RHR
system is used to remove decay hLeat,

There are three operating modes of the RHR system for removing
decay heat. They are shutdown ccoling, suppression pool cooling,
and containment spray. Once the RPV has been depressurized, the
RHR system can be placed in shutdown cooling to remove heat from
the reactor core. If the 5RVs were used tc depressurize the
reactor or if the RCIC system were in operat.on, then at least
one loop of the RHR system is aligned in the suppression pool
cooling mode to remove heat from containment. If there is a
large break LOCA and pressure is increasing inside containment%,
the RHR system can be aligned to the containment spray mode.
Suction is taken from the suppression pool and discharged through
the heat exchangers %to spray headers in the containment dcme.
Successful decay neat removal depends on successful operation of
either the Plant Service Water (WS) or Shutdown Service Water
(SX) systems.

Only the suppression pool cooling mode of RHR is modeled in the
level 1 PRA and only as support for successful RCIC operation.
The shutdown cooling mode of RHR is not included in the model
because it is not needed to prevent core damage during the 24
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hour mission time of the IPE. The containment sp ay function is
modeled in the containment analysis because its primary function
is to maintain containment integrity.

Success for containment heat removal is successful operation of
one train of RHR in the suppression poel cooling mode.

In the event that the main condenser ana the RHR system are not
available to remove heat or non-condensible gas production has
resulted in increasing containment pressure, the containment must
be vented to maintain integrity. There are six vent paths
available but only the largest three are modeled. The other
three do not have sufficient capacity, by theuselves, to vent
containment. The three modeled paths are 1) The RHR system
through the Fuel Pool Cooling and Cleanup (FC) system and through
the spent fuel pool, 2) The FC system through the spent fuel
pool, 3) Tnrough a hole cut in the exterior duct work in the
Containment Continuous Purge systems.

3.1.2.2 Level 1 Event Trees

For each initiating event, including Anticipatea Transient
Without SCRAM (ATWS) and staticon blackout (SBO) identified in
section 3.1.1 but r c¢luding internal flooding. an event tree was
constructed. The level 1 event trees are described below:

Anticipated Transients and Special Initiators - The form of the

event tree for each of these initiating events is similar. Three
of these events which have identical structure and the
corresponding figures are as follows:

. Transient without Iscolation (Figure 3.1-1)
. Loss of Feedwater (Figure 3.1-2)
i Loss of a non-Safety DC Bus (Figure 3.1-3)
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Once the initiating event has cccurred, the reactor automatically
SCRAMs. If an automatic SCRAM dces not occur the sequence
transfers to the ATWS event tree. After a successful SCRAM, the
event tree evaluates the availa’.lity of the main condenser as a
heat sink. If the main condenser is available, then the event
tree transfers to RCIC iniaction, high pressure injection,
depressurization of the reactor and finally low pressure
injection. 1If the main cond “ser is not available, the event
tree transfers to pressure cuntrol using the SRVs. After
successful operation of the SRVs (success includes both opening
and closing), the event tree "roceeds as above except that
suppression pool cooling mus. be available to support successful
RCIC operation. If no SRVs open, then the sequence transfers to
the large break loss of coolant accident (LOCA) event tree
because some component in the primary system will fail resulting
in a loss of reactor coolant with depressurization, If a SRV
opens but fails to close, then the sequence transfers to the
inadvertent/stuck open relief valve event tree.

There is another group of identically structured event trees in
this category. These event trees and the corresponding figure
numbers are as follows:

. Transient with Isolation (Figure 3.1-4)
$ Loss of Instrument Air (Figure 3.1-5)
- Loss of Service Water (Figure 3.1-6)

These event trees are similar to the other event trees in this
group except that the availability of the main condenser sequence
is not included. 1In these events, the main stezm isolation
valves (MSIVs) close, isclating the reactor from the main
condenser. Pressure is controlled with the SRVs.

Loss of Qff-si e Power (LOOP) - Since on-site and off-site power

sources have 1 significant effect on the front-line & support
systems, ti! . loss of off-site power (LOOP) event tree is
s‘gnificancly different from other event trees (Figure 3.1-7).
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Once off-site power is lost, the reactor automatically SCRAMS.

If an automatic SCRAM does not occur, than the sequence transfers
to the ATWS event tree. After a successful SCRAM, the event tree
mcdels reactor pressure control. A branch is added which
evaluates the probability that coff-site power is recovered within
one-half hour. 1If off-site power is recovered within one~half
hour then the sequence transfers to the transient with isolation
event tree. Industry experience shows that many LJOP avents are
short duration and analysis shows that core damage can be averted
if injection can be started in less than a half-hour. The status
of the division 1 and 2 diesel generators is then evaluated. 1If
neither diesel cenerator is available then the seguence transfers
tc the station blackout (SBO) event tree for further analysis.

If either diesel generator is available, then the LOOP event tree
continues through high pressure injection with the RCIC system,
with suppression pool cooling, HPCS, manual depressurization, and
finally low pressure injection. System availabilities in these
event trees differ depending on whether one or two diesel
generators are available.

The main condenser and FW delivery systems will be lost early in
the event. Once off-site power is recovered, the probability of
system unavailab’lity may be different froum values used earlier
because operators must take actions such as starting a pump to
recover lost systems. These actions are dependent on location of
the equipment and plant conditions which would affect system
unavabilability. While CPS recognized different op ' itor

dependencies, they could not be fully incorporated into the
models.

Station Blackout (SBO) - The event tree is entered from the LOOP
event tree after both the division 1 and 2 diesel generators fail
to start or fail to run (Figure 3.1-8). The event tree avaluates
the success of HPCS providing makeup. HPCS is dependant on the
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division 3 diesel generator which may be available under SBO
conditions. If HPCS fails, then RCIC is evaluated. RCIC depends
on only DC power in the short term. Recovery of off-site power
and the division 1 or 2 diesel generator is evaluated next.

After recovery of off-site power, the event tree evaluates core
cooling maintenance using FW and suppression pool cooling. If
these are not successful, then the reactor is manually
depressurized and core cooling is maintained with low pressure
inlection systems.

If off-site power is not recovered but a diesel generator is,
then suppression pool cooiing is placed in service. This is to
support operation of RCIC. The event trees proceed as above
except that FW is not available. FW is not supported by the
diesel generators.

loss of Coolant Accidents (LOCAs) - The event trees for LOCA
initiating events vary depending on the size of the pipe break.

All five LOCA event trees transfer to the ATWS event tree if an
automatic SCRAM is not successful. A description of the five
event trees is as follows:

1. Small Break LOCA - A small break LOCA does not depressurize
the reactor to the point at which low pressure systems can
provide makeup (Figure 3.1-9). High pressure injection
systems initially provide makeup. If FW fails, then RCIC
provides makeup with suppression pool cooling in operation.
If RCIC fails, then HPCS provides makeup. If HPCS fails,
then the reactor must be manually depressurized before low
pressure injection systems can supply makeup.

2. Medium Break JOCA - A medium break LOCA also does not

depressurize the reactor to the point at which low pressure
injection systems can provide makeup (Figure 3.1-10).
Additionally, RCIC does not have sufficient capacity to
maintain coverage of the core. FW is not available because
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makeup to the condenser maybe insufficient, Therefore, the
medium break IOCA is similar to the small break LOCA event
tree except FW, RCIC and suppression pool cooling are not
included.

Large Break LOCA - A largye break LOCA depressurizes the
reactor to the point which low pressure injection systems

can provide makeup (Figure 3.1-11). HPCS can also supply
makeup. The large break LOCA is similar to the medium break
LOCA except that manual depressurizatich of the reactor is
not required.

Intexfacing System LOCA - An interfacing system LOCA does
not depressurize the reactor to the point at which low
pressure injection systems can provide makeup (Figure 3.1~
12) . RCIC capacity is insufficient to provide makeup. The
interfacing system LOCA event tree is similar to the small
break LOCA event tree except that RCIC and suppression pool
cooling are not included.

inadvertent/Stuck Open Relief Valve (IORV) - An
inadvertent/stuck open relief valve (IORV) results in
uncontrolled steam flow to the suppression pool
depressurizing the reactor. RCIC capacity is insufficient
to provide make up (Figure 3.1-13). FW makeup is evaluated
first. If FW is not successful, then HPCS and finally low
pressure injection systems are used to provide makeup.

There is no need to depressurize before placing low pressure
injection systems in service since only one SRV is needed to
depressurize the reactor prior to placing these systems in
service.

Anticipated Transients without SCRAM (ATWS) = All of the event

trees except station black out transfer to the ATWS event trees
on a failure to SCRAM (Figures 3.1-14 through 3.1-17). The
frequency of these initiators when coupled with the failure to
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sher* D (Figure 3.1~17). Reactor power is reduced by lowaring
leve. in the reactor. The sequence then proceeds similar to a
transient without isolation seguence without pressure control
using SRVs or RCIC. However whether lowering reactor vessel
level is successful or not, core damage {3 assumed to result
uniess the main condenser and feedwater system are available.
The other branches on this sheet were retained for evaluation of
potential impact on containmeni response.

3.1.2.3 Assumptions

Below are a number of assumptions used in developing the event
tree success criteria. Assumptions that apply to specific event
trees ace included with the specific event tree to which they
apply.

1. Low Pressure Core Spray (LCS), High Pressure Core Spray
(HPCS), and Residual Heat Remove' (RHR) Pumps (in the low
pressure coolant injection (LPCI) mode) do not lose suction
after loss of containment heat removal or containment
depressurization following containment venting or
containment failure unless the failure is in the suppression
pool. If the suppression pool were at saturation
conditions, analysis (USAR 6.3.1.1.3) shows that sufficient
net positive suction head remains available.

2. Loss of the steam suppression system (i.e., bypassing the
suppression pool) is postulated to occur only after drywell
temperature reaches 700°F because of potential penetration
failure. This temperature occurs only after core damage.
Loss of steam suppression could also be postulated to occur
either by bypassing the suppression pool or by a loss of
pcol inventory. Bypass of the drywell at lower temperatures
is not considered feasible because two vacuum breakers in
series which are used to vent into the drywell would have to
fail. Loss of suppression pool inventory, such that the
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weir vents become uncovered, is only expected to occur if
containment pressure reaches 93.75 psig. Failure of
Emergency Core Cooling System (ECCS) suction piping which
penetrates containment below the suppression pool water
level is not considered credible becaus- this piping is
exposed to low pressure conditions and is seismically
qualified. The treatment cof steam suppression capability is
consistent with the assumption made for Grand Gulf in
NUREG/CR-4500.

The Reactor Core Isolation Cooling (RCIC) system is assumed
to fail when suppression pool temperature reaches 155°F
because oil temperature for the RCIC pump must be maintained
below 175°F. This requirement is contained in the RCIC
operating procedures and discussed in the vendor manual.
The difference in temperatures is to account for
inefficiencies in the lube oil cooler heat exchanger. Net
positive suction head and turbine discharge back pressure
are also affected at higher temperatures. Therefore the
RCIC system is assumed to fail after some period of
operation if suppression pool cooling is unavailable.

Upper pool dump is not required fu< maintaining adeguate net
positive suction head for the Emergency Core Cooling System
(ECCS) pumps ir. the event of various loss of coolant
accidents (LOCAs). A conservative calculation was performed
to determine the minimum suppression pool inventory
following a LOCA. This calculation assumed that the drywell
volume to the top of the weir wall was completely filled
with water from the suppression pool following a LOCA.
Additionally, t"e suppression pool inventory was assumed to
be further reduced by ECCS System opera’ ‘on to restore
reactor vessel inventory. This calculation proved that the
sSuppre M poeol invenlory is sufficient to provide adequz e
NPSH -1i ECCS purps and maintain adequate weir vent
coverage.
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s, Core damage is assumed tc be averted if the core is
continuously covered to at least two-thirds the length of
the active fuel. It is also assumed that core damage is
averted if the durstion that water level is below this limit
is less than four minutes. This is based on conservative
calculations as.uming heatup of an uncovered core with no
spray or steam cooling for a decay heat level typical of
conditions immediately after reactor trip. Calculations
predict a small amount of cladding dan 2 (<10%) under these
conditions. For some cases in which the above criteria
could not be met, Modular Accident Analysis Program (M \P)
simulat.ons were used to determine if core damage occurred,
and the extent of the damage.

6. The amount of water required to remove decay heat two
minutes after shutdown is 597.9 gallons per minute (gpm).
After 102 minutes, 200 gpm are required, and after 24.5%
hours 100 gpm are required based on a simplifiuvd decay heat
calcu’ation method. These flow rates were used to estab. .sh
the syst+«ns that could be used to maintain reactor inventory
under ..ffe. At scenarios. Subsequent MAAP simulations
indic.r~ taat Sor*rol ¥ Jrive (CRD) with one pump running
(140 gpn @ 1000 psi) is aguate after one hour to avert
core damage, assuming re. :or vessel level started at level
8.

7, Each SRV can relieve 15,086 pounds of steam per minute at
1136 psig. 1820 gallons per minute (gpm) of makeup is
required to maintain reactor inventory under these
conditicns. Calculations were performed tc determine the
number of functioning SRVs necessary to reduce reactor
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pressure. One SRV is adegquate to depressurize the reactor
sufficiently to allow low pressure systems (L2CS, Liwi,
Condensate (CD) with Condensate Booster (CB)) to provide
adeguate make-up “o the reactor in time to prevent core
damage.

The Cycled Condensate (CY) system can prcvide 251 gpr. to the
main condenser if there is no main condenser vacvum, 168)
gpm can be provided if main condenser vacuum is present.

For events in which make-up to the main condenser, from the
main steam or CY systems, i{s at least as great as the flow
needed to the reacto.,, the Feedwater (FW) system is modeled
intoe the sequer.ce.

In general, the FW system ‘s dependent upon operation of the
CD and CB systems to maintain adequate net positive suc’ ion
head at the FW pumps. CD and the CD/CB combination can
supply water to the reactor if the reactor is depressurized
and if a flow path through the CD, CB and FW systems is
available. With one CD pump running, up to 6000 gpm can be
provided to the reactor at 60 psig reactor pr 'ssure. With
one CD and one CB pump running, up to 9000 gpm can be
provided to the reactor at 300 psig reactor pressure.

Shutdown Service Water (SX) can provide up to 1000 gpm to
the reactor through the RHR system when the reactor pressure
is below 50 psig. Achieving this flow rate would requi.c
the isolation of all other heat loads except diesel
generator cooling and the control room heating, ventilating
and air conditioninyg (HVAC) heat exchangers. This
requirement for heat load isolation is not presently
incorporated in CPS procedures so 8X flow to the reactor was
not modeled in the IPE,

=
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14, In sgome event trees, headings representing individual
systoms or groups of systems are arranged in an order that
is not precisely consistent with the expected chronclogical
order of initiation. This is done to simplify the
guantification and is permissible if the reordering does not
affect the success criteria for systems considered later ‘n
the event tree, i.e., no system dependencies found in the
event tree logic.

For example, in the transient without isclation event tree,
the success or fajlure of the RCIC system is considered
before the success or failure of other injection sources.
This is even before FW which would normally be the first
system operators would consider. The order of these systems
in the event tree does not affect the core damage sequences
and the success or failure of RCIC does not affect the other
core cooling systems (Motor Driven FW pump, HPCS, LPCI,
LPCS, etc.). However if coie cooling systems were
considered ahead of reactor SCRAM or pressure control
systems (main condenser, SRVs), this would create probl-=e
in correctly evaluating core damage seguences, as the
success criteria for core cooling is strongly affected by
the success or failure of the SCRAM and pressure control
functions.

3.1.3 SBpecial Event Trees

Special attention wams applied to the anticipated transient
without scram (ATWS) and to the station blackout (SBO) event
trees. The ATWS event tree contains more detail than most event
trees because the emergency operating procedures (EOP) require a
significant amount of operator action. These events include the
various methods to control reactor power such as initiation of
Standby Liquid Control (SLC). manually inserting contrel rods,
reactor water level control, and inhibiting the Automatic
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TABLE 2.1-1

ANITLATING EVENT CROUPING CUIRELINES

The following guldelines were used to group initiating events for detalled
evaluation, 1f any of the following criteria 1s met, the initlating event is
put into & new group.

1.

Plant response following the event cannot be sdequately characterized by
an event tree for any other initiating event,

Mitigating system requirements following the initiating event are
unique .

The event directly degrades the operation of {mportant mitigating
systems (front-line or support) i{n a manner that cannot be adequately
addressed by another inltiating event.

The event directly degrades the operation of {mportant mitigsting
systems in a manner that is significantly different than for other
initiating events,

Operator response to the inltiating event is unique due to any of the
following reasons: (1) plant response following the initiating event
requires unique operator actions; (2) the initiating event disables
instrumentation which s required for successful operator action; or (3)
the initiating event changes the likellhood of successful operator
performance by some other mechanism.

The event alters the physical environment in which mitigating systems or
operators must function in & manner that cannot be adequately addressed
by another initiating event.

The event affects the consequences of core damage in a manner that
caunot be adequately addressed by an event tree for another initiating
event, (Specifically, the amount of radiocactive material released
beyond the primary system pressure boundary, either on-site or off-
site, is significantly different; the timing of the release is
significantly different; the systems available to prevent or mitigate a
release are significantly different, etc.)
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TABLE 3 1-2

GRS _ANITIATING EVENTS
WITH INITIATING EVENT FREQUENCLES AND
EVENT TREE DESIGNATORS

lultiating Event
Leas of Coolant Accldents (LOCA)

82 -

§1

A

Swall Break LOCA

- Medium Break LOCA

« Large Break LOCA

T9 - Interfacing System LOCA

T4 - Inadvertent/Stuck Open Safety Rellef Valve (IORV)

Iranslenty

TP -

TS -

T3 -

Loss of Offsite Power (includes transients due
to both external sources and onsite fallures,
but not station blackout)

loss of Feedwater

. Total Loss of Feedwater
. Low Feedwater Flow
’ Partial Loss of Feedwater

Transient With Iselation

* Main Steaw Isclation Valve (MSIV) Closure
(all MSIVs close)

Inadvertent Closure of One M3IV
Partial MSIV Closure

Loss of Condenser Vacuum

Turbine Trip with Turbine Bypass Valve
Fallure (including enerator load
rejection and Intentional turbine trip)
’ Turbine Bypass Valves Falls Open
Turbine Pressure Regulator Failure
(open and closed)

K3 LA -

Per Reactor Year

T T T —

ACCIDENT SEQUENCE

DELINEATION

Inftiating
Event

Eiequency *

1.00E-03
3.00E-04
1.00E-04
5.00E-06

1.00E-01

8. 4E-02

0.6

1.7

—
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TABLE 3.1-2 (cont.) |
CPS INITIATING EVENTS WITH INLITIATING EVENT FREQUENCIES

2. Ixansients (Cont'd)

72 - Transient Without Isolation 4.7
. Manual Shutdown
. Turbine Trip with Turbine Bypass Valves

Open (including generator load rejection
and intentional turbine trip)

N Reactor Recirculation Control Failure
(increasing and decreasing flow)

¥ Trip of Both Reactor Recirculation Pumps

. Abnormal Startup of ldle Reactor

Recirculation Pump
Feedwater Flow Increase

T loss of Feedwater Heating

. Inadvertent Startup of the High Pressure
Core Spray System

. Control Rod Withdrawal at Power

3. gpecial Initiators

1A - loss of Instrument Air 4,32E-03

SW - lLoss of Service Water 1.75E-03

DC - Loss of Non-Safety DC Bus 1.39E-02
4. Qther

ATW - Anticipated Translent Without Scram (ATWS) *

TL - Station Blackout (loss of off-site power with the
simultaneous failure of the division 1 and 2 diesel generators)

* There is not an initiating event for station blackout or ATWS,
The station blackout event tree is entered from the loss of all
off-site power event tree in the event that division 1 and 71
diesel generators do not function, The ATVS tcee s entered in
the case In which any other transient occurs and a SCRAM is not |
successful .
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CLINTON IFPE INTERFACING SYSTENS LOCA FREQUENCIES

Sraten (Number of Lines)

LPCl Injection Lines (3)
LPCS In‘sction Lire (1)
Shutdown Cooling Suction L.re (1)
RPY Nead Sprav Line (1)
RCIC Pump Suction
LPCI Loop §
WPCS Line (1)

Feodster Lines (7)

Shutdown Cooling Return Lines (2)

TOTAL 1SLOCA FREQUENCY

Froopercy per |ine
Apar_year)

‘.58

2.06¢ 8

2.54¢ 6

4.5%-1

& 11612

1.98-9

3.hEN

3-39

Totel Freguency
bR YRAL).

147E-7
2,808
2.5k 6

A 9GE- 1T

1.968¢ -9

Z.286 6

339611

$.00€-6
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TABLE 3.1-4
COMPARISON OF INDUSTRY ARD CLINTON PLANT SPECIFIC
TRANSIENT FREQUENCY DATA

NUREG/CR-4556 NUMBER OF EVENTS PLANT SPECIFIC 0% COKFID!ICE
IRANSIENT CATEGORY  ESTIMATE (per yr.)* AN CLONTON DATA ESTIMATE (per yr.)* —STCRVAL
Transient Without 6.7 11 3.8 2.1, .3
Isolation
Transient With 1.7 5 1.7 0. 68, 3.6
Isolation
Loss of Feedwater 0.6 1 0.34 0.018, 1.6
Inadvertent Open 0.1 0 0.173 «se=, 1.0
Relief Valve
Notes:
1. All frequencies are per reactor year. Clinton plant data covers 11/24/87 through 7/12/90 (2.89 years).
- 4 Confidence interval bounds are lower and upper 95% confidence limits. No lower limit is ralculable for zero

events in the data.

3. Clinton plant-specific inadvertent open relief valve frequency estimate,K based on zerc events, was derived

by assuming 0.5 “events” have occurred (te avoid a trivial solution), and calculating the frequency estimate
with this as the numerator.
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TABLE 3 .1-5

Exepk-line Systems

1. Reactor Pretection System (RP)

2. Maln Feedwater System (FVW)

3. High Pressure Core Spray System (HP)

4, Reactor Core Isolation Cooling System (R1)

3. Low Pressure Core Spray System (LP)

6. Residual Heat Removal system (RHR) including Low Pressure Coolant
Injection (LPCI), Containment Spray, Suppression Pool Cooling, and
Shutdown Cooling.

T, Automatic Depressurization System (ADS)

8. Condensate System (CD)

9. Condensate Booster (CB)

10,  Standby Liquid Control Systeam (SLC)

Critical Support Systems

1, Auxiliary AC Power System/Onsite, Offsite, Switchyard (AP/SY)

2. Emergency AC Power System (DG)

7 DC Power System (DC)

4, Shutdown Service Water Svstem (SX)

$. Plant Service Water System (WS§)

6. Service/Instrument Alr System (SA/IA)

l. Cowpunent Couling Water System (CC)

8, Turbine Building Closed Cooling Water System (WT)

9. Essential Switchgear Heat Removal System (VX)

10.  Fire Protection System (FP)

i1l ECCS Equipment Room HVAC (VY)
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Table 3.1-6

ACCIDENT SEQUENCE CLASSES

ACCIDENT SEQUENCE
DELINEATION

ACCIDENT
CLASS

DESIGNATOR DESCRIPTION

PHYSICAL BASIS
FOR CLASSIFICATION

REPRESENTATIVE
ACCIDENT SEQUENCES

Class 1

Class I1I

Class 111

Class IV

Transients
involving Less of
Coolant Makeup

Transients
Involving Loss of
Containment Heat
Removal

ATWS

Fuel will melt rapidly if cooling
systems are not recovered;
containment i. intact at low
pressure initially and at core melrt;
release pathway early in the event is
from the vessel to the suppression

pool through SRVs

Fu 1 will melt relatively slowly due
to lower decay heat level if coeling
systems are not recovered;
containment is breached prior to core
melt; release pathway is from the
vessel to the suppression pool
through SRVs during initial stages of

core damage

Fuel will welt rapidly if cooling
systems are not recovered;
containment intact at core melt, but
initially at high internal pressure;
invelves a release from the vessel to
the drywell

Fuel will melt rapidly if cooling
systems are not recovered;
containment fails prior to core melt
due to overpressure; initial release
pathway is from the vessel to the

suppression pool through SRVs
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Transients involving loss of high
pressure inventory mskeup and failure
to depressurize RPV, transients
involving loss of - >th high and low
pressure injection.

Nct applicable at CPS.

Large an~ medium LOCAs with
insufficient high or low pressure
coolant makeup; small and medium
LOCAs with failure of the SRVs to
sctuate and loss of high pressure
inventory makeup; RPV failure with
insufficient coolant makeup

Transients invelving loss of SCRAM
function and backup reactivity
control
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ACCIDENT SEQUENCE

DELINEATION
Table 3.1-6
ACCIDENT SEQUENCE CLASSES
ACCIDENT
CLASS PHYSICAL BASIS REPRESENTATIVE

DESIGEATOR DESCRIPTION FOR CLASSIFICATION

ACCIDERT SEQUENCES

Class V Unisolated LOCAs Fuel will melt rapidly if cooling
Outside systems are rit receovered;
Containment containment failed from initiation of
accident due to containment bypass
involves a release pathway from the
vessel which bypasses the containment
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LOCAs outside contalnment with
insufficient coclant sakeup;
interfacing svstem LOCAs with
insufficient voclant mskeup
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DELINEATION
Table 3.1~7
ACCIRENT SEQUENCE SUBCLASSES

ACCIDENT ACCIDENT

SEQUENCE SEQUENCE

CLASS SUBCLASS DEFINITION

CLASS II1 (Cont.)

D Accident Sequences which are

Initiated by a [OCA or Reactor
Pressure Vessel Failure and for
which the Vapor Suppression System
has failed, Challenging the
Containment Integrity

CLASS 1V - Accident Sequences Involving
Failure to Scram and Failure to
Inject Boron lLeading to a High
Pressure challenge to the
Containment Resulting from Power
Generation into the Containment.

CLA3S V - Unisolated LOCA Outside Containment
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3.2 Bystem Analysis

This section provides a brief description of front-line and
support systems as well as a discussion on how they were modeled
in the Clinton Power Station (CPS) Individual Plant Examination
(IPE). Also inclucied is a discussion on the methods used to
develop this information.

3.2.1 Bystem Descriptions

System notebooks were developed for each of the systems modeled

in the IPE. These notebooks are used as a collection point for

the various pieces of information which describe the function of
a system as well as its effect on core damage frequency.

The primary documents reviewed by the IPE analysts were the CPS
piping and instrumentation drawings, electrical schematics,
operating procedures, system description and one-line drawings.
These documents describe the normal operation of the system as
well as abnormal line ups that can be used to mitigate a
transient. The system descriptions in the Updated Safety
Analysis Report (USAR) and other design criteria and documents
were also reviewed. These information sources provide a basic
understanding of system operation.

The system models were reviewed by the system engineers in order
to verify that modeling was correct and to incorporate insights
from operations and failure history. The systems were also
walked down in order to develop further insights on spatial
dependencies such as room cooling, potential flooding sources,
etc,

A system narrative was developed using the information referenced
above. This narrative is a summary and describes the specific
system functions modeled in the IPE. Also included are
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interfaces and dependencies, success criteria, and significant
assumptions made in developing the system models.

The following is a brief description of systems modeled in the
IPE.

3.2.1.1 Reactor Protection System (RPS8), Contrel Rod Drive
({CRD) and Eaergency Core Cooling Systems (ECCS)
Initiation

The Reactor Protection System (RPS) initiates a rapid insertion
of contrel rods (SCRAM) to shutdown the reactor if monitored
system variables exceed pre-established limits. This acticn
prevents the reactor from operating under conditions which
threaten the integrity of the fuel cladding, the reactor coolant
pressure boundary, or the containment building.

The RPS is primarily a logic system utilizing solid state
components. The RPS is divided into four divisions which use
four input sensor channels for each trip function (Figure 3.2-1).
When more than four sensors are utilized for a trip function, the
signals are combined into four input channels. Each instrument
inputs to each of the divisions for that parameter. A signal
from any two instruments for a parameter is required to produce a
SCRAM signal (2 out of 4 logic). Tue signal can only be reset in
the main control room after 10 seconds and after the abnormal
condition that initially caused the SCRAM signa. is cleared
(Figure 3.2-2).

The RPS SCRAM signal de-energizes the A and B solenoids of the
SCRAM pilot valves, SCRAM discharge volume (SDV) vent and drain
pilot valves, and energizes the solencids for the back up SCRAM
valves (Figure 3.2-5). When the SCRAM pilot solencids are de-
energized, air is rapidly vented from the Control Rod Drive (CRD)
System SCRAM valves causing them to open. The opening of the
SCRAM valves results in a large differential pressure across the
CRD piston, caused by applying high pressure water on the bottom
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of the piston and the venting of the top side to the SCRAM
discharge volume. The differential pressure causes rapid
insertion of control rods into the core, thereby shutt.ng down
the reactor. Section 3.2.1.10 describes CRD as an injection
source.

The Alternate Rod Insertion (ARI) subsystem is another method to
initiate a SCRAM independent oi the RPS. The purpose of this
system is to mitigate the consequences of an Anticipated
Transient Without Scram (ATWS). The ARI actuates on low reactor
level or high reactor pressure. This system operates on a two
out of two logic (Figure 3.2-4). When a trip signal is
initiated, solenoid operated SCRAM pilot air header vent valves
open to exhaust air from the pilot air header (the three way
solenoid valve actuates to block the instrument air supply) and
actuates two solenoid operated valves per system. The pilot air
header vent valves also allow air to be exhausted from the air
header to the SCRAM discharge volume vent and drain valves
permitting these valves to close. These actions will rapidly
reduce the water pressure on the top side of the CRD piston which
will permit the control rods to be inserted into the core.

The ARI subsystem is modeled in the IPE with a single estimated
failure probability. The RPS system is modeled as two basic
events. One is the failure to SCRAM resulting from an electrical
failure and the other is the failure to SCRAM resulting from a
mechanical failure. The failure probability for these events was
taken from NUREG/CR-4550, Analysis of Core Damage Frequency:
Grand Gulf, Unit 1 Internal Events.

The Emergency Core Cooling Systems (ECCS) initiation system
includes the automatic initiation logic for the High Pressure
Core Spray (HPCS), Low Pressure Core Spray (LPCS), Residual Heat
Removal (RHR), Reactor Core Iscolation Cooling (RCIC), and diesel
generators (DGs).
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The ECCS initiation system consists of four divisions which
monitor reactor water level, and drywell and containment
pressure. If abnormal conditions are detected, an initiation
signal is sent to the ECCS, RCIC, or DG systems as appropriate.
The signal is sealed-in until the abnormal condition clears.

LPCS and the "A" loop of RHR will automatically start in the low
pressure injection (LPCI) mode if a lcw reactor vessel level of
~145,5" (level 1) or high drywell pressure (1.68 psig) is
detected. These parametars are monitored by four senscrs which
are physically separated from each other, These sensors are
supplied by the division 1 DC bus. The output of these sensors
are electrically combined in a series parallel configuration.
This arrangement preciudes the possibility that one single
failure will prevent or cause an initiation (Figure 3.2-5).

The division 1 containment spray will initiate automatically if
all of the following conditions are detected:

1. LPCI initiated for 10.17 minutes (either automatically
or manually).

2. High drywell pressure (1.68 psig).
High containment pressure (22.3 psia).

Each of the above pressure parameters is monitored by two
sensors. A trip of either sensor will cause a valid signal for
that parameter. This precludes the possibility that a single
tailure will prevent an initiation (Figures 3.2-6 and 3.2-7).

The "B" and "C" loops of RHR are initiated in the LPCI mode in a
manner similar to LPCS and RHR "A", Four separate instruments
are used to monitor the same parameters and are physically
separated from one another. These sensors are supplied by the
division 2 DC bus. The logic is also similar to division 1
(Figure 3.2-8).

1-66



CPS INDIVIDUAL PLANT EXAMINATION SYSTEMS

The division 2 loop of the containment spray is initiated in a
manner similar to division 1, Different instruments than those
used in division 1 are used to monitor the same parameters.

These inrtruments are physically separated from one another and
are fed from the division 2 DC bus. The logic is also similar to
division 1 (Figures 3.2-9 and 3.2-10).

HPCS initiation cccurs if a low reactor water level of -45,5"
tlevel 2) or high drywell pressure is detected. Each parameter
is monitored by four sensors which are physically and
electrically separated from each other. The sensors are supplied
by the Division 3 and 4 DC busses. The output of the sensors is
combined in a series-parallel combination known as one out of two
taken twice logic. This logic precludes the single failure of
one sensor from preventing an initiation signal (Figure 3.2-11),.

RCIC is automatically initiated if a low reactor level of -45,5"
(level 2) is detected. This parameter is monitored by four
sensors which also supply the initiation logic for division 1 and
2 LPCI. The output from these sensors is combinea in a
series-parallel configuration known as one out of two taken twice
logic(Figure 3.2~12).

The ECCS initiation system is modeled in the IPE by the
transmitters which sense reactor and containment parameters. The
trip modules and the rest of the circuitry are not included in
the rodel. This simplification is not expected to significantly
affect the probability of failure because of the reliability and
continual self-test feature of the solid state logic. These
initiation logic circuits were modeled together to facilitate
common cause modeling between the divisions. Additionally, only
the automatic initiation loglc is modeled. Manual initiation, if
medeled, is included with the system fault trees or in recovery
actions. Finally, although drywell pressure signals were built
into the models, they were later disabled for HPCS, LPCS, and
LPCI initiation, in order to facilitate quantification. This
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deletion was shown to be acceptable by the fact that ECCS
initiation failure events are relatively unimportant in the final
results.

3.2.1.2 JYyeedwater Delivery Systenm

The Feedwater (FW) delivery system provides continuously
purified, heated, pressurized water from the main condenser
hotwell to the reactor pressure vessel (RPV) during normal plant
operation. Following a reactor trip, the FW delivery system
provides a source of high pressure coolant. This is the normal
means of ensuring proper reactor coolant inventory control during
power operation and reactor shutdown and cooldown. The systems
that are included in the FW delivery system include Condensate
(CD), Condensate Polisher (CP), Condensate Booster (CB), and FW.

Four CD pumps, each rated at 33% capacity, take suction on the
main condenser hotwell from a common suction header. Three of
the four are normally running while the fourth is in standby.
The pumps discharge water through the tube side of the steam
packing exhausters, steam jet air ejectors (SJAEs) and off gas
recombiners. Finally, the discharge reaches nine condensate
polishers. The condensate polishers can be bypassed and the
water discharged to the suction of the CB pumps (Figure 3.2-13).

The condensate polishers (Figure 3.2-14) purify the water by
filtration and ion exchange and discharge to the suction of the
CB pumps (Figure 3.2-15). There are four CB pumps rated at 33%
capacity which discharge through tuo FW heater trains of 50%
capacity each (Figure 3.2-15). Three of the four CB pumps are
normally running. Each train consists of a heater drain cooler
and five FW heaters. The heated water is discharged to the
suction of two 50% capacity turbine driven reactor feed pumps

(TDRF?) and 2 33% capacity motor driven reactor feed pump
(MDRFP) .
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The feedpumps discharge into a common header which supplies two
high pressure FW heaters. The FW heaters discharge into a common
header and then spiit into two lines before passing through
containment penetrations and to the reactor. There are two
containment isolation check valves in each line, one outside
containment and the other inside the drywell (Figure 3.2-16).

The CB pumps can be used to inject into the RPV, when RPV
pressure is less than approximately /25 psig. One pair of CD and
CB pumps are used in this mode. The CD pumps can also be used to
inject into the RPV if pressure is less than 250 psig.

Any one of the three feedpumps can be used for decay heat removal
1f the main condenser is available as a heat sink. If the main
condenser is unavailable, makeup to the RPV can still be provided
if water from the cycled condensate storage tank is used to
provide makeup to the hotwell.

The FW Delivery System is modeled with two CD, two CB, and one FW
pump initially running. Credit i. tuken for a TDRFP running only
in an Anticipated Transient Without Scram (ATwS) scenario. All
other events rely on the MDRFP being started, hecause steam flow
is assumed insufficient to operate the TDRFPs for tle 24 hour

r . ssion time in the IPE. Also modeled is one CB and one CD pump
or one CD pump providing injection if the reactor can be
sufficiently depressurized. All CP flow paths have been modeled
as ore basic event which is several flow paths plugged. Flow
diversion has also been modeled since eleven potentially
significant bypass flow paths exist. These flow paths could open
as result of a support system failure such as loss of Instrument
Air (IA) or loss of control power. These events would cause
valves to fail open and result in diversiocn of flow back to the
main condenser.

3.2.3.3 Main Steam
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The Main Steam (MS) system delivers steam from the RPV to the
main turbine during normal plant operation. After a reactor
SCRAM, the MS system is the preferred method of removing decay
heat from the RPV via the turbine bypass valves to the main
condenser. Sixteen safety relief valves are located on the four
MS lines betore the inboard main steam isolation valves (MSIVs).
Systems required for decay heat removal include MS, Condenser Air
Removal (CA), Off Gas (0OG), Turbine Gland Seal (GS) and
Circulating Water (CW).

The main condenser is designed to condense the turbine exhaust
steam and turbine bypass steam. It can accept up to 35% of rated
steam flow through the bypass valves during normal and transient
conditions. A vacuum must exist in the main condenser in order
for it to perform this function. The CD, CW, and GS systems must
operate successfully as well as either the CA or 0G systems, to
maintain condenser vacuum.

The MS system consists of four main steam lines starting at the
RPV, penetrating the containment with inboard and outboard MSIVs
and an outboard motor operated valve (MOV). Downstream of the
MOV, the lines terminate at an equalizing header thet distributes
steam to the main turbine, bypass valve manifolds, steam jet air
ejectors (SJAE), GS system, and TDRFPs (Figure 3.2~17).

Two SJAE trains are designed to remove non-condensible gases from
the main condenser and exhaust to the OG System. Only one SJAE
is required during normal plant operation. Two mechanical
condenser vacuum pumps are also available to establish condenser
vacuum when reactor power is less than 5%. One pump is
sufficient to perform this function (Figure 3.2~18).

The OG system processes and controls the release of effluents
from the SJAE trains. This is accomplished by processing the
gases through components such as the recombiners, cooling
condenser, gas dryers, charcoal adsorbers, and high efficiency
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The Reactor Core Isclation Cooling (RCIC) consists cf a turbine
driven pump that receives its motive power from reactor decay
heat and/or reactor fission steam. The steam is exhausted to the
suppression pool. The pump discharges to the reactor pressure
vessel (RPV) head spray. Suction sources for the pump include
the RCIC storage tank (primary source) or the suppression pool
(Figure 3.2-24).

RCIC will automatically initiate on a level 2 low reactor water
level signal (~45.5") or high drywell pressure (1.68 psig) and
gupply make up water from the RCIC storage tank. The system can
also be manually initiated. Injection will terminate when RPV
watc. veaches +52" (level 8). When a low RCIC storage tank level
or a high suppression pool level is detected, suction will
automatically switch to the suppression pool.

The RCIC pump is protected by a minimum flow valve which will
allow flow to the suppression pool. If RCIC pump discharge
pressure is greater than 125 psig and flow is less than 120 gpm,
the minimum flow valve will open. When flow reaches 240 gpr, the
minimum flow valve closes.

The RCIC system is designed to assure that sufficient reactor
vessel water inventory is maintained so that adequate core
cooling is assured. The operation of this system will prevent
core damage under the following conditions:

i B The reactor vessel is isolated and maintained in hot
standby.
i The reactor vessel is isclated and coolant flow from

the Feedwater (FW) delivery system is lost.

3. A SCRAM is initiated due to the loss of normal FW flow
and the reactor is not depressurized to the point at
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which the Residual Heat Removal (RHR) system can be
placed in shutdown cooling.

Flow from the RCIC system is sufficient tc supply wmake up for a
snall break LOCA,

The RCIC gland seal system prevents the leakage of radicactive
steam past the RCIC turbine seals into the room. However, the
gland seal compressor is designed to trip when reactor water
level reaches level 2. The tripping of this compressor is
assumed not to affect the length of time that the pump may
continue to operate provided room cooling is available,

The RCIC pump, tank, turbine, valves, and fill system are all
modeled in the Individual Plant Examination (IPE). Initiation
circuitry for RCIC is included in the Emergency Core Cooling
System initiation circuitry fault tree.

3.2.1.6 Low Pressure Core §pray

The Low Pressure Core Spray (LPCS) system consists of a
centrifugal, four stage vertical pump that takes suction from the
suppression pool. The discharge of the pump is routed into a
spray sparger directly over the reactor core (Figure 3.2-«25).

The LPCS is designed to provide a high quantity of water at low
pressure. The system provides about 5,000 gpm to the core and
will automatically initiate when reactor pressure vessel (RPV)
level reaches -145.5" (level 1) or a high drywell pressure (1.68
psig) signal is received. The system can also be initiated
manually. Water cannot be injected into the vessel until the RPV
injection valve recei es an open signal. This signal is
generated when RPV pressure decreases to 472 psig. Additionally,
the injection check valve will not open until LPCS pressure is



CPS INDIVIDUAL PLANT EXAMINATION SYSTEMS

greater than reactor pressure. The pump is protected from damage
when not injecting to the RPV by a minimum flow line that allows
water to be recirculated back to the suppression pool.

There are interconnections between the LPCS and the "A" train of
the Residual Heat Removal (RHR) system. A suction line
connection between the LPCS pump suction and the suction of the A
RHR pump is provided to allow full flow RPV to RPV testing of the
LPCS System. A spectacle flange is installed between the two
systems when testing is not in progress. A keep full system is
shared between the LPCS and the "A"™ RHR systems af are flushing
lines, minimur flow lines, and test return lines,

The LPCS pump, motor, and valve interdeperdencies are modeled
where appropriate in the Individual Plant Examination.
Initiation circuitry for LPCS is modeled in the Emergency Core
Cooling System initiation circuitry fault tree.

3.2.1.7 Residual Heat Removal

The kesidual Heat Removal (RHR) is composed of three trains of
safety related components. Trains "A" and "B" are able tc
operate in 4 modes as follows: 1) low pressure coolant injection
(LPCI), 2) containment spray, 3) suppression pool cooling, and 4)
shutdown ~ooling. Train "C" will only operate in the LPCI wmode.
Each RHR Train is inda2pendent (Ficure 3.2-26) with the following
exceptions: 1) RHR "A" and "B" trains share a common shutdown
cooling suction line, 2) RHR "B" and "C" share a common power
sourze, room cooling water supply, and a common fill pump. RHR
“A" also shares a fill system and room cooling water supply with
che Low Pressure Core Spray (LPCS) system.

The LPCI mode of RHR is designed to pump water directly from the
suppression pool to the reactor core if reacior pressure is below
472 psig. When initiated, the pumps are protected by a minimum
flow line that diverts flow back to the suppression pool until
the LPCI injecticn valve opens. The LPCI injection valve will
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not open until it receives an open permissive signal when reactor
pressure is below 472 prig. Additionally, the injection check
valve will not open until RHR pressure is greater than reactor
pressure.

Initiation logic for LPCI is incluued the ECCS initiating
events model. The systems can be manuw. -y initiated if the punmps
fail to start automatically.

The containment spray mode uses the "A" or "B" RHR pump to pump
water from the suppression pool through the respective heat
exchanger to the containment spray header. Operation in this
mode reduces temperature in the containment building. The systenm
initiates 10 minutes after LPCI initiates and a signal for high
drywell and containment pressure (1.68 and 7.6 psig respectively)
is received. The delay allows LPCI to ensure that the core
remains covered. Upon receipt of the initiation signal, train A
will initiate immediately while train B has a 90 second delay.
Containment spray can aiso be initiated manually.

The suppression pool cooling mode is similar to the containment
spray mode except that the water is discharged directly to the
supp: ssion pool. The reactor injection valves and containment
spray valv:is remain closed. This mode of operation removes heat
from operat.un of the safety relief valves or Reactor Core
Isolation Cooling (RCIC). This mode of operation must be
manually initiated.

The shutdown cooling mode is used to cool the reactor core when
reactor pressure is below 135 psig. The "A"™ or "B" RHR pump
takes suction from the "B" Reactor Recirculation (RR) line and
discharges through the respective heat exchanger back to the
reactor via the feedwater system. Shutdown cooling must be
manually initiated.
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The LPCI and suppression pool cooling modes of RHR are modeled in
the front end analysis of the Individual Plant Examination. The
containment spray mode of RHR is modeled in the back end
analysis. Shutdown cooling was not modeled because it is not
needed to prevent core damage during the 24 hour aission time of
the IPE. Automatic initiation of the RHR modes is modeled in the
Emergency Core Cooling System initiation circuitry fault tree.
One RHR heat exchaiqer is ncessary to ensure proper system
operation in all modes except LPCI.

3.2.1.8 Automatic Depressurization Bystem (ADS)

The Automatic Depressurization System (ADS) is composed of seven
safety relief valves (SRVs) each with an associated air
accumulator; a parallel bank of twelve air amplifiers; and two
divisions of backup air bottles with associated control
circuitry. When open, the SRVs discharge steam from the reactor
pressure vessel (RPV) to the suppression pool. The purpose of
the ADS system is to reduce reactor pressure in the event of a
Loss of Coolant Accident (LOCA) coincident with a failure of the
High Pressure Core Spray (HPCS) system so that Low Pressure
Coolant Injection (LPCI) systems are able tc inject water into
the RPV (Figure 3.2-26). Two low level setpoint SRVs are also
included in the model because they are connected to the backup
air supply.

ADS control circuitry sends an open signal to both of the sole-
r.oids for each of the seven SRVs. The open signal is produced in
several ways (Figures 3.2-27 and 3.2-28). If reactor level is
sensed at level 1 and level 3 concurrent with high drywell
pressure, ADS will initiate 105 seconds after receiving the
signal. The time delay allows HPCS to reflood the vessel. If a
level 1 and level 3 low reactor water level is sensed without
high drywell pressure, ADS will initiate after six minutes. This
is an initiation sequence for accidents that do not involve a
pipe break inside the drywell. Also included is a permissive
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interlock that allows ADS to initiate after at least one of the
three Residual Heat Removal (RHR) pumps have started in the LPCI
Mode or the Low Pressure Core Spray (LPCS) pump has started. In
practice, the CP{ EOP’s direct the operators to inhibit the
automatic actuation function of the ADC syvstem. 4iyhis requires
ADS actuations tuv be manually initiated.

Upon actuation an open signal is sent to both solencids on each
SRV, however on.y one solenoid is necessary for the SRV to open.
Analysis has shown that only one of the nine modeled SRVu is
required fcr successful system operation. The motive powe. for
each SRV is provided by the Instrument Air (IA) system. The IA
system pressure is raised by air amplifiers to SRV operating
pressure. 1f the IA system is lost, each SRV is connected to one
of two separate divisions of compressed air bottles. The ADS/Low
Low Setpaint (ADS/11EZ) motor-operated backup air supply isolation
valves can be opened from the Main Contrcl Room. Eacia ADS/LLS
SRV has an air accumulator that will allow SRV operation if both
the normal and back up air supply were lost., These air
accumulators provide for uninterrupted operation of the SRVs in
the event the motor-operated valves cannot be opened during loss
of power, and allow sufficient time for operator action to
manually open the valves. However, the air accumulators are
assumed to be inadequate for the entire mission time of the SRVs
and are not included in the system model as a source of
compressed aijr.

The remaining 7 SRVs are capable of being operated as power
operated relief valves., These valves have air accumulators which
are smaller and are not connected to the backup air supplies.

The valves will open automatically upon receipt of a high reactor
pressure signal from the Nuclear Beciler system. Additionally,
the valves will open automatically without the benefit of an air
supply to prevent overpressurization of the RPV. These valves
would be isolated from their normal sources of IA upon a level 2
low reactor water level. This level 2 signal will be present
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under sccident conditions when ADS w~uld be required. Since
these SRVs are not connected to the backup supply and their
accumulators are not large enough to supply air for the entire
mission time, they are not included in the model.

3.2.1.9 gtandby Liquid Control (SLC) System

The Standby Liquid Control (SIC) System cor.ists of two injection
pumpe and a storage tank that contains a neutron absorber
solution (sodium pentaborate). This system provides a method to
shutdown the reactor if a sufficient number of control rods can
not be inserted (Figure 3.2-29).

A common suction header : mes from the storage tank and branches
into two lines with a normally closed motor operated valve on
each. Two parallel positive displacement pumps rated at 43
gallons per minute at 1220 psig. pump the solution into the
reactor via the High Pressure Core Spray sparger. Downstream of
the pumps are two explosive valves. A crosstie exists between
the discharge lines upstream of the explosive valves sc that flow
from the pumps will reach the reactor if an explosive valve fails
to open. The system can only be manually initiated.

Both pumps are modeled in the Individual Plant Examination (IPE).
Successful reactor shutdown is achieved if one or both pumps
operate and inject the neutron absorber solution into the reactor
pressure vessel, although the time available for the operator to
manually start this system is less if only one pump functions,

3.2.1.10 Control Rod Drive (CRD) Injection

The Control Rod Drive (CRD) System, under normal plant operating
conditions, provides a means of controlling reactor power by
inserting and withdrawing control rods from the reactor zore.
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is directed tu vent via all available paths regardless of whether
or not the system is necessary for core cooling. There are six
possible paths to vent the containment, but only three are of
sufficient size to independently vent the containment when
pressurized due to decay heat, up to 40 hours following a SCRAM.
The three vent paths modeled are described below.

The flow path for venting containment to the spent fuel pool via
the RHR system 1s through the containment spray sparger, through
the RHR piping to the RH/FC system cross connection, through the
FC system to the spent fuel pool (Figure 3.2-31). All valves
that must be opened are modeled in the IPE.

The flow path for venting containment to the spent fuel pool via
the FC system is through the scuppers and skimmers in the upper
containment pool, down the FC return header to the spent fuel
pool (Figure 3.2-32). All valves that must be opened are modeled
in the IPE,

Both of the above paths allow the releases to be scrubbed by
water in the spent fuel pool.

The flov path for venting the containment through the CCP system
is through the CCP system piping then through a hole cut into the
duct work (Figure 3.2~56). This results in an unscrubbed release
to the atmosphere. Both Containment Building Ventilation (VR)
system valves and cutting of the hole are modeled in the IPE.

3.2.1.12 Hydrogen Igniters

The Hydrogen Igniter (HI) system is used to maintain post
accident hydrogen concentration below 4%. The HI system contains
115 glow plug type igniters split into two independently powered
divisions. The igniters are located throughout the drywell and
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containment with at least one igniter from each division located
with a maximum separation distance of 30 ft. in each general
aiea. The igritur system is designed to conduct a slow burn of
any hydrogen present in the drywell and containment,

The complete system is modeled in the IPE.

3.2.1.13 puxiliary AC Power System (On-site, Jff-site and
gwitchyard).

The Auxiliary Power (AP) syastem at Clinton Power Station includes
all major Alternating Current (AC) power supplies. Safety-
related buses are supplied from two off-site power sources and
three on-site diesel gcnerators. The nun-safety buses can be
supplied by one off-site source and, when the unit is operating,
from the output of the main generator through the unit auxiliary
transformers (UATs) (Figures 3.2-,3, 3.2-34, 3.2~35, and 3.,2-36).
After a plant trip, the non-safety buses automatically switch to
the Reserve Auxiliary Transformer (RAT).

Off-site power sources consist of a 345 KV switchyard feeding the
RAT and a 138 KV transmission line serving the emergency reserve
auxiliary transformer (ERAT). The 345 KV switchyard is fed from
three independent transmission lines each terminating in a
breaker and a half ring bus. This provides redundancy and
flexibility in switching power sources. The RAT feeds 6.9 KV
non-safety and 4.16 KV non-safety and safety related buses. The
138 KV transmission line, which is fed from two different
substations and is independent of the switchyard, feeds the ERAT
which in turn feeds the safety-related 4.16 KV buses. The normal
supply for the safety-related buses is the RAT. If the P is
lost, the bus automatically transfers to the ERAT, if available,
or to its respective diesel generator.
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independently by various solid-state inverters. Four of the DC
and inverter supplied buses are safety related with safety
related power supolies. Two additional buses are safety related,
although they are supplied by multiple non-safety power sources.
The remaining two buses are non-safety related (Figures 3.2-37
through 3.2-42).

Each divisional battery is designed to supply all necessary loads
on its bus for four hours following a loss of its AC power supply
if load shedding is performed by the coperators within one hour.
Each battery charger is designed to supply all loads on its bus
and simultaneously charge the respective battery. The four
safety related battery chargers are supplied from their
respective divisional safety related AC sources. There are no
cross connections between these buses. However the two non-
safety DC buses can be manually cross connected.

The four safety related 120 volt AC buses supply the Nuclear
System Protection System (NSPS). Each NSPS bus is supplied by
its own inverter. An alternate power supply is provided from a
safety related AC bus. Fach inverter contains a solid state
selector switch for the supply. The DC battery and inverter
source is the normal supply, however the selector switch will
automatically transfer to the AC source if the inverter output is
unavailable or is out of specification. Additionally, there is a
manual transfer switch '‘n the event the solid state selector
switch fails.

There are two non-divisional safety related inverter supplied
buses for loads such as the main steam isolation valves and SCRAM
solenoids. These buses have inverters powered by the non-safety
related batteries with backup from an AC supply. These inverters
have a manual transfer switch,

The last two inverter supplied buses are for balance of plunt
(BOP) loads, such as the process computer, and are similarly
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supplied fiom the two non-safety related DC buses with a solid-
state and manual bypass supplies from an AC bus.

The batteries, battery chargers, and invertevs systems are
modeled in the Individual Plant Examination. The support systems
modeled include the AC power supplies and three redundant cooling
systems for each inverter.

3.2.1.1% Bhutdol _gervice Water System (8X)

The Shutdown Service Water System (S5X) provides cooling water to
safety related equipment used to maintain the reactor and
containment in a safe condition when the normal balance of plant
{BOP) systems are not capable of performing their intended
functions. Cooling loads typically served by SX include the
Residual Heat Removal (RHR) heat exchangers, the emergency diesel
generator heat exchangers, the RHR pump seal coolers, and
numeron® L.ea 202, These ccolers are used to cool areas of
.o plant where safety related equipment with significant heat
loads are located. Coolers are provided in ar<as such as
Emergency Core Cooling System (ECCS) rooms, Reactor Core
Isolation Cooling room, safety relatec switchgear areas, and
Standby Gas Treatment Rooms. These cooling system dependencies
are modeled in the Individual Plant Examination.

The SX system is composed of three independent subsvstems
corresponding to the ‘ -ree electrical safety divisions. Each
division consists of a pump that takes suction from the ulti.
heat sink and pumps through basket type strainers to the cocl '«
loads (Figures 3.2-43 through 3.2-47).

During normal plant operation, the SX systen is in standby and
the Plant Service Water System (WS) provides flow to each SX
division through crosstie valves. Upon receipt of a Loss of
Coolant Accident (LOCA) signal (high drywell pressure or low
reactor water level) the SX pumps start and the WS/SX cross tie
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valves close. The SX pumps will also start upon receipt of low
header pressure signal. This would occur under loss of off-site
power (LOOP) conditions, for example, when the WS pumps would be
unavailable. The pumps can also be manually started. These are
the functions of the « system modeled in the Individual Plant
Examination.

‘The 8X 4ystem also can supply cocling flow to the control room
chillers, fuel pool cooling heat exchangers and reactor
recirculation pump seals and motor bearings; and make up water to
the reactor pressure vessel, suppression pool, or spent fuel
pocls. These functions have not been modeled in the Individual
Plant Examination.

3.2.1.16 Plant Service Water System ('8)

The Plant Service Water (WS) System is a large capacity lake
water cooliny «ystem that supplies cooling flow to primarily
balance of plant (BOP) systems. The WS system also supplies
cooling flow to safet' related loads during normal plant
operation through oross ties to the S§X system (Figures 3.2-48 to
3.2-51).

The system consi: s of three pumps which take suction from the
lake and discharg. into a cocmmon header. Lake water flows
through two strainers both of which are usually in service, and
into the plant. During winter months only one pump would
neraally e required. During summer months, two pumps would

| normally be reguired for full power operation but up to three can
be used,

For the purposes of the Clinton Power Station IPE only one WS

pump and one WS strainer is needed to supply the necessary flow
to those support systems in service.

3-86
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3.2.1.17 Bervice Alx/instrument Alr (SBA/IA;

The Service Alir System (SA) provides a source of clean dry air to
the Instrument Air System (IA) and to various other plant
components. The IA system is the source of clean dry, compressed
air<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>