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ABSTRACT

The contribution of essential service wawer (ESW) systemn failure to core damage frequency has long
been a concern of the NRC. The objective of this study is to assess the safety significance of the loss
of ESW systems in LWRs relative to core damage frequency (CDF) and perform a limited value/impact
analysis of potential modifications to soive ESW vulnerabilities using a protatypical (pilot) plant.
Previous studies indicate that service water systems contribute from < 1% to 65% of the total iztcrnal
CDF. For the pilot plant analyzed, common ESW vulnerabilities are failure of standby service water
pumps to start, backflow through check valves for cross-tied pumps, and failure of normally closed
isolation valves in diesel generator cooling Joops to open on demand. For the potential modifications
evaluated for the pilot plant, the results showed that they could reduce the CDF by as much as 33
percent. However, the dollars per person REM measures resulting from various groups of these
modifications significantly exceedea the current criteria of $1000. The results, since they only apply
to the pilot plant, are not typical of all LWRs. Due to the importance of service water to CDF and the
plant specific nature of ESW systems, there could be plants for which there would be cost-effective
modifications. Additional analysis would be required to identify them.
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EXECUTIVE SUMMARY

The relishility of essentinl service water (ESW) systems
and related problems has been a concern of the Nuclear
Regulatory Commussion (NRC) and the nuclear imwustry
for many years. Operational experience shows significan:
fuilures such as fouling mechanisms, single failures and
other design deficencies, flooding, multiple squipment
failures, and operstor of procedural errors.  The
objectives of this study sre 10 sssess the safety
significance of the loss of ES'™ systems in light water
reactors (LWRs) and the corresponding contributions o
core damage frequencies (CDF), and to perform a limited
value impact study on a prototypical plant.

A review of the contribution 10 CDF of ESW system
failures for internal events only. in 20 PRAs shows that
the gyerage contribution is:

PWRs "old” 12%
PWERs "new” 1%

PWRs
BRW®,

"old*  36%
‘new" 15%

There were wide variations in the conteibution made by
wervice water for the eleven plant PRAs considered in this
study. The variation was from < 1% to 65%, indicating
that the impact of service waier systems on plant risk is
plant-specific. The reasons for the broad range found are
the degree of dependency & plant has on service waler,
(k> relisbility of the service watcr systems themselves,
and, to some extent, the differences in the NRC-
sponsored PRAs in terms of modeling assumptions and
scope of each PRA program

The service water system dominant failure modes found
from the review of the eleven NRC-sponsored PRAs tend
10 hi. . . some commonality between the plants even though
the service water system configurstion for each plant
reviewed is unique. Two common service water faults
found were the dependency of the service water system on
motor-operated or air-operated isolation valves to open on
demand 1o supply cooling water to safety related loads
and failure of the standby service vater pumps to start.
Two subtle failure modes identified in the NUREG/CR-
4550 program were found to be dominant failure modes
for three of the plants reviewed. Ttese subtle failures are
(1) the failure to isolate nonessential cooling water loads:
and (2) pump discharge check valve back flow failing
cross-tied pumps.

The prototypical or pilot plant was selected relative to
ser sral criteria including the following.

ix

1 One of the NRC sponsored PRAs with ralatively
current methods and faull trees 1n & computer
format, e g, IRRAS

X The PRA results indicate ESW s siems are &
significant contributor to CDF

3. The plant represents » large group of units.

4 The ESW system is representative of & large
group of ESW systems and the analysis includes
common failures found at other plants.

The plant selected wis & BWR 4 MK | analyzed in
WUREG-1150 and described in detail in NUREG/CR-
4550,

The pilot plant study has several limitations and
assum;tions.  Fxternal events are discussed but not
included in the quantitative analysis. The service waler
system analyzed is referred to as the Emergency Service
Water (ESW) system.  Failure of this system as an
initiating eveit was not important at the pilot plant due to
the dominance of loss of offsite power and was therefore
not included in the quantitative analysis. However, such
an initiator could be important at other plants, The ESW
and Emergency Heat Sink (EHS) are dominant
contributors to the blackout sequences at the pilot plant
due to the dependence of other systems, such as the
emergency diesel generators ani room cooling, on these
systems. The mapping from plant damage states 1o
consequences was taken from NUREG/CR-4551 without
detailed reanalysis, and the costs of the modifications
proposed were extrapolated from TAP A-45 (Decay Heat
Removal) without contact with the utility or detailed
drawings. Costs were increased from the TAP A-45
estimates using the consumer price index (CPI) from 1985
to 1992 but the value/impact analysis still uses the
$1000/person-REM

The pilot plant analysis was accomplished by identifying
ESW vulnerabilities and developing modifications to
address them, The effects of one or more of these
modifications were then inc~rporated into the service
water fault trees by changing the appropriate event
frequencies. As & result, only requantification was
required. This procedure was carried out usiag the
dominant cut sets from the NUREG/CR-4550 results as
included in the available [IRRAS model. There were three
dominant secident sequences including service water that
were significant as shown in the following tabie:

NUREG/CR-5910



Executive Summary

Sequence Sequence
Accident CDF' % of ESW ESW &% of
Sequence (/RX yr) Total CDF Contribution Totl CDF
TI-BNU1] 1 64E 06 64 8.39E07 ]
TI-PIBNUL| 1.31E€07 29 7. 34E08
T1-BULINU2) 1.28E0 2.9 S RREOR 1
'Mean values

These are all station Llackowt sequences to which the
service water systems contribute as described earliar. 1a
addition, these soquences include almost all the cut sets
considered ‘n the entire internal analysis. All these
saquences fell into the seme plant damage state.

Five service water vulnerabilities were identified from
these accident sequences as shown below

The inputs to the value impact analysis and the results for
the $/person REM measure are shown on the next page.

Wiiile the §/persoa REM are high relative to the surrently
used criterin of $1000/parson REM, the results from TAP
A4S were also generslly high. The pilot plant may be
better than many other plants in the US nuclear industry
relative o service water vulnerabilities. Farthermore, if
external events were included in the quantitative analysis
the value/impact measure could bocome more favorable.

Vulnerability Description % Contribution to Total CDF
1 Operator fails to operate the 14
emergency heat sink (EHS).
2 Failure to restore ESW compon- 1
ents after maintenance.
3 Pump discharge check valve fail- 4
ures fail cross-tied ESW pumps.
- ESW pump hardware faults. <l
5 Failure of ESW (o cool the EDGs 2

due to AOV failures.

There were seven modifications developed to address
these vuinerabilities. One consisted of additional operator
training, revised procedures, and additional alarms.
Another was increased testing frequency. The remainder
were various hardware & Jitions or modifications.

These modifications can address one or more

vuinerabilities so they were grouped into five alternatives
for the system analysis and value/impact analysis.

NUREG/CR-5910

In any case, the methods were demonstraied and the ESW
systems were assessed to be significant contributors to
CDF; e.g., 22 percent at the pilot plant.

In summary, alithough this study looked at only one plant
in any detail, it verified the concern relating to the
reliability of ESW. The study also showed that the
impact of service water on plant risk is plant specific.



Executive Summary

Raesults for
Percent Risk (ADose) Offsite and
Improvement Person REM/ Onsite costs
Alternative ACDF in CDF R yr. $/Person REM
1 4 SOE07 10.3 1.07 134K
2 § ROEO7 124 1.29 158K
3 | S4E06 3.0 144 45K
4 1. 46E-00 3.3 1.2 283K
s 1 O6E-06 n.7 1.36 29K

For the plant considered. tmodifications to reduce the
vulnerabilities were develuped. However, the cost of
implementing the modifications was found to be high in
terms of the benefit provided. Other plants would need
10 be analyzed to determine if this is a generic conclusion

NUREG/CR-5910



1.0 Introduction and Methodology

i.1  Historical Background

The reliability of the essentinl service water (ESW)
system and related problems have been s concemn of the
NRC and the nuclear industry for years. The NRC
concerns have been expressed in research reports,'’
bulleting,"* generic letters,” and generic issues *’* A
comprehensive review and evaluation of operating
experience related to service water systema’ conducted by
the NRC further indicate the safety significance of the
ESW system. The study (NUREG-1275) identifiad & total
of 980 operational events in which the service water
system wis involved, with twelve of these operstional
events representing & complets loss of the ESW system,
The causes of failures and degradations inciude various
fouling mechanisms (sedimant deposition, biofouling,
corrosion and erosion. foreign material and debris
intrusion): single failures and other design deficiencies;
flooding, multiple equipment failures, and opertur or
procedural errors

Recently, another ESW related study, Generic Issue 120,
"Essentinl Service Water Pump Failures st Multi-Plant
Sites, " was completed. Prelimirary results of this study’
indicate that the problems associated with the ESW system
would be a significant contributor to the frequency of core
damage in the seven multi-plant sites identified in the
scope of the study. The generic safety insights gained
from this study indicated that the issue of ESW adequacy
should be expanded to ir :lude all US LWRs, This issue
will include all potential causes for the ESW gystem
unavailability except those which have been considered to
be resolved by implementing the resolutions stated in
Generic letter No. 89-13 (such as biofouling).

1.2 Safety Significance

The ESW system at & nuclear power plant supplies
cooling water to trunsfor heat from various safety-related
and non-safety related systems and equipment to the
ultimate heat sink of the plant. It is an ope: cycle system
which takes suction from the ultimate heat sink, e.g.,
ocean, bay, river, lake, pond or cooling lowers, removes
heat via heat exchangers from the various structures,
systems and components it serves, and discharges the
water back to the ultimate heat sink. The ESW system is
known by different names at various light water reactor
plants. In pressurizec water reactor (PWR) plants, it may
be referred to as the essential service water (ESW)
system, the emergency equipment cooliug water (EECW)
system, the essential raw cooling water (ERCW) system,
the salt water cooling (SWC) system, the nuclear service
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water (NSW) system, or others. In boiling water reactor
(BWR) plants, it may be referred o as the emergency
cooling water (ECW) system, the standby service water
(SSW) system, the plant service water (PSW) system, the
residual heat removal service water (RHRSW) system, or
others

The ESW gystem, which is & support system like
electrical power, is needed in every phase of plant
operations.  Under accident conditions, the ESW system
supplies cooling water to systems and components that are
important to safe plant shutdown or to mitigating the
consequences of the accident. Under normal operating
cond!tions the ESW gystem provides component and room
cooling (mainly via the component ~ooling ~ater system)
During a subsequent shutdown period, it also ensures that
residual heat is removed from the reacter core. The ESW
sysiein may also supply makeup water to the fire
protection system, cooling towers and water treatment
systems a! the plant.

The design and operstional characteristics of the ESW
system are different for PWRs and BWRs. In addition,
the design and oporational characteristics  differ
significantly from plant-to-plant within each of these
reactor types. The success criteria associated with the
functions of an ESW system are also plant-specific. A
complece loss of the ESW system could potentially lead to
& core-melt accident, posing a significant risk to the
public.

Safety concerns include: partial or complete loss of ESW
system  functions resulting from common causes,
degradation of the F5W system, design deficiencies, and
procedural or maintenance errors. The ESW system can
combiae normal and emergency service water functions.
In plants where the ESW performs this dual function, loss
of ESW results in shutdown and & challenge to the safety
system with failure or degradation of a critical support
system. lo other plants there are separate normal and
emergency service water systems so that an ESW failure
initisting event is not & concern unless there is some
potential common cause failure between these

“independent® service water systems.
1.3 Objective

The objective of this study is to assess the safe’y
significance of the loss of ESW systems in LWRs and the
corresponding coutributions to core damage frequency
(CDF), and to perform limited value/impact and
sensitivity studies on a selected prototypical (pilot) plant.
A second phase to the progaam may use the pilot plant



unalysis as an example to extend the analysis 1o cover all
plant types in the US LWR industry

1.4 Specific Tasks

There were two technical tasks identified in this study:

Tusk 1 - Evalusie the lmportsoce of Service Water
System Failures to Core Damage Frequency

The objective of this task is to evaluate the safety
importance of service waler using core damage frequency
{CDF) contribution as a messure, and NRC-sponsored
PRAs as the benchmark. Dominant accident sequences
involving service water failures will bo identified and
examined fo. specific componeat faults or related failures,
2.8 , human errors or test and mainteance unay silability
Irading to core damage Several cand'date plants will be
identified from IREP (Interim Reliwility Evaluation
Program), TAF A-45 NUREG-1150, and the LaSalle
PRA. These PRAs vover 15 different plants and all
NSSS vendors including older and newer vinmges. ASEP
(Accident Sequence Evaluation Program) service water
models will be reviewed to evaluate potential groups in
terms of types of vulnerabilities, In addition, various
sources will be reviewed to evaluate operatonal
experience of service water systems,

A prototypical (pilot) plant will be selected on the basis of
the results from Task 1, the availability of useful PRA
information, and the contribution of service water failures
1o CDF. A best-estimate caloulation of CDF due to
service water will then be performed on this plant, using
genenic input where appropriate.  Service water failures
found in Task | will be correlated with service water
(SW) eveals in the dominant acoident sequences of the
selected plant PRA. Both intornal and external events will
be included. Sensitivity studies will be performed to
determine the effect of important SW related events.
Alternatives to improve or eliminate these events will be
proposed considering reducing dependencies, increasing
reliability and availability, improving redundancy, and
decreasing support system requirements. The effect on
CDF and cost 1o implement each proposed alternative will
be estimated leading to a corresponding value/impact
measure for sach alternative. Consequence calculations
will be made using the accident sequence relesse category
mapping and value/impact methods used in the TAP A-45

Introduction

study or other compatible methodologies such as
NUREG/CR-1150. This subtask will be accomplished by
manipulating the dominant cut sets, 1 ., changes will not
modify the basic models directly. Uncertainty will be
addressed in the final results whenever possible.

The two tasks can be condensed into the specific (asks
given below:

Task 1

I, Evaluate Safety Importance of SW
Basis  CDF Measure

NRC Sponsored PRA ws Basis

Internal Fvents

Deminant  Accident

Involving SWS

b, Identify Specific Contributing
Components or Related Failures

¢. ldentify Candidate Plunts for Pilot
Plant Analysis

a ldentify

2. Review ASEP SW Models

3. Review Operational Experience of SW§

1. Select Pilot Plant

2. Perform Best Estimate Calculation of CDF Due
to SWS Failure

1. Correlate Pilot Plant SWS Failure to Failures
Found in Task 1, Items 1 and 3

4. Discuss Contribution of External Events

S, Perform € asitivity Studies on SW Related
Evants

6. Identify SWS Vulnerabilitics

7. Propose Modifications 1o Address These
Vulnerabilities

8. Combine Modifications intoe Groups Called
Alternatives

9. Perform Value/Impact
Alternative

Analysis on Each

NUREG/CR-5910
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Basis Extrapolate costs from TAP A4S

Use NUREG-1150 PDS w0 Risk

Mupping

Manipulate Dominant Cut Sets

Evaluate ACDF

Estimate Costs

Determine ARisk Measure
Calculate value/impact measures

anoe

The tasks presented in condensed form above essentinlly
ptavide an orderly procedure. Tasks 1-1a, 1-1b, 1-2, and
1-3 are discussed inp Section 2.0. Tasks 1-1c and 2-1 are
coverad in Section 3.0, Tasks 2.2 through 2-8 are
covered in Section 4.0. Finally, Task 2-9 is described in
Seotion 5.0

1.5 Methodology

A typical PRA systems ane'ysis model is Jepicted
simplistically in Figure 1.1. The purpose of this flow
diagram is to suggest that any specific gystemn, ¢.g., the
service waler systei), can be addressed individually, and
with any desired changes reinserted into the systems
analysis model. The systems model is then reevaluated
and requantified resulting in a new core damage frequency
(CDF) and possibly in new accident sequences or different
cut sets. In this study, the effects of modifications were
examined by changing event frequencies in the service
water fault trees. The model was then requantified to
determine the effect of the modifications (see Section
4.0). This provided results which were consistent with
the requirements of ti. study and eliminated the effort
required to generate and analyze new accident sequences
or oul sets which would have provided additional
information of limited value.

The service waler system or essential service wates
system can encompass several related systems depending
on the plant. As an example, suppose a plant were
configured as shown below:

1. Normal Service Water Systam (NSWS) -
supplies cooling water "iring normal operation.

2. Turbine Building Cooling Water (TBCW)
System - Supplies Cooling Water to the power
conversion system during normal operation.

3. Reactor Building Cooling Water (RBCW)
System - Supplies cooling water 1o some loads
that are required in both normal and emergency
conditions.

MUREG/CR-5910

4. High Pressure Service Water (HPSW) System -
Supplies cooling water o RHR heat exchanges
in normal and emergency conditions.

S, Emergency Service Water System (ESWS) -
Provides room cooling and pump cocling for
sufoty systems duriag an emergency.

All of these systems can be categorized as part of the total
service waler system. Systems such as the NSWS and
TBCW may not feed enginecred safety systems, but do
feed systems that sre analyzed in PRAs hecause they do
provide some benefit under corain circumstances toward
preventing core damage. This is only an example. Some
plants may only have one all purpose service water
systom. In such cases, failure of that system not only
causes shutdown, bul also severely degrades the safely
systetn responding to the shutdown. There are other
plants with combinations of service waler systems
between these extromes,

In this study, the analysis proceeded as shown in Figure
1.2, This is based upon the specified program tasks,
typical NRC type PRA methods, e. g , NUREG-1150, and
the value/impact methods used in TAP A-45. Additional
methodology details are available in the Appendix L of
NUREG/CR-4767."

1.6  Assumptions and Limitations

Every study must limit the areas to be covered and by
necessity assumptions are made in order to sccomplish the
work without wddressing issues and details that really do
not bear significantly upon the results desired. These
limitations and assumptions are tabulated below.

Limitations

1. External events are discussed but not included
in the quantitative analysis, Certain external
events are clearly very important and have
service water ~ontributions, but resources did
not permit & detailed analysis.

2. Service water failure initisting events can be
important at some plants. The pilot plant
selected was nol susceptible to this special
initiator since the emergency service water
system is essentially independent of the normal
service water system. Therefore, it did not
make sense to artificially introduce ¢« SW
initiator into the analysis.
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2.0 SUMMARY OF OPERATIONAL
EXPERIENCE AND PRA RESULTS

As part of the scoping study a review of operational
experiences was performed to establish typical service
waler system vulnerabilities that shou'd be represented in
u pilot plant analysis. The dominant sccident sequances
for eleven NKC sponsored PRAs were then reviewed 1o
determine the service waler contribution to core damage
frequency (CDF) and slso 10 gain insights into the
dominant service water failure modes

2.1 Operational Experiences

Several studies have addressed the operational experience
related 1o service water system failures. The work is not
repested here, but the resulis from these studies are
briefly summarized. 1t sheuld be noied that these studies
were done by different people for different purposes.
Therefore, it should not be expected that the resuits are
completely consistent.

Precarsor Reports

The Accident Sequence Precursor Program at Oak Ridge
Nationa! Laboratory reviews Licensee Event Reports
(LERs) of operational events that have occurred at LWRs
1o identify and categorize precursors t potential severe
core-damage accidents. Accident sequences considered in
this program are those associated with inadequate core
cooling. As & result of this work, & series of status
reports have boen published that describe (hose events that
have occurred as reported in LERs. ™" These published
reports were reviewed for service water related events.
This review turned up 24 events directly related to this
scoping study . Appendix B documents these findings and
Table 2.1 lists the events found and provides a desoription
of each. Some of the events we.e significant. However,
most were not. As a group, the events represent a vanety
of causes,

etion) Evoocinncs Eeadhack | REG.127¢

This report is a comprehensive study of service water
related operational events. There were 980 events
identified with 276 considered to have poteatial geneiic
safety significance. The results were categorized and are
summarized as follows:

2-1

1 Fouling SRA%
2. Single Fatlures 65%
i Multiple Failures 16%
4. Personnel Errors 167%
S Flooding 44%
6. Seismig 10.5%

We did not tabulate specific component and opersior
errors that could be easily related to PRA models and
results However, the failures and errors which comprise
e 2. 3. and 4 whove are typically included in & PRA
internal events analysis. That is, *he data did not indicate
any obvious patiern of failures and errors not covered by
PRA methods

There were twilve events reported as complete loss of
service water events. These are repeated briefly in Table
2.2 with simplified descriptions that demanstrate the
diversity of the failures. In a sense all the events listed
are covered implicitly in PRA, however, fault tree events
do not normally specify the root cause of the failure (e g,
pump fails to run dw. to broken shaft).

Only two of the events in Table 2.2 appear in Table 2.1.
The exact reasons for this would require detailed study to
determine. Such a study was beyond the scope of the
work done for this report. However, the following
general conclusions can be drawn:

1. The events extrac . from the precursor reports
were judged (o be precursors 1o potential s, vre
core damage sccidents and did not necessarily
involve complete loss of service water, either
potentially or operationally. Therefu.s, oniy
limited overlap with the results of NUREG/CR-
1275 should be expected.

2. As pointed out previously, the precursor reports
and NURBEG/CR-1275 were done by different
people for different purposes,  Therefore,
different conclusions about the same events are

1o be expected.

3. The events extracted from NUREG/CR-1275
were judged by the authors to be complete loss
of service water events. However, two of the
events were loss of service water events which

NUREG/CR-5910
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Table 2.1

mnwmc«ummmme

Plant LER Number Des-nption
Hatch 1 LER 321/80-103 Inlet stra: 2ors partialiy clogged
San Onofre | LER 206/80-006 Three sall water cooling “rmns faled.
St Lacie 1 LER 335/80.029 RCP seal conling lost due 1o inadverest vaive closure
Calvert Cliffs 1 LiR 317/80-027 Two service water pamps fa due o loss of compressed air
Filgrm 1 LER 293/80-070 Con pomeat cooling water jort due \o masnienance and breaker trip
Selem 1 LER 27 280060 Lost SW to DG due '» valve mdiceting open when actually clowd.
Kewnunee LER 305781033 Operator error - twe compenent cocliag water frains unavailabie
San Onofre 3 LER 262/84.035 Mwum*h*
Surry i LER 280/84.011 Operstor error - safety mjection pemp CCW supply found isoisted
Salem 2 LER 311/85-918 Operator error - manireance an closed vaive could sot be opened.
LaSalle 1 LER 373/85-045 Loss of pon-safety service water due to expansion ot failure
Susquehanna T LER 388785014, 015 Emergency service watcr failed duning testing.
Sarry 1 LFR 280736029 Service water subsysiem pump iost due to mr binding
McGur= 2 LER 370787416, 017 Trp with service water tram ot for cleasing.
Palisades LER 255/83-021 Incorrectly s=t reiays could have resniied in foss of service water
Ziom 1 LER 295/88-019 Huq-euﬁm&e&bh"ﬁumy,
Davis Besse LER 346/83-007 F1 Possibie projonged loss of mstrument air wonld cause SW to iseiate
San Omofre LER 361788010 R1 Emergency cooling water unsvanishie due 1o low femon in chnilers
Farley 1 and 2 LER 348738018 R1 Postulated loss of service water due o fire.
Peach Bottom 2 LER 277789002 wmmmmupmm
Caivert Cliffs | LER 3177899023 R1 Potential prpe rupture comd fail both service water pumps
Davis Besse 1 LER 346/89.004 Potential pipe rapture could tal both service water pumps.
Nine Mile Poiot 2 LER 410/89-002 Potential service water and ECCS pump faslure due 1o flooding

'Lasted in NUREG-1275 mbler s & service water event involving aquipment failures
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Table 2.2

Twelve Events From NUREG-1275 Resulting in Complete Loss of SW Function

Plant LER Number Descnption
Ovonee | LER 26978611 inadequate siphon flow to service water sumps.
Susquehanna 1 LER 387/86-2" All service waier pumps failed dur to operation beiow design flow
Oyster Creek LER 719/85-18 Heat exchangers pluggad by coal tar ensme!
Brunswick 1 LER 325/84.01 Entrapped air i suction beader g
Pabsades LER 255/84-01 Loss of power to service water pumps due 0 opersinr ervor
Salem 2 LER 311/83-32 Service water bay flooded due to faiied piping gasket.
Sslem 1 LER 272/%2-15 Loss of vital bus when | trum of sorvios water oul for maint=nan—s
Brunswick 2 LER 324am205% All pumps fasied to start due to low suctron pressure and sediment 0 sensimg hoes
Hatch 1 LER 2130103 Iriet stramners partially clogged
San Omofre | LER 206/80-06 One pump shafl sheared and vaive m other trun fniled
Calvert Chifts 2 LER 318/82 34 Faslure of commeor waive m discharge beader
Catawbe | LER 413/85-68 Tram A input vaive faried to open and trun B discharge vaive failad 10 open

ANwiung



Summary

were caused by LOSP and three others occurred during
shutdown.  As a result, & comparison with the resulis of
the precursor reports would be expected 1o produce
apparent inconsistensies

Analysis of ESWS af Mult Unit Sites NUREG/CR 5526

Results of this study indicate that the dominant failures
causing partial or compiete loss of the ESWS are traveling
screen and common imtake structure fuilures, failure of the
ESW pumps, loss of electric power (o the ESWS, and
operator efror felating 1o the ESW pumps.  Degradation
of the ESWS results from sediment, corrosion, and
mochanical and electnicnl problems associated with the
ESW pumps.  As in the case with other reports reviewed
there are no special feilure modes that would change the
basic approach to be used to unalyze the pilot plant in this
study

2.2 Review of Plant-Specific

Probabilistic Risk Assessment
Studies

This study used eleven NRC -sponsored probabilistic risk
ansessments (FRAs) to evaluate the importance of servic-
water (SW) using core damage frequency (CDF)
contribution as & metric. Note that in this study the term
"service water” implies any cooling water system, both
open and closed loop systems, that provides cooling to
safety related equipment and therefore must function
following an accident. The eleven plant-specific PRAs
rev.ewed are given in Table 2 3.

SAIC Svstem Source Books”

The NRC contracted with Science  Applications
Internationsl Corporation (SAIC) to acoumulate a set of
plant information on selected U S, commercial nuclear
power plants. One piece of information ~ontained in
these notebooks is & service water functional flow
dingram. It is well known that service water system
configurations vary significantly from plant to plant. An
example of that variation is shown in Figure 2.1 for four
PWR plants. The Westinghouse (W) plant examined has
emergency loads (L) directly on the primary SWS (8) and
indirectly through the component cooling water system
(C). The Babcock and Wilcox (B&W) plant examined
has all its emergency loads fed directly off the SWS. In
the Combustion Engineering (CE) plants examined, plant
A feeds all emergency cooling loads directly through &
secandary cooling waier system (C). The CE plant B has
three ways to cool its emergency loads. Clearly there are

NUREG/CR-5910
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numerovs  varishions  just  within  the flow  path
configuration. When the number of pump trains, alternate
systems and the association with normal sarvice water are
considered it 1s easy (o see why every plant SWS could be
unigue. There will be some plants with similar SWSs but
of the approximately 120 commercial nuclear plants, there
could be numerous unique SW configurations.

Table 2.4 Dists for each plant the service water systems
modeled in each of the PRAs reviewed and found 10 be
significant contributors 1o CDF. Appendix C describes
cach of the syctems listed in terms of it configuration,
suocess criteria, cross-ties, vuinerabilities, and potential
recovery actions as considered in the applicable PRA.

Dependency dingrams in terms of the safzty functions that
are served by each of the systerms listed in Table 2 4 are
provided in Appendix 13 A review of the information
found in Appendices C and D ieads to the conclusion that
service water system configurations are highly plant-
specific. This observation is consistent with the work of
the Accident Sequence Evalustion Program { ASEP) which
concluded that where service water was concerned each
plant is unique " However, though the SW configurstions
may be unique, the plant safety functions that are served
by the SW systemi(s) tond to be similar as seen in the
dependency diagrams provided in Appendix .

To determine the contribution 0 CDF made by the
service water system(s) in each of the eleven PRAs, the
cutsets of the dominant accident sequences were reviewed.
This  review revealed three imponad pieces of
information significant to this study: (1) the CDF
contribution made by service water; (2) the aocident
types and conditions where the plant is most vulnerable to
service water frults; and (3) o ranking of the specific
service water faults in terms of their contribution to CDF.

It should be noted that when reviewing the dominant
nccident sequences for service waler contributions to
CDF, sation bisckout sequences were not considered
where station blackout leads 1o loss of servi-e water.
This approach was taken beceuse these sequences
represent only ane problem which results from the loss of
all electrical power. Also, systems which depend on
sorvice water will be uumvailable following & station
blackout regardiess of the availability of service water.
Service water contributions were accounted for in those
cutsets in which loss of service water leads to loss of
power.  For those cutsets where & portion of the service
water system is lost due 10 & partial loss of ousite power
and an independent service water system fa It occurs, the
contribution was counted.
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NSSS PRA

Pisw Type Vendor Program
Calvert Cliffs 1 PWR CE IREP
Pomnt Beach 1 PWR w TAP A-45
Turkey Point 3 PWR w TAP A4S
St. Lacie | PWR CE TAP A4S
ANO-1 PWR B&W TAP A4S
Quad Cities | BWR GE TAP A-45
Cooper BWR GE TAP A-2S
Surry 1 PWR w NUREG-1150
Sequoysh 1 PWR w NUREG-1150
Peach Bottom 2 BWR GE NUREG-1150
Grand Gulf BEWR GE NUREG-1150
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Tabie 2.4

Plant Service Water Systems Reviewed

Plant Cooling Water system Reviewed

Cooper Nuclear Station Service Water System
Reactor Buiiding Closed Cooling Water Systern

Quad Cities R-sidusl Heat Removal Service Water System
Diesel Generstor Cooling Water ~vstem

Peach Bottom Emergency Service Water system
High Pressure Service Water System

Grand Gulf Standby Service Water System

St. Lacie Component Cooling Water System
Intake Cooling Water System

Calvert Chff Salt Water System
Component Cooling Weter System
Service Water Svstem

ANO-1 Service Water System

Point Beach Service Water System
Component Cooling Water System

Turkey Point Service Water System
Component Cooling Water Sysiem

Serry Service Water Svstem
Component Cooling Water System

Sequoyah Service Water System

Component Cooling Water Svsiem

Amwuing



Summary

The following sections discuss the results of tie review of
the eleven PRAs

2.3 Service Water Contribution to
Core Damage Frequency

At noted shove, the contribution 1o CDF made by the
service waler systemnis) in each of the eleven PRAs was
determined by reviewing the cutsels of each of the PRA
dominant accident sequences.  All of the dominant
sccident sequences reported in NUREG/CR-4550 were
congidered. In the case of the TAP A-45 study, the
reports do not inciude a complete listing of the dominant
sequence culsets and in many cases loss than fifty percent
of the cutsets contributing to the sequence CDF are given
As & result, » complete review of the TAP A4S cutsets
whs not possible,

For the NUREG-1150 PRAs the service water contribu-
tions to CDF for Surry |, Sequoyah 1, and Grand Gulf
were determined directly from the TEMAC computer
code output.  This will overestimate the contribution to
CDF for those cutsets which contain more than one
sorvice water basic eveni because the code sets the
probability of each basic cvent 0 zer0 and sums the
results over all of the cu . If two basic events are
present in one cutset, the contnibution to CDF of the cut-
set is thus counted twice. For Peach Bottom, the pilot
plant, the cutsets which contained mors than one service
water bisic event were evaluated (o determine the contri-
bution of each service water basic event.  The
contribution for a given basic event in a wultiple event
cutset was caloulated by multiplying the cutset frequency
by the sum of the basic event probabilities of the other
basic events in the cutset and dividing by the sum of the
probabilities of all of the basic events in the cutset. The
effect on the pilot plant, for the sequences considered,
was to reduce the service water contribution caloulated
using TEMAC by 10 percent. Due to the time required
1o complete the calculations, the service water
contributions to the other NUREG-1150 plants were not
reevaluated.

Appendix E documents the review of the PRA results by
listing the service water events found to contribute to the
dominant accident sequences in each PRA. The contri-
bution to CDF made by each event found is also given.
Also included in Appendix E is a brief discussion of sach
dominant accident sequence in which service water events
are dominant contributors to CDF aloeg with the service
water events that contribute (o the sequence CDF.

NUREG/CR-5910

Table 2.5 lists for each PRA the service waler
contribution to CDF in terms of an absolute value and &
percentage.  As can be seen from Table 2.5, the
contribution made by service water to the total CDF
varies from < 1% to 65%. The reasons for the large
differences for the most part have to do with the degree
of dependency & plant has on SW, the reliability of the
systems themselves, and, (0 some extent, the differences
in the PRAs in terns of modeling assumptions (e.g.,
IREP did not consider common mode failures where all
the other PRAs did), and scope of each PRA program
(e.g. TAP A-45 studies did not consider unticipated
transients  without scram  (ATWS) or large and
intermedinie LOCAy)

As noted above, Appeadiz E includes a brief discussi
of the domunant accident sequences for each FRA in
which service water is a dominant contritvitor.  Included
in the discussions is & listing of the service water events
contributing to the sequence and the contribution made by
the service water eveal (o the sequence. These rosults kre
illustrated in Figures 2.2 through 2.15 in terms of reactor
type and show for each class of accident (e g, loss of off-
site power (T1), large LOCA (A), etc.) the

% TCDF - % of the total core
damage frequency
contributed by the
accident type.

% SWS Contribution - % contribution SW
makes to the iotal CDF
for the accident type

% of Total SWS Cont. - % of the total SW
contribution to the total
CDF accounted for.

The accident abbreviations used in the figures are:

Tl « Loss of offsite power

T - Transients with loss of power conversion
system

T3 - Transients with power conversion system
initially available

ATWS - Anticipated transients without scram
TAC - Loss of AC bus

TDC - Loss of DC bus

LOCA - Loss of cooling sccident

Looking at the comparison of BWR T1 accident
sequences, Figure 2.2, for Grand Gulf, T1 sequences
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Table 2.5

Service Water Contribution to Core Damage frequency

Total internal SW CDF SW %
Plant Type CDF(mean) Contribution Contnbution
Caivert Cliffs 1 PWR 13604 1 4EDS i
Point Beach 1 PWR 1 4FE04 2.6E05 9
Turkey Pomt 3 PWR T.1EQ0S 3 QB8 5
St. Lucie | PWR i1.4E05 i 8F-06 13
ANO-1 PWR 8 RE-OS 1.1E0S P
Quad Cities 1 BWR 2 9E0S 3 0E05 30
Cooper BWR 18504 1.9E-04 65
Surry 1 PWR 4. 0EG5 1 SEO8 <1
Sequoysh 1 PWR 5. TE0S 24E07 <1
Peach Bottom 2 BWR 4 SE06 1.4E-06 n
Grand Guilf BWR 4 1E06 S.eEQ7 4

Lvmwing
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Summary

air opesated valves in service water
lines from the diesel generators fail to
open on demand (2%)

failure to restore ESW components
following maintenance (1% )

ESW pumps fail to start (< 1%)

Grand Gulf (see Appendix C, Figure C.7)

common mode failure of the Standby
Se-vice Water (SSW) pumps (4%)
SSW pumps fail 1o start (3%)

normally closed motor-operated valves
in the SSW distribution lines to safety
‘oads and return lines from safety loads
fail to open on demand (7%)

As can be seen from the above referenced figures, the SW
system configurations for each of the BWRs is unigue.
However there are common dominant failure modes
between the plants. These common failure modes are:

demand: This failure is common to Cooper
(18%), Peach Bottom (4%), and Grand Gulf
(7%).

Standby service water pumps fail to start: This
failure mode is common to those plants that
have standby emergency service water systems
iike Quad Cities (9% ), Peach Bottom (2% ), and
Grand Gulf (7%).

Unavailabilities due to maintenance aind Juc to the failure
to restore system components also contribute siguificantly
to the SW contribution to CDF for most of the BWR
plants.

Two important subtle failures are also dominant in the
BWR results. These are failure to isolate nonessential
cooling water loads (Cooper) and discharge check valve
failures for cross-tied pumps (Peach Bottom). The failure
to isolate the nonessential cooling water headers
contributes 34% of the total TAP A-45 CDF at Cooper.
Unlike the other BWRs, Cooper does not have a stendby
emergency service water system. Therefore, it is
dependent on the noncritical header isolation valves to
close. Failure to isolate the noncritical headers results in
inadequate cooling of the essential loads. This coupled
with the dependency on RBCW to align to safety loads
(i.e., normally closed isolation valves have to open on

NUREG/CR-5910
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demand) contributes over 50% of the towal TAP A-45
CDF,

At Peach Bottom, the failure (stuck open) of an ESW
pump discherge check valve, defeats the ESW system,
As shown on the first page of Figure 2,16, the Peach
Bottom ESW systems consists of two cross-tied pumps
(OAPS? and OBPS7). Both pumps automatically start
when demanded, however the operator will secure one of
the pumps once system pressure is achieved. 1f the pump
discharge check valve (CYS15A or CVSISR) of the idle
pump sticks open, the flow from the operating pump is
assumed to recirculate back through the idle pump
resulting in functional failure of the system.

2.4.2 PWR Service Water System Faults

The dominant service water component failures and
unavailabilities found in the four PWR PRAs reviewed are
summarized as follows:

St. Lucie (see Appendix C, Figures C.8 and C.9)

- commorn mode failure of the Component
Cooling Water system pumps (10%)

. common mode failure of the Intake
Cooling Water system pumps (3%)

Calvert Cliffs (see Appendix C, Figures C.10, C.11,
and C.12)

- failure of Salt Water System (SWS) and
Component Cooling Water (CCW)
normally closed air-operated valves to
safety related louds to open (6 %)
failure of SWS normally open air-
operated valves to stay open (1%)

* failure of CCW manual vaive due to
plugging resulting in common mode
failure of luw pressure and high
pressure safety injections pumps seal
cooling (1%)

ANOQ-1 (see Appendix C, Figure C.13)

. common mode failure of Service Water
System (SWS) motor-operated valves to
safaty related loads to open (11%)

- common mode failure of SWS pumps
(1%)
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Point Beach (see Appendix C, Figures C 14 and
C.15)

unavailability of Component Cooling
Water (CCW) manual retu-n vaive froin
RHR pump coolers due to maintenance
9%)

common mode failure of CCW pumps
(5%)

CCW manual return valve from RHR
pumps coolers fails closed due
plugging (2%)

common mode failure of Service Water
(SWS) pumps (2%)

Tuikey Point (see Appendix C, Figures C.16 and
CA7)

common mode failure of Component
Cooling Water (CCW) pumps (2%)
failure of the Service Water (SWE) non-
critical header isclation valve (air-
operated valve) to isolate nonsafety
loads (2%)

common mode failure of SWS pumps
2%)

Surry (see Appendix C, Figures C.18 and C.19)

common mode failure of Service Water
(SWS) isolation motor-operated valves
to open (<1%)

Sequovah (see Appendix C. Figures C.20 and C.21)

Component Cooling Water motor-
operated valves fail to open (< 1%)

- Service Water (SWS) manual valves and
strainers fail due to plugging (< 1%)

Naote: Percentages given in  parenthesis
represent the contribution made by the
given failure mode to the total CDF for
each plant.

As can be seen from Figures C.8 through C.Z1 of
Appendix C, the SW system configurations for each of
the PWRs is unique. However, as with the BWRs two
common service water system faults exist between most
of the plants. These are the dependency of the service

R ———
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Summary

water system on motor-operated or air-operated isolation
vaives to open on demand to supply cooling to the safety
related loads and failure of standby pumps (o start.

At Turkey Point, as at Cooper, the dependence of the
service water system on isolation of & noncritical header
shows up as a dominant failure mode. Failure of the
noncritical header to isolate diverts water away from the
safety related loads resulting in functional failure of the
service walter sysiem.
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Table 3.2 Evaluation of Criteria

Selection of the Pilot Plant

Plant

Calvent Cliff
Point Beach
Turkey Point
St. Lucie
ANO-1
Quad Cities
Cooper
LaSalle
Surry
Sequoyah
Peach Bottom
Grand Gulf

Ll ol ol ol e e ol e

Ll TTTZIZZZX

ZHZZZ << <2 Z<Z

"l el ol Tl e e T

colocoZI<<Z

ZLZRAE L L Z

Y = Yes
N = No
M = Marginal

U = Unknown needs more study
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4.0 Pilot Plant Analysis

4.1 Pilot Plant Essential Services

Water Systems

Six systems are available to perform the required cooling
functions at the BWR Pilot Plant:

Service Water System,

Turbine Building Cooling Water System,
Reactor Building Cooling Water System,
High Pressure Service Water System,
Emergency Service Water System, and
Emergency Heat Sink.

LR R

The acronyms used to refer to these Pilot Plant systems in
this chapter are defined as they are used. Note that the
acronyms may not use the same words used previously.
For example, ESW in this chapter refers to Emergency
Service Water. Earlier, ESW referred to Essential
Service Water,

The first three systems above are balance of plant (BOP)
cooling systems. The Service Water System (SWS) is an
open loop system and supplies screened and chlorinated
cooling water to the plant during normal plant operation
and shutdown periods only. The SWS consists of three
one-half capacity pumps, three horizontal fuel pool service
water booster pumps, and associated valves and piping.
The SWS fails on loss of normal AC power.

The Turbine Building Cooling Water (TBCW) system is
a closed loop system and supplies cooling water to
auxiliary plant equipment associated with the power
conversion system The system consists of two full-
capmitypumu\dhwoxchngm.ouhedmk.md
associated valves and piping. The SWS provides the heat
sink for the TBCW. In the event of loss of offsite power,
the TBCW system is not operated.”

The Reactor Building Cooling Water (RBCCW) system is
& closed loop system whose function is to p ovide cooling
to auxiliary plant equipment associated with the nuclear
steam supply system. During normal operation the SWS
provides the heat sink for the RBCCW system. Under
emergency conditions (e.g., loss of offsite power), the
RBCCW heat exchangers are manually connected and
gerved by the Emergency Service Water (ESW) system.
The RBCCW system consists of two full-capacity pumps,
two full capacity heat exchangers, one head tank, and
associated valves and piping.

The High-Pressure Service Water (HPSW) system is a
standby system dedicated to the Residual Heat Removal

(RHR) system. The HPSW sysiem consists of two cross-
tied pump trains.  Each train is made up of two pumps
and associated valves and niping. The system is designed
to supply cooling water from the ultimate heat sink to the
RHR heat exchangers under post accident conditions.

The ESW system is & standby system designed to provide
adequate cooling to the emergency equipment coolers and
compartment air coolers during & loss of offsite power,
The system consists of two full capacity pumps installed
in parallel. The ESW gystem is common (o both Units 2
and 3.7 The ESW system is described further below.

The Emergency Heat Sink (EHS) provides onsite heat
removal capabilities for Units 2 and 3 in the event the
normal heat sink becomes unavailable. The EHS consists
of an induced-draft cooling tower, one full capacity
Emergency Cooling Water (ECW) pump, and associated
valves and piping. The EHS can be operated in either a
closesd loop mede or an open mode.” The EHS is
described further beiow

Figure 4.1, taken from Reference 48, shows the
functional relationship between the SWS, RBCCW, EHS,
and ESW systems.

As described in Section 2.2, the NUREG/CR-4550
dominant accident sequences were reviewed to detsrmine
the service water contribution to CDF. This review is
documented in Appendix E. As can be seen from the
results of this review, for the Pilot Plant the dominant
service water faults are associated with the ESW system
and EHS. ‘Therefore, in this analysis, only these two
systems were reviewed to determine system vulnerabilities
and 1o determine possible modifications to enhance system
reliability. The foilowing describes the ESW and EHS
vulnerabilities and associated modifications.

4.2  Pilot Plant Emergency Service
Water System

As described above, the ESW system is common to both
Units 2 and 3. The system consists of two full-capacity
pumps installed in parallel. The normal suction source
for the pumps is a pond. The pump discharge piping
consists of two headers with service loops to supply the
diesel-engine coolers and selected eyuipment coolers. A
commondischargehud«mumthuymdﬂmthwk
to the pond. Figure 4.2 illustrates the ESW system.

Both pumps start automatically whenever standby diesel-

generators are started. One of the ESW pumps is
manually shut off if both pumps are running.

NUREG/CR-5910
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Pilot Plant Analysis

Tornadoes and torado missile impacts were
eliminated on the basis of a detailed
computation of tornado strike probability of ¥
x 10"/year and other feaiures of plant
structures and components designed 1o
withstand the effects of a Design Basis
Tornado.

The information available from Philadelphia
Electric Company on the frequency of turbine
disk inspection was used as the basis to assume
the safety of essential plant struciures from
damage due to turhine missiles.

Finally, explosions due to trunsportation
accidents and both on-site and off-site chemical
releases have a low probability of affecting the
site,

Thus, all external hazards except fire and
seismic events were found to be negligible

contribe” % to the risk of core damage at the Peach
Botton, p.ant. Detailed evaluations of fire and seismic
events contained in the remainder of this report.

Thus only seismic and €re events were considered
further. Most of the following information was taken
directly from the above reference.

Seiami

The seismic risk was found to be dominated by relatively
few accident sequences. The dominant accident sequences
primarily involve station blackout situauons which
resulted from loss of cooling water to the emergency
diesel generators. A variety of different component
failures were identified which led to this situation, with
failures of the emergency service water and emergency
heat sink systems being the most important. This is
demonstrated in the table given below for both the hazard
analyses performed.

Dominant Component Contributions to Mean Core Damage
Frequency Ranked by Risk Reduction Potential

Percent Reduction if Not Failed

Component LLNL Hazard EPRI Hazard
Ceramic Insulators 48 % 52%
ESW/ECW Pumps 3% 4%
Diesel Generator 4% 26%
Turbine Building 14% 16%
4kV Busses 12% 13%
Radwaste Turbine Building 8% 8%
RV Recirculation Pumps Supports 7% 7%
RV Skirt Suppornt 1% 1%

All other components and structures less than 1.

NUREG/CR-5910
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Typical service water related events are:

EMER-COOL-TOWER
ESW-MDP-FS-MDPA&B
ESW-CCF-PF-MDPS
ESW-MDP-FS-ECW
ESW-TNK-LL-PS13

The ESW-TNK and COOL-TOWER are direct seismic
events outside the system analysis. Failure of the two
ESW pumps, the ECW pump, and common cause failure
of the ESW pumps are covered in the internal events
analysis. Additional credit for improving the ESWS given
the seismic environment is unclear since any modifications
weuld have t - consider seismic qualification in addition to
the basic costs of the changes.

Eire

There were three fire areas with potentially significnt
core damage froquencies; the control room, the cable
spreading room, and the emergency switchgear rooms.
Only the emergency switchgear rooms directly involve
service water. These can be divided into three groups.
GROUP 1 Emergency Switchgear Rooms 2A, 2D,
3A, 3B, and 3C

For all five of these fire areas a similar scenario occurved.
This sequence (T1BU 1) was & station blackout caused by
a fie-induced loss of offsite power and a random loss of
the emergency service water system. This random
(failur. not related to the fire itself* loss of emergency
service we'sr caused a station blackout because emergency
service water provides cooling for ell four diesel
geverators.  Thus, emergency onsit: power failed,
Emergency service water also provides room cooling for
e HPCi system. The HPCl system will fol in
approrimately 10 to 12 Lours due to either loss of room
cooling or oattery depletion caused ; the station
blackout. These areas are all similar in that the primary
source ot fire is electrical *witchgear within the fire area.
The fire accident sequeace involves several terms.

The term that represects random failure of the emergency
service water system Qg can be represented by the
following equation:

Quew = ACP-DGN-FR-EDGB *
ACP-DGN-FR-EDGC *
DGHWNRIGHR *
ESW-XHE-FO-EHS +
ESW-CCF-LF-AOVS

Pilot Plant Analysis

These random failure events were developed as part of the
internal events analysis of the Pil~* Plant and are idertical
except for the postulated mission time of the emergency
diesel generators.
GROUP Il Emergency Switchgear Rooms 3D and
2B

The identical scenario to that described above for GROUP
I wecurs; however, some fire-related failures of the ESW
also occur. For emergency switchgear room 3D the fire
fails power to the ECW pump, while for room 2B power
is failed to ESW pump A. These fire-related failures
coupled with additional random failures lead to & loss of
ESW system, and consequently, station blackout.

Therefore, the Quey term for emergen~y switchgear room
D is:

Quew = ACP-DGN-FR-EDGB *
ACP-DGN-FR-EDGC *
DGHWNRIGHR +
ESW-CCF-LF-AOVS

while for emergency switchgear room 2B:

Quew = ESW-CKV-CSI5A +
ESW-CCF-LF-AOVS +
ACP-DGN-FR-EDGC *
ACP-DGN-FR-EDGD *
DGHWNRI16HR

GROUT [ Emergency Switchigear Room 2C
Tnree scenarios survived screening for emergency
switchgear room 2C. The first was the station blsckout
scenario described above the GRCUP 11 with fire-related
failure of offsite power and ESW pump B. The other two
sequences  were TIBUIWIX2W23U4V23Y and
TIBUIWIX2W23U4V2Y. For these last two cases
station blackout does not occur and other random failures
lead to long-term core damage scenarios. The core
damage equation for all three scenarios is identical except
sequences to reflect different random failures necessary
fur core damage. Thus only Scenario | is related to the
service water gystem.

The only difference for Sconario | for room 2C is the

Qusw term is changed due to a slightly different fire-
induced damage.
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Pilot Plant Analysis

ESW-MDP-FS-MDPA 8.29E09
ESW-MDP-FS$ MDPB B 29509
ESW-MDP-FS-CCF 206509
ESW-MDP FS-ECW S.S1E-10
ESW-MDP-FR-MDPA 9.17E-10
ESW-MDP-FR-MDPH 9.17E-10
ESW-CKV-HW-CS15A 1L 11E-11
ESW-CKV-HW-C515B LUEL
TOTAL CONTRIBUTION 2 IREQ7 (5%)
. Basic Event Contribution to CDF
ESW AOV-CC-COF 9. 7SE-08
ESW-AQV-CC0241B 1.26E09
ESW-AOV-CC0241C 1.26E00
ESW-AOV-MA-0241B 3.56E-11
ESW-AOV-MA0241C 3.86E-11
TOTAL CONTRIBUTION  1.00E-07 (2%)
Pump Train Maintenance Unavailabilities
—.Basic Event Countributiop t> CDF
ESW-MDP-MA-MDPA 4.39E-09
ESW-MDP-MA-M"PB 4.34E09
ESW-MDP-MA-8CW 2.50E-10
TOTAL CONTRIBUTION  9.03E9 (<1%)
Other SWS Faults
vent Contribution to CDF
ESW-CKV-HW-CV513 425809
ESW-XVM-PG-X V502 1.S8E09
NSW-SYS-FO-NSW-1 3.00E-10
ESW-XVM-PG-XVS05B 1.41E-U1
ESW-XVM-PG-XV505C 1.41E-11
ESW-XVM-PG-XVS10 1.01E-12
ESW-YVM-PG-XV509 1.01E-12
ESW-XVM-PG-XV507A 1.01E-12
ESW-XVM-PG-XVS07B LOIE-12
TOTAL CONTRIBUTION  6.16E09 (< 1%)

The percent given in parenthesis is the percent
contribution to the total CDF. Figure 43 gives a
graphical representation of the above faults.

45 Discussion of ESW
Vuinerabilities and Proposed
Maeadifications

The vulnerabilities identified above were reviewed to
determine what possible modifications might decrease the
caiculated ESW contribution to CDF. This section

NUREG/CR-5910
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describes proposed modifications and the general
vulnerabilities they address. 1t should be understood that
the modifications described are bused on limited plant
design information (i e, information available in the plant
Updated Final Safety Analysis Report) and are no. being
propesed for implementation at the Pilot Plant.

The modifications are discussed below in accordance with
the vulnerability they address.

Vulnerability 1: Operstor Fails to Operate th: ECW
Pamp

This failure is dominent in loss of offsite power accident
sequences and accounts for approximately 14% of the
Pilot Piant total CDF.

The emergency heal sink acts as & backup to the
emergency seivice vater (ESW) system during a loss ol
offsite powsr. The emergeacy heat sink (Emergency
Cooling Water System) has a single pump supphied by an
emergency diesel gauerator when offsite power is lost

Following & loss of offsite power, the ECW pump
automatically starts after a 22 second time delay following
an emergency diesel generator auto start. If the discharge
pressure for the emergency service water pumps appesr
normal, the operstor will shutdown the ECW pump. 1f,
later in the sccident, the operating ESW pump trips and
the standby ESW pump fails to start (receives an auto
start signal 7n low system pressure) or run, the operator
must manually restact the TV pump. This vulnarability
addresses the operator failure to rec et the ECW pump
fuliowing & delayed failure of th= TsW pumips.
Modification 1: Addition of & Third ESW Pump

The addition of & third LSW pump that would suto start
on diesel auto start and/cr low ESW system pressure
would increase the reliability of ESW and thereby reduce
dependance on operator actions to initiate the emergency
heat sink and add flexibility in response to a loss of offaite
power accident. The new ESW pump would be sized for
100% ESW flow capacity und would operate in the same
manner previously described for the existing ESW pumps.
That is, all three pumps would start automatically when
the standby diesel gensrators start. Two of the pumps
would be manually shut off if all three are running.
Figure 4.4 illustrates this proposed modification. In order
for this modification to have a positive effect, the third
ESW pump would require emergency power from
emergency diesel D instead of emergency diesels B and C
which power ESW pumps A and B.
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Pilot Plant Analysis

By doing so, the failure probability of a check valve
failing to reclose would decrease by a factor of three

Vulnerability 4: ESW Pump Hardware Fuults

ESW pump haurdware faults are important in loss of
offsite  power accident sequences and account for
approximately 1% of the Pilot Plant tota! CDF.

The ESW consists of two redundant, cross-tied pump
trains. The success criteria established is one of two
ESW pumps operating delivering flow or the ECW pump
delivering tfow to the ESW system. Therefore multiple
fuilures have to occur before ESW pump failures begin to
show up in the cut sets Dominant cut sets generally
consist of EDG B or C failing, which fails one ESW
pump, and the resulting available pump failing to
start/run, and the operator fails to init.ate the ECW pump.

Modification 1:  Addition of a Third ESW Pump

This is the same modification s proposed for
Vulnerability 1.

Modification 2: Addition of Standby Auato Actuation
Logic for the ECW Pump

This is the same modificatinu as proposed for
Vulnercbility 1.

Vulnerability 5: Failure of ESW to Cool the EDGs Due
to AOV Failures

ESW AOV hardware faults are dominant in loss of offsite
power accident sequences and account for approximately
2% of the Pilot Plant total CDF.

The ESW provides cooling water to the e.unergency diesel
generators, The ESW outlet header from each emergency
diesel generator contains an air operated isolation valve
that is signaled open when its respective diesel generator
starts. Failure of this valve to open oo diesel start defeats
ESW cooling to that diesel which results in failure of the
respective diesel generator.  Failure of the diesel
generators following a loss of offsite power results in a
station blackout.

Modification 6: Addition of & Check Valve in Series to
the Diesel Generator AOVs

This modification would remove the demand on the AOVs

to open on diesel start by making them normally open
valves and installing a check valve (six-inch valve) in

NUREG/CR-5910

4-16

series with the AOV. Figure 4 8 illustrates this proposed
modification.

Modificsuon 7:  Additior of a Swing, Self-Cooled Diesel
Generato

This rodification consists of the sddition of a swing, self-
cooled diesel senerator that would auto sturt in the event
of loss of normal sources of power to the onsite power
systemn. The diesel generator would be manually started
and cross-connected to the appropriate bus. The engine
would have its own self contained cooling svstem which
would consists of s forced circulation cooling water
system. The cooling water system would cool the engine
directly and an air-cooled radiator system would remove
the heat from the cooling water. The cooliug water pump
would preferentially be directly driven by the engine
crankshaft. Thereby no external source of power would
be required and no external cooling source would be
required.

The engine would also have a self contained lube oil
system. The lube oil pump would preferentially be
directly driven by the engine crankshaft. The lube oil
heat exchanger would be served by the engine cooling
water system. Thereby no external power source would
be required and no external cooling source would be
required.

A new (dedicated) 125 volt battery, battery charger, and
distribution panel will be required to provide field flashing
and control.

A summary of the important internal events vulnerabilities
and th: proposed SWS modifications is given in Table
4.2, Note that each vulnerability is addressed by one or

more of the proposed modifications.
4.6 Implementation of Proposed
ESW Modifications

This section describes the implementation of the proposed
maodifications of the NUREG/CR-4550 analysis. In order
to perform this analysis the Pilot Plant models as available
on IRRAS were used. The IRRAS Pilot Plant model is a
replication of the NUREG/CR-4550 analysis. A
description of this model can be found in Reference 49.
Before implementing the proposed modifications, changes
to the IRRAS model were made as described below.

A check of the IRRAS Pilot Plant cut sets for the
dominant accident sequences was performes to determine
vhere ESW events occurred and to determine the
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Pilot Plamt Analysis

Tavle 4.2

Internal Fvent Valters bi'ities

Vulnerability
1. Operator fails o operate the ECW pump

2. Failure 10 restore ESW components after
maintenance

3. Discharge check valve failures fail cross-tied ESW
pump

4  E"W pump hardware faults

5. Failure of ESW to cool the EDGs due to AOV
failures

Modification
Asldition of & third ESW pump

Addition of standby suto-actue*n logic for the
EUW nump

Additional operstor training, revise procedures,
add pdditional alarms in the control room

Addition of & second pump discharge check valve
Increase system testing frequency

Addition of check valves in series to the AOVs
Addition of & swing, 1+ sif-cooled, DG

contribution these cut sets make 1o the total core damage
frequency. As & resuit of this review it was evident that
some of the cut set probabilities were in disagreement
with the NURECG/CR-4550 results ¢ though the cut
wels were in agreement.  As & check, the IRRAS basic
event data base was reviewed to account for these
discrepancies.  The following basic ¢+ 1ata was found
10 be different in the IRRAS model wi. _ompared to the
NUREG/CR-4550 model for which the IRRAS model is
to reflect.

IRRAS  NUREG/CR-4550
Basic Evew  Unevailebility  Unavallabic,
ACP-DGN-LP-CCF 3 AE0) 3.0E-03
ACP-DGN-FR-EDGA  4.5E03 1 9E02
ESW-MDP-FS-CCF 7.8E05 3.0E03

The NUREG/CP-4550 model basic event probabilities
were entered into the IRRAS model and the dominant
nocident sequences were then reavantified. The results
reflact the NUREG/CR-4550 results for the Pilot Plant
and are giv- in Table 4.3. Note that the valuey shown
in this table for the saquences listed in the Executive
Summary (EXEC-3) are the point estimates which
correspond 1o the means shown on EXEC 3.

The reascn for using point estimates is that an uncetainty
analysis was not available on IRRAS for all sccidont

NUREG/CR-5910
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sequences, therefore an IRRAS calculsted mean CDF is
nel available.  For those sequences for which an
uncertainty analysis was performed on IRRAS, the results
varied from +10% 10 79% when
compared with the NUREG/CR-4550 Pilot Plant results
Therefore, to avoid having 1o complete the IRRAS
uncertainty analysis and to ensure comparsble results with
NUREG/CR-4550, point estimates are used thro.ghout
this analysis.

In an attempt to genernlize the Pilot Plant results, gener ¢
dete 5w be susututed for plant specific data. A
review of the Pilot Plant N1'™73G/CR-4550 data base
showed that generic ASEP data was used aimost
exclusively. Notable exceptions found were:

Basic Event Probability
ACP-DGN-LP-EDGA 3.0F03/d
ACP-DUN-LP-EDGB 3.0E03/d
ACP-DGN-LP-ENGC 3.0E0%/d
ACP-DGN-LP-EDGD 3 B03d

Generic ASEP data’ for diesel generator failures 1o start
is 3.0E02/d, which is &n order of magnitude higher.
Updating the accident sequences with this generic ASEP
data gives a new poin. stimaie for CDF of 4 67E06, a



Table 4.3

Pilot Plant Analysis

Corrected TRRAS Model Point Fetimats Results

IKRAS NUREG/CR 4550
TI-BNUI 9.20ED7 929007
TAA-CSLC | 4106 1. 41 E06
TAIACUNIX 262607 2.62E07
§1-VIVIVANUTI 1.60E07 1 80EQ7
TI-BUIIU2) 1, 18E-07 1.78E07
Ti-PIBNUTI 8. 15E08 8 12608
TI-BUIINU2] 6 63108 6.60E-08
TACAL-SLC 1.OTEDT 1. 0TE07
Ti-P2V2MNULIB B 9EO8 8§ 99L-08
T2 P2VIMNULL S 32E08 $.A2E08
TIB-P2V234NUL) 6.41E08 6. 41E08
A-VIV] § 34E08 § 34008
TI1C-SLC 4 42808 4 42E08
TAB.C.SLC 3 36E08 1.36E-08
T2-C-S1LC 2 ROEO8 2 80E-08
TIA-PIV23NUL 2 66E-0R 2. 66108
TCCULIX 1 94E-08 1.94E-08
TI-PIBULIU2] 1.71E08 1.TMEO8
mere—— - v s—
Totals 3.62E06 1.62E06
Note: All values are per reactor-year of operation.
29% increase. Table 4.4 gives a listing of the new point Maodification
estimate for sach dominant sccident sequence. The values 1 2 % 4 § 617
shown in this table for the sequences listed in the
Executive Summary (EXEC-3) do not agree since they me Alternative | X X X
point estimates, rather than means, for sequences using Altlernative 2 X X X
different, i.e., genonic data. Alternative 3 X X X
Alternative 4 X -
The cut set results following the above data changes Altemative § X

provide the basis for all quantitative analyses performed
in this report.  ppendix F provides & listing of the
resulting cut sets for all dominant accident sequences.

4.7 Combinations of Proposed
Modifications to be Implemented

Five alternative ESW modification packages were
proposed for analysis. These alternatives are defined as
follows:

4-19

The basic goal of the allernatives is to maximize the
benefit of one or more selected modifications. Since the
cost of the modifications varies, the a.iersatives were
structured so the ~ost of Alternative | would be the least
expensive and eesiest to implement and Alternative §
would be the most expensive. The other alternatives were
structured so that they would provide a range of costs and
benefits between the extremes. This structure corresponds
to alternatives which progress from additional training,
revised procedures, and additional testing, to modest
hardware additions, and finally to major hardware
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Table 4.4

Base Case: TRRAS Moda! Point Estimate Results

S N CDF Point Esti
Ti-BNU1I 1 RIE-O06
TIAC-SLC 1. 41E06
TIACULIX 2.62EM
S1-VIVIVaNUII 1.60E07
Ti-BUIINU21 1.78E07
TI-PIBNUI 1.62E07
TI-BULINU2] 1.36EQ7
TICC-SLC 1L.OTEO7
TI-P2VIMNUILIR 8 99E08
T2-P2VI3aNUIL I § 32608
TAB-P2V2MANUII 6.41E08
A-V2V3 534508
T1-CSLC 442808
TIB-C-SLC 3 36E08
T2-C-8LC 2.80E-08
TIA-PIV234NUIL| 2. 66E-08
TIC-CULIX 1.94E-08
TI-PIBUTIU2) 1.71208
e
Total 4 67606

Note: all values are per reactor-year of operstion

additions and modifications. The specific modifications
selected for each alternative are describe bslow,

Alteroative |

Alternative | would implemont three of the identified
modifications: (1) provide additional operstor training,
revise procedures, tad/or add additional alarms in the
control room in order to reduce the probability that the
operator fails 1o operate the ECW pump and to reduce
restoration errors; (2) increawe the ESW functional testing
frequency from quarterly to monthly to reduce the
probability of pump discharge check valve failures ¢« to
back leakage (i.e., fails to reciose); and (3) add
check valves in series to the diesel ESW discharge air-
operated velves which are required to open on diesel start.

Siemative 2

Al'ernative 2 is the same as Alternative | except that
instead of increasing the ESW functional testing frequency
to reduce the probability of check valve failures due to
back leakage ¢, fails to reclose) & second check vaive

NUREG/CR-5910

4-20

would be installed in the pump discharge line in ser.es
with the existing check valve.

Allernative 3

Alternative 3 is the same as Alternative | except that
instead of providing additional training for the operators,
revising procedures, and/or adding sdditional alarms in
the control room, standby auto-actuation logic would be
provided for the ECW pump and pump discharge motor-
operated valve.

Alternative 4

Alternative 4 is the same as Alternative 3 except that
instead of providing auto-actustion logic for the ECW
pump, a third ESW pump would be installed that would
function the same as the existing two ESW pumps.

Alteroative 5
Alternative § would add a seif-cooled diesel generator that

would be manually initiated and loaded to the appropriate
AC bus.



4.7.1 Implementation of Alternatives
Alternative | consists for the following modifications

I provide sdditional opersior  training,  revise
procedures, and/or add additional alarms in the
control room,

% increase the functional testing frequency of the ESW
system from quarterly to monthly for the pump
discharge check valves,

1. add check valves in series to the diesel ESW
discharge air-operated valves.

No credit is taken for increasing operator training lo
reduce the probability of the operator failing to operate
the ECW pump due o the amount of time (just a few
minutes) available for the operator to take action.

No credit is taken for revising procedures to reduce the
component restoration faults following maintenance. The
current practice is proceduralized and requires appropriate
operator sign-offs and functional testing of components
taken out for maintenance before declaring ESW operable.

No credit is taken for installing additional alarms in the
control room to wlert the operator of failed ESW system
and the need to operste the ECW pump. System
parnmeters such as system pressure and flow a'ready exist
in the control room and it is assumed that high diesel
engine jacket water temperature and high diesel engine
lube oil temperature (indicating failed cooling) is already
alermed in the control room.

Increasing the functional testing frequency of the ESW
system from quarterly to monthl would - sduce the
probability of check valve failure « 1o back leakage
(i.e., fails to reclose) by a factor of 3. The generic
failure frequency used in NUREG/CR-4530 for a check
valve failing to close was 3 0E-03/d which was derived
from the time related component failure probability term,
1/2 A t, where the failure rate A = 3.0E-06/hocr and time
t = 2160 hours (720 hours/month x 3 months between
actuations). Increasing the functional testing frequency to
monthly gives a new failure probability for check valve
failure due to back leakage of 1.0E03/d. This
modification is implemented into the model as a simple
data base change, i.e., change the failure probability of
check valves in question (ESW-CKV-CB-C515A and
ESW-CKV-CB-CS515B) from 3.0E03/d 1o 1.0E03/d,

Adding check valves in series with the air-operated valves
and changing the AOVs normal operating position from
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closed 10 open is implemented as a change in basic event
probability for the normally closed AOV failing to open.
The new failure probability is composed of the following
events

1. Check valve fails to open (p = | 0E04/d)
2. Normally open AOV spurious closure
(p = 1.OEO7/hr).

Using an 8 hour mission time to be consistent with the
NUREG/CR-4550 analysis. & new unavailability for the
existing basic events under guestion (normally closed
AOV fails to open) is caloulated as follows: (1.0E-O4/d
x id) + (1L.OEO7/he x 8 hr) = 1.0E04,

Implementation of Alternative 1, in short, consisted of
updating the unsvailability number of the applicable basic
events and requantifying the dominance accident
sequences to get the oversll effect on CDF. The basic
events affected and their associated unavailability is giv
in Table 4.5

Implementation of Alternative 2

Alternative 2 is the same as Alternative 1 except that
instead of increasing the functional testing frequency of
the pump discharge check valves, & second pump
discharge check valve would be installed in series with the
existing valve. Adding the second check valve would
result in & change of the {wilure probability of the check
valve already modeled from a single event to a common
mode event of two check valves in series failing to
reclose.  Assuming & bets factor of 0.1 for screening
purposes, the failure probability for one check valve
failing to reclose (p = 3.0E-03/d) is changed to 3.0E-
04/d (3.0E<03 x 0.1) to account for the second check
valve.

Adding the second check valve also increases toe failure
probability of the pump train since the check valve must
open for successful pump operation. This tailure .node is
accounted for by updating the already modeled failure of
the existing check valve to open by factor of 2. The
failure probability for the existing check valve to open
(ESW-CKV-HW-C515A and BSW &5 HW.CS15B) is
1.0E-04/d, doubling this to account fo “« . 'dition of the
second check valve gives & failure probabuity of 2.0E-
04/d.

Implementation of Allernative 2, in short, coasisted of
updating the unavailability number of the applicable basic
events and requantifying the dominant accident sequences
to get tne overall effect on the CDF. The basic events
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Table 4.7
Alternative 3 Affected Basic Events and Associsted Unavailabilities

Original Alternative 3
Hasic Event Unavailability Unavailability
ESW.AOV-CCO41A 1.0E03 1 OEO4
ESW-AOV.CC02418 1.0E03 1.0E04
ESW-AOV-CC041C 1.0E03 1. OE-O4
ESW-AOV-CC0241D 1.0E03 1 OE04
ESW.-AOV.CC-CCF 1.OE0) 1 OE04
ESW.CKV-CB-CS15A 3.0E03 1 OEO3
ESW-CKV-CB-CS1SB 1.0E03 1 0E©0)
ESW XHE-FO-EHS 9.03.01 0.0E-00
Table 4.8

Alternative 4 Affected Basic Events and Associated Unavailabilities

ey ¢ ~—— -

Original St 4
Basic Event Unavailebility L 1S S
BETA-2SWSPS 26E02 No Change
BETA-3SWSPS 1 4E02 My Change
ESW-AOV-CCOM41A 1.0E03 1.0E-04
ESW-AOV-CCO241B 1.0E-03 1.0E-D4
ESW-AOV-CC0241C 1.0E03 1 OB-04
ESW-AOV-CC0241D 1.0E03 1. OE-04
ESW-AQV-CC-CCF 1 OE-03 1LOEO4
ESW.CKV-CB-CSI5A 3.0E03 1.0E03
ESW.-CKV-CB-C515B 3.0E03 1.0E03
ESW-CKV-CB-CS15C 31.0E03 1.03-03
ESW-CKV-HW-CS515C 1. OE04 No Change
ESW-MDP-FR-MDPC 1.2E03 No Change
ESW-MDP-FS-MDPC 10E03 No Change
ESW-MDP-MA-MDPC 2.0E03 No Change
ESW-PMPC' N/A 1.0E02
ESW-PTF-RE-MDPC 2.19E03 No Change
ESW-XVM-PG-X507C 4 0E-08 No Change

"Event module added to cut sets to account for the addition of Pump C. Consists of Pump C hardware
fuults.
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Implementation of Alternative 4

Alternative 4 i the same as Alternative 3 except that
instead of providing standby auto-actustion logic for the
ECW pump and pump discharge valve, a third, 100%
capacity, ESW pump would be installed that would
operste in (he same manner as the existing ESW pumps,

Implementation of this alternative required updating basic
event probabilities where applicable and also manipulating
the mccident sequence out wsets where applicable.
Manipulation of the cut sets wiks required to account for
the change is ESW systom fault tree logic and to scoount
for the added failure modes attributed to the addition of
the third pump. To aid in this snalysis, & fault tree model
for the third pump was developed and is shown in Figure
49  Upavailability data for the basic events shown in
Figure 4 9 as well as for those basic events in which their
failure probabilities were updated to account for the other
modifications implemented in this Alternative is given in

Table 4 8 on the previous page.

The ESW events affectad by this alternative show up in
three dominant accident sequences (i.e., station blackout
sequences) Therefore only the cut sets which contained
ESW events in these sequences (i.e., TI-BNUIIL,
Ti=PIBENULL, and T1-BUIINU21) were manipulated in
order to implement this modification. Dotninant out sets
involving ESW faults genarally consisted of the following
events

1 Failure of one ESW pump to run and failure of
the other ESW pump due 1o hardware faults and
fuilure of the operator to start the ECW pump, or

2 ESW dischaige check valve fails open and
independent fuilure of the pump associated with
failed check valve, or

3. Common cause failure of the two ESW pumps to
start and failure of the ECW pump. Al three of
these fail the ESW system which in turn fails the
emergency diesel generators (i.e., fuils onsite AC
power).

For those cut sets consisting of Type 1, a single module
event was added to account for the addition of pump train
C. This module event (ESW-PMPC) is made up of pump
train C hardwere faults as follows:

Basic [ Descripti
ESW-CKV-HW-CS15C  Pump C discharge check valve
tails to open on demand
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ESW-MDP-FR-MDPC  Motor-driven pump C fails to

run given stan
FSW-MDP-FSMDPC  Motor-driven pump C fails to
stan
ESW-MDP-MA-MDPC  Motor-driven pump C out for
maintenance
ESW-PTF-RE-MDPC  Failure to restore motor-driven
pump C after maintenance
ESW-XVM-PG-XS07C  Motor-driven pump C
discharge manual valve fails
due to plugging
DGACTD Failure or diesel generstor D
actustion to initiste pump C

The cumulative unavailability of these basic events is
1.0EA2, which is the unavailability of term ESW.-PMPC.

For those cut sets of Type 2, additional cut sets were
added to the mocident sequences to account for pump
discharge check valve failure to reclose, resulting in
backflow through the idle pump and subsequent failure of
the ESW gystem 1o provide cooling to the emergency
diesel generators. These additions were a simple matier
of duplicating the cut sets containing check valve back
leakage faults and substituting in the pump C pump fault
and pump C check valve CB term.  The following
example is offered.

Existing cutset - T1 * ESW-CKV-CB-CS15A *
ESW-MDP-FR-MDPA

This cut set was duplicated and the following revisions
made

T1 * EsW-CKV-CB-C515C *
ESW-MDP-FR-MDPC

to account for the addition of pump C and its associated
valving.

Cut sets of Type 3 consist of common mode failures of
two ESW pumps (o start. With the addition of a third
ESW pump, the beta factor was changed from two pumps
10 three, i.e., BETA-2SWPS became BETA-3SWPS,

Note that the pump C would be powered from AC and
DC division D, the same as the ECW pump. Therefore,
division D faults are already accounted for in the cut sets
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due to the ECW pump and no additional additions were
nOCessary

Once the cut sets were revised 1o account for the addition
of the third ESW pump, the sequences were requantified
o pet the overall effect this alternative has an the total
CDF

Implementation of Alternative §

Alternative § would add a selfcooled swing diesel
generator that would be manually initisted and loaded to
the appropriate AC bus from the control room. This
alternative would not change the configuration of the
ESW system but would reduce the plants onsite electric
power dependency on ESW.

Implementation of this alternative required updating post-
accident human error probability (MEP) data where
applicable to account for the operator actions 1o start and
lond the swing diesel generator. Also included in the
updated HEP data were swing diesel independent faults
The following swing diesel generator failure modes were
accounted for in this analysis

Basic Event Description
ACP-DGN-FR-EDGS  Swing diesel fails
(unavail. = | 2B402)
Swing diesel fails to stant
(unavail. = 3 0E-02)

Swing diecel out for
maintenance (unavail. = 6 0OF-
03)

Swing diesel unavail. due to
test (unavail. = 2 3E03)
Failure to restore swing diesel

after maintenance (unavail. =
7.98E-04)

o run
ACP-DGN-LP-EDGS

ACP-DGN-MA-EDGS

ACP-DGN-TE-EDGS

ACP-DGN-RE-EDGS

The cumulative unavailability of these basic events is
§.SE-02, which is the unavailability of the swing diesel.

Table 4.9 lists the basic HRA post-accident terms updated
in this analysis along with their NUREG/CR-4550 HEP
values and the value of each term used in this analysis to
culculate the effect the addition of & swing diesel would
have on the CDF. The value of each term in this analysis
is & combination of the diesel generator faults listed above
and the probability of the operator fa.ling to cross-tie the
swing diesel, The HEP values were extracted from the
Grand Gulf NUREG/CR-4550 analysis. ™

After updating the HEP value for sach of the terms listed
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in Table 49, the dominant accident sequences were
requantified 1o gei the overall effect on the CDF

4.7.2 Modification Results

The resuits of the quantification for the alternative design
modification described above are presented in Talle 4.10.
It compares the sequence frequencies after modification.
Recovery factors have boen accounted for in all the
sequences in Table 4,10,

From the results listed in Table 4.10, it is ssen that the
preatest reduction in CDF is obtained with Alternatives 3
and 4 (e, approximately 33% and 31 % reduction in
CDF, respectively). Both of these alternatives decrease
the dependency on the operator to initiate the ECW pump
and also eliminate the dependency of the diesel generators
on the ESW AOVs which must open for successful diesel

uperation
4.8 Sensitivity Analysis

Sensitivity analyses were performed for selected ESW
components to determine the we sitivity of the risk model
to the increase in component failure probability. The
ESW faults selocted for sensitivity analysis were chosen
using the following criteria:

1. Based on NUREG/CR-4550 risk increase results, the
ESW basic event has the potential for being a
significant contributor to risk if current levels are not

2. The ESW component is susceptible 1o water quality
problems such as silt (e.g., plugging of valves),
corrosion (e.g., degrades proper functioning of
components such as valves), and arosion (e g,
increased wear on pumps).

Hased on these criteria, the following ESW ccmponeat
types and failure modes were selected for sensitivity
analysis

Component Enilure Mode

Check valves Back leakage (CB)
Failure 10 open (HW)

Air-operated valves Closed fails to open (CC)
Maintenance  unavailability
(MA)

Manual valves Plugging (PG)
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Table 4.9

Alternative § Diesel Generator Cross-Tie Recovery Action Duta

NUREG/CR-4550 X-Tie HEP DG Alt. §

Basic Event HEP Value Value Unavailability Value
DGHWNRIHR 8 0EQ1 1.0EQ! 5 5E02 1.6E0|
DOGHWNRSHR 7.0E01 8.5E02 sscn 1.4E01
DGHWNRTHR 6.0E-01 6 0E02 S SEM 1.2B01
DGHWNRIHR 5. 8E01 40802 S SEM 9.5E-02
DGHWNRI2HR 5 5E01 6.6E03 S SE02 6 2E02

Table 4.10

ESW Alternative Modification Results

Sequence Original Alternative Alternative  Alterstive Alternative Alternative

Identifier Probability 1 2 3 - s
TI-BNU11 | B3E06 1 A1E06 1.33E-06 S.01E0 5. 70E07 9.21E07
TIAC-SLC 141E06 1 41E06 1. 41E06 1. 41E06 1 41806 1 41E06
TIACULIX 2.62E07 2.62E07 2.62E07 2.62E07 2.62E07 2.62E0"
§1-V2VIVaNU11 1.60E-07 1.60E07 1.60E07 1.60E07 1.60E07 1.60E07
Ti1-BUTIU2I 1.78E07  1.7BEQ7 1.78E07 1.78E07 1. 78E07 1.78E-07
T1-PIBNU1I 1.62E07 1. 24E07 1 1TEQT7 4.60E-08 5 24E08 8. 10E08
T1-BULINU21 1.36E07 1.12E07 1.07TEQ07 4 04E-08 4 51E08 6.79E-08
TIC-CSLC 1LOTEQ?T  1OTEQ? 1.O7E07 1.0TEQ7 1.07TE07 1.07TE07
TI-PZV234NULIB B.99EOR B 99EO8 8 99E-08 8.99E-08 8.99E-08 8.99E-08
T2-P2VI34NUIL] S32E08  332E08 S32E08 5. 32E08 5 32E08 §.32E08
TIB-P2V234NUTI 641E08 6 41E08 641508 6.41E08 6.41E08 6.41E08
A-V2V3 S34E08 S MEO8 § 34E-08 5.34E08 5 34E-08 §.34E08
T1-C-SLC 4 42E08 4 42BEOR 4 42E08 4 42E08 4 ME08 4 42E-08
TiB-C-SLC 136E08  3.36E08 3.36E08 3.36E08 3.36E08 3.36E08
T2-C-SLC 2.B0E08 2 80E-08 2 8OE-08 2. BOE-08 2 80E-O8 2.80E-08
I3A-P2V234NU 11 2.66E08 2 66E08 2.66E-08 2.66E-08 2.66E-08 2.66E08
TC-CUNIX 1 94E08 1 .94E08 1 94E-08 1. 94E08 1.94E-08 1.94E08
TI-PIBUNIU21 1L.TNE08  1.71E08 1.71E08 1.71E08 1.71E-08 1.TNE08

Totals 467TE06  4.19E06 4 09E-06 3. 13606 3.21E06 3.61E-06

Note: all values are per reactor-year of operatios.
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Motor-driven pumps  Fails to run (FR)

Maintenance  unavailability
MA)

A sensitivity analysis was performed for each component
with all failure modes lisied with an mciease in basic
event probability of 3 and 10 tizes the original basic
event probability.  These muitipliers were selected to
yrovide a comparsble range of results from which to draw
conclusions A new core damage frequency was found
which is an indicator of the seasitivity of the risk model
1o the increase in component failure probability. After the
sensitivity analysis was perforumed for each component
selected, & sensitivity analysis was run  with all

e e I R R R R R R O BB TR

The reader shordd note that only the dominant sccident
sequence cul sets are available on IRRAS and were
manipulated in tus analysis. 1t is technically incorrect to
do this in that &ll the accidemt sequences should be
requantified with the new data to determine all the cut
sets. However, the information, (e.g.. sequence logic,
mutually exclusive event files, flag files, etc.) required to
perform this requantification are not on IRRAS and would
have 10 be recreated and checked to ensure IRRAS gives
the same results as the NUREG/CR-4550 analysis. This
level of effort is beyond the soope of this project.

Table 412 gives the results for each componen' from the
sensitivity runs made with all selacted components failure

| components listed above. Table 4.11 gives the basic probabilities increased by factors of 3 and 10

event unavailabilitios used in the analysis.
Table 4.11
) Sensitivity Analysis Basic Event Unavailabilities

BASE
UNAVAIL

3.0B03
1 OEO4

1.0E03
2.0E-04

4 OE-05

1.2E03
2.0E-03

’ ESW COMPONENT
Check Valve

Air-Operated Valve

Manual Valve
Metor-Driven Pump

Table 4.12
Sensitivity Analysis Results in Terms of CDF

ACDF'
INCREASE

3.89E-06
3.00E-08
2. 18E-06
1.76E06
1. 16E-05

COMPONENT BASE X 3

Check Valve 5. 54E-06

l Manual Valve 4 68E-06
|
|
|

\
i CDF
:

Air-Operated Valve 5 14E-06
Motor-Driven Pump

5. 00E-06
6.52E-06

'ACDF caleuiated based on a base case CDF equal 1o 4.67E-06.

|
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Table 5.2 Inputs to Value/Impact Analysis

4 ROE-7

5. 80E-7

1.54E-6

1.46E-6

1.06E-6

Risk (ADose)
Person Rem/Reactor Yr.

1.07
1.29
34
3.28

2.36

One Time
Cost (1,3

1805K
3000K
955K
142M

Costs (1)
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Integrated Value-Impact Analysis

The discounted values for the negative impacts due to
avertable onsite costs, conditional upon an accident, based
on the method in Appendix L of NUREG/CR 4767 g0
given by:

Ly = PW_a PW, x IFx R

ly = KW x CF, x IF 2 F_ x CF,

ln-c'xPW“AIF

PW, =  present worth factor for ten years of
replace ment power

PW, = present worth factor for the pilot plant
remaining life.

IF = inflation factor from 1985 to 1992,
R = cost of replacement power for one year.
KW, = kilowatt electrical output of pilot plant.

CF, = construction cost per kilowatt slestrical
output.

F, =  fraction of plant life remaining.

CF, =  ratio of maximum expe-ted loss to current
value of plant.

Cu =  present worth of plant and site cleanup.

Using a § percent discount rate and a remaining plant life
of 16 years:

PW,, = 7.72 and PW, = 10.8

Based on the consumer price index for the years 1985 10
1992:

IF = 1327

Using data for the pilot plant from NUREG/CR 4012, and
& 65 percent capacity factor:

R = $1.24E8
For the pilot plant:

NUREG/CR-5910

KW, = 108163 KW,
F, = years of life remaining’total plant life = 16/40
From Appendix L of NURBG/CR 4767
CF, = $1500°KW,
C. = $1.2B9
Finally, based on the sverage of the results of applying
the methodology of Appendix L of NUREG/CR-4767 to
six different plants
CF, = 4.27
Using the shove values:
Iy = 7.72x 108 x 1.327 x 1. 24E8 = $1.37E10

ly = J0SIE3 x 1500 x 1.327 x 16/40 x 4.27 =
$3.57KH9

ly = L.2E9 x 10.8 x 1.327 = §$1.72E10
all in 1992 dollars.

Value Measures - The averted onsite dose (V) for each
alternative is estimated from the onsite dose received
during an accident.  For purposes of this analysis, this
onsite dose (40,000 person-rem) is assumed to be the
same for any core damage accident as discussed in
Appendix L of NUREG/CR4767 The averted onsite
dose (40,000 person-rem) is multiplied by ACDF for the
Jth alternative and by the number of years of operation
remaining, Thus:

V() = (40000) x ACDF(j) x 16 (p-rem)

The present worth, V' (j), of the above avertable onsite
dose, valued at $1000 per person-tem is:

Vi) = (40000) x $1000 x ACDF() x 10.8 ($)
The averted offsite averted dose (V,) for each alternative
it estimated from the averiable offsite dose per reactor
year multiplied b; the remaining years of plant operation,
Thus:

Vi) = (Averted offsite dose) x 16 (p-rem)

R RSN L TRERRRCENENRN WS



e . o ke e

R N —— —_— - — p—

In this case the ACDF 1s not required because the core
melt probability is inherent in the calculation.

The prosent worth V' () of the avertable offsite dose
vilued at $1000 per porson-rem is:

Vi) = (Avertad dose) x $1000 x 10 8 (§)

The totals of the positive values (onsite + offsite) for
averted dose and costs are:

Vi) = V() 4 Vi) (perem)
Vid)= Vi) + Vi@

The ratio of the averted offsite dose (V,) 1o the base case
dose, ADR,, is given by:

ADR V,([)
* (Base Case Dase x 16)

The base case dose is given in Appendix G.

Similarly, the ratio of the total averted dose (V) and the
total base case dose, ADR,, is given by

Vi)

ADR, * Base Case Dase 5 16 + vih

The negative values considered for the jth altemative
included the dose received during installation (a one time
dose), V,(j), and the ip service occupational dose received
over the remaining plant life time, V,(j). These doses can
be present valued at $1000 per pers¢ n-rem in & manner
analogous to that used for the positive values, thus,

V() = Vi) x $1000 (%)
V() = (V(j)/16) x $1000 x 10.8 ($)
V'\(j) does not include the present worth factor (10.8)

because it is a une \me dose, ‘vhereas the dose associated

with operations, V() is recurring. It is divided by 16 to
account for the years of plant life rem»ining.

U L IRy SRRy wp— IS

55

Integrated Value Impact Analysis

The net averted dose, NV(j), and the present worth of the
nel averted costs &t $1000/p-rem, NV'(j), associated with
cach alternative can be caleulated by subtracting (he
negative values from the positive. Thus:

NV = V() + V) - Vi) - Vili) (porem)

NVG) = V() + Vi) - Vi) - Vi) ()

- The value-impact measures can
be constructed from the varisbles aefined previously.
Each of the value-impact measures is calculated from the
cost for the total impact (T1) and the cost for the net
impact (NI). The first measure considered is the ratio of
averted costs to impacts. The first, VIR,, considers only
the averted offsite costs and the total impact. Fer the jth
alternative:

VIR, = V' (y/Ti())
The second ratio, VIR, is the net value-impact ratio

which accounts for the net averted offsite and onsite costs
and the net impacts. For the jth alternative.

VIR, = NV'(j))/NI{)
Similarly there are two net benefit values. The first,
NBV_, considers only averted offsite costs, while the
second, NBV,, includes averted costs and impacts. That
is, for the jth alternative:

NBV, = V'(j) - TI(G) (%)

NBV, = NV'(j) - NI(j) ($)
The final value-impact measures are the estimated cost in
dollars per person-rem of dose averted if the alternative
is implemented. Again, there are two values, The first,

DPR,, is the ratio of the towi impact to the averted offsite
dose. For the jth aliemative:

DPR, = TI()/V())

The second is DPR,, which is the ratio of the et impact
to the net averted doss. For the jth alternative:

DPR, = NI(VNV(j)
A more complete discussion of the reasons for selecting

these measures is providel in Appendix L of
NUREG/CR-4767.
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Integrated Value Impact Analysis

£.2 Results

The values, impacts, aad value impact measures defined
in the previous section were culculnted for the Pilot Plant
using the results of the internal analysis and the impact
analysis  These results are tabulated in Tables 5.3, 5.4,
and S5 The symbols for the values, impacts, and
measures are given al the heading of each column. It is
important to note that the offsite population dose is an
integratad dose out to a radius of 50 miles from the site
and the conversion from dose to cost is $1000 per person
rem. All present value estimates are based on a § percent
discount rate.

Table 5.3 sumrarizes the impacts for the pilot plant by
alternative.  The four posi are individually
tabuilated and then totaled to obtain the Total Impact (T1)
of modifications associsted with each alternative. One
time costs of installing the modifications and replacement
power during the installation are aiready in present
dollars. The in-service operations and mainienance costs
and replacement power costs must, however, be
multiplied by 10.8 to account for the present worth of
these impacts.  The installation of modificutions st the
pilot plant can be accomnlished during normal outages so
that there wre no replacement power costs.  Although
replacement power costs due lo in-service maintenance
were not specifically estimated, these costs probably have
a negligible impact,

The pegative impacts result from the aviorted onsite costs
aitributed 10 & potential sccident.  The costs are, of
course, probabilistic. Thus, the potential costs for I, 1y,
and 1, in 1992 dollars must all be multiplied by ACDF.
The net impact (NI) is the positive impacts minus the
neeative impacts.  The lower the net impact the more
fa orable the aliernative appears.

Table S.4a presents the positive valugs for each
alternative. These are onsite averted dose V) and offsite
averied dose (V) due (o a potantial accident. These are
both probabilistic in nature; however, the calculation of
offsite averted dose (V) does not explicitly include ACDF
since it i implicitly included in the analysis to obtain V,,
Both averted doses must include & factor to account for
the remaining plant life which is 16 years in 1992

The total averted dose (V,y) is also given as are the
presont worth dollar values. Each of the dollar values is
based on §1000/p-rem and a 10 8 present worth factor as
described in Appendix L of NUREG/CR-4767,

NUREG/CR-5910
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Table §.4b summarizes the pegmtive valugs for each
alternative.  The instaliation dose (V,) results from
radistion exposure 1o conlracior  pervonne]  during
installation of the modifications for wny particulns
alternative  In-service ocoupational dose is considersd to
be negligible at the pilot plant for the alternatives
proposed here.  In each cuse the doses are converied to
dollars by multiplying by $1000/p-rem. V, is already &
present worth but V, requires application of the 108
present worth factor.

The net value of each altemative is the positive values V ,
or V', minus the negative values for V, + V, o and V', +
V', respectively . Upper and lower bounds are given for
NV and NV’ which result from the bounds from the
positive \ alues only.

Table 5.5 is & summary of the Value lmpact analysis
which repeats seversl measures from Tables §.3, § da,
wnd S 4b. These - peated measures are T1, NI, V,, V',
ADR,, and NV'. The value-impact measures derived
from these measures are the Value Impact Ratio (VIR),
the Net Benefit Value (NBV), and the Dollars per person-
rem (DPR) based on offsite costs alone and based on
offsite and cnsite costs combined. Table 5.6 is a further
condensation of the results which show eight measures
extracted from Table 5.5, The costs (Impact) estimated
for each alternative could easily be higher or lower for a
different plani. Similarly, the benefits (value) could be
higher by an order of magnitude or more for other plants
with greater base case core damage frequencies
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Table 5.6 Summary of Vaiue-Impact Measures
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6.0 SUMMARY AND CONCLUSIONS
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Table 6.1
Service Water Contribution to Internal CDF By Reactor Type
PWRs BWRS
“Old” "New" "Old” “New"
A IR% B 9% 57% F 5%
D is% E 5% Peach Bottom 22% Grand Gulf 4%
Oconee 5% St_Lucie 13% Quad Cities 0% LaSaile 7%
Calvert Chiffs 1% Sequoysh’ <1% Cooper 65%
ANO-1 2% Milistone ! kh 3
Point Beach 19%
Turkey Pomnt 5%
Surry® <1%
“Average” l_{i‘ -ﬁ‘ ;;_ l—S_i—
'Incompiete recovery

hmhm““#h*m-ﬁq—.
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Table 6.2
Inputs to and Results from
Value/Impact Analysis
Results for
Risk (ADose) Offsite and
Person REM/ Omne Time oam C=<ite costs
Mod:fications ACDF R yr Cost |, Cost 1, S0 oson REM
356 4 80E07 1Lo7 1805K SOK 134K
346 5 80E-07 1.29 000K 30K 158K
256 1.54E-06 344 1955K SSK 45K
i.56 1 46E 06 3.26 142M 82K 283K
7 1. 06E-06 236 20 9M 175K 529K

SUOISN|IU0) puv AUwwing



Table 6.3

CompaﬁsonofDolhrs/PerstEMFaTAPAJSHm
and the Pilot Plant Selecie¢ Alternatives (Offsite and Onsite Costs)

Pomt Turkey Quad Pilot
Alternative Beach Pomt ANO-i St. Lucie Cities Cooper Plant
1 3233 1166 37000 L R 6HRG 134000
A 2 9183 39363 140000 190759 48718 0 1 SRO00
3 17676 - - — — 0 45000
4 %2328 —— — —_ eeee 0 283000
s _— — —_ — —_— 24991 592000
Table 6.3 Notes:
i Zuovhuhly-ﬂnm.is..-ﬁ&ﬁi“wmmw. -
2 Alternative numbers are for reference only and do not reiate between plants. 3
= -3
)
= g
g 2
= z
2 2
=
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REACTOR

YANKEE-ROWE
BIC ROCK POINT
SAN ONOFRE 1
HADDAM NECK
LA CROSSE
OYSTER CREEK
NINE MILE POINT |
GINNA

DRESDEN 2

MO TICELLO
ROBINSON 2
POINT BEATH |
MILLSTONE 1
DRESDEN 3
SURRY 1§

POINT BEACH 2
TURKEY POINT 3
PILGRIM
PALISADES
QUAD CITIES §
QUAD CITIES 2
SURRY 2

OCONEE 1
YERMONT YANKEF
TURKEY POINT 4
MAINFE YANKEe
PEACH BOTTOM 2
PRAIRIE ISLAND !
FORT CALHOUN
INDIAN POINT 2
OCONEE 2

ZION |

ZION 2

BROWNS FERRY

*0 = Operating
{ Closed
S Shutdown

Tubde A1
NPPs Serted By Operstimg Licemse Date

OPERATING
LICENSE
DATE

07/19/60

0501 64

27/67

b/ 30/67

03/67

01/65

2269

1969

22/6%

DS /0870

09/23/76

1005770

169770

a3

05/28/72

05725/72

071972

091572

19

769 12/147;.
769 1LiN472
781 01/29/73
LETY 02/06/73
S04 02728/73
66 04/10/73
gie 06/29/73
1051 0%/08/73
503 08/09/73
478 0%/09/73
£4° 09728/73
£46 10/06/73
1640 10/19/73
1040 111473
1065 12720073

TATUS*

ASEP
PLANT

SYSTEM
SOLRCE
BOOK

Gi-130

™

ANT




Tabie A1 (Contimmed)
NPPs Sorted By Opersting | arense D_ie

OPERATING
REACTOR LICENSE ASEP
DATE TATUS* PLANT

12/21/73
01/18/74

2122/74

FapSa

84/1974
05721774
0702774
#7974
075774
0892774
08/16/74
1017774
1072574
2-dsop 1072974
12727174

KEWAUNEE
COOPER

DUANE ARNOLD
THREE MILE ISLAND 1
ANO |

PEACH BOTTOM 3
OCONEE 3
CALVERT CLIFFS |
BROWNS FERRY 2
RANCHO SECO
HATCH 1
FITZPATRICK
D.C.COOK |
PRAIRIE ISLAND 2

RRUNSWICK 2
MILLSTONE 2 { ? doorp 093075

TRMJAN -S00p 112178
$T. LUCIE 1 2-400p 03/01/76
INDIAN POINT 3 4-doop 04/95/76
BEAVER VALLEY | -doop 0702776
BROWNS FERRY 3 4 OR/1R776
BRINSWICK 1 4 ] 11712776
CALVERT CLIFFS 2 2-op 11730776
SALEM 1| d-loop 12081776
CRYSTAL RIVER 3 I Soop 0172877
DAVIS-BESSE
FARLEY 1 Uloon /2

pC.COOK 2 4-lonp ;3 1272377
NORTH ANNA Ldoop > 0461778
HATCH 2 4 06/13/78
ANO 2 2doop 3 1214/78
NORTH ANNA }-boop 0821 /%0
SEQJUOYAH | 4-loop 09/17/%0

R So0p : o422

] i

() = Operating
C = Closed
S = Shutdown




Table Al (Continned)
NPPy Soeted By Operating |License Daie

3

OPFRATING, SYSTEM
LICENSS SOURCE
DATE » 1 ANT BOOK

0331 %1

G5 720/%1%

070821

1531

13%2

07 /%2

1282

12/%2

27783

6%}

1683

2384

1384

27/R4

18784

01784

10184

17/8%

14785

16/8%

6/61 RS

D4 RS

018

15/%5

08 /08 /%<

4-doop 08726785
& Y1720/85
$-4oop ! : 01/317%6
2 doop 042486
4 op #5/15/%6
4 07725786

FARLEY 2
SALEM 2
MOGUIRE i
SEQUOYAH 2
LASALLE CG
SAN ONOFRE
SUSQUEHANNA 1
SUMMER
MCGUIRE 2

ST. LICIE 2

SAN ONOFRE 1
LASALLE COUNTY
WNP-2
SUSQUEMANNA 2
CALLAWAY
GRAND GULS
MABLO CANYON I
CATAWEBA 1
BYRON 1
WATERFORD 3
PALO VERDE 1
WOLF CREEK
SHORFEHAM
FERMI 2
LIMERICK 1|
DIABLO CANYON 2
RIVER BREND
MILLSTONE 3
PALO VERDE
CATAWEBA 2
HOPE CREEX
SEARKOOK
PERRY 1
SHEARON HARNIS

4-4oop 16/17/8¢
6 i20 11713786
-doop : L B e )

*O Operaiing
C = Closed
8 = Shutdown
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Tabie A1 (Contiowed)

NPP: Sorted Ry Opersting Licemse Dade

OPERATING SYSTEM
PLANT NSSS REACTOR TYPE MWE LICENSE ASEP SOURCE  NRC Gl-130
DATE STATUS* PLANT BOOK PRA PLANT

BYRON 2 w PWR 4-loop 1105 01/36/%7 O Y Y
VOGTLE 1 W PWR 44o0p 1679 03/16/%7 O Y
CLINTON GE BWR 6 930 041787 O Y Y
BRAIDWOOD 1 w PWR d-doop 1120 079287 0 Y ¥
NINE MILE POINT 2 GE BWR s 1080 97/02/87 o Y ¥
BIAVER V..LLEY 2 w PWR 3oop 833 08/14/%7 o Y Y
PALO VERDE 3 CE PWR 2doop 1223 1172537 O | 4
SOUTH TEXAS PROJECT 1 W PWR 4oop 1250 03/22/88 o Y
BRAIDWOOD 2 w PWR 4-oop 1120 05720788 O Y 4
SOUTH TEXAS PROJECT 2 W PWR 4doop 1259 12/16/88 0 Y
PERRY 2 GE BWR 6 1205 i1 s Y Y
VOGTLE 2 w PWR 4-4oop 1079  oF 0 Y
LIMERICK 2 GE BWR 4 1065 B O Y Y
WATTS BAR | W PWR 4-doop 1165 {4 S Y
WATTS BAR 2 w PWR Adoop 1165 1 1 s Y
BELLEFONTE 1 B&W PWR R-joop 1213 /1 S Y
BELLEFONTE 2 BAW PWR R-oop 1213 ' S Y
COMANCHE PEAK 1 w PWR 4oop 1159 I O Y Y Y
COMANCHE PEAK 2 w PWR 4-ioop 1150 /1 s Y Y
WNP-1 BAW PWR 1266 /1 s Y
WNP3 CE PWR 1242 11 S L §
*0 = Opersating
C = Closed

S = Shutdown

y xipuaddy
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Tabie A2

NPPy Sertrd Alphabetically
OPERATING SYSTEM
PLANT NSSS REACTOR TYPE MWE LICENSE ASEP SOURCE  NRC Gi-130
DATE STATUS* PLANT BOOK PRA PLANT
ANO 1 BaAW PWR L4oop 36 0521774 0 Y
ANO 2 CE PWR 2-oop 858 12/14/78% O
BEAVER VALLEY 1 w PWR 3oop £10 070276 0 ¥ Y
BEAVER VALLEY 2 w PWR 3-doop £33 08/14%7 0 Y Y
BELLEFONTE 1 B&W PWR Roop 1213 /1 8 Y
BELLEFONTE 2 BaW PWER R doop 1213 I 7 s Y
BIG ROCK POINT GE BWR i 69 0501/64 ¢ ¥
BRAIDWOOD 1 w PWR 4ioop 1126 o7/02/87 0 T Y
BRAIDWOOD 2 w PWR 4-ioop 1120 05720/%% 0 ) Y
BROWNS FERRY 1 GE BWR 4 1665 12720/73 0 Y Y
BROWNS FERRY 2 GE BWR 4 1065 08/02/74 0 Y Y
BROWNS FERRY 3 GE EWR 4 1065 08/18776 O Y Y
BRUNSWICK 1 GE BWR 4 s ] 111276 O Y Y
BRUNSWICK 2 GE BWR 4 790 1227174 o Y Y
BYRON @ w PWEK 4oop 1105 02/14/85 o Y Y
BYRON 2 w PWK Sdoop 1108 0173087 Q Y 3
CALLAWAY w PWR 4oop 1145 10718784 0 j
CALVERT CLIFFS 1 CE PWR 2-o0p £02s 9773174 0 Y Y
CALVERT CLIFFS 2 CE PWR 2-oop 825 11730776 (4] ¥
CATAWBA 1 w PWR 4-4oop 12e e1/1718s o Y Y Y
CATAWEBA 2 w PWR ddoop 1129 05715786 O | Y 4
CLINTON GE BWR 3 930 041787 O Y Y
COMANCHE PEAK | w PWR Sdoon 115¢ o 0 Y Y ¥
COMANCHE PEAK 2 w PWR 4-ioop 1150 r s Y Y Y
COOPER GE BWR B 764 01/18/74 o Y Y ¥
CRYSTAL RIVER 3 B&W PWR L-oop 82i ovzsm O v Y
B.C. COOK 1 w PWR Sloop 1020 102574 O Y
D.C. COOK 2 w PWR d-op 1060 1223m 0 i § Y
DAVIS-BESSE Baw PWR R doop 860 ea22rm O  § Y
DIABLO CANYON i W PWR 4doop 1073 11/62/84 0 Y Y
DIABLO CANYON 2 w PWR 4-loap 1987 08726/%5 0 Y Y
DRESDEN 2 GE BWR 3 ™ 12/22/69 O : | |
DRESDEN 3 GE BWR 3 ™ o3m2m o . § Y
DUANE ARNOLD GFE BWR 4 s1s 022274 O
*0O = Operating
€ = Closed

v xipuaddy
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Table A2 (Continned)

NE.'s Serted Alphsbeticnily

OPERATING SYSTEM
PLANT NSSS REACTOR TYPE MWE LICENSE ASEP  SOURCE NRC  Gi-13¢
DATE STATUS®* PLANT BOOK  PRA  PLANT
FARLEY 1 w PWR 3-dsop 813 06/25/77 0
FARLEY 2 w PWR 3loop 23 03731781 0
FERMI 2 GE BWR 4 1993 07/15/85 ) Y
FITZPATRICK GE BWR 4 ™ 1017774 0 Y ¥
FORT CALHOUN CE PWR 2oop 47 08/09/73 0 Y Y
GINNA w PWR 24o0p 470 09/19/69 0
GRAND GULF GE BWR 6 1na 1101784 0 Y y Y
HADDAM NECK w PWR 4doop <69 06/30/67 0 Y
HATCH 1 GE BWR 4 756 10/13/74 0 Y ¥
HATCH 2 GE BWR 4 768 06/13/78 0 Y Y
HOPE CREEK GE BWR B 1067 07/25/%6 0 Y Y
INDIAN POINT 2 w PWR $doop 849 09/28/73 o
INDIAN POINT 3 w PWR Sdoop 96 04/05/76 0 Y
KEWAUNEE w PWR 24o0p 503 122173 0
LA CROSSE AC BWR 50 07/03/67 C
LASALLE COUNTY 1 GE BWR 5 1036 08/13/82 o Y v
LASALLE COUNTY 2 GE BWR 5 1036 0323584 0 Y
LIMERICK 1 GE BWR 4 1055 08/08 S 0 Y Y
LIMERICK 2 GE BWR 4 1065 /1 0 Y Y
MAINE YANKEE CE PWR 3oop 810 06/29/73 0 Y Y
MCGUIRE 1 w PWR &oop 1129 07/08/%1 0 Y y
MCGUIRE 2 w PWR 4oop 1129 0527783 0 Y
MILLSTONE 1 GE BWR 3 654 1067770 0 Y Y Y
MILLSTONE 2 CE PWR 24o0p 863 99730175 o v
MILLSTONE 3 w PWR &o00p 14 0173186 0 Y Y
MONTICELLO CE BWR 3 536 09/0% 0 0 Y Y
NINE MILE POINT 1 GE BWR 2 610 08/22/69 o Y
NINE MILE POINT 2 GE BWR 5 1080 070287 0 Y Y
NORTH ANNA 1 w PWR 3doop 915 04/01/78 0 Y
NORTH ANNA 2 w PWR 3oop 91s 08721780 0 Y
OYSTER CREEK GE BWR 2 620 08/01/69 o Y

*0 = Operating
C = Closed
S = Shutdown
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Table 4.2 (Contimued)

NPPx Serted Alphabetically
OPERATING SYSTEM
PLANT NSSS REACTOR TYPE MWE LICENSE ASEP SOURCE NRC Gl-1%
DATE STATUS* PLANT BOOK PRA PLANT
PALISADES CE PWR 2oop 736 10/16/72 O
PALO VERDE 1 CE PWR 2-dwop 1321 06/01/85 0 Y
PALO VERDE 2 CE PWR 2 doop 1221 04/24/%6 O Y
PALO VERDE 3 CE PWR 2-doop 1221 11725%7 (&) Y
PEACH BOTTOM 2 GE BWR 4 1051 08/08/73 O Y Y Y
PEACH BOTTOM 3 GE BWR 4 1038 0762774 0 Y Y
PERRY 1 GE BWR 6 1205 11713786 O ¥ Y
PERRY 2 GE RWR 6 1205 i/ S Y Y
PILGRIM GE BWR 3 670 0N572 4
POINT BEACH | W PWR 2donp 485 1070570 0 Y
POINT BEACH 2 w PWR 2-oop 485 0525/72 o0
PRAIRIE ISLAND ¢ w PWR 2 doop 50 08/09/73 (0] Y
PRAIRIE ISLAND 2 w PWR 2400p 503 192974 0 Y
QUAD CITIES 1 GE BWR 3 769 1272472 O Y L | Y
QUAD CITIES 2 GE BWR 3 769 2147 O Y Y
RANCHO SECO B&W SWR Ldeop 7 08/16/74 5 Y
RIVER BEND GE BWR 6 96 1172088 0 Y Y
ROBINSON 2 W PWR 3-doop 665 09/23/70 0 Y Y
SALEM | w PWR 4 loop 1% 1291776 0
SALEM 2 w PWR 4koop 1106 0572081 4
SAN ONOFRE 1 w PWR 3doop 436 0327167 O
SAN ONOFRE 2 CE PWR 2Zisop ie7e 090782 O
SAN ONOFRE 3 CE PWR 2400p 1080 09/16/83 0
SEARROOK W PWR §-doop 1159 18/17786 0 Y Y
SEQUOYAH 1 w PWR 44oop 1148 09/17/%6 0 Y Y
SEQUOYAH 2 w PWR 4-oop 1148 09/15/81 0 Y
SHEARON HARRIS w PWR Iop 860 LI FE o 0 ¥ Y
SHOREHAM GE BWR 1 £26 07/03/85 C Y
SOUTH TEXAS PROJECT I W PWR 4-oop 1250 6372188 (8] Y
SOUTH TEXAS PROJECT 2 W PWR 4oop 1250 12716788 0 ¥
ST. LUCIE 1 CE PWR 2-wop £39 03/0176 0 Y Y Y
ST. LUCIE 2 CE PWR Z4oop £3% 06/10/83 0 Y Y
SUMMER w PWR Tdoop sss s 0
SURRY | w PWR Yoop %1 05/25/72 0 Y Y
*O = Operating
U = Closed

S = Shutdown
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Table A 2 (Contimaed)
NPPe Soried Alphaheorsily

OPFRATING
t JCENSE

DATH

SURRY "WR
SUSQUEHANNA | BWR
SUSOUEHANNA 2 BWE
THREE MILE ISLAND 1 PWR
TROJAN PWER
TURKEY POINT 3 y PWR

FTURKEY POINT 4 PWR

VERMONT YVANKEF - BW <04

VOGTLE | PWR 1479

VOGTLE 2 1679
WATERFORD 3 i PWR 1075

WATTS BAR | | PWR 1165

WATTS BAR 2 PWR 1165

WwWNP-] PWER 1266

WNP.2 BRWEK [ 09« 04 %4
PWR 1242

FWR i 1128 6/04/85
PWR 167 07/19/60
PWR 1640 19/1973
PWR 1040 11714/73

PWR

WNP-3
WOLF CREEK
YANKEE-ROWE
ZION 1§

ZION 2

*0 Operating
{ Closedd

S = Shetdown




Takie A D (Contmued)
NP Sorted by Vendeor

OPERATING
I JICENSE

DATE

A { ROSSH

AND |
RELLEFONTE |
BELLEFONTE 2
CRYSTAL RIVER 1
DAVIS-BESSF
OCONEF 1|

(N ONEE 2

(M ONEF 3

RANCHO SECO
THREE MILE ISLAND 1
WNP.1

ANO 2

CALVERT CLIFFS 1}
CALVERT CLIFFS 2
FORT CALHOUN
MAINE YANKEF
MILLSTONE 2
PALISADES

PALO VERDE
PALO YFEDF
PALD YVERDE
SAN ONOFRF
SAN ONOFRFE

ST. LUCIE 1

ST. LIXIE 2
WATERFORD
WNP

BI ROCK POINT
BROWNS FERRY 1
BROWNS FERRY 2
BROWNS FERRY 3
BRUNSWICK |

o § ) Operating
¢ losed
S Shutdown
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Table A3 (Contimmed)
NPPx Sortrd By Vendor
OPERATING SYSTEM
PLANT NSSS REACTOR TYPE MWE LICENSE ASEP  SOURCE NRC  GI130
DATE STATUS* PLANT BOOK  PRA  PLANT
BRUNSWICK 2 GE BWR 4 7% 1222774 o ¥ Y
CLINTON GE BWR 6 930 0417787 0 Y Y
COOPER GE BWR 4 764 011874 o Y y Y
DRESDEN 2 GE BWR 3 ™ 12/22/69 0 Y Y
DRESDEN 3 GE BWR 3 ™ 03/02/71 0 Y Y
DUANE ARNOLD GE IWR 4 515 6212274 0
FERMI 2 GE BWR 4 1093 071578 o Y
FITZPATRICK GE BWR 4 ™ 101774 G Y Y
GRAND GULF GE BWR 6 14 11/91/84 o Y Y y
HATCH 1 GE BWR 4 756 1013/74 0 Y Y
HATCH 2 GE BWR 4 768 06/13/78 o Y Y
HOPE CREEK GE AWR 4 1067 07/25/% o Y Y
LASALLE COUNTY 1 GE BWR 3 1036 081382 0 Y ¥
LASALLE COUNTY 2 GE BWR 5 1036 0323784 0
LIMERICK 1 GE BWR 4 1085 IR/08/%85 o Y Y
LIMERICK 2 GE BWR 4 1065 ! 0 Y Y
MILLSTONE 1 GE BWR 3 654 10/07/70 0 Y Y Y
MONTICELLO GE BWR 3 53¢ 090870 0 Y Y
NINE MILE POINT 1 GE BWR 2 610 08/22/69 0 Y
NINE MILE POINT 2 GE BWE 5 1080 07/62/87 0 y Y
OYSTER CREEK GE BWR 2 020 08/01/69 o Y
PEACH ROTTOM 2 GE BWR 4 1051 08/08/73 o Y ¥ ¥
PEACH BOTTOM 3 GE BWR 1 1035 070274 o Y v
PERRY 1 GE BWR " 1208 11/13/%6 o ¥ Y
PERRY 2 GE BWR o 1205 /1 s v Y
PILGRIM GE BWR 3 670 091572 0
QUAD CITIES 1 GE BWR 3 769 1271472 0 ¥ Y v
QUAD CITIES 2 GE BWR 3 769 1214m2 o ¥ Y
RIVER BEND GE BWR 6 96 11/20/85 o ¥ Y
SHOREHAM GE BWR 4 820 07/03/8% C Y
SUSQUEHANNA 1 GE BWR 4 1032 1112782 0 v
SUSQUEHANNA 2 GE BWR 4 1632 06/27/84 o Y
VERMONT YANKEE GE BWR 4 <04 0228/73 0
*( = Operating
C = Ciosed

S = Shutdown

v xipuaddy



WNP-2
BEAVER VALLEY
BEAVER VALLEY
BRAIDWOOD 1
BRAIDWOOD 2
BYRON |
BYRON 2
CALLAWAY
CATAWBA |
CATAWRA 2

COMANCHE

OMANCHE PEAK

D.4

COOK |

L COOK 2

s

DIABLO CANYON |
DIABLO CANYON 2
FARLEY )

FARLEY 2

(INNA

HADDAM NECK
INDIAN POINT 2
INDIAN POINT 3
KEWALUNEE
MCGUIRE 1
MOGUIRE 2
MILILSTONE 3
NORTH ANNA |

NORTH ANNA

.

POINT BEACH 1
POINT BEACH 2
PRAIRIE ISLAND 1
PRAIRIE ISLAND 2
ROBINSON 2

&)
{

~

L l;'n-v sfing
Closed
Shutdown

PEAK |

-

BWR
PWR
PWR
PWER
PWR
PWR
PWE
PWER
PWR
PWE
PWR
PWER
PWR
PWR
PWR
PWR
PUWR
PWE
PWR
PWR
PWR
PWR
PWER
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR

Table A {{ ontmued)
NPPx Sorted By Veader

OPERATING
LICENSF
DATH

STATLS®

ASEP
PLANT

SYSTEM
SOTRCE
BOOK




PLANT

SALEM |
SALEM 2

SAN ONOFRE 1
SEABROOK
SEQUOYAH |
SEQUOYAH 2
SHEARON HARRIS
SOUTH TEXAS PROJECT !
SOUTH TEXAS PRCJECT 2
SUMMER

SURRY |

SURRY 2

TROJAN

FURKEY POINT 3
TURKEY POINT 4
VOGTLE 1}
VOGTLE 2
WATTS BAR |
WATTS BAR 2
WOLF CREEK
YANKEE-ROWE
ZION D

ZION2

*() = ODpersting
C = Closad
S = Shutdown

NSSS

w
W
Wn
W
w
W
w
w
w
W

FEFESEsEE

REAL

PWR
PWER
PWR
PWR
PWR
PWE
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
FPWE
PWR
PWR
PWR
PWR

TOR

TYPE

4 oop
4 oD
-op
4 dop
4-oop
& loop
-oop
4 -oop
4 doop
-doop
Y boop
3 boop
4-oop
Lioop
Lioop
4 wop
4-loop
4 00p
4-dsop
4 boesp
ioop
£ doop
4-hoop

Table A3 (Contimued)
NPPy Sorted By Vendor

OPERATING

MWE LICENSE ASEP
DATH STATUS* PLANT

1106 12/81776 O

1106 05720/81 O

436 032767 O

1150 10/17/86 O i
1148 09/17/86 O v
1148 09/15/81 O Y
%ok 01/12/87 O Y
1256 §3/21/88 O

1250 12/16/%8 0O

885 111282 0

71 0572572 O p’
781 01/29/73 O Y
1095 1121/78 O

oyl 07/19/72 O

vy 0410773 0

1079 0316/%7 0

1079 O

1165 S Y
1165 S %
1128 06/04/85 )

167 07/19/60 i

1040 1671973 O

1040 111473 O Y

SYSTEM
SOURCEH NRe i 1%
Bk PRA PLANT

o o
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Appendix B
Review of the Accident Sequence Precursor Program
Published Reports
for Service Water Related Events

The Accident Sequcace Precursor Program at Oak Ridge
National Laboratory reviews Licensee Event Reports
(LERs) of operational events that have occurred at L WRs
to identify and categorize pracursors to potential severe
core-damage accidents. Accident sequences considered in
this program are those associated with inadequate core
cooling.  As a result of this work, a series of status
reports have been published that describe the those events
that have ocourred. This appendix documents the review
of these published reports for service water related events.

J. W. Minarick, C. A. Kukielks, Precursors 1o

s NUREG/CR-2497, ORNL/NSIC <182,
Volume 1, June 1982,

This report describes 1969 operational events, reported in
Licensee Event Reports (LERs), which occurred at
commercial light water reactors during 1969 through 1979
Lhatuecomidemdtobepmunoutopomﬁllmm
core daioage. These are described along with associated
significance estimates, categorization, and subsequent
analyses.

Of the 1€9 precursors identified ir this report, one
involves the service water system (LER 321/80-103). At
Hatch 1, both divisions | and Il service water strainers
plugged, thus raducing the plant service water to the
turbine . 4 Reactor building. The strainer drive motors
had failed. The conditional probability of subsequent
severe core damage given the failures observed in this
event was estimated to be 9,11-04,

W. B. Cotirell, J. W. Minarick, P, N. Austin, E. W,
Hagen, J. D. Harris,

3

{8

Jamage Accident POU-1981, A dtatus Report.
/G/CR-3591, ORNL/NSIC-217, Volumes ! and 2,
July 1984,

This report describes 58 operational events, reported in
Licensee Event Reports (LERs), which occurred at
commercial light water reactors during 1980 and 1981
thumcomidomdtohcpmumswpownﬁdnvm
core damage. These are described along with associated
significance estimates, categorization, and subsequent
analyses.

NUREG/CR-5910
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Of the 58 precursors identified in this report, six involve
the service water or component cooling water systems.
They are as follows:

1. Towal loss of saliwater ccoling (SWC) system at
San Onaofre 1 (LER 206/80-006) All 1%~ SWC
trains failed. The screen wash pumps were
manually started and manually aligned to
discharge to the bottom component cooling water
heat exchanger. which established CCW cooling.
The conditional probubility of subsequent severe
core damage given the failures observed in this
event was estimated to be | 6E-0S.

2. CCW loss to reactor coolant pump (RCP) seals,
loss of RUPs and 10p head bubble incidens at St
Lucie | (LER 335/80-029). A short induced
closure of the containment isolation valves in the
CCW system caused loss of CCW cooling to all
RCPs. The conditional probability of subsequent
severe core damage given the failures observed
in this event was estimated to be 1. 1E-03.

3. Failure of service water system plus subsequent
auxiliary feedwater sysrem wunavailability at
Calvert Cliffs | (LER 317/80027). Complete
failure of an instrument air compressc.,
aftercooler tubes allowed compressed air to enter
the SWS. Both SW pumps lost suction. The
plant was manually tripped. Due o & valve
realignment error during shutdown, the auxiliary
feedwater system was wlso unavailable. The
conditional probability of subsequent severe core
dumage given the failures observed in this event
was estimated to be 7.0E-0S,

4. Compoent cooling water inoperable at Pilgrim
I (LER 293/80-070). loop B of the reactor
building closed cooling water system (RBCCWS)
was unavailable due to maintenance when a 480
V breaker tripped disabling Loop A. Loop A
was immediately restored. The conditional
probability of subsequent severe core damage
given the failures observed in this event was
estimated to be 4. 2E-09,



J. W, Minanck, J. D. Harnis, |
Cletcher, E. W, Hagen, Precursors
Core Damage Accidents 19KS,
NUREG/CR-4674, ORNL/NOAI

2, December 1986

Minatick, J. D. Harnis, P. N. Austin, J. W

er, E. W, Hagen, Precursors to Potential Severs

I';(I‘».:&L Accidents 1984 A Status Hp‘,uri
NUREG/CR-4674, ORNL/NOAC-232. Volumes 3 and

.

4, May 1987
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pumps and plant  service waler pumps
unavailsble.  The conditional probability of
subsequent severe core damage given the failures
observed in this event was estumatsd to be
7.18E-0S,

3. Potential simultaneous emergency service water
(ESW) and RCIC unavailabiliies at Susquenanna
2 (LERs 388/85-014, 015). One ESW system
train failed in testing. Three days prior, the
RCIC system inboard steam isolation valve had
failed. RCIC and the ESW system train could
have failed at the same time.  The conditional
probability of subsequent severe core damage
given the failures observed in this event was
estimated to be 7.29E-08.

J. W. Minarick, J. D. Harris, P. N. Austin, J. W,
Cletcher, E. W, Hagen, Precursors 1o Poteniial Severe

: Status _Report,
NUREG/CR-4674, Volumes § and 6, May 1988

This report describes 34 operational events, reported in
Licensee Event Reports (LERs), which occurred at
commercial light waler reactors during 1986 that are
considered to be precursors 1o polential severe core
damage. These are described along with associated
significance estimates, calegorization, and subsequent
analyses.

Of the 34 precursors identified in this report, two involve
th* service water and component cooling waler system.
They are as follows:

1. Charging pump service waier pumps are
unavailable at Surry 1 (LER 280/86-029). All
service water flow to the charging pump service
water subsystem was lost bocause the pump
became air bound. This abnormal condition
affected the heat sink for the charging pump
lubrication air coolers and the intermediate heat
sink for the charging pump mechanical seals.

Maintenance activities on Service Water Pump A
resulted in actuation of a smoke detector, which
automatically closed a service water fire isolation
valve. Due to a leak on a strainer blowdown
line in the service water supply line, the valve
closure allowed air in-leakage, which caused
Service Water Pump B to become air bound.
The conditional probability of subsequent severe
core damage given the failures observed in this
event was estimated (o be 1 .0E-O8.

NUREG/CR-5910
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2. Saliwater and CCW systemy are unavailable at
San Onofre 3 (LER 362/86-011). Saltwater
cooling flow through the train A CCW heat
exchanger decressed as a reault of fouling with
marine growth, The flow rate was below the
design basis flow rate required for removal of
CCW  heat loads, and therefore the heat
exchanger was declared inoperabls, At the same
time, train B was opecating with reverse salt
water coofing flow 10 remove similar fouling
Both trains of the saltwater cooling system were
considered inoperable until realignment was
complete.  The conditional probability of
subsequent severe core damage given the failures
observed in this event was estimuted to be 2.6F-
07,

J. W. Minarick, J. D. Harris, J. W, Cletcher, P. N.
Austin, A. A. Blake, Precursors (o Potential Severe
tatus Regort,

Core Damage Accidents; 1987, A
NUREG/CR-4674, Volumes 7 and 8, July 1989,

This report describes 48 operational events, reported in
Licensee Event Reports (LERs), which occurre. at
commercial light water reactors during 1987 that are
congidered to be piecursors © potential severe core
damage.  Each of these events has » conditional
probability of subsequent severe core damage of 1.0E-06
or higher. These are described along with sssociated
significarce estimates, categorization, and subsequent
analyses.

Of the 48 precursors identified in this report, one involves
the service water system.

\. Trip with service waer rtrain and PORVs
unavailable at McGuire 2 (LER 370/87-016, -
017). Service water train 2A was taken ou: of
service for cleaning after & test where it faile 1 to
provide adequate circulation to the train 2A
CCW 2A heat exchanger, containment spray heat
exchanger, and RHR pump air handling unit.

During this period, the reactor tripped, and the
precursor powe.-operated relief valves (PORVs)
failed to open on high pressure due to loss of
power to the PORVs. All SG PORVs opened
and closed late. After recovery from the trip,
the unit was placed in hot standby.

The trip required that the solid state protection
system train 2B be tested prior to retuming to
power. Operations supervision permitted the test



even though it would render both SW trains
inopersble.  The conditional probability of
subsequent severe core damage given the failures
observed in this event was estimated to be 70E-
06

J. W. Minarick, J. W. Cletcher, A. A. Blake,

Precursors to Potential Severe Core Damage Accidents;
1988, A Status Report, NUREG/CR-4674, Volumes 9
and 10, February 1990,

This report describes 32 operational events, reported in
Licensee Event Reports (LERs), which occurred at
commercial light water reactors during 1988 that are
considered to be precursors to potential severe core
danage Each of these cvents ks a conditional
probability of subsequent severe core damage of 1.0E-0¢
or higher. These are described alonug with associated
significance estimates, categorization, and subsequent
analyses

Of the 32 precursors | tified in this report, theee
involve service water or cooling water. They are as
follows:

1. Potential loss of service water pumps a1
Palisades (LER 255/88-021). Spurious service
water pump trips led to the discovery of
incorrectly set relays that could have resulted in
& loss of service water during high heat load
situations. The conditional probability of severe
core damage estimated for this event is 2.7E-05.

L =]

Potennial for AFW and CCW pump failure to
autostart during LOOP due 1o anti-pump breaker
design deficiency ar Zion | (LER/88-019). The
auxiliary feedwater (AFW) pumps (motor driven
only) and component cooling water (CCW)
pumps might not start during a loss of offsite
power, and the service water pumps would lock
out in the case of a "degraded grid voltage*
condition. A design deficiency of the anti-pump
feature of the AFW and CCW breaker control
circuits would lock out the breakers in the
"tripped” condition if an actual LOOP occurred.
The conditional probabi'ity of severs core
damage estimated for this event is 1.0E-04.

3. Component cooling valves drift closed on loss of
air at Davis Besse (LER 346/85-007 Rl).
During maintenance, it was discovered that a
prolonged loss of instrument air would cause
three service water valves to close. This closure
resulted in isolation of service water to the

B-5
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component cooling water heat exchangers, which
faults the heat removal capability of this system.
The conditional probability of severe core
damage estimated for this event is 1.6E-06.

This report also listed 28 potentially significant events that
were impractical to analyze. These events are believed
capsble of significantly impacting core damage sequences.
However, they involve component degradations where the
extent of the degradation could not be determined or
where the impact of the degradation on plant response
could not be ascertained. There were two service water
events in this list. They are as follows:

1. Both eme gency chilled water system (ECWS)
trains inoperable at San Onofre (LER 361/88-
010 Rl). The ECWS was unavailable for
approximately four days cs a result of low freon
level in tne system chillers, combined with low
CCW temperature which caused the chiliers to
trip when stariing. Loss of the ECWS could
result in the unavailability of emergency room
cooling for the high and low pressure injection
and containment spray pumps.

2. Postulated fire can result in loss of service water
at Farley | and 2 (LER 34888018 Rl). After
an evaluation, it was determined that & fire in &
single fire area could cause the loss of both
trains of the service water system in the plant.
The fire could result in damage to circuitry for
two valves that allow recirculation of service
water back to the service water pond.

J. W, Minarick, J. W. Cletcher, D. A. Copinger, B,
W. Dolan, Precursors to Potential Severe Corce

Damage Accidents: 1989, A Status Report,
NUREG/CR-4674, ORNL/NOAC-232, Volumes 11 and
12, August 1990,

This report describes 30 operational eveats, reported in
Licensee Event Reports (LERs), which occurred at
commercial light water reactors during 1989 that are
considered to be precursors to potential severe core
damage. [Each of these events has a conditional
probability of subsequent severe core damage of 1.0E-06
or higher. Thesc are described along with associated
significance estimates, categui.zation, and subsequent
analyses.

Of the 20 precursors identified in this report, one involves
service water. At Arkansas Nuclear One, Unit 1 (LER
313/89-028), an unknown contact was discovered in the
control circuits for two of the three service water pumps.

NUREG/CR-5910
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Appendix C
1.0 INTRODUCTION

The cooling water systems (e.g., service water, component cooling water, salt water, etc.) of eleven
nuclear power plants for which a NRC Probabilistic Risk Assessment (PRA) was available were
reviewed to obtained some basic information on the fuidamental safety function each is required to
perform following an accident. Table C.1 lists the plants reviewed and each plant’s respective cooling
water system.

System summary data sheets were filled out for each system considered and are contained herein. The
informiation contained in this appendix was obtained from each plant's respective NRC sponsored PRA
s well as NRC-sponsored system source books where available. Note that the systems reviewed are
those systems that were modeled in the PRA reviewed.

C-5 NUREG/CR-5910
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Table C.1

Flaots Reviewed

Cooling Water system Reviewed

Cooper Nuclear Station

Service Water S»stem
Reactor Building Closed Cooling Water System

Quad Cities Residual Heat Removal Service Water System
Diesel Generator Cooling Water system
Peach Bottom Emergency Service Water system
High Pressure Service Water System
Grand Gulf Standby Service Water System
St. Lucie Component Cooling Water System
Intake Cooling Water System
Calven Cliff Salt Water System
Component Cooling Water System
Service Water System
ANO-1 Service Watee System
Point Beach Servive Water Systam
Component Cooling Water System
Turkey Point Service Water System
Component Conling Water Systein
Surty Service Water System
Component Cooling Water System
Sequoyah Service Water Systom
Componert Cooling Water System
NUREG/CR-5910 C6



Appendix C
2.0 COOPER NUCLEAR STATION COOLING WATER SYSTEM SUMMARIES

PLANT. COQPER TYPE: BWR  VINTAGE. QLD NO. UNITS: |
SYSTEM: SWS OPEM OR CLOSED LOOP: QPEN SOURCE: RIVER
NUMBER OF TRAINS: 2 NUMBER OF PUMPS/TRAIN: 2

PRA: NUREG/CR-4767 TAF A-45

SUCCESS CRITERIA:

Any one of four SWS pumpr 1. assumed to supply sufficient cooling water flow during an accident
when the non-critical header has been isolated.

If the non-critical header does not isolate, TAP A-45 assumed that all four SWS pumps are required
for success. See Figure C.1.

CROSS-TIES:

Four SW pumps discharge to a common header from which independent piping supplies to safety related
cooling water loops and the Tubine Building Closed Cooling Water (TBCCW) heat exchangers which
are not safety-related.

SYSTEM VULNERABILITIES:

Failure of non-critical header to isolate (i.e., MOV-MO117 to close) following an accident thereby
diverting flow away from safety-related loads.

POTENTIAL SYSTEM RECOVERY ACTIONS:

Manually close non-critical supply MOV (MOV117).

C-7 NUREG/CR-5910



Appendix C

PLANT: COQOPER TYPE: BWR  VINTAGE: QLI NO. UNITS: |
SYSTEM: RBCCYW  OPEN OR CLOSEN LOOP: CLOSED SOURCE: N/A
NUMBER OF TKAL:S: 2 NUMBER OF PUMPS/TRAIN: 2

PRA: NUREG/CR-4767 TAP A 45

SUCCESS CRITERIA:

Following a design basis accident, the following success criteria spplies:

- One-out-of-four RBCCW operate successfully,

- Non-critical header isolates,

- Tae appropriate RBCCW heat exchanger is available, and

- The apyropriate train o the service water system is successful,

Note that the service water system is a redundant cooling water source for most of the components
served by the RBCCW system, therefore the SW system can perform the same functions as the RBCCW
system.

TAP A-45 assumed that if the non-crincal header did not isolate, four RBCCW pumps were required
for success. See Figure C.2.

CROSS - TeS:

The service water system can be manually connected to supply most of the loads served by the RBCCW
system. Since RBCCW success is dependent on SW success, the RBCCW pumps and heat exchangers
can be unneces.ary under emergency condiuons.

SYUTEM VULNERABILITIES:

If the non-critical I - fails to isolate during an accident then some flow wil! be diverted away from
safety-related loads. P A-45 assumed that if the non-critical header fails to isolate, four RBCCW
pumps are required 1 uccess.

Failure of RBCCW supply MOVs to BCCS room coolers and pump coolers to open following an
accident.

The RBCCW consists of two cross-tied supply headers. Bach header is supplied with a normally
closed MOV, Common-mode failure of these two valves to open fails RBCCW.

NUREG/CR-5910 C-8



Anpendix C
POTENTIAL SYSTEM RECOVERY ACTIONS:
TAP A4S recovery actions considered.
- Manually isolate non-critical header MOV (MOV700).

- Recovery of the RBCCW system by manually upening connections to the SWS and use the
SWS pumps to cool the RBCCW loads.

One combination of failures identified in the analysis involved loss of secondary cooling to the RBCCW
heat exchanger 1A and failure of RBCCW valve 714 10 open. Based on the RBCCW flowpath
arrangement, water from heat exchanger 1B could be routed through valve 711 to the safety loads if
heat exchanger 1A is isolatec. Isolation of heat exchanger 1A requires closure of MOV 707 and manual
valve 18,

BIBLIOGRAPHY !

1. Steven W, Hatch, et al.,
BWR4/Mark 1 Case Study, NUREG/CR-4767, SANDB6-2419, July 1987,

2. U. S. Nuclear Regulatory Commission, Nuclear Power Plant Systom Sour gbook Cooper
50-208, SAIC 88/1994,
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Appendix C

30 QUAD CITIES NUCLEAR STATION UNIT 1 COOLING WATER SYSTEM
SUMMARIES

PLANT. QUAD CITIES TYPE: BWR  VINTAGE: QLD NO. UNITS: 2

SYSTEM: RHRSW  OPEN OR CLOSED LOOP: QPEN SOURCE: RIVER

NUMBER OF TRAINS: 2 NUMBER OF PUMPS/TRAIN: 2

PRA: NUREG/CR 4448 TAP A-43

SUCCESS CRITERIA:

The Residual Head Removal Service Water (RHRSW) System success criteria is one pump taking
suction from the crib house and supplying cooling water to the RHR heat exchi ger in the RHR loop
aligned for containment spray, suppression pool cooling, or shutdown cooling. See Figure C.3.
CROSS-TIES:

The RHR service water pump trains are nci cross-tied.

SYSTEM VULNERABILITIES:

Failure of RHRHX RHRSW outlet MOV to open in the selected loop will fail HX cooling, thus failing
one loop of RHR for CSS, SDC, and SPC.

POTENTIAL SYSTEM RECOVERY ACTIONS:

Recovery actions incomorated in the TAP A-45 study included:
- recovery of pump common mode failure within four hours,
= recovery of pump common mode failure within 24 hours.

BIBLIOGRAPHY!

1. S. W. Hatch, et al.,
BWRJ3/Mark | Case Study, NUREG/CR-4448, SANDSS-2373, March 1987,

U. §. Nuclear Regulatory Commission, Nuclear Power Plant System Sours~hook Quad Cities
Land 2 50-254 and 50-265, SAIC 89/1537.

C-13 NUREG/CR-5910
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Appendix C

4.0 PEACH BOTTOM NUCLEAR STATION UNIT 2 COOLING WATER SYSTEM
SUMMARIES

PLANT: PEACH BOTTOM UNIT 2 TYPE: BWR  VINTAGE: QLD  NO. UNITS: 2
SYSTEM: ESW OPEN OR CLOSED LOOP: QPEN/CLOSED SOURCE: RIVER
NUMBER OF TRAINS: 2 NUMBER OF PUMPS/TRAIN: |

PRA: NUREG/CR-4250

SUCCESS CRITERIA:

System source book success criteria:

The Emergency Service Water (ESW) system can operate in either of two modes: open-loop or
closed-loop. The success criteria for open-loop operation are 1 of 2 ESW pumps must operate and there
must be an intact flow path from the pump to the heat loads. The success criteria for closed-loop
operation are, (a) 1 of 2 ESW pumps or the emergency cooling water pump must operate, () 1 of 2
ESW booster pumps must operate, and (c) there must be an intact closed-loop flow path. If the main
ESW pumps are used, the closed loop flow pata includes the gravity feed line from the cooling tower
reservoir back 1o the suction wells. If the emergency cooling pump is used, the closed-loop flow path
includes the line from this pump to the two ESW supply headers.

NUREG/CR-1150 success criteria:

The success criteria for the ESW system is either of the ESW pumps or the BCW pump supplying
cooling water to system heat loads.

See Figure C.5.
CROSS-TIES:

The ESW system consists of two pumps operating in paraliel. Both pumps are cross-tied at their
discharge through two manual valves.

The ESW is backed up by the emergency cooling water pump. To align the emergency cooling water
pump, the normal ESW suction path is isolated by closing the sluice gates in the service water suction
wells, the normal ESW discharge path is isolated by closing the MOV to the discharge pond, and an
alternate flow path via the emergency cooling towers is established. One emergency cooling tower with
one of three fans operating is needed to provide adequate cooling. The emergercy cooling water pump
takes suction from the emergency cooling tower reservoir and delivers water to the two ESW supply
headers through a motor-operated valve. Units 2 and 3 share the ESW system.

C-17 NUREG/CR-5910
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Appendix C
50  GRAND GULF NUCLEAR STATION COOLING WATER SYSTEM SUMMARIES
PLANT: GRAND GULF TYPE: BWR  VINTAGE: NEW  NO. UNITS: )
SYSTEM: SSWS  OPEN OR CLOSED LOOP: CLOSED  SOURCE: COOLING TOWER
NUMBER OF TRAINS: 3 NUMBER OF PUMPS/TRAIN: |
PRA: NUREG/CR 4550
SUCCESS CRITERIA:
The Standby Service Water System (SSWS) is made up of three separate trains. Therefore the success
criteria for the SSWS is defined on a per train basis. For each train of SSWS, the SSWS pump must
0, ~rate, the intertie between the SSWS and the Plant Service Water System (PSWS) must isolate (PSWS
is the normal cooling water source for ESF room coolers), and the flow path to the various heat loads
must be open. See Figure C.7.
CROSS-TIES:

SSWS Trains A and B can be cross-tied to each other. SSWS train C is dedicated to serving the heat
lnads associated with the KPCS, and can not be cross-tied to the other SSWS trains,

SYSTEM VULNERABILITIES:

Station blackout sequences dominate the core damage frequency in the 4550 analysis. The SSWS
shows up as dominate contributor to the Grand Gulf CDF because the emergency diesel generators are
dependent on the SSWS for jacket water cooling.

The dominate failure mode of SSWS is common mode failure of the SSWS pumps.

All other dominate cutsets which contain SSWS events are single SSWS failures coupled with diesel
failures, e.g., SSWS pump A fails to start and DG 12 fails to run and DG 13 fails to stan.

POTENTIAL SYSTEM RECOVERY ACTIONS:
No 8S'WS recovery actions were incorporated i.'o the 4550 analysis.
BIBLIOGRAPHY:

I. M. T. Drouin, et al, Analysis of Core Damage Frequency: Grand Gulf, Unit 1 Internal Events,
NUREG/CR-4550, SANDS6-2084, Volume 6, Rev. 1, Part |, September 1989,

2. U.S. Nuclear Regulatory Commission, Nuclear Power Plant System Sourcebook Grand Gulf
1.50-416, SAIC 89/1007.
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Appendix C

BIBLIOGRAPHY

1. W. R Cramond, et al, Shutdown Decay bleal Removal Anaysis of a Combuston Bagineerag
2-Loop Pressurized Water Reactor Case Study, NUREG/CR-4710, SANDBS6-1797, July 1987,

2. U.S Nuclear Regulatory Commission. Nuclear Power Plant System Sourcebook, St. Lucie 1
and 2, 50-335 and 389, SAIC 89/1527.
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I. W.R Cramond, ¢ al, Shutdown Decay Heal Removal Analysis of a Combustion Engir~~
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Appendix €

7.0 CALVERT CLIFFS NUCLEAR STATION UNIT 1 COOLING WATER SYSTEM

SUMMARIES
PLANT: CALVERT CLIFFS TYPE: PWR VINTAGE: QLD NO. UNITS: 2
SYSTEM: SWS OPEN OR CLOSED LOOP: QPEN SOURCE: QCEAN

NUMBER OF TRAINS: 2 NUMBER OF PUMPS/TRAIN: |
PRA: NUREG/CR-3511 IREP
SUCCESS CRITERIA:

The success criteria for the Salt Water System (SWS) is given on a per loop basis. The success criteria
per loop is:

. ‘l of 2 SWS pumps per loop must operate (i.e., pump 11 or 13 in loop 11, pump 12 or 13
. “!"‘h:o?\)vlszzmt exchanger must be available as a heat sink.

Note that pump 13 can only be aligned to one SWS loop, A or B. See Figure C 10.

CROSS-TIES:

There are two SWS loops supplying separate loads. Each SWS cooling loop has one dedicated pump.
A third pump is available to provide cooling water to either loop should one of these pumps fail,

SYSTEM VULNERABILITIES:

The Calvert CLiff SWS is very similar to the St. Lucie ICWS and CCW systems. In the St. Lucie TAP
A-45 study common mode failures of the cooling water pumps dominated cooling water system faults,
However, in the Calvert Cliffs IREP analysis there appears to be no modeling of common mode failures
which leaves in doubt the amount of contributio.. made by the SWS to the total CD¥.

POTENTIAL SYSTEM RECOVERY ACTIONS:

The only recovery modeled in the PRA was failure of the operator to manually open SWS pneumatic
valves following their failure to automatically open.

BIBLIOGRAPHY:
1. Arthur C. Payne, Jr., i

NUREG/CR-3511/1 of 2, SANDS3-2086/1
of 2, September 1983,
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Appendix €
PLANT: CALVERT CLIFFS TYPE PWR  VINTAGE: QLD NO. UNITS: 2
SYSTEM: "CWS OPEN OR CLOSED LOOP: CLOSED SOURCE: N/A
NUMBER OF TRAINS: 2 NUMBER OF PUMPS/TRAIN: |
SUCCESS CRITERIA:
Success for the Component Cooling Water (CCW) System was considered to be one CCW pump and
one CCW heat exchanger available to remove heat from the CCW loads during accident conditions.
See Figure C.11.
CROSS-TIES:

Three CCW pumps discharge to a common header which feeds two separate cross-tied distribution
headers.

SYSTEM VULNERABILITIES:

As with SWS, there was no common mode failure of the pumps considered in the analysis. This
appears to be a significamt oversignt.

POTENTIAL SYSTEM RECOVERY ACTIONS:
No recovery modeled for CCW in IREP PRA.
BIBLIOGRAPHY

I Arthur C. Payne, Jr.,

0t Volume 1. Main Re Nvmfcusnnon SANDB3-2086/1

of 2, September 1983,

C-33 NUREG/CR-5910
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Appendix C
PLANT: POINT BEACH TYPE: PWR  VINT..GE: QLD NO. UNITS: 2
SYSTEM: CCW OPEN OR CLOSED LOOP: CLOSED SOURCE: CCW_TANK
NUMBER OF TRAINS: | NUMBER OF PUMPS/TRAIN: 2
PRA: NUREG/CR-4458 TAP A-45
SUCCESS CRITERIA:

Successful operation of the Component Cooling Water (CCW) System requires the operation of one
pump and one heat exchanger to provide sufficient cooling of all emergency loads. See Figure C.15.

CROSS-TIES:

The CCW system consists of two pumps operating in parallel discharging to a common header to supply
the loads.

SYSTEM VULNERABILITIES:
Vulnerabilities identified in the TAP A-45 study were:

Failure of ECC recirculation due to RHR pump cooling due to CCW valve failure. The low
pressure pumps CCW discharge flow from each pumps passes through a single manual valve
(XOV-30). The unavailability of this valve due to maintenance or plugging would defeat both
the high pressure recirculation and the low pressure recirculation modes of operation.

Failure of ECC injection due to CCW system failure caused by loss of cooiing from the SW§
through the CCW heat exchanger. This event consist of SWS flow blockage to the CCW
heat exchanger in service or failure of any of the manual valves used to isolate the heat
exchanger due to plugging.

- Failure of CCW pumps. Fails cooling to the ECC system pumps.
Note that the TAP A-45 study states that Point Beach was implementing a modification to add a fourth

CCW heat exchanger and suggests that there would be one dedicated CCW heat exchanger per unit with

two swing CCW heat exchangers. However, the study did not account for this modification in the
analysis.

C41 NUREG/CR-5910
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Appendix C

100 TURKEY POINT NUCLEAR STATION UNIT 1 COOLING WATER SYSTEM
SUMMARIES

PLANT: TURKEY POINT TYPE: PWR  VINTAGE: QLD NO. UNITS: 2

SYSTEM: SWS§ OPEN OR CLOSED LOOP: OPEN SOURCE: OCEAN

NUMBER OF TRAINS: 3 NUMBER OF PUMPS/TRAIN: |

PRA: NUREG/CR-4762 TAP A-45

SUCCESS CRITERIA:

Three intake Service Water System (SWS) pumps are provided per unit. For accident conditions, one
pump is required for success providing cooling water to the CCW heat exchangers and the non-essential
loads isolated. See Figure C.16.

CROSS-TIES:

During normal operation, two of the three SWS pumps are operating, discharging to two redundant
(cross-tied) headers.

SYSTEM VULNERABILITIES:

From the cutsets given in the TAP A-45 study the SWS is vulnerable to common mode failure of the
pumps and failure of the non-essential header to isolate during accident conditions. Common mode
failure of the service water pumps will prevent adequate heat removal via the component cooling water
system heat exchangers. This, in turn, will lead to overheating of the high pressure injection pumps
and emergency core coolant injection failure.

Pneumatic-hydraulic valve CV-2201 is normally open to allow service water to flow to non-safety
systems. Following LOCAs, this valve receives a signal to close from safety injection signal train
A. Failure of this valve to close will divert adequate water from the safety related components.
POTENTIAL SYSTEM RECOVERY ACTIONS:

Recovery actions considered in TAP A-45 include:

- locally opening the alternate SWS discharge path should the discharge path in use fail.
- start an idle pump from the control room should the normaliy operating pump fail.

BIBLIOGRATHY:

)

1. G. A. Sanders, et al, down Heat Remg Analysis © Vestinghouse 2 -Loo
Pressurized Water Reactor Case Study, NUREG/CR-4762, SANDS6-2377, March 1987,

.A'. <
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Appendix C

PLANT: TURKEY POINT TYPE: PWR  VINTAGE: QLD  NO. UNITS: 2
SYSTEM: CCW OPEN OR CLOSED LOOP: CLOSED SOURCE: N/A
NUMBER OF TRAINS: 3 NUMBER OF PUMPS/TRAIN: |

PRA: NUREG/CR-4762 TAP A-45

SUCCESS CRITERIA:

The success criteria for the CCW system is two of three pumps and two of three heat exchangers
providing the necessary cooling for the safety related loads. See Figure C.17.

CROSS-TIES:

The system consists of three cross-tied pumps operating in parallel, discharging to a common
distribution header.

SYSTEM VULNERABILITIES:

The CCW system is vulnerable to common mode failure of the pumps as identified in the TAP A-45
study. Common mode failure of the CCW pumps results in the overheating of the HPI and LPI pumps
and emergency core coolant injection failure after a small LOCA.

POTENTIAL SYSTEM RECOVERY ACTIONS:

The only recovery action considered in the TAP A-45 analysis was recovery of a CCW pump suction
valve failure. There are two return headers to the CCW pumps from the CCW loads. Failure of a
return header manual valve would result in the loss of one-half of the safety systems dependant on
CCW. The return headers are cross-tied, and therefore, failure of one of the return header valves could
be recovered.

BIBLIOGRAPHY':

1. G. A. Sanders, et al, Shutdown Decay Hes MY

Pressurized Water Reactor Case Study, NUREG/CR-4762, SANDS6.2377, March 1987
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Appendix C
1.0 SURRY NUCLEAR STATION UNIT 1 COOLING WATER SYSTEM SUMMARIES
PLANT: SURRY | TYPE: PWR  VINTAGE: QLD NO. UNITS: 2

SYSTEM: SWS OPEN OR CLOSED LOOP: QPEN SOURCE: CANAL

NUMBER OF TRAINS: 2 NUMBER OF PUMPS: (

PRA: NUREG/CR-4550

SUCCESS CRITERIA:

The success criteria as defined in NUREG-4550 is sufficient flow through the Inside Spray Recirculation
(ISR) System and Outside Spray Recirculation (OSR) System heat exchangers. See Figure C.18.

CROSS-TIES:

The SWS consists of two parallel headers taking suction from a canal. The two headers are crosstied
via two normally open motor-operated valves in series such that flow from either inlet line can be used
to cool all four ISR and OSR heat exchangers.

SYSTEM VULNERABILITIES:
Common mode failure of the service water valves due to corrosion from exposure to brackish water.
POTENTIAL SYSTEM RECOVERY ACTIONS:

The only components required to change state are the service water intake mo. .. -operated valves.
These valves can be recovered by manually opening them.

BIBLIOGRAPHY:

1. R. C. Bertucio and J. A. Julius, i
Events, NUREG/CR-4550, SANDS86-2084, Volume 3, Rev. 1, Part 1, Apnl 1990.
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Appendix C

PLANT: SURRY 1 TYPE: PWR  VINTAGE: QLD  NO. UNITS: 2
SYSTEM: CCW OPEN OR CLOSED LOOP: CLOSED SOURCE: N/A
WUMBER OF TRAINS: 1 NUMBER OF PUMPS: 2

PRA: NUREG/CR-4550

SUCCESS CRITERIA.

The success criterion for Surry Unit | CCW system is that continued CCW flow is provided to the RCP
pump thermal barriers, RHR pumps, and RHR heat exchangers following reactor shutdow:.

Following station blackout at Unit 1, Unit 2 CCW system provides the cooling to the RCS pump
thermal barriers.

Both CCW pumps and heat exchangers are required for success. See Figure C.19,
CROSS-TIES:

The Unit 1 and Unit 2 CCW systems are cross-tied through manual valves downstream of their
respective pumps and heat exchangers.

SYSTEM VULNERABILITIES:
Common mode failure of the pumps to run.
POTENTIAL SYSTEM RECOVERY ACTIONS:

Failure of the CCW for one unit can be recovered by lining up the CCW of the other unit to provide
the heat sink.

BIBLIOGRAPHY:

1. R. C. Bertucio and J. A. Julius, Analysis of Damage Frequency: Sum it |
Events, NUREG/CR-4550, SAND86~2084 Volumc 3, Rcv 1, Part 1, April 1990
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Appendix C
12,0 SEQUOYAH NUCLEAR STATION UNIT 1 COOLING WATER SYSTEM SUMMARIES

PLANT: SEQUOYAH 1 TYPE: PWR  VINTAGE: NEW  NO. UNITS: 2
SYSTEM: SWS§ OPEN OR CLOSED LOOP: OPEN SOURCE: RIVER
NUMBER OF TRAINS: 4 NUMBER OF PUMPS/TRAIN: 2

PRA: NUREG/CR-4550

SUCCESS CRITERIA:

For each Service Water system (SWS) header (A or B) three of the four available pumps must operate
to provide flow to the loads dependant on the header. See Figure C.20.

CROSS-TIES:

The SWS system consists of four trains of pumps consisting of two pumps per train. The SWS pump
trains are cross-connected to effectively makeup two service water supply systems (A and B), where
SWS A is fed from two cross-tied pump trains and SWS B is fed from the other two cross-tied pumps
trains. From the SWS fault tree, three of the four pumps feeding a particular SWS train must be
available for success.

SYSTEM VULNERABILITIES:

SWS does not show up as an important contributor to core damage in the 1150 analysis.
BIBLIGGRAPHY:

1. R. C. Bertucio and S.R. Brown, i H
Internal Events, NUREG/CR-4550, SAND86-2084, Volume §, Rev. 1, Part 1, Aprll 1990,
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PLANT: SEQUOYAH 1 TYPE: PWR  VINTAGE: NEW NO, UNITS: 2
SYSTEM: CCW OPEN OR CLOSED LOOP: CLOSED SOURCE: N/A
NUMBER OF TRAINS: § NUMBER OF PUMPS/TRAIN: |

PRA: NUREG/CR-4550

SUCCESS CRITERIA:

The success criteria, in terms of the number of Component Cooling Water (CCW) pumps needed for
Unit 1 and the status of the spent fuel heat exchangers are different, depending on whether ESFs are
in the injection mode or in the recirculstion 'node. If the RHR HX are not required, one CCW pump
will provide sufficient flow to train 1A and the RCP thermal barriers, regardless of whether or not spent
fuel pool heat exchangers have been transferred to Unit 2. After activation of the RHR HXs, in the
recirculation mode, one CCW pump will provide wfficient cooling only if the spent fuel pool HXs have
been transferred to Unit 2, but both CCW pumps | A-A and 1B-B are required if the spent fuel pit HXs
have not been transferred. See Figure C.21.

CROSS-TIES:

The CCW system contains five pumps and three beat exchangers serving both Units 1 and 2. Unit 1
is normally served by CCW pump 1A-A and CCW X A, which also serves the RCP thermal barriers
in the Unit 1 reactor building. Train 2A is normal!y served by CCW Pump 2A-A and CCW HX B.
The B trains at both units are normaily served by CCW pump C-S and CCW HX C.

Of the pumps and heat exchangers that are normally aligned to serve Unit 1 (i.e., Pumps 1A-A, |B-B,
and C-S and HXs A and C), pumps 1A-A and C-S and both heat exchangers are normally in operation.
CCW pump IB-B is normally in a standhy condition but starts automatically on low pressure at the
combined discharge header of pumps 1A-A and 1B-B.

SYSTEM VULNERABILITIES:

Valve failures that result the loss of the RHR heat exchangers dominate during the recirculation.
POTENTIAL SYSTEM RECOVERY ACTIONS:

Recovery action taken credit for in the P®A concerned recovery of failed CCW valves that results in
the failure of the RHR heat exchangers.

Due to the redundancy provided, a failed CCW pump could be recovered by aligning the standby pump
for operation.

NUREG/CR-5910 C-54
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1 R. C. Bertucio and S.R. Brown,
Internal Events, NURBG/CR-4550, SANDS6-2084, Volume §, Rev. 1, Panl April 1990,
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Appendix D
Dependency diagrams in terins of the safety functions that are served by each of the systems reviewed

for the scoping study are presented in this Appendix. The BWRs are presented first followed by the
PWRs.

The acronyms used are defined below.

AFW auxiliary fredwater

ccp centrifugal charging pump

CCwW component cooling water

CSS§ containment spray system

DG diesel generator

DGCW diesel generator cooling water
HPCI high pressure core injection
HPCS high pressure core spray

HPIS high pressure injection system
HPSW high pressure service water

HX heat exchanger

LPCS low pressure core spray

LPIS low pressure injection system
RCIC reactor core isolation cooling
RHR residual heat removal

RHRSY residual heat removal service water
SRW service water (Calvent Clifls)
SWS§ salt water system (Calvent Cliffs)
SW§ service water sysiem

MUREG/CR-5910 D2
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Figure D.1 Cooper Service Water Dependency Diagram
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Figure D.3 Peach Bottom Service Water Dependency Diagram
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Appendix F

20 COOPER NUCLEAR STATION: TAP 448 STUDY

21 COOPER NUCLEAR STATION: TAP A-45 SUMMARY OF RESULTS

The basic events for those cooling water systems (i.¢., Service Water Syste . (SWS) and keacty " wding Closed Cooling
Water (RBOCW) System) which were found to Le major contributors to the lotal core damage frequency (CDF) at the
Cooper Nuclear Station are listed below along w b the contribution each basic event makes to the total CDF and the number
of cutsets in which the basic eveat appears. A desoription of each basic event is also included.

Internal Events:

Basic Event Contribution to CDF ¥ Cutsets

SWS-LOOM-UTM 1. 40E-05 1
SWS117-VOO-LF 4. B1ED06 2
SWEIT-VOO-LF*SWS1D PMS-LF*RAIIB 2.90E0% 4
SWSES3-VOC LP*SWS6S52- VOO LF 1.59E-06 ®
SWS182-XOC-LF 1. 206407 |
SWS72-XOC-LF 1. 20607 1
SWS6SIVCC.LF 2.38E08 2
SWS652-VUL-LK 2. 38E-08 2
SWE117-VOO-LF*SWS1C-PMS-LF*RA 1B 1.70E-08 /|
SWE6S3-VOC-LP* WS145-XOC-LF 1.30E-08 |
SWSE53-VUC-LF*SWSY1-XOC-1¥ 6. 80E-09 2
RBCT00-VCC-LF 4. 34E 05 6
RBC?14-VOC-LF 2.90E0S 2
RBCT1)-VCC-LF*RBC714-VCC-LF 242E05 7

| RBC-LOOP2-UTM 2.14E05 4
RBCI00-VOO-LF*RBC1D-PMS-LF | .B6E-08 Kl
RBCTO0O-VOO-LP*RBC-LOOP1-UTM 1.06E-05 4
REC700-VOO-LF*RBC-LOOP2-UTM 1. 06E-08 4
RBC700-VOO-LF*RBCI1C-PMS-LF 1.92E-06 2

| RBC700-VOO-LF*RBC 1 B-PMS-LF 292606 |

| RBC413-XOC-LF 1.20E07 1

; Total SWS Contribution 1 B"E04

[ Internal Events Total CDF 2.90E04

, External Events Total CDF 1. 48E-04

| Total CDF 4 38E-04

E-S NUREG/CR-5910
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SWSaSA-VOC-LF*SWS652-VOC-LF 21E07
SWSASI VOCLF*LPCLLOOPI-UTM 2.2E08
SWS652-VOC-LF*LPCL-LGOP2-UTM 2.2E08
SWS6S3-VOC-LF*SWS71-XOC-LF $2L09

These failures represent loss of SPC due to RHK service water valve faults aid maintenance outages of LPCI

CDF Contribution = 2 6E-07 which is < 1% of the total CDF (2. 9E-04).

Sequence TIYZE

This sequence is initiated by a loss-of-offsite power transient (T1) and s followed by loss of the main condenser as # heat
sink (Y) and failure of all suppression pool cooling (Z) and long-term failure of all emergency core cooling (E). Feedwater
iniection and the condenser are assumed to be lost following the LOSP,

4 6505 Mean CDF 16% of the Total CDF
SWS Basic E/ents:

RBCT11-VCC-LPF*RBC714-VCCLF 3.2E06
RBCI00-VOO-LF*RBCIC-PMS-LF 2.9E06
RBCT00-VGO*RBCIB-PMS-LF 2 906

These failures represent loss of ECCS room cooling due to RBCCW faults resulting in loss of all ECCS.

CDF Contribution = 9.1E06 which is 3% of the toial CDF (2.9E04).

Sequence TIYrZE
This sequence is initisted by & loss-of-offsite pwer transient (T1) followed by a relief valve sticking open (P) and loss of
the main condenser as & heat sink (Y) and failure of all suppression pool cooling (Z) and long-term failure of all en.:  gency
core cooling (). Feedwater injection and the condenser are assumed to be lost following the LOSP.

3.7E-07 Mean CDF < 1% of the Total CDF

SWS Basic Events:

RBC711-VCC-LF*RBC714-VCC-LF 2.6E-08
REC700-VOO-LI*RBC' C-PMS-LF 23E08
RBC700-VOO-LF*RBCIB-PMS-LI" 2.3E08

'l‘huof:ﬂnmwlouufBCCSmmmthmMmﬂmﬂuMwmfmmmﬁn;h
loss of ail ECCS.

CDF Contributicn = 7.2E-08 which is < 1 % of the total CDF (2.9£04).

NUREG,« R-5910 E-8

e il — R T = i b B e
e i e Lae 20 - e e e e e R — a——- E R B R el P



Appendix E

Sequence T2YZE

This sequence (s initiated by & loss of feedwater transient (T2) and is foliowed by loss of the main condenser as & heal sink
(Y) failure of all suppression poul cooling (Z) and long-term failure of all emergency core cooling (E).

79508 Mean CDF 27% of the Total CDF

SWS Basic Events:

RBCT11-VCC-LF*RBCT14-VCC-LF 1.9E08
RBC00-VOO-LF*RBCID-PMS-LF 1.7E08
RBC700-VOO-1LF*RBC-LOOP2-UTM 9.TE06
RBC700-VOO-LF*RBC-LOOP1-UTM 9 TE06

SWS117-VOO-LP*SWSID-PMS-LF*RA11B 2.8E-06

These failures sepresent loss of ECCS room cooling and/or RHR pump seal cooling due to SWS and RBOCW faults resulting
in loss of all BCCS. Recovery sction RA11B represents failure of the operators 1o manually isolate the SW'S non-critical
header (P = 0.1),

CDF Contribution = § 8E0S which is 20% of the total CDF (2.9E-04),

Sequence T2PY7F

This sequence is initiated by a loss of veedwater transient (T2) and is followed by a relief valve sticking open (P), loss of
the main condenser a8 & heat sink (Y) failure of all suppression pool cooling (Z) long-term failure of all emergency core

cooling (E).

6 4E07 Mean CDF < 1% of the Total CDF
SWS Basic Events:

RBC711-VOC-LF*RBC714-VCC-LF 1.6E07
RBC700-VOO-LF*RBCID-PMS LF 1.4E07
RBC700-VOO-LF*RBC-LOOP2-UTM 7.8E-08
RBC700-VOO-LF*RBC-LOOP1-UTM 7.8E-08

SWS117-VOO-LF*SWS1D-PMS-LF*RA11B 2.3E-08

These failures represent loss of ECCS mmﬂn;ﬂuﬂﬂmﬂmlhgdmmeWMWSMuwm
in loss of all ECCS . Recovery action RA118 represents failure of the operators 10 1...nually isolate the SWS non-critical
header (P = 0.1).

CDF Contribution = 4.8E07 which is < 1% of the total CDF (2.9E-04).

Sequence TIYZE

’nmuqmiainmaudbymmimllmummuummmkmpammmuymy
systems (T3) and is followed by loss of the maic condenser as a heat sink (Y) failure of all suppression pool cooling (Z),
and long-term {ailure of all emergency core cooling (E).

6. 3E-06 Mean CDF 2% of the Total CDF
SWS Basic Events.
RBC711-VOC-LF*RBC714-VCC-LF 1.2E-06

E9 NUREG/CR-5¥10
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RBCHO-VOO- LI*RBC1D-PMS-LF 1 1E08
RBC700-VOO-LF*RBC-LOOP2-UTM 62807
RECT00-VOO- LF*RBC-LOOP1-UTM 62807

These failures represent loss of ECCS room cooling due to RBCCW faults resulting in loss of all ECCS.

CDF Contribution = 4 SE-06 which is 2% of the total CDF (2.9E-04).

Sequence SZ

This sequence is initisted by & small loss of coolant accident (S) and is followed ty failure of all suppression pool cooling
(Z) 1t was assumed that the main condenser was not available for heat removal following /. small LOCA.

1.5E<07 Mean CDF < 1% of the Total CDF
SWS Basic Events:

SWSASAVCOC LF*SWS652-VCC-LF 6. 3E08
SWSES3-VOC-LF*LPCI-LOOPI-UTM 6.8E409
SWS652-VOC-LF*LPCL-LOOP2-UTM 6 8500
SWS6S3-VOC-LF*SWST1.XOC-LF 1 6E09

These failures represent loss of SPC due 1o failures of RHR service water valvec wnd maintenance outages of LPCL
CDY Contribution = 7.7E-08 which is < 1% of the total CDF (2.9E04).

Sequence SZE

This sequence is initinted by & small loss of coolant accident (S) and is foliowed by failure of all suppression p~ol cooling
(Z) and long-term failure of all emergency core cooling (E).

1. 5E-06 Mean CDF < 1% of the Total COF
SWS Basic Events:

RBC711-VCC-LF*RBC714-VCC-LF 3.7E07
RBCT00-VOO-LF*KBC1D PMS-LF 33EQ7
RBC700-VOO-LF*RBC-LOOP2-UI'TM 1.9E07
RBC700-VOO-LF*RB-LOOP1-UTM 1.9E07

SWS117-VOO Lr*SWSID-PMS-LF*RA11B S 6E-08
These failures represent loss of ECCS rcom cooling, RHR pump seal cooling, or RHR heat exchanger cooling due to SWS
and RBCCW faults resulting in los« of all BECCS. Recovery action RA1IB represents failure of the operators to manually
isolate the SWS non-critical header (p = 0.1).

CDF Contribution = 1. 1E06 which is < 1% of the total CDF (2.9E04).

Sequence T-AC-YZ
This sequence is initiated by a loss of 4160 VAC bus IF (T-AC) and is followed by loss of the main condenser as a heat

sink (Y and failure of all suppression pool cooiing (7). Feedwater injection and the main condenser are assumed to be lost
following the initiator

NUREG/CR-5910 E-10



1. TE06 Mean CDF 1 % of the Total CDF
SWS Basic Events:

SWE182-X0C-LF | 2E07
TWS72-XOC-LF 1. 2E07

RBC413 XOC-LF 1.2E07

These failures represent loss of suppression poo: cooling due to failures in the SWS and RBCCW system.

CD¥ Contribution = 3. 6E07 which is < 1% of the total CDF (2 9E-04).

Sequence T-AC-YZE

This sequence is initisted by a loss of 4160 VAC bus 1F (T-AC) and is followed by loss of the main condenser as # heat
sink (Y), failure of all suppression pool cooling (Z) and long-term emergency core cooling (E).  Feedwater injection and
the main condsnser are assumed 1o be lost following the initiator

9 €F 0% Mean CDF 33% of the Total CDF

SWS Basic Events:

RECTI4-VOC-LF 2.9E05
RBC700-VOO-LF 29E05
SWS-LOOP2-UTM | 4E-05
RBC-LOOP2-UTM 1. 4E05
SWS117-VOO-LF*RALIB 4 8E06

These failures represent luof&ﬂmw)ﬂ,kﬂmumﬂu.umumwh.hﬂows
and RBCCW “sults resulting in loss of all ECCS, mmmulllwﬂlmdbmwm\ﬂly
isolate the SWS non-critical header (p »= 0.1).

CDF Contribuzion = 9.1E-05 which is 31% of the total CI'F (2.98-04).

Sequence T-AC-D

Thie sequence is initiates. by & Joss of 4160 VAC bus JF (T-AC) and is follow ed by immediate failure of all emergency core
cooling (D). Feedwater injection was assumed to be lost following this initistor.

2.3E07 Mean CDF < 1% of the Total CDF
SWS Basic Events:

SWS117-VOO-LF 1.2E08
RBC714-VCC-LF 2.2E08
RBCT00-VOO-LF 2.2E08

Mhilummlwofl%mndmlhgdumSW!ndmm.

CDF Contribution = $ 6E-08 which is < 1% of the total CDF (2.9E-04;.
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Appendix F

The basic events for those cooling water systems (i.e., Residual Heat Removal Service Water System (SWS) and Diesel
Generstor Cooling Water (DGCW) System) which were found 1o be major contributors 1o the total core damage frequency
(CDP) st the Quad Cities nuclear station are listed below along with the contribution each basic event makes Lo the total CDF
and the number of cutsets in whica the basic event appears. A description of each basic event is also included.

Internal Events:
Basic Event Contribution to CDF # Cutsets

RSW-LOOP! UTM 1. 90E-05 3
DSW3I9031-PMS-LF 2.31E08 3
RSW-PUMP-CM 2.11E06 2
DSW39035-PMS-LF 1.91E06 3
DSW.-PUMP-CM*RA12B | B6E06 3
RSWI82BX -XOC-LF 9.60E07 |
RSWIB2AX-XOC-LF 9.60E07 1
RSW-PUMP-CM*DSW3903 1 -PMS-LF*RA12B 5.00E-07 1
RSW-PUMP-CM*RA12C 2.68E07 3
RSW - PUMP-CM*DSW-DGN1-UTM*RAI12B 8.S0E-08 1
DSW-DGN1-UTM 8.S0E-08 H
RSW-LOOP2-UTM 3.60E08 |
RSW-LOOP2-UTM*RAZC 2.641-08 2
RSWIR2DX-XOC-LF 1. 80E-09 |
RSW-LOOP2-UTM*DSW39038-PMS-LF 4 40E09 |
RSW-LOOP2-UTM*FSWIR2ZAX-XOC-LF 6 S0E09 1

Total 3.01E0S

Internal Events CDF 9. 90E-05

Fxternal Events CDF 9 T4EOS

rae vy e e

Total | 96E-04

E-13
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Appendix b
SWS Basic Events:

REW-PUMP-CM*RA12C 1.9E07
RSW-LOOP2-UTM*RAAC 4 4E09

Those failures represent loss of SFC dus to common cause failure of RHR service water purse and maintenance cutkges
of ane loop of RHR service water mong witis diesel ganeistor {ac!'s. Recovery action RASC represeats failure of the
operator (o restoring RSW loop 2 from mainteoance within 24 hours. Recovery action RA12C represents failure to recover
common mode failure of the pumps within twenty four hours.

CDF Contribution = 1 9E07 which is < 1% of the total CDF (9 .9505).
Sequence TIYZE
This sequence is initisted by & loss-of-offsite power transient (T1) and is follo. by los« of (he main condenser as a hoat

sink (Y) and failure of all suppression pool couling (Z) and long-term failure of all emecgency core cooling (E). Feedwater
iniection and the condenser are assimed (o be lost following tne LOSP.

2.3E08 Mean CDF 3% of the Total CDF
SWS Basic Events:

DEWAR03S-PMS-LF 18606
DSW39031-PMS-LF 1 E06
DSW-PUMP-CM*RA 128 1. 2E-06

These failures represent faults of the diesel genurator service water system. Recovary wction RA1TH represents (ailurs of
the operator to recover common mode failure of the DSW pumps within 4 hours.

CDF Contribution = & 8E-06 which is 5% of the tow! CDF (9.9509).
Sequence TIPYZE
This sequence is initiated by a loss-of-offsite power tansient (T1) followes by a relief valve rticking open (P) and loae of

|
| the main condenser as & heat sink (Y) and failurs of il suppression pc | coc.ing (£) and long-tern failure of all ewergency
' core cooling (E). Feedwater injection and the condenser sre assumed 10 be lost following the LOSP,

| 1.9E07 Mean CDF <1% of the Total CDF
f SWS Basic Events:

| DSW3903S-PMS-LF 1.5E-08

| DSW39031-PMS-LF | SE08

| DSW-PUMP-CM*RA12B 1. 0E-08

These failures represent faults of the diesel generator service water system. Failure of the diesel cooling water pump fails
: ECCS room cooling. Recovery action RA12B represents failure of the operator to recover common mode failure of the
.' DSW pumps within 4 hours.

CDF Con!~bution = 4.0E-08 which is < 1% of the total CDF (9.9E05).

NUREG/CR-5910 E-16



Appendix E

Sequence T2V LE

This ssquence ' initiated by & loss ¢f feedwater transient (T2) and 1 followed by Joss of the main condenser as & heat sink
(YY) failure of all suppression pool cooling (Z) and long-term failure of all emergency core cooling (E).

1. 306 Mean CDF 1'% of the Towal CDF
SWS Basic Evenis

RSW-PUMP-CM*SWI03 1 -PMS-| F*RAI12B S CEO7

DSW39031-PMS-LF S OEQ7
RSW-PUMP-CM*DSW-DGN 1-UTM*RA12B 8.SEO8
DSW-DGN1-UTM 8 SEOS

These failures ;epresent faults of the dissel generator service water system and common mode failure of the RHR service
water pumps. Failure of the diesel cooling water putp fails ECCS room cooling. Recovery action RA12B represeats failure
to recover common mode failure ¢ ¢ the pumps within four hours.

CDF Contribution = | 2E-06 which is 1% of the total CDF (9.9E08).

Sequence T3YZE

‘I'his sequence is initinted L, some miscellaneous transient that does not cause feedwater to trip or otherwis affect any safety
systemns (T3) and is followed by loss of the main condenser as & hes' sink (Y) failure of all suppre ion pool cooling (Z),
and long-tesm failure of all emergeacy core cooling (r.).

1. 1E06 Mean CDF 1% of the Total CDF

SWS Rasic Events:

DSW-PUMP-CM*RA LB 6 SE07
DSW3003 | -PMS-LF 9 9E-08
DSW3I9038-PMS-LF 9 9E08

These failures rupresent diesel gezerator failures due to diesel generator service water faults and common mode DSW pump
faults. Recoery action RA12H represents failure of the operstor 10 recove: common mods failure of the DSW pumps within
4 hours.

CD¥ Contribution = 8 SEQ7 which is | % of the tntal CDF (9.9E05).

Sequence SZ

This sequence is initiated by a small loss of “oolant accident (S) and is folluwed by failure of all suppression pool cooling
(Z; 1t was assumed that the maic cundenser was not available for heat removal following & small LOCs,.

i 3E07 Mesn CDF < 1% of the Yotal CDF
SWS Basic Events:
RSW-PUMP-CM*RA12C 6.0E-08

This failure represents loss of SPC due to common .node frilure of RHR service water pumps. Recovery action RA12C
represents failure of the operator to recover common mode failure of the RSW pumps within 24 hours.

E-17 NUREG/CR-5910
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4.0 PEACH BOTTOM: NUREG/CR-4550

41 PEACH BOTTOM UNIT 2 : 4550 AN - YSIS SUMMARY OF RESULTS

Appendix E

The basic events for those cooling water systems (i.e., Emergency Service Water (éSW) System) found tc be major
contributors to the total core damage frequency (CDF) at the Peach Battom Unit 2 nuclear power station are listed helow
aiong with the contribution each basic event makes to the total CDF and the number of cutsets in which the basic event

appears. A description of each basic event is also included.

»dis 3} Fv:;.w‘

Basic Event Contribution to CDF # Cutsets
ESW-XHE-FO-EHS 6.20E07 795
ESW.-CKV-CR-CS15A 9 84E-08 175
ESW-CKV-CB-C5158 9.84E-08 175
ESW-AQV-CC-CCF 9. 75E-08 35
ESW-MDP-FS-MDFPA 8.29E-09 75
ESW-NDP-PS-MDPR 8. 29E09 75
ESW PTF-RE-DGC 7.88E09 40
ESW-PTF-RE-DGB 7. 88E09 40
ESW-PTF-RE-MDPA 4 62E08 35
ESW-PTF-RE-MDPB 4.62E-09 as
ESW-MNDP-MA-MDPA 4 J9E 09 65
ESW-MDP-MA-MDPB 4 39E09 65
ESW-CKV-HW-CV513 4.25E0. 2
ESW-MDP-FS-CCF*BETA-2SWPS 200 48 as
ESW-XVM-PG-XVS502 1. SRE09 i
ESW-AOV-CC-0241B 1.26E06 95
ESW-AOV-CC-0241C 1.26E-09 95
ESW-MDP-FR-MDPA 9.17E-10 85
ESW-MDP-FR-MDP3 9.17E-10 85
FSW-MDP-FS ECW 5.51E-1 10
NSW.SYS-FO-NSW-1 3.0CE-10 1
EIW-MDP-MA -ECW 2.50E-10 5
TSW-AOV-MA-0241B 3.56E-11 W
ESW-AOV-MA-0241C 3.56E-1! 10
ESW-XVM-"G-XV505B 1.41E-11 5
ESW-XVM .G-XVS05C 1.41E-11 5
ESW-CKV-HW-CS15A 1.11E-11 10
OSW-CKV-HW-C5158B 1 11E-11 10
ESW-XVM-PG-XV510 1.01E-12 5
ESW-XVM-PG-XVS09 1.01E-12 5
ESW-XVM-PG-XVS0TA 1.01E-12 5
SW-XVM-PG-XVS07B 1.01E-12 5
Total 9.78E-07
Internal Events CDF 4 50E-06
External Events CDF 9.70E-05
Total 1.02E-04

E-19
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Appendix E

Peach Bottom Event Descriptions:

FSW-AOV-CC-CCF -
ESW-AQV-CCO241B -
ESW-AOV-CC0241C -
ESW-AOV-MA-0241B -
ESW-AOV-MA0241C -
ESW-CKV-CB-CS15A -
ESW-CKV-CB-C"15B -
ESW-CKV-HW-CVSI3 -
ESW CKV-HW-CS515A -
ESW-CKV-HW-CS15B -
ESW-MDP-FR-MDPA -
ESW-MDP-FR-MDPSB -
ESW-MDP-FS-CCF -
ESW-MDP-FS-ECW -
ESW-MDP-FS-MDPA -
ESW-MDP-FS-MDFPB -
ESW-MDP-MA-ECW -
ESW-MDP-MA-MDPA -
ESW-MDP-MA-MDPB -
ESW-PTF-RE-DGC -
ESW-PTF-RE-DGB -
ESW-PTF-RE-MDPA -
ESW-PTF-RE-MDPB -
ESW-XHE-FO-EHS -

ESW-XVM-PG XVS02 -

NUREG/CR-5910

Common cause failure of air operated va'.es (various valves) to open.
Air operated valve 0241B fails to open.

Air operated valve 0241C fails to open.

Valve 02418 out for maintenance.

Valve 0241C out for maintenance.

Check valve S15A fails due tc Sack leakage.

Check valve 5158 fails due to back leakage.

Check valve 513 fails to open.

Check valve S15A fails to open.

Check valve 515b fails to open.

ESW pump A fails 1o run.

ESW pump B fails to run.

Common mode failure of ESW pumps to start.

Emergency cooling water pump fails to start.

ESW pump A fails to start,

ESW pump B fails to start,

Emergency cooling water pump out for maintenance.

ESW pump A out for maintenance.

ESW pump B out for maintenance.

Failure to restore DGN C cooling compouents after maintenance.
Failure to restore DGN B cooling components after ma‘ntenance.
Failure to restore ESW pump A trains after maintenance.
Failure to restore ESW pump B trains after maintenance.
Failure of operator to initiate emergency heat sink.

Manual valve 502 fails due to plugging.

E-20



Peach Bottom Event Descriptions (Continued):

ESW-XVM-PC-XVS05B -

ESW-XVM-PG-XVS05C -

ESW-XVM-PG-XVSOTA -

ESW-XVM-PG-XVS0TB -

ESW-XVM-PG-XV509 -

ESW-XVM-PG-XV510 -

NSW-SYS-FO-NSW-1 -

Manual vaive S05B fails due to plugging.
Manusl valve S0SC fails due to plugging.
Manual valve S07A fails due to plugging.
Manual valve SO7B fails due to plugging.
Manual valve 509 fails due to plugging.
Manual valve 510 fails due to plugging.

Normal Service Water fails to operate given PCS failed or isolated

E-21
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Appendix E
42 PEACHBOTTOMACCIDENT SEQUENCES WITH SWS CONTRIBUTIONS NUREG/CR-4550 ANALYSIS

The following presents the NUREG/CR-4530 accident sequences in which Emergency Service Water (ESW) System events
appear along with the contribution ESW makes to the total CDF for the given accident sequence.

SEQUENCE TI1-BNU11

This accident sequence is initiated by a loss of offsite power (T1) with subsequent failure of all diesel generators (B), which
results in & station blackout.

1.64E-06 Mean CDF 36 4% of the Total CDF
SWS Basic Events:

ESW-XHE-FU-EMS $.36E07
ESW-CKV-CB-CS15A 8.53E-O8
ESW-CKV-CB-C5158 8.57TE-08
ESW-AQV-CC-CCF 8. 18E08
ESW-PTF-RE-DGB 7.20E09
ESW-PTF-RE-DGC 7.20E09
ESW-MDP-FS-MDPA 7 10E09
ESW-MDI -FS-MDPB 7.10E00
ESW-PTF-RE-MDPA 4 20E-09
ESW-PTF-RE-MDPB 4 20E09
ESW-MDP-MA-MDPA 3.ROE-09
ESW-MDP-MA-MDPB 3 BOE09
ESW-MDP-FS CCF*BETA-28WPS 2 07TE-09
ESW-AOQOV-CC-0241B 1.10E-09
ESW-AQV-CC0241C 1.10E09
ESW-MDP-FR-MDPA 9.00E-10
ESW-MDP-FR-MDPB 9.00E-10
ESW-AOV-MA-0241B 4.00E-11
ESW-AOV-MA-0241C 4 00E-11
ESW-CKV-HW-(CS15A 1.00E-11
ESW-CLV-HW-C5i5B 1.OVE-11

These basic events represent failure of the operator to initiate the emergency heat sink and ESW faults which prevent the
ESW from meeting its success criteria for cooling the emergency diesel generators and HPCl pump room cooler, thus
resulting in the loss of onsite power and long term failure of HPCI.

CDF Contribution = 8 9E07 which is 19% of the total CDF (4. 5E-06).

SEQUENCE TI-PIBNUII

This accident sequence is initiated by a loss of offsite power (T1) followed by one stuck open relief valve (P1). Subsequent
failure of all diesel generators (B) results in a station blackout.

1.31E-07 Mean CDF 2.9% of the Total CDF

NUREG/CR-5910 E-22



Basic Events:

ESW-XHE-FO-EHS 4 SIF08
ESW.AQV-CC-CCF 7. 85E09
ESW-CKV-CB-CS15A 7.75E49
ESW-CKV-CB-CS15B 7.75E09
ESW-PTF-RE-DGB 7.00E-10
ESW-PTF-RE-DGC 7.00E-10
ESW-MDP-FS-MDPA 6.50E-10
ESW-MDP-FS-MDPB 6.50E-10
ESW-PTF-RE-MDPA 4 00E-10
ESW-PTF-RE-MDFPB 4 00E-10
ESW-MDP-MA-MDPA 3.50E-10
ESW-MDP-MA-MDPB 3.50E-10
ESW-AQV-CC0241B 1 10E-10
ESW-AOV-CC2410 1.10E-10
ESW-MDP-FR-MDPA 8. 00E-11
E"W-MDP-FR-MDPB 8 00E-11

These basic events represent failure of the operator to initiate the emergency heat sink and ESW faults which prevent the
ESW from meeting its success criteria for cooling the emergency diesel generators and HPCI room coolers, thus resulting
in the loss of onsite power and long term failure of HPCL

CDF Contribution = 7.34E-08 which is 2% of the total CDF (4.SE-06).

T1-BULINU2!

This sequence is initiated by a loss of offsite power (T1), followed by loss of all diesels (B) which rsults in @ station
alackout.

1.25E<07 Mean CDF 2.7% of th> Total CODF
Basic Events:

ESW-XHE-FO-EHS 3.89E-08
ESW-AOV-CC-CCF 7.85E-09
ESW-CKV-CB-CS15A S.1KE-09
ESW-CKV-CB-C5158 S.18E-09
ESW-MDP-FS-MDPA 5.40E-10
ESW-MDP-FS-MDPB 5.40E-10
ESW-MDP-MA-MDPA 1.90E-10
ESW-MDP-MA-MDPB 1.90E-10
ESW-PTF-RE-MDPA 2.00E-12
Es « -PTF-RE-MDPB 2.00E-12

These basic events represent failure of the operator winitinmzhzmmhmdnkmdmmmapmh
ESWﬁommooﬁn;iummcrimforcodingmemrgmydiealgmwnmdkCICmmeookm. thus resulting
in the loss of onsite power and long term failure of RCIC.

CDF Contribution = 5.88E-08 which is 1% of the total CDF (4.55-06).
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Appendix E
T1-P2V234NULIB

This is a loss of offsite power transient (T1) not leading to a station blackout

R.73E-08 Mean CDF 1.9% of the Total CDF
Basic Events:

ESW-CKV-HW-CV513 3.95E09
ESW-XVM-PG-XV502 1.58E-09

These basic events represent failure of the ESW to provided ECCS pump cooling and ECCS room cooling. This loss of
cooling results in failure of the low pressure systems (i.e., LPCI and LPCS) when demanded.

CDF Contribution = §.SE-09 which is < 1% of the total CDF {4.5E-06).

NUREG/CR-5910 E-24
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Appendix E
5.0 GRAND GULF: NUREG/CR-4550

The bagic events for those couling weet systems (e, Standby Service Water (S8SW) System) forind 1o be major contributors to the total core damage
frequency (CDF) st the Grand Oulf nuclear power station are listed below along with the contribu..on each basic event makes 1o the total CDF snd the
numnber of cutsets in which the basic event appears A description of each basi  event 18 siso included.

1
d
i
|
!
| £1  GRAND GULF UNIT 1: 1150 ANALYSIS SUMMARY OF RESULTS
E
|
|
!

Internai Events
Basic Event Contribction 10 CDF # Cutsets
RETA 388 W*SSW-MDP-FS-CM | GREOT 52
55 W-MDP-FS-MDP2C £ 00E0% wm
SSW-MOV-CC-MVi1 6 O0E-08 200
| SSW-MOV-CC-MVIA 3.SOE-08 234
: 5SW-MDP-FS-MDP1A 1.50F 08 292
SSW-MOV-CC-MVSA 1 S0E-0% pi vl
SEW MOV -CC-MVSB 1 49E.08 231
SEW-MOY-CC-MVIEB 3 49E08 211
$SW-MDP-FS-MDPIB 3 49F-08 21
, S§W-MOV-CC-MVIB 1 4908 231
. SSW-MOV.COMVIBA 3 49E-08 231
1 SIW-MDP-MA-MDP2C 337608 183
I SEW-XHE-RE-TAB2 1 97E-08 184
. SSW-XHE-RE- TAB4 1.976-08 183
1 3SW-MDP-MA-MDPI1A 1 85E-08 148
I SEW-MDP-MA-MDPIB | 83E-08 142
. SSW-MDF-FR-MDP2C 9.35E09 87
| SSW-MOV MA-MV1] 8.1TE09 3
' SSW-MDF-FR-MDP1 A 4 84509 n
! SSW-MDP-FR-MDPIB 4.84E 09 69
| SSW-XHE-RE-SS§WC 421E09 M
3 SSW-MOV-MAMVIA 3 4SE09 -}
i SSW-MOV-MA MVSA 1.4SE-09 %
i SSW.MOV-MA MVSB 3 44E-00 20
| SSW-MOV-MA-MVISA 3 44E09 20
| SSW-MOV MA-MVIB 1 44E-19 20
SSW-MOV MA-MV18B 3 44609 20
l S5W. XHE-RE-SSWA 1 08E-09 19
SSW-XHE RE-SSWE | OKE-09 19
E SSW-CKV-HW-CV12 8.058-10 15
- SSW.HTX-PG-HX| 6 NE-10 15
SSW-HTX-PG-HX01 6.70E-10 15
SSW-HTX-PG-HXIC 4.59E-10 1
SSW-HTX-PG-HX4A 3.05E-10 10
SSW-HTX-PO-HX4B 1.056-10 10
SSW-HTX-PG-HX1A 3.08E-10 10
SEW-HTX-PO-HX1B 1.056-10 10
SSW-CKV-HW-CVEA 2.16E-10 9
SSW-CKV-HW.CVER 2.16B-10 9
SSW-XVM-PG-XV13 1.36E-10 3
SSW-XVM-PG-XVE0 1 31E-10 1
48'V-XVM-PG-XV54B 131E-10 1
SSW-XVM-PG-VIS6A 5.028-12 2
S§V-XVM-PG-VI86B S.O02E-12 ]
SSW-XVM-PG-VIBSA 502812 2
SSW-XVM-PG-VI8SB S.02E-12 2
SSW-XVM-PG XV23A 2.21E-12 1
SSW-XVM-PG XVI3B 22112 {
SSW-XVM-PG-V199A 221E12 1
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Grand Guif Event Descriptions:
BETA-388W -
SSW-CKV-HW-CVRA -
SSW.CKV-HW-CVEB -
SSW-CKV-HW-CV12 -
SSW-HTX-PG-HX1 -
SSW-HTX-PG-HX01 -
SSW-HTX-PG-HXI1A -
SSW-HTX-PG-HXIB -
SSW-HTX-PG-HXIC -
SSW-HTX-PG-HX4A -
SSW-HTX-PG-HX4B -
S5W-MDP-FR-MDPIA -
SSW-MDP-FR-MDPIB -
SSW-MDP-FR-MDP2C -
SSW-MDP-FS-CM -
SSW-MDP-FS-MDPI1A -
SSW-MDP-FS-MDP1B -
SSW-MDP-FS-MDF2C -
SSW-MDP-MA-MDPIA -
SSW-MDP-MA-MDPIB -
SSW-MDP-MA-MDP2C -
SSW-MOV-CC-MVIA -
SSW-MOV-CC-MVIB -
SSW-MOV-CC-MV11 -

SSW-MOV-CC-MVS5A -

Commeon cause beta factor for three motor driven pumps to start.
SSW pump LA discharge check valve 8A fails to open.
SSW pump 1B discharge check valve 8B fails 10 open.
SSW pumps 2C discharge check valve 12 fails (o open.
Heat exchanger HX1 fails due to plugging.
Heat exchanger HXO01 fails due to plugging.

Heat exchanger HX 1A fails due to plugging.

Heat exchanger HX | B fails due to plugging.

Heat exchanger HX1C fails due to plugging.

Heat exchanger HN4A fails due 1o plugging.

Heat exchanger HX4B fails due to plugging.
Motor-driven pump 1A fails to run.

Motor-driven pump |B fails to run.

Motor-driven pump 2C fails to run

Common cause failure of motor driven pumps to start.
Moter-driven pump 1A fails to start.

Motor-driven pump 1B fails to start.

Motor-driven pamp 2C fails to start.

Motor-driven pump 1A unavailable due to maintenance.
Motor-driven pump 1B unavailable due to maintsnance
Motor-driven pump 2’ unavailable due to maintenance.
Motor-operated valve 1A fails to opern.

Motor-operated valve 1B fails to open.

Motor-operated valve 11 fails to open.

Motor-operated valve SA fails to open.
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Appendix E

Grand Gulf Event Descriptions (Continued):

SEW-MOV-CC-MVSB -
SSW-MOV-CC-MV18A -
SSW-MOV-CC-MVI8E -
SSW-MOV-MA-MVIA -
SSW MOV-MA-MVIB -
SSW-MOV-MA-MVS5A -
SSW-MOV-MA-MVSB -
SSW-MOV-MA-MVI11 -
SSW-MOV-MA-MV18A -
SSW-MOV-MA-MVI18B -
SSW-XHE-RE-SSWA -
SSW-XHE-RE-SSWB -
SSW-XHE-RE-SSWC -
SSW-XHE-RE-1AB2 -
SSW-XHE-RE-TAB4 -
SSW-XVM-PG-XV13 -
SEW-XVM-PG-XV2IA -
SSW-XV14-PG-XV23B -

SSW-XVM-PG-XV54B

SSW-XVM-PG-XV60 -

SSW-XVM-PG-V185A -
SSW-XVM-PG-V185B -
SSW-XVM-PG-V186A -

SSW-XVM-PG-VI186B -

NUREG/CR-5919

Motor-operated valve 3B fails to open.

Motor-operated valve 18A fails ‘o open.

Motor-opesated valve 18B fails to open.

Motor-operated valve 1A unavailable due 1o maintenance.
Motor-operated valve |B unavailable due to maintenance.
Mo*or-operated valve SA unavauable due to maintenance.
Motor-operated valve SB unavailable due to maintenance.
Motor-operated valve 1] unavailable due to maintenance.
Motor-operated va've 18A unavailable due to maintenance.
Motc., -uperated valve 18B unavailable due to maintenance.
Human error: failure to restore SSW train A after maintenance.
Human error: failure to restore SSW train B after maintenance.
Human error: failure to restore SSW (rain C after maintenance.
Failure to restore SSW train A after maintenance.

Failure to restore SSW train B afier maintenance.

Manual valve 13 fails due to plugging.

Manual valve 23A fails due to plugging.

Manual veive 23B fails due to plugging.

Manual valve 54B fails due to plugging.

Manual vaive 60 fails due to plugging.

Manual valve 185A fails due to plugging.

Manual valve 185B fuils due to plugging.

Manual valve 185A fails due to plugging.

Manual valve 1868 fails due to plugging.
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SSW-XVM-PG-Vi99A - Manual valve 199A fails due to plugging.

SSW-XVM-PG-V 1998 - Manial valve 199B fails due to plugging.
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Appendix E
5.2 GRAND GULF ACCIDENT SEQUENCES WITH SWS CONTRIBUTIONS: NUREG/CR-1150 ANALYSIS

The following presents the NUREG/CR-4550 accident sequences in which Standby Service Water (SSW) System events
appear along with the contribution SSW makes to the total CDF for the given accident seq ence.

Sequence TBSEQ16

This sequence is initiaied by loss of offsite power (T1) followed by loss of all three diesel ge~erators and failure of RCIC.

3 6E06 Mean CDF 89% of the Total CDF
Basic Events:

BETA-3SSW=*SSW-MDP-FS-CM 1.56E07
SSW-MDP-FS-MDP2C 4.60E-08
SSW-MUV-CC-MV 11 4 60E-08
SSW-MOV-CC-MV 14 3 19E08
SSW-MDP-FS-MDPI1A 3 19E-08
SSW-MOV-CC-MVSA 3.19E-08
SSW-MOV-CC-MVSB 3. 19E-08
SSW-MOV-CC-MV 18R 3.19E08
SSW-MDP-FS-MDPIB 3.1VE-08
SSW-MOV-CC-MVIB 3 19E08
SSW-MOV-CC-MV18A 3 19E08
SSW-MDP-MA-MD¥P2C 2.48EQ08
SSW-XHE-RE-TAB2 1.80E-08
SSW-XHE-RE-TAB4 1.8GE-08
SSW-MDP-MA-MDP1A 1.68E-08
SSW-MDP-MA-MDPIB 1.6TE-08
SSW-MDP-FR-MDP2C 6.27E09
SSW-MOV-MA-MV1! 4 9RE-09
SSW-MDP-FR-MDPI A 4 33E09
SSW-MDP-FR-MDPIR 4 33E-09
SSW.XHE RE-SSWC 2.72E09
SSW-MOV-MA-MVIA 3.09E09
SSW-MOV-MA-MVSA 3.09E-09
SSW-MOV-MA-MVSB 3.09E09
SSW-MOV-MA-MV18A 3.FSE-09
SSW-MOV-MA-MVIB 3.09E09
SSW-MOV-MA-MV1XB 3.09E09
SSW-XHE-RE-SSWA 9.64E-10
SSW-XHE-RE-SSWB 9 64E-10
SSW-CKV-HW-CV12 4.23E-10
SSW-HTX-PG-HX!I 5.92E-10
SSW-HTX-PG-HX01 5.92E-10
SSW-HTX-PG-HX4A 2.61E-10
SSW-HTX-PG-HX4RB 2.61E-10
SSW-HTX-PG-HX A 2.61E-10
SSW-HTX-PG-HXIB 2.61E-10
SSW-CKV-HW-CVSA 1.87E-10
SSW-CKV-HW-CVBB 1.87E-10

These basic events represent SWS cooling a ater frults that defeat the diesel ganerators which leads to station bsackout.
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Appendix ¥
S quence TC74

This sequence is an ATWS, followed by a subsequent closure of the main steam line valves (Q).

1. 1E€Q7 Mean CDF 3% of the To'al CDF
Basic Events:

SEW-MDP-FS-MDP2C 9.84E-09
SSW-MOV-CC-MV1l 9 R4E-09
SSW-MDF-MA-MDIM2C 6 56E9
SSWANIDP-FE-MDF2C 2.36ED9
SSW-MOV-MA-MV11 2.6LE09
SSW.XHE-RE-SSWC 1.21E09
SSW-HTX-PG-HX!IC 4.59E-10

These basic events represent SWS cooling water faults that result in long term failure of the HPCS systere due to joss of
room ceoling

CDF Contribution = 3.2E-08 which is 1 % of the towl CDF (4.05E-06).
Sequence TBSZQ13

This sequence is itiated by loss of offsi'e power (T1) followed by loss of all three diesel generators

6.6E-08 Mean CDF 2% of the Tutal COF
Busic Events:

BETA-38SW*SSW-MDP-FS-CM 25809
SSW-MDP-FS-MDP2C 1. 15EQ%
SSW-MOV-CC-MV11 1.ISELS
SSW-MOV-CC-MV1A 8.88E-.0
SSW-MDP-"S-MDPIA 8.88E-10
SSW-MOVa “-MVSA 8.8RE-10
SSW-MIV-CL AVSE 8.88E-10
SSW-MOV-CC-MV 18R 8.88E-10
SSW-MDF-FS-MDP| B 8.88E-10
SSW-MOV-CC-MVIB R.68E- 10
SSW-MOV-CC-MVI8A R.88L-10
SSW-MDP-MA-MDP2C 6.37E-10
SSW-XHF-RE-TAB2 S.13E-10
SSW-XHE-RE-TAB4 5.17E-10
SSW-MDP-MA-MDPIA 4.57E-10
SSW-MDP-MA-MDP1B 4 57E-10
SSW-MDP-FR-MDP2C 2.53E-10
SSW-MOV-MA-MV11 1.69E-10
SSW-MDP-FR-MDPIA 1.86E-{0
SSW-MDF-FR-MDPIR 1.85E-10
SSW-XHE-RE-SSWC 1.12E-10
SSW-MOV-MA-MV1A + 4E-10
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SSW-MOV-MA-MVSA
SSW-MOV-MA-MV5B
SSW-MOV-MA-MVI8A
SSW-MOV-MA-MV1R
SSW-MOV-MA-MV 8B

1.04E-10
1.14E-10
1.04E-10
1.04E-10
1.O4E-10

Appendix E

These basic events represent SWS cooling water faults that defeat the diesol generators, which leads to station blackout.

CDF Contribution = 1.0L-08 which is < 1% of the total CDF (4.05E-06).

Sequence TRSEQ17

This sequence is initiated by loss of offsite power (T1) followad by loss of all three dicsel generators and two SRVs fail to

reclose.

3.7E-08 Mean CDF

Basic Events:

BETA-3SSW*SSW.-ML 2-Fi- (M

SSW-MDP-FS-MDP2C
SSW-MOV-CC-MV11
SSW-MOV-CC-MV1A
SSW-MDP-FS-MDF1A
SSW-MCV-CC-MVSA
SSW-MOV-CC-MVSB
SSW-MOV-CC-MV18B
SSW-MDP-FS-MDP18
SSW-MOV-CC-MV1B
SSW-MOV-CC-MV18A
SSW-MDP-MA-MDP2C
SSW-XHE-RE-TAB2
SSW.XHE-KRE-TAB4
SEW-MDP-MA-MDPLA
SSW-MDP-MA-MDPIB
SSW MDP-Fi.-MDP2C
SEW-MQOV-MA-MVI1
SSW-MDP-FR-MDP1A
SSW-MDP-FR-MDPIB
SSW-XHE-RL-SSWC
SSW-MOV-MA-MVIA
SSW-MOV-MA-MVSA
SSW-MOV-MA-MVSB
SSW-MOV-MA-MVI8A
SSW-MOV-MA-MVIB
SSW-MOV-MA-MV18B
SSW-XHE-IRE-SSWA
SSW-XHE-RE-SSWB

1 % of the Total CDF

1.OSE09
4. 94E-10
4.94E-10
3.73E-10
3.73%-10
3.74E-10
3.73g-10
3.73E-10
3.73E-10
3.72E-10
3.72E-10
3.13E-10
2.19E-10
2.19E 0
2.32E-19
2.32E-10
1.04E-10
1.01E-10
7.84E-11
7.83E-11
5.06E-11
7.34E-11
7.24E-11
7.34E-11
7.34E-11
7.34E-11
7.34E-11
2.53E-11
2.53E-11

These basic events represent SWS cooling water faults that defeat the diesei generators, whicu leads to station Slackout.

CDF Contribution = 7.3E-0~ which is < 1% of the total CDF (4.05E-06).

E-33
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Appendix E

Sequence TBSEQ14

Tuis sequence is initiated by loss Jf offsite power (T1) followed by loss of all three diesel generators snd loss of a. coclant
injection.

4 AEGR Meaa CDF 1% of the Totl COF

Basic Ev~nis:

BETA-3SSWASSW-MOL -FS-CM 1. 92E09

SSW-MDP-FS MDP2C 8.6AE-10

SSW-AMOY-CC-MY I R 6oED9

SSW-MOV-CC-MYVIA 6.50E-10

SSW-MDP-FS-MUP1A 6.S0E-10

SSW-MOV-CO-MYSA 6.50E-10

ASW-MOV CC-MVSB 6 SOE-10

SSW-M OV VIS 6.50E-10

§°W-MDP-#S-MDP1B $.50E-10

SSW-MOVCC-MVIR 6.50E-10

SSW-MOV- OC-MV14A 6. 7€ 10 |
S3W-MDP-MA-MDP2C 3.76E-11
SSW-NHE-RE-TAB2 4.660-1 |
SSW-XHE-RE-TABL 3.79E-.9 |
SSW-MDP-MA-MDP' A 3.35E-10

SSW MDP-MA-MDPIB 3,283,2

SSW MDP-FR-MDP2C {.85E-10

S5U/ALOV-MA-MV1] 1.24E-10

§¢ & -MD-FR-MDP1A i 3oE-10

SSW-MDP-¥FR-MD?1B 1.36E-10

SSW-XHE-RE-SSWC 8.22E-11

SSW-MOV-24A-MV1A 7.63-11

SSW.-MOV-MA-MVSA 7.62E-11

SSW-MOV-MA-MVSB 7.628-11

SSW-AMOY-MA-MV)8A 2 62E-11

$5w -MOV-MA-MV1B 7.62E-11

SSW-MOV-MA-MV18B 1.62B-i1

These basic events represent SWS cooling vater fouis that defeat the diesel geaerators (i.e., joss of jackst wuter cooling),
which leads to station blackout,

CDF Contribution = 1.3E-08 which is < 1% «f (he total CDF (4.0SE-06).
Sequence TSEQS6

This sequence is initiated by & loss of the PCS (T2). Offsite power is available and sl high pressure covlaat wraution
systews fail o inject.

1.2E-O8 Mean CDF < 1% of ¢he Total CDF
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Appendix E

6.2 St. LUCIE ACCIDENT SEQUENCES WITH SWS CONTRIBUTIONS: TAP A-4§ ANALYSIS

The following presents the TAP A-45 accident sequences in which Component Cooling Water (CCW) and Intake Cooling
Water (ICW) events appear along with the contribution SSW akes 1o the total CDF for the given accident sequence. Note
that the dominant cutsets listed in the TAP A-4S5 report for each accident sequence typically represents less than S0% of the
total sequence frequency.

Sequence S2MD,D,

This sequence is initiated by a small LOCA (S,) with subsequent failure of both high pressure and low pressure injoction
systems, HPIS (D,) and LPIS (D,) which leads to an carly core me !l

| SE-06 Mean CDF 14% of the Total CDF
SSW Basic Events.

CCW-FUMP-CM 8.0E07
ICW-PUMP-CM 2.0E407

These basic events are failures of the ICW system, which fails CCW, and the CCW system which fails the high and low
pressure iajection systems, HPIS and LPIS, due to loss of pump cooling.

CDF Contribution = 1.0E-06 which is 7% of the total CDF (1.4E-05).

Sequence T,QD,D,

This sequence is & transient in which PCS and offsite power are initially available. Following the transient, one SRV fails
open (Q) and injection yystems HPSI (D,) and LPSI (. fail to function.

1.25E-06 Mean CDF 9% of the Total CDF
SWS Basic Events:

CCW-PUMP-CM 6.0E 97
1ICW-PUMP-CM 1.5E07

These basic events are failures of the ICW system, which fails CCW, and the CCW system which fails the high and low
pressure injection systems, HPIS and LPIS, due to loss of pump cooling.

CDF Contribution = 7.SE-07 which is 5% of the total CDF (1.4E-05).
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Calvert Cliffs Event Descriptions:

CCWO2S8X-XOC-LF -

CCW3B2IN-NTO-LF -
CCW3B2SN-NTO-LF -
CCW3B26N-NCC-If -

CCW3826N-NCC-OE -

RAILS -
SRWAO11A-BOO-LF -
SRWAO12B-ROO-LF -
SRW1587A-NCC-LF -
SKW1587A-111C. F-
SRW588B-NCC-LF -

SWSTD13-LF -

SWS0196X-XOC-LF -

SWS1105A-BOO-LF -

SWS14058-BOO-LF -

SWSS150A-NOC-CC -

SWS5153B-NOC-CC -

SWSS160A-NCC-CC -
SWSS5160A-NCC-LF -

SWS5162B-NCC-LF -

Local fault of CCW valve resulting in common mode failure of all LPSR and HPSR pump seal
cooling and pump failure.

Loc+! fault of bypass valve on CCW HTX #11 results in failure of heat removal, fails 1/ CCW.
Local fault of COW HTX #12 bypass valve results in failure to remove heat, fails 1/2 of CCW.
Local fault of outlet valve on CCW HTX #12 fails 1/2 of CCW.

Failure of the operator to open CCW HTX #12 outlet ~alve resulting in failure of CCW HTX #12
fai'ing 1/2 of CCW,

Probability of ¢, == . ailing to manually open SWS pneumatic valves (p = 0.1).

Local fault of power breaker on SRW pump #11, fails DG #11 cooling and train A of AC power.
Local fault of SRW pump #12 power breaker, fails DG #12 cooling and train B of AC power.
Local fault of DG #11 cooling outlet valve, fails DG #11 and train A of AC power.

Local fault of outlet valve from DG #11 coolers, fails DG #11 and Train A of AC power.
Local fault of inlet valve to DG #12 coolers, fails DG #12 and train B of AC power.

Short in one-second time delay salt water pump #13 results in failure of salt water pump #11, fails
172 CCW.

Local fault of SWS ESF and CCW HTX outlet valve failing heat removai from all ESF pump
room coolers and both CCW HTXs. This fails all HPSR, LPSR, and CSSR pumps and both
shutdown heat exchangers.
Localfuuhofpowerb:unronSWSpumpﬂl.hihDGﬂlooolin;nduﬁnAofACpowar.
Local fault of SWS pump #12 power breaker, fails DG #12 cooling and train B of AC power.

Control cireuit fault of service water heat exchanger #11 inlet valve, fails DG #11 and train A of
AC power.

Control cireuit fault of service water heat exchanger outlet valve, fails DG #12 cooling and train
B of AC power.

Control fault of salt water valve fails CCW HTX #11 cooling resulting in failure of 1/2 CCW.
Local fault of salt water valve fails CCW HTX #11 cooling resulting in failure of 1/2 CCW.

Failure of salt water valve fails cooling to CCW HTX #12 failing 1/2 of CCW.
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7.2 CALVERT CLIFFS ACCIDENT SEQUENCES WITH SWS CONTRIBUTIONS: IREP ANALYSIS

The following presents the IREP accident sequences in which Component Cooling Water (CCW), Service Water (SRWS),
and Salt Water (SWS) events appear slong with the contribution SSW makes to the total CDF for the given accident
sequence.

Sequence S,H

This sequence is initiated by a Small-small LOCA followed by loss of primary makeup (High Pressure Safety Recirculation
system fai's (H)) in the long werm which results in the core uncovering and core melt.

1.5E0S5 Mean CDF 11% of the Total CDF
Basic Events:

SWS5170A-NCC-LF 8.07E07
SWS5171A-NCC-LF 8 0TEQ7
CCWO2S8X-XOC-LF 7.60E-07
CCW3B26N-NCC-OE*SWS5206A-NCC-LF 6. 30E07
CCW3B26N-NCC-OE*SWS5160A-NCC-LF 6.30E-07
CCW3IR2EN-NCC-OE*CCW3B23IN-NTO-LF 6.30E07
SWS4144A-VCC-LF 3.80E07
SWS5206A-NCC-LF*SWS5208B-NCC-LF 1.90E-07
SWSS206A-NCC-LF*SWS5163B-NCC-LF 1.90E07
SWSS206A-NCC-LF*SWSS5162B-NCC-LF 1.90E-07
SWSS206A-NCC-LF*CCW3826N-NCC-LF 1.90E-07
SWSS206 A-NCC-LF*CCWI82SN-NTO-LF 1.90E-07
SWSSI60A-NCC-LF*SWS5208B-NCC-LF 1.90E-07
SWSS160A-NCC-LF*SWSS (63B-NCC-LF 1.90E07
SWSS160A-NCC-LF*SWSS162B-NCC-LF 1.90EQ7
CCWIBEN-NCC-LF*SWS5160A-NUC-LF 1.90EQ7
CCW3AB2SN-NTO-LF*SWSS5160A-NCC-LF 1.90E-07
CCW3IB2IN-NTO-LF*SWSS208B-NCC-LF 1.90E07
CCW382IN-NTO-LF*SWS5163B-NCC-LF 1.90E07
CCW3R2IN-NTO-LF*SWS5162B-NCC-LF 1.90E-07
CCW3B2IN-NTO-LF*CCW3826N-NCC-LF 1.90E-07
CCW3B2IN-NTO-LF*CCW3825N-NTO-LF 1.90E07
CCW3BLEN-NCC-OE*SWS5206A-N _C-CC*RAILS 5.30E-08
CCWIB26N-NCC-OE*SWSS160A-NCC-CC*RA1S 5.30E08
SWSTDI3-LF*CCW3826N-NCC-QE 2.30E-08

These basic events represent SWS and CCW faults that result in the loss of pump seal cooling and room cooling for the
HPSI/R pumps. Recovery action RA-18 is the failure of the operator to manually open SWS pneumatic valves (p = 0.1).

CDF Contribution = 7.6E-06 which is 6% of the total CDF (1.35E-04).
Sequence S,FH
This sequence is initiated by a Small-small LOCA followed by loss of primary makeup (High Pressure Safety Recirculation

system fails (H) and the Containment Spray system Recirculation (F)) in the long term which resuits in the cove uncovering
and core melt.
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1.1E-0S Mean CDF
Basic Events:

SWS5170A-NCC-LF

SWS5171A-NCC-LF

SWSS173B-NCC-LF

SWS4144A-VOC-LF
SWSS173B-NCC-LF*SWSS171A-NCC-LF
SWS5173B-NCC-LF*SWSS170A-NCC-LF
SWS0196X-XOC-LF
SWSS170A-NCC-CC*RA-18
SWSS5171A-NCC-CC*RA-18
SWS5173B-NCC-CC*RA-18
SWS5174B-NOC-CC*RA-18
SWSS175B-NOC-CC*RA-18

§.. : the Total CDF

9.63E-07
6.49E-07
9.63E-07
3.90E-08
1 9OE-07
1.90E-07
5.00E-08
3.50E-08
3.50E-08
3.50E08
3.50E-08
3.S0E-08

These basic events represent SWS faults that result in the loss of ESF pump room coolers. This fails the HPSR and CSSR
pumps. Recovery action RA-18 is the failure of the operator to manually open SWS pneumatic valves to an ESF room

cooler, fails one room cooler (p = 0 .,

CDF Contribution = 3.2E-06 which is 2% of the total CDF (1.3E-04).

Sequence T,Q-D"CC’

This sequence is initiated by  loss of offsite power (T),) followed by a transient induced LLOCA (Q). HPSI (D*), CSSi (C")
and CARCS (C) subsequently fail following the initiator which results in loss of primary system makeup uncovering the core.

5.3E06 Mean CDF
Basic Events:

SRWI1S87A-NCC-LF
SWS1105A-BOO-LF
SRWAO11A-BOO-LF
SWS5210A-NTC-CC
SWSS210A-NOC-CC
SRWI1588B-NCC-LF
SWS1405B-BOO-LF
SWSS5150A-NOC-CC
SWS5153B-NOC-CC
SWS5212B-NTC-CC

These basic events represent SWS and SRW fauits

4% of the Total CDF

9.30E-08
9.30E-08
9.30E-08
7.7050

5.30E-08
2.90E-08
2.90E-08
2.40E-08
2 40E08
2.40E-08

that result in the loss of diesel generator cooling and diesel generator

room coolers. This fails the diesel generators which in tum fail the ESF systems.

CDF Coatribution = 5. 4E-07 which is < 1% of the total CDF (1.3E-04).

NUREG/CR-5910
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Sequence T,1

wed by failure of AFW (1

-
the Total CDI

1 3308
{ . 33E08
1308
‘4 . '
esult in the loss of diesel generalor #11 cooling This fails
SF systems and motor-driven AFW pump

diesel




Appendix E

8.0 ANO-1: TAP4S

8.1 ANO-1: TAP A-45 SUMMARY OF RESULTS

The basic events for those cooling water systems (ie., Service Water System (SWS)) found tc be major contributors to the
total core damage frequency (CDF) at the ANO-1 nuclear power station are listed below along with the contribution each

basic event makes to the total CDF and the number of cutsets in which the basic event appears. A description of each basic
event is also included.

Internal Events:
Basic Event Contribution to CDF # Cutsets

SWSV-02-03-CM 4 BSE06 4
SWSV40-41-CM 3.34E-06 3
SWSV.40.51-CM 1.51E06 |
SWSP-CM 7.59E07 6
SWSVL06-07-CM 2.02E07 2
SWS3R24-VOC-LF 4.92E-08 2
SWSV-08-10-CM 4.55E-08 2

Total 1.08E-05

Internal Events COF 8.80E-0S

External Events CDF 9. 10E-08

Total 1.79E-04

ANO-1 Event Descriptions:

SWSP-CM - Local fault common made faii between 2 PMD normally running and 1 PMD o standby.
SWSV-02-03-CM - Common mode failure of MOVs 02 and 03 - failure to open.
SWSV06-07-CM - Common mode failure of MOVs 06 and 07 - failure to open.
SWSV-08-10-CM - “ommon mode failure of MOVs 08 and 10 - failure to open.
SWSEV-40-41-CM - Common mode failur: »f MOVs 40 and 41 - failure to open.
SWSV-40-51-CM - Commron mode failure of MOVs 40 and 51 - failure to open.

SWS3824-VOC-LF - Normally open valve 3824 fails closed.

NUREG/CR-5910 E-44
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Appendix E
Thic basic event results in failure of the HPSI due 10 loss of pump cooling

CDF Contribution = 2 STE08 which is < 1% of the towl CDF (8 8E0S)

Sequence T MLE

. vequence is initintad by a '~ss-of-offsite power and followed by ‘oss of main feedw.ter (M), failure of emergency
teedwater (L), and failure of feed and blead mode of HPSI (E), which results in core melt.

2 13E05 Mean CDF 24% of the Total CDF
Basic Events:
SWEV0607-CM 1.93E07

‘This basic event results in failure of the HPSI.

CDF Contribution = 1.93E07 which is < 1% of the total CDF (8.3E-0S).

Sequence T,MLE

This sequence is & loss of feedwater transient (T,) caiced by loss of the power couversion system followed by failure of the
emergency feedwater system (L) and failure of feed and 'seed mode of HPSI (E), which results in core melt.

2.38F 06 Mean CDF 1% of the Total CDF
Banc Events:

SWEP-CM 3 09807
SWEI824-VOC-LF 1. 33E08

These basic events result in failure of the HPSI due to loss of pump cooling.

CDF Contribution = 6.4E-07 which is 1% of the total CDF (8 8E-05).

Sequence T ,MLE

This sequence is & transient with the power conversion system (PCS) initially #vailable. The PCS subsequectly fails (M)
followed by loss of emergency feedwate: system (1) and failure of feed and bleod mode of HPS! (E), which results in core
melt.

1. 14E-06 Mean CDF 1% of the Total CDF

Basic Events:

SWSP-CM 1 47TE07

SWS3824-VOC-LF 1.59E08
NUREG/CR-5910 E-46



Appendix E

This basic event results in failure of the HPSI due to loss of pamp cooling.

CDF Ceatribution = 1.6E07 which is < 1% of the total CDF (8.8E05),

Sequence T, MQLD,

This sequence is initiated by o lns-of-offsite power and followed by loss of main feedwater (M), failure of the pressurizer
safety relief valves to reclose (1) which results in & transient induced 14 ., failure of emergency feedwater (L), and failure
of HPS! (D), which results in core melt.

785807 Mean CDF < 1% of the Total CDF
Basic Events
SWEV0607-CM 933509

This basic eve -« results in failure of the HPSL

COF Contribution = 9.33E09 which is < 1% of ¢ total CDF (8 8E05).

Sequence T MQH H’,

ni-nqm‘nulonn”ﬁwswuuint(f._)uwbyIwofwmmmmm)mwwm
ofthcprumrimutdynlidvdmwmm(o)wmokmduhamwm.dh‘ e high pressure
recirculation system (H,) and the low pressure recirculation system (H'y) fuil leading to cors melt.

1. T1E06 Mean CDF 2% of the Total COF
Basic Events:

SWSV.4041-CM 2.13E07
SWSV02-03-CM L13EO?

These basic events ropresent SWS faults that result in the loss of the low pressure pump room coolers and low pressure pump
lube oil coole

CDF Contribution = 4.2E-07 which is < 1% of the total CDF (8.8£05).

Sequence T,MQD,D,

| mmmhalmaoranurmrr,)Mbylmofhmmﬁum(ﬂ)tdhwdbyfdlm
| ofthepuuurimu!uymidvdvutomlon(Q)MWNM.WMLDCA.“MM(D;)N
LPE! (T3) fail leading to core melt.

6 66E-07 Mean CDF < 1% of the Total CDF
| Basic Events:
| SWSP-CM 1. 40E-08
E-47 NUREG/CR-5910



Appendix E
This basic event results in loss of the LPSI and HPST pumys due to loss of cooling

CDF Contribution = | £E-OR which is < 1% of the .otal COF (8.8E0S),

Sequence T, MOQH I,

This sequence is & transient with the power conversion »ystem (PCS) initially available. The PCS subsequently fails (M)
followed by failure of the pressurizer safety reliel valves to reclose (Q) which results in & transient induced LOCA, and both
the high pressure recirculution system (H,) and the low pressure recirculation system (H',) fail leading to core mell.

7.31E07 Mean CDF 1% o) the Total CDF
Basic E-ents:

SWSEV-40-41-CM 9. 12E08
SWEV.0203-CM 412608

These basic events represeni SWS faults that result in the loss of the low pressure putnp room coolers and low pressire purep
lube oil coolers.

CDF Contribution = | 8E07 which is < | % of the towal CDF (8. 8E-08).

Sequence T,QH,H’,

This sequence is & transient with the power conversion system (PCS) initally available, followed by failure of the pressurizer
safety relief valves to reclose (Q) which results in a transient induced LOCA, and both the high pressure recirculation system
(H,) and the low prossure recirculation system (H',) fa'! leading to core melt.

1.21E08 Mean CDF 14% of the Total CDF
Basic Events:

SWSV.40-41-CM 1.51E-06
SWEV02-03-CM 1.81B-06

These basic eveuts represent SWS faults that result in the loss of the low pressure pump room coolers and low pressure pump
lube oil coolers.

CDF Contribution = 3 0E-06 which is 3% of the total CDF (8. 8E-05).

Sequence T,QD,D,

This sequence is & transieat in which the power conversion system is initially available, followed by failure of the pressurizer
safety relief valves to reclose (Q) which results in a transient induced LOCA, and both HPSI (D,) and LPS' (D,) fail leading

to core melt.

NUREG/CR-5910 E-48
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6 5S1E07 Mean CDF < 1% of the Total CDF
Basic Events:
CCW-PMD-CM 6 0E-O8

This basic event results in failure of the HPSI due to loss of pump cooling.
CDF Contribution = 6 0E-O8 which is < 1% of the total CDF (1.4E04)
Sequence TMLE

This sequence is & loss of the feedwater system transiont (T,) caused by loss of the power conversion system (M) followed
by failure of the auxiliary feedwater system (1) and failure of feed and blead mode of HPSI (E), which results in core melt.

6.61E06 Mean CDF $% of the Towl CI'7?
Basic Events:
SWSP-CM 1. 21E-04

This basic event results in failure of the high pressure injrction system and the AFW motor driven pumps due 1o loss of
pump cooling.

CDF Contribution = 1.21E06 which is | % of the total CDF (1 .4E-04).
Sequence TMQH' H',

This sequence is a loss of feedwater transisnt (T,) caused by loss of the power conversion system (M) followed by failure
of the pressurizer safety relief valves to reclose (Q) which results in a transient induced LOCA, and both the high pressure
recirculation system (H')) and the low pressure recirculation system (H',) fail leading to core mel:.

4 17E-06 Mean CDF 3% of the Total CDF
Basic Events:

CCWXV30-XOC-UUTM S REO
CCWXV30-XOC-LF 1. 4EQ7

These basic eveats repi_.ent CCW faults that result in the loss of the low pressure pumps due to loss of pump cooling, which
in turn fails the low pressure recirculation and high pressure recirculation modes of operation.

CDF Contribution = 6. 72E-07 which is < 1% of the total CDF (1.4E-04).
Sequence T,MQD,D,
This sequence is & loss of feedwater transient (T,) caused by loss of the power conversion system (M) followed by failure

of the pressurizer safety rolief valves to teclose (Q) which results in a transient induced LOCA, and both HPSI (D,) and
LPSI (D) tail leading to core melt,

NUREG/CR-5910 E-52
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6 P07 Megn CDF < 1'% of the Tota! CDF
Rasic Events:

CCWMP-PMD-CM 2. 80EQ7
SWSP-CM 4.20E-08
CCWHXA-HTX FB*ASSOC XOC 8.26E 08

‘nmehmcwcnuwCCWNSWSMuthmnnminlouofpumpwoliutomlawminjwﬁmmdu;h
preasure injection system.

CDF Contribution = 4 04E07 which is < 1% of the total CDr (1.4E-04).
Sequence T,QH',H’,
This sequence is & transient with the power convercion system (PCS) initially available, followed by failure of the pressurizer

ufotynwvdvuwmho(mmamiuhnmwwaA.Mbmhmulhmmmuimcym
(H')) and the low pressure recirculation system (H',) fail leading to core melt.

2.95E05 Mean CDF 21% of the Total CDF
Basic Events:

COWXVI0-XOC-UTM 3.76E06
COWXVI-XOC-LF 9. 90E07

These basic events represent CCW faults that result in the loss of the low pressure pumps due to loss of pump cooling, which
inmfdhcbbwmmindﬂinudﬂﬁmmhmﬂﬂhnmdnnfm.

CDF Contribution = 4. 7SE06 which is 3% of the total CDF (1.4E-04).
Sequence T,QD,D,
nhuqmiuumdmiuvmmmmmhwwywdhbk. followed by failure of the pressurizer

safely nu.rvnmmmxou(qwmhmmwwwm.mmmm.mdum(wmm;
to core melt.

4. 80E-06 Mean CDF 3% of the Total CDF
Basic Events:

CCWMP-PMD-CM 1.96E-06
SWSP-CM 2.94E07

COWMPA-PMD-LF*CCWMPB-PMD-LF +
CCWMPA-PMD-LF*CCWMPB-PMD-UTM 6.03E07
CCWHXA-HTX-FB*ASSOS XCC 5. 78E-07

These basic events represent CCW and SW'S fuults that result in loss of pump cooling to the low pressure injection and high
pressure injection system.

CDF Contribution = 3.44E-06 which is 2% of the total CDF (1.4E-04).
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Appendix E
102 TURKEY POINT ACCIDENT SEQUENCES WITH SWS CONTRIBUTIONS: TAP A-45 ANALYSIS

The following presents the TAP A-45 accident soquences in which Service Water System (SWS) and Component Cooling
Water (CCW) system events appear along with the contribution SSW and CCW make 1o the total CDF for the given accident
sequence. Note that the dominant cutsets listed in the TAP A-45 report for each accident sequi e typically represent less
than SO% of the 1otal sequence frequency.

Sequence S,MD D,
This sequence is initiated by & Small LOCA followed by main feedwater trip due 1o & safety injection signa! (M), failure of
the high pressure injection system (D)), and fsilre of the low pressure injection system (D, ¢ successful
deppressurization which results in early core meil.

1 4E-0S Mean CDF 20% of the Toal CDF

Basic Events:

CCMDP-CM 6. 0E0

SWSMP-CM 6.0E07

SWNV2201-NOO-L¥ £.0807

These heaic events represent CCW and SWS faults that result in loss of pump cooling to the low pressure injection and high
pressure injection pumps.

CDF Contribution = 1 8E-06 which is 2% of the total CDF (7.1E-05).

Sequence S, MXD,

This sequence is initiated by & Small LOCA followed by main feedwater trip due to a safety injection signal (M), failure of
lhohj;h;muuuiqioctiouoyum(D,).Mfﬁlmwpmndu“)wmwwmwwhu which
results in eariv ¢ e goelt,

§.42E-07 Mean CDF 1% of the Total CDF
Basic Events:

CCMDP-CM 9 6E-09
SWSMP-CM 9.6E-09
SWNV2201-NOO-LF 9. 6E09

This basic event results in failure of the HPSI due to loss of pump cooling.

CDF Contribution = 2. 88E-08 which is + % of the total CDF (7.1E05).

Sequence T,MQD,D,
momhuhﬂeﬂuﬂwwmﬁmﬂ'gmwlwdhmmwdamm)fww&um

ofth.pmmrimuhyuﬁdvdvnbmlon(Q)wﬁchmnuinamMdeLmA.udbothmw,)ud
LPSI (D,) fail leading to core melt.

E-5§ NUREG/CR-5910
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Appendix E

1. 23E-06 Mean CDF 1% of the Total CDF
Basic Events:

COCMDP-CM 6. JE08
SWEMP-CM 6. 3E08
SWNV2201-NOO-L¥ 6.3E08

These besic events represent CCW and SWS faults that result in loss of pump cooling to the low pressure injection #7d high
pressure injection system.

CDF Contribution = 1.894E07 which is < 1% of the total CDF (7. 1E-0S).

Sequence T,QD.D,

This sequence is & transient in which the power conversion system is initially available, followed by failure of the pressurizer
safety relief valves to riclose (Q) which results in & transient induced LOCA, and both HPSI (D) and LPSI (D) fail leadit g

o core mell.

8 70E06 Mean CDF 12% of ¢ Total CDF
Basic Eve ‘s

CCMDP-CM 4 SEQ7

SWSMP-CM 4 SEQ7
SWNV2201-NOO-LF 4 SEO7

These basic events represent CCW and SWS faults that result in loss of pump cooling to the low pressure injection and high
pressure . jjection system.

CDF Contribution = | 35E-06 which is < 1% of the total CDF (7.1E0S).

Sequence T,0QXD,

This sequence it » iransient in which the power conversion system is initially available, followed by failure of the pressurizer
safety relief valves to reclose (Q) which results in a transient induced LOCA, failure of HPSI (D)), and failure to
depressurize (X) ‘eading to core melt.

6.0F-08 Mean CDF < 1% of the Total CDF
Basic Evants:

CCMDP-CM 7.2E09

SWSMP-CM 7 2EQ09

SWNV2201 WNOO-LF 72809

These basic events represent CCW and SW'S faults that result ia loss of pump cooling to the high pressure injection system.

CDF Contribution = 2.16E-08 which is < 1% of the tota] CDF (1.4E-04).
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11X SURRY: NUREG/CR-4550
11,1 SURRY "NIT 1: 1150 ANALYSIS SUMMARY OF RESULTS
The basic events for those cooling water systems (i ¢, Service Water System (SWS)) found to be contributors to the total

core damage frequency (CDF) at the Surry nviclear power station are listed below along witl, the contribution each basic event
makes 1o the total CDF and the number of cutsets in which the basic event appears. A description of each basic event is also

included.
Internal Events:
Basic Event Contribution to CDF # Cutsels

| SWS-CCE-FT-3ABCD 7.56E-09 3
SWS-XHE-FO-OPEN 7. S6E09 3

e -

Total 1.51E08

Internal Events CDF 4.01EO5

External Events CDF 1.30E.04

v 01 e m———
Tutal 1. 70E-04

Surry, Unit | Event Descriptions:

SWS. CCF-FT-3ABCD - Common cause failure of SW i isolation MOVs 103A, B, C and D (SWS-MOV-FT * BETA-
SWMOV).

SWS-XHE-FO-OPEN - Operator fails to open spray huat exchanger MOV.

1.2 SURRY, UNIT | ACCIDENT SEQUENCES WITH SWS CONTRIBUTIONS: NUREG/CR 4550 ANALYSIS

| mwmuliudnboveminmemWMC«oWMoM’cmlMumdmmuywiﬁcmiwm
listing. Therefore no specific accident sequence is associated with the listed events.
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Appendix E

120 SEQUOYAH: NUREG/CR-4550

121 SEQUOYAH, UNIT 1: 1150 ANALYSIS SUMMARY OF RESULTS

The basic events for those cooling water sys'*m (i e, Service Water System (SWS) and Conzponent Cooling Water (CCW)

System) found to be major contributors to the total core damage frequency (CDF) at the Sequoyah nuclear power station are
listed below along with the contribution each basic event makes to the total CDF and the nursber of cutsets in which the basic

event appears. A description of each basic event is #lso included.

Internal Events:
Basic Event Contribution to CDF ¥ Cutsets
CCW-MOV-CC-] IS3*RAR 5.28E04 26
COW-MOV-CC-1156*RAS S.28E08 26
CCW-MOV-CC-1153 2 48E-08 9
CCW-MOV-CC-1156 2.48E-08 9
| COW-MOV-CC-1153*CCW-MOV-CC-1156 1.80E-08 1
| CCW-MOV-CC-1153*CCW-MOV-CC-1156*RA8 1.32E08 B
g CCW-XVM-RE-RHRIA 225E09 3
, CCW-XVM-RE-RHRIB 225E09 3
= CCW-XVM-RE-RHRX 1A 1.12E09 2
: CCW-XVM-RE-RHRX 1B 1.12E09 2
; SWS-STR-PG-AI121H B.19L09 6
[ SWS-STR-PG-A221H 8.19E09 6
' ST.S-STR-PG-BI2IH 8.19E09 6
; SWS-STR-FG-B221H R.19E09 6
: SWS-XVM PR-1603A 1.7SE09 3
' SWS-XVM-PR-1603B 1.71SE09 3
: SWS-XVM-PR-1606A 1.7SE09 3
! SWS-XVM-PR-1606B 1.75E-09 3
. SWS-XVM-PR-1613A 1.7SE09 3
l SWS-XVM-PR-16138 1.75E09 3
Total 235EQ07
Internal Eveats CDF 5.70E S
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APPENDIX F

SCOPING STUDY BASE CASE
DOMINANT ACCIDENT SEQUENCE CUT SETS
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Appendix F

Table F.1

Accident Sequence T1-BNU11 Cut Sets

F4

NUREG/CR-5910

W TTERSSERERNNSENN .

PR SRR TS RS SR SR RSN SESES wERe NN RSN EENWSNESS







016S-dO/DIMNON

9-4

16
17
i8
19
20
21
22
23
24
25
26
27
28
29
3C
31
32
33
34
35

36

42.1
43.5
44.9
46.1
47.4
48.5
49.7
50.8
51.8

52.7
53.6

59.5
60.1

60.6

1.0
9
.8
.8
8
.8
~
S
-6
.6

)

2.7E-008
2.5E-008
2.5E-008
2.2E-008
2.2E-008
2.1E-008
2.0E-008
2.0E-008
1.BE-008
1.7E-008
1.6E-008
1.5E-008
1.5E-0C8
1.5E-008
1.3E-0GO8
1.3E-008
1.1E-308
1.1E-008
1.0E-008
1.0E-008

9.9E-009

ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-3HR,
DGHWNR3HR, ESW-XHE-FO-EHS, LOSPNR9HR
ACP-DGN-LP-EDGC, DGHWNR12HR, ESW-CEV-CB-CS1S5B,
INJ-FAILS, LOSPNR13HR

ACP-DGN-LP-EDGB, DGHWNR12HR, ESW-CEV-CB-C515A,
INJ-FAILS, LOS™NR13ER

ACP-DGN-LP-EDGC, BAT-DEP-3HR, DCHWNR3IHR,
ESW-CKV-CB-C515B, LOSENRSHR

ACP-DGN-LP-EDGB, BAT-DEP-3HR, DGHWNR3HR,
ESW-CEV-CB-C515A, LOSPNRSHR

ACP-DGN-FR-EDGB, ACP-DGN FR-EDGC, BAT-DEP-9HR,
DGHWNRSHR, ESW-XHE-FO-ZHS, LOSPNR17HR
ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP-7HR,
DGHWNR7HR, ESW-XHE-FO-EHS, LOSPMNR14ER
ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-7HR,
DGHWNR7HR, ESW-XHE-FO-EHS, LOSPNR14HR
BETA-6AOVS, EHV-AOQV-CC-CCF, INJ-FAILS, LOSPNR1SHR
BAT-DEP-3HR, BETA-3A0VS, ESW-AQV-CC-CCF, LOSPNRSHR
BAT-DEP-9HR, BETA-3A0VS, ESK-AOV-CC-CCF,
LOSF.R12HR

ACP-DCN-FR-EDGB, ACP-DGN-FR-EDGC BAT-DEP-SHR,
ESW-XHE-FO-EHS, LOSPNR12HR

i
&

ACP-DGN-LP-EDGB, BAT-DEP-9HR, DGHWNRSHR,
ESW-CKV-CB-C515A, LOSPNR1ZHR

ACP-DGN-LP-EDGC, BAT-DEP-9HR, DGHWNROHR,
ESW-CKV-CB-C515B, LOSPNR12HR

ACP-DGN-LP-EDGB, BAT-DEP-SHR, DGHWNRSHR,
ESW-CXV-CB-CS15A, LOSPNR7HR

ACP-DGN-LP-EDGC, BAT-DEP-S5HR, DGHWNRSHR,
ESW-CKV-CB-C515B, LOSPNR7HR

BAT-DEP-SHR, BETA-3A0VS, ESW-AOV-CC-CCF, LOSPNR7HR
BAT-DEP-3HR, BETA-6AOVS, EHV-AOV-CC-CCF, LOSPNRSHR
ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-7HR,
DGHWNR7HR, ESW-XHE-FO-EHS, LOSPNR14HR

BAT-DEP-9HR, BETA-6AOVS, EHV-AOV-CC-CCF,
LOSPNR12HR

ACP-DGN-FR-EDB, ACP-DGN-MA-EDGC, DGMANR’2HR,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

i Xlpuaddy












01-d4

016S-HO/DIUNON

96

97

98

99
i00
101
102
103
104
105
106
107
108
109
110

1i1

78.9 .2
79.0 -1
79.2 % 1
79.4 «X
79.6 - |
79.8 = |
80.0 % i
80.2 |
80.3 . |
80.5 «1
80.7 o |
80.9 %
81.0 W
81.2 5 )
81.4 % |
81.5 i
81.7 % |
81.8 vd
82.0 |

3.7E-009
3.4E-009
3.4E-009
3.4E-009
3.48-009
3.3B-009
3.3E-009
3.3E-009
3.3E-009
3.2E-009
3.1E-009
3.0E-009
3.0E-009
3.0E-009
3.0E-009
3.0E-009
3.0E-009
2.9E-009

2.9E-009

LOSPNR13HR

]

Z

:
5
:
:
s

ESW-XHE- FO-EHS, LOSPNROHR
BAT-DEP- 3HR, DGHWNR3HR,
ESW-XHE-FO-EHS, LOSPNRSHR

-

L]
L
1

IERER
583
333

{

SEBEREE
HELEEE

?
:

-XKHE-FO-EHS, LOSPNR14HR

3
|
25

-XHE-FO-EHS, LOSPNR14HR
A, ESW-PTF-RE-MDPA, INJ-FAILS,

3

-

w
et
wn

:
4 @

15B, ESW-PTF-RE-MDPB, INJ-FAILS,

(™
i

]
1

:

, BAT-DEP-5HR, DGHWNRSHR,

A, LOSPNR12HR

» BAT-DEP-5HR, DGHWNRSHR,
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ESW-XHE-FO-EHS, LOSPNR12HR
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. ACP-DGN-TE-EDGC, BAT-DyP-OoYR,
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134 B84.9 -1 2.2E-009 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, BAT-DEP-SHR,
DGHWNRSHR, ESW-XHE-FO-EHS, LOSPNR12HR

125 85.1 -1 2.28-009 ACP-DGN-LP-EDGC, DGHWNR12HR, EHV-SRV-CC-RV2,
ESW-XHE- FO-EHS, INJ-FAILS, LGSPNR13HR

136 85.2 -1 2.2E-009 ACP-DGN-LP-EDGB, DGHWMR12HR, EHV-SRV-CC-RV3,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR13HR

137 RAS5.3 -1 2.2E-009 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-AOV-CC-0241C,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

138 135.4 -1 2.2E-009 ACP-NGN-FR-EDGC, DGHWNR1ZHR, ESW-AOV-CC-0241B,
ESW-XHE FO-EHS, INJ-F TLS, LOSPNR18HR

139 85.6 -1 2.2B-009 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-CKV-CB-C515B, LOSPNR14HR

14n 85.7 -1 2.2E-009 ACP-DGN-MA-EDGC, BAT-DEP-SHR, DGMANRSHR,
ESW-CKV-CB-C515B, LOSPNR7HR

141 85.8 -1 2.2E-009 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-CKV-CB-CS515A, LOSPNR14HR

142 85.9 -1 2.2E-009 ACP-DGN-MA-EDGB, BAT-DEP-S5HR, DGMANRSHR,

ESW-CKV-CB-C515A, LOSPNR7HR

143 86.1 -1 2.2E-009 ACP-DGN-LP-EDGB, BAT-DEP-5HR, DGHWNRSHR,
ESW-MDP-FR-MDPE, ESW-XHE-FO-EHS, LOSPNR12HR

144 86.2 -1 2.2E-009 ACP-DGN-LP-EDGC, BAT-D%P-SHR, DGHWNRSHR,
ESW-MDP-FR-MDPA, ESW-XH.-FO-EHS, LOSPNR12HR

145 B86.3 -1 2.1E-009 ACP-DGN-FR-EDGC, BAT-DEP-S5HR, DGHWNRSHR,
ESW-PTF-PE-MDPA, ESW-XHE-FG-EHS, LOSPNR12HR

146 B86.4 -1 2.1F-009 ACP-DGN-FR-EDGB, BAT-DEP-SHR, DGHWNRSHR,
ESW-PTF-RE-MDPB, ESW-XHE-FO-EHS, LOSPNR12HR

147 B86.5 -1 2.1E-009 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR
ESW-PTF-RE-D3GC, ESW-XHE-FO-EHS, LOSPiiR14HR

148 86.6 .1 2.1E-009 ACF-D;N-FR-BDGC. BAT-DEP-7HR, DGHWNR74R,
ESW-PTF-  RE-DGB, KSW-XHB-PO-KHS. I:OSPNRIGHR

149 86.8 -1 2.0E-009 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3'IR,
ESW-MDP-FR-MDPB, ESW-XHE-FO-E4S, LOSPNRYHR

i50 8s6.9 -1 2.0E-009 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR2HR,
ESW-MDP-FR-MDPA, BS'XHBPOBHS LOSP!I'RSHR

151 87.0 .1 2.0E-0UY BAT-DEP-3HR, BSI CKV-CB-C515A, ESW-PTF-RE-MDPA,
LOSPNRSHR

152 87.. -4 2.0E-079 BAT-DEP-3YR, ESW-CKV-CB-CS515B, ESW-PTF-RE- MDPB,

LOSPNRSH..
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157
158
159
160
161
162
163
164
155
166
167
1¢8
169
170

171

87.2
87.3
B7.4
87.5
B7.7
87.

87.

o v @

88.
88.1
88.2
88.3
88.4
88.5
88.6
88.7
88.8
88.9
89.0C

89.%

[

2.0E-009
2.0E-009
2.0F Q09
2.0E-009
1.5E-009
1.9E-009
1.9E-009
1.9E-009
1.1E-009
1.9E 009
1.9£-009
1.9E-009
1.9E-009
1.9E-009
1.7E-L09
1.7E-C009
1.7E-009
1.7-909

1.6E-009

ACP-DGN-LP-EDGB, BAT-DEP-3HR, DGHWNR3HR,
EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNRSHR
ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-MDP-FS-MDPA, ESW-XHE-FO-ENS, LJUSPNR14HR
ACP-DCN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-M_. - FS-MDPB, ESW-XHE-FO-EHS, LOSPNR14HR
ACP-I  -LP-EDGC, BAT-DEP-3HR, DGHWNR3HR,
EHV-Skv-CC-RV2, ESW-XHE-FO-EHS LOSPNRSHR
ACP-DGN-FR-EDGC, BAT-DEP-5HR, UGHWNRSHR,
ESW-MDP-MA-MDPA, ESW-XHE-FO-EHS, LOSPNR12HR
ACP-DGN-FR-EDGE, BF -DEP-5HR, DGHWNRSHR,
ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS, LOSPNR12HR
BAT-DEP-5HR, ESW-CKV-CB-CU515B, ESW-PTF-RE-DGC,
LOSPMNR7HR

BAT-DEP-5HR, ESW-CKV-CR-C515A, ESW-PTF-RE-DGB,
LOSPNR7HR

BAT-DEP-9HR, ESW-CKV-CB-C515A, ESW-PTF-RE-MDPA,
LOSPNR12HR

BAT-DEP-9HR, BSW-CKV-CB-C515B, ESW-PTF-RE-MDPB,
LOSPNR12HR

BAT-DEP-S5HR, ESW-CKV-CB-C515A, ESW-MDP-FS-MDPA,

BAT-DEP-3KR, ES3W-CKV-CB-C515B, E3W-MDP-MA-MDPB,
BAT-DEP-5HR, EJW-CKV-CB-C515B, ESW-MDP-FS-MDPB,
BAT-DEP-3HR, ESW-CKV-CB-("t_<A, ESW-MDP-MA-MDPA,
BAT-DEP-9HR, ESW-CKV-CB-('515B, ESW-MDP-MA-MDPB,
BAT-DEV-9HR, ESW-CKV-CB-CS515A, ESW-MDP-MA-MDPA,
HBSW-AOV-CC-0241C, ESW-XHF-T0-EHS, LOSPNRSHR
ACP-DGN-FR-EDGC, BAT-DE" iR, DGHWNR3HR,
AOV-CC-0241B, ESW-X ..-FO-EHS, LOSPNRSHR

ESW-AOV
ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNRS9HR,
ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, LOSPNR17HR
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172
173
174
175
176
177
178
179
180
181
182
183
184
125
186
187
188
189

190

89.2
89.3

89.3

¥0.2
90.3
90.4
290.5
90.6

90.6

1.6E-009
1.5E-009
1.5E-009
1.5E-009
1.5E-009
1.5E-009
1.5E-009
1.5E-009
1.5E-009
1.4E-009
1.4B-009
1.4E-009
1.4E-009
1.4E-009
1.4E-009
1.4E-009
1.4E-009
1.3E-00CS

1.3E-009

ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,
ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, LOSPNR17HR
ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, BAT-DEP-7HR,
DGHWNR7HR, ESW-XHE-FO-EHS, LOSPNR14HR
ACP-DGN-FR-EDGC, ACP-DCH-TE-EDGB, BAT-DEP-7HR,
DGHWNR7HR, ESW-XHE-FO-EHS, LOSPNR14HR
ESW-AOV-CC-0241C, ESW-CKV-CB-C515B, INJ-"AILS,
LOSPNR13HR

ESW-AOV-CC-0241B, ESW-CKV-CB-CS515A, INJ-FAILS,
LOSPNR13HR

ACP-DGN-LP-EDGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, LOSPNR14HR
ACP-DGN-LP-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, LOSPNR14HR
ACP-DGN-TE-EDGC, BAT-DEP-3HR, DGMANR3HR,
ESW-CKV-CB-C515P, LOSPNRSHR

ACP-DGN-TE-EDGB, BAT-DEP-3HR, DGMANR3HR,
ESW-CKV-CB-C515A, LOSPNRSHR

P-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
-PTF-RE-MDPA, ESW-XHF-FO-EHS, LOSPNR14HR
-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
-PTF-RE-MOPB, ESW-XHE-FO-EHS, LOSPNR14HR
-AOV-

A

INJ-FAILS, LOSPNR13HR

Y

INJ-FAIL® LOSPNR13HK

BAT-DEP-7HR, BfW-CKV-CTC-CS515B, ESW-PTF-RE-DGC,
LOSPNRSHR

I.AT-DEP-7HR, ESW-CKV-CB-CS515A, ESW-PTF-RE-DGB,
1L OSPNR9HR

ACP-DGN-TE-EDGC, DGMANR12HR, ESW-CKV-CB-CS1SB,
INT-PAILS, LOSPNK13HR

ACE-TGN-TE-EDGB, DGMANR12HR, ESW-CKV-CB-CS515A,
INJ-FAILS, LOSPNR13HR

ACP-DGN-LP-EDGB, BAT-DEP-9EP, DGHWNR9HR,
EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, LOSPNR12HR
ACP-DGN-LP-EDGC, BAT-DEP-9HR, DGHWNRI9HR,
EHV-SRV-CC-RV2, ' SW-XHE-FO-EHS, LOSFNR12HR

CC-0241C ESW-PTF-RE-DGB, ESW-XHE-FO-EHS,

-AOV-CC-0241B, ESW-PTF-RE-DGC, ESW-XHE-FO-EHS,

4 xpuaddy
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191
192
193
194
195
196
197
198
199
200

201

90.7

90.8

93..5
915
91.%
9.7
91.7
91.8
91.9
31.9

92.90

o O

o

1.3E-009
1.3E-009
1.3E-009
1.3E-019%
1.3E-009
1.3E-009
1.3E-009
1.3E-009
1.3E-00S
1.3B-009
1.3E-009
1.3E-00°
1.3E-009
1.3E-009
1.2E-009
1.2E-009
1.2E-009
i.2E-009

1.2E-00S

ESW-AOV-CC 0241C, ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS,
INJ-FAILS, LOSPNR13HR

ESW-AQV-CC-0241B, ESW-MDP-FS-MDPB, ESW-XHE-FO- EHS,
INJ-FAILS, LOSPNR13HR

BAT-DEP-SHR, ESW-CKV-CB-C515B, ESW-PTF-RE-MDPB,
LOSPNR7HR

BAT-DEP-SHR, ESW-CKV-CP-C515A, ESW- PTF-RE-MDPA,
LOSPNR7HR

ACP-DCN-Fh-EDGB, BAT-DeP-7HR, DGHWNR7HR,
ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS, LOSPNR14HR
ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-MDP-MA-MDPA, ESW-XHE-FO-EHS, LOSPNR14HR
BAT-DEP-7HR, ESW-CKV-CB-CS515A, ESW-MDP - FS-MDPA,
LOSPNRYHR

BAT-DEP-7HR, ESW-CKV-CB-C515B, ESW-MDP-FS-MDPB,
LOSPNR9HR

ACP-DGN-MA-EDGB, BAT-DEP-7HR, DGMANRTHR,
ESW-CKV-CB-C515A, LOSPNRSHR

ACP-DGN-MA-EDSC, BAT-DEP-7HR, DGMANR7HR,
RSW-CKV-CB-(515B, LOSENRIHR

ACP-DGN-FR-EDGC, BAT-DEP-9YHR, DGHWNRSHR,
~SW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR17HR
ACP-DGN- FR-EDGB, BAT-DEP-9HR, DGHWNRSHR,
ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNR17HR
ACP-DGN-FR-EDGB, ACP-DGN-RE-EDGC, DGMANR1ZHR,
BSW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR
ACP-DGN-FR-EDGC, ACP-DGN-RE-EDGB, DGMANR12HR,
ESW-XHE- FO-BHS, INJ-FAILS, LOSPNR18HR
BAT-DEP-5HR, ESW-CKV-CB-CS515A, ESW-MDP-MI. MDPA,
LOSPNR7HR

BAT-DEP-SHR, ESW-CKV-CB-C515B, ESW-MDP-MA-MDPB,
LOSPNP 7HR

ACP-DGN-FR-RDGB, ACP-DGN-FR-EDGD, ACP-DGN-LP-EDGC,
DGHWNR12HR, INJ-FAILS, LOSPNR1tHR
ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, ACP-DGN-LP-EDGB,
DGHWNR12HR, INJ-FAILS, LOSPNF18ER
ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGD,
DGHWNR12HR, INJ-FAILS, LOSPNR1E£HR
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91-4

210
211
212
213
214
215
216
<17
218
219
220
221
222
223
224
225
226
227

228

92.1
92.1
92.2
92.3
92.3
92.4
92.5
3.5
82.6
92.7
92.7
92.8
92.8
92.9
92.9
93.C
93.0
23.1

93.1

.0

=0

.0
.0
.0
.0

.0

1.2E-009
1.2B-009
1.1E-009
1 1E-009
1.1E-009%9
1.1E-009
1.1E-009
1.1E-009
1.1E-009
1.1E-009
1.0E-009
1.0E-009
1.0E-009
1.0E-009
9.9E-010
9.2E-010
3.9B-010
9.9E-010

9.7E-010

ACP-DGN-FR-EDGB, ACP-DGN-RE-EDGC, BAT-DEP-3HR,
DGMANR3IHR, ESW-XHE-FO-EHS, LOSPNR9HR
ACP-DGN-FR-EDGC, ACP-DGN-RE-EDGB, BAT-DEP-3HR,
DCMANR3HR, ESW-XHE-FO-EHS, LOSPNR9HK
ACP-DGN-LP-EDGB, BAT-DEP-5HR, DGHWNRSHR,
EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNR7HR
ACP-DGN-FR-ELGC, BAT-DEP-5HR, DGHWNRSHR,
ESW-MDP-FR-MDPA, ESW-XHE-FO-EBH3, LOSPNR®2HR
ACP-DGN- LP-EDGC, BAT-DEP-5HR, DGHWNRSHR,
EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, LOSPNR7HR
ACP-OGN-FR-EDGB, BAT-DEP-5HR, DGHWNRSHR,
ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, LOSPNR12HR
ACP-DGN-MA-EDGB, BAT-DEP-3HR, DGMANR3HR,
ESW-AOV-CC-0241C, ESW-XHE-FO-FHS, LOSPNRSHR
ACP-DGN-MA- EDGC, BAT-DEP-3HR, DGMANR3HR,
ESW-ACV-CC-0241B, ESW-XHE-FO-EHS, LOSPNRS5HR
ACP-DGN-MA-EDGC, DGMANR12HR, ESW-AOV-CC-0241B,
ESW-XHE-FO-FHS, INJ-FAILS, LOSPNR13HR
ACP-DGN-MA-EDGB, DGMANR1Z2HR, ESW-AOV-CC-0241C,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR13HR
ESW-CKV-CB-C51S5A, ESW-MDP-FR-MDPA, INJ-FAILS,
LOSPNR18HR

cSW-CKV-CB-C515B, ESW-MDP-FR-MDPB, INJ-FAILS,
LOSPNR18HR

ESW-AOV-CC-0241B, ESW-PTF-RE-MDPB, ESW-XHE-FO-EHS,

INJ-FAILS, LOSPNR13HR

ESW-AOV-CC-0241C, ESW-PTF-RE-MDPA, ESW-XHE-FU-EHS,

INJ-FAILS, LOSPNR13HR

ACP-DGN-FR-EDGB, 3AT-DEP-SHR, DGHWNRSHR,
ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNR12HF
ACP-DGN-FR-EDGC, BAT-DEP-5ER, DGHWNRSHR,
ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR1Zhx

BAT-DEP-7HR, ESW-CKV-CB-C515A, ESW-PTF-RE-MDPA,

LOSPNRSHR

BAT-DEP-7HR, ESW-CKV-CB-CS515B, ESW-PTF-RE-MDPB,

T.OSPNRYHR

ESW-MDP-FR-MOPA, ESW-PTF-RE-DGC, ESW-XHE-FO-EHS,

INJ-FAILS, LOSPNR18HR
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229
230
231
232

233

239
240
241
242
243
244
245
24v

247

93.2
93.3
93.3
93.4
93.4
23.5

23.5

a.

93.
93.6
93.7

93.7

o

o

o O

9.7E-010
9.42-010
9.4:1-010
9.3E-010
9.3E-010
9.3E-010
9.3E-010
9.3E-010
9.2E-010
9.2E-010
9.2E-010
9.2E-010
5.0E-010
9.0E-010
8.9E-010
8.9E-010
6.8E-010
8.8E-010

8.7E-010

ESW-MDP-FR-MDPB, ESY.-PTF RE-DGB, ESW-XHE-FO-EBHS,
INJ-FAILS, LOSPNR18HR

BAT-DEP-3HR, ESW-AOV-CC-0241B, ESW-CKV-CB-C515A,
LOSPNRS: 2

BAT-DEP- 3HR, ESW-AOV-CC-0241C, ESW-CKV-CB-CS515B,
LOSPNRSHR

ESW ML, -FR-MDPB, ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS,
INJ-FAILS, LOSPNR1BHR

ESW-MDP- “3-MDPA, ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS,
INJ-FAl. , LOSPNR1E8HR

ACP-DGN-FR-EDGR, ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGD,
BAT-DEP-3HR, DGHWNR3IHR, LOSPNRSHR

ACY-DGN-FR-EDGB, ACP-DGN-FR-EDGD, ACP-DGI-LP-EDGC,
~AT-DEP-3HR, DGHWNR3IHR, LOSPNR9HR

% ¥-DGN-FR-EDGC, ACP-DGN-FR-EDGD, ACP-DGN-LP-EDGB,
B:I-DEP-3HR, DGHWNR3HR, LOSPNR9HR
“SW-AOV-CC-0241C, ESW-MDP-MA-MCPA, ESW-XHE-FO-EHS,
INJ-FAILS, LOSPNR13HR

ESW-AOV-CC-0241B, ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS,
INJ-FAILS, LOSPNR13HR

ACP-DGN-TE-EDGB, BAT-DEP-9HR, DGMANRYSHR,
ESW-CKV-CB-C515A, LOSPNR12HR

ACP-DGN-TE-EDGC, BAT-DEP-SHR, DGMANRSHR,
ESW-CKV-CB-C515B, LOSPNR1MHR

BAT-DEP-7HR, ESW-CKV-CB-C515B, ESW-MDP-MA-MDPB,
LOUSPNR9HR

BAT-DEP-7HR, ESW-CKV-CB-CS515A, ESW-MDP-MA-MDPA,
LOSPNROHR

BAT-DEP-2HR, ESW-AO"-CC-0241C, ESW-PTF-RE-DGB,
ESW-XHE- FO-EHS, LOSPNRSHR

BAT-DEP-3HR, ESW-AQV-CC-0241B, ESW-PTF-RE-DGC,
E.W-XHE-FO-EHS, LOSPNRSHR

BAT DEP-9HR, ESW-AOV-CC-0241B, ESW-CKV-CB-CS15A,
LOSPNR12HR

BAT-DEP-9HR, ESW-AOV-CC-0241C, ESW-CKV-CB-C515R,
LOSPNR12HR

ACP-DGN-TE-EDGC, BAT-DEP-5HR, DGMANRSHR,
ESW-CXV-CB-C515B, LOSPNR7HR

4 xipuaddy
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248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265

266

94.2
94 .2
94.3
D4.3
94.4
94 .4
94.5

94.

in

94.6
94.6
94.6
94.7
94.7
94.8
94.8
94.8
94.9

94.9

.0

.0

-0
.0
.0
.0

.0

.0

.0

.0

8.7E-010
B.SE-010
8.5E-010
8.3E-010
8.3E-010
- 28-010
8.2E-010
86.1E-010
8.12-010
8.0E-010
8.0E-010
7.4E-010
7.4E-010
7.3E-010
7.3E-010
7.2E-010
7.2E-010
7.1E-010

7.1E-010

ACP-DGN-TE-EDGB, BAT-DEP-S5HR, DGMANRSHR,
ESW-CKV-CB-C515A, LOSPNR7HR

BAT-DEP-3HR, ESW-AOV-CC-0241C, ESW-MDP-FS-MDPA,
ESW-XHE-FO-EHS, LOSPNRSHR

BAT-DEP-3HR, ESW-AOV-CC-0241B, ESW-MDP-FS-MDFB,
ESW-XHE-FO-EHS, LOSPNRESHR

BAT-DEP-9FR, ESW-AOV-CC-0241C, _SW-PTF-RE-DGB,
ESW-XHE-FO-EkS, LOSPNR12HR

BAT-DEP-9HR, ESW-AOV-CC-0241B, ESW-PTF-RE-DGC,
ESW-XHE-FO-EHS, LOSPNR12HR

ACP-DGN-FR-EDGC, ACP-DGN-RE-EDGB, BAT-DEP-SHR,
DGMANR9HR ESW-XHE-FO-EHS, LOSPNR17HR
ACP-DGN-FR-EDGB, ACP-DGN-RE-EDGC, BAT-DEP-9HR,
DGMANR9HR, ESW-XHE-FO-EHS, LOSPNR17HR
ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-MDP-FR-MDPB, ESW-XHE-FO _HS, LOSPNR14HR
ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-MDP-FR-MDPA, ESW XHE-FO-EHS, LOSPNR14HR
BAT-DEP-3HR, ESW-AOV-CC-0241C, ESW-MDFP-FS-MDPA,
ESW-XHE-FO-BHS, LOSPNR12HR

BAT-DEP-9HR, ESW-AOV-CC-0241B, ESW-MDP-FS-MDPB,
ESW-XHE-FO-EHS, LOSPNR12HR

ACP-DGN-MA-EDGC, DGMANR12HR, ESW-MDP-FR-MDPA,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR1BHR
ACP-DGN-MA-EDGB, DGMANR12HR, ESW-MDP-FR-MDPB,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR
AC.-DGN-LP-EDGC, BAT-DEP-THR, DGHWNR7HR,
EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, LOSPNR9HR
ACP-DGN-LP-EDGB, BAT-DEP-7HR, DGHWNR7HR,
2HV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNRY9H=x
ACP-DGN-MA-EDGC, BAT-DEP-9HR, DGMANR9SHR,
ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LCSPNR12HR
ACP-DGN-MA-EDGB, BAT-DEP-SHR, DGMANRSHR,
ESW-AOV-CC-0241C, ESW-XLE-FO-EHS, LOSPNR12HR
ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGD,
BAT-DEP-9HR, DGHWNRO9HR, 77 SPNR17HR
ACP-DGN-FR-EDGC, ACP-DGN R-EDGD, ACP-DGN-LP-EDGB,
BAT-DEP-9HR, DGHWNRSHR, LUSPNR17HR
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268
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275
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5.0 0
95.0 0
95.0 -8
95.1 L
95.1 .0
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35.3 <0
95.3 .0
95.3 .0
95.4 .0
35.4 .0
5. .0
95.5 .0
95.5 .0
95.5 .0
95.6 =
95.6 .0

7.1E-010
6.8E-010
6.8E-010
6.8E-010
€.8E-010
6.8E-010
6.8BE-010
6.8E-010
6.8E-010
6.8E-010
6.8BE-010
6.8E-010
6.8E-N010
6.6E-010
6.5E-010
F.3E-010
6.3E-010
6.2E-010

6.2E-010

ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, ACP-DGN-LP-EDGC,
BAT-DEP-9HR, DGHWNR9HR, LOSPNk17HR
ACP-DGN-MA-EDGB, BAT-DEP-3HR, DGMANR3HR,
ESW-MDP-FR-MDPB, ESW-XEE-FO-EHS, LOSPNR3HR
ACP-DGN-MA-EDGC, BAT-DEP-3HR, DGMANR3HR,
ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, LOSPNRSHR
ACP-DGN-FR-EDGC, DGHWNR'2HR, EHV-SRV-CC-RVZ,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR
ACP-DGN-FR-EDGB, DGHWNR1ZHR, EHV-CRV-CC RV3,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR
ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNR14HR
ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7ER,
ESW-AOV-CC-0241B, ESW-XHE-FC-EHS, LOSPN=14HR
ACP-DGN-MA-EDGC, BAT-DEP-S5HR, DGMANRSHR,
ESW-AQV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR7FR
ACP-DGN-MA-EDGB, BAT-DEP-5HR, DGMPNRS5HR,

ESW- AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNR7HR
ESW-MDP-FR-MDPA, ESW-PTF-RE-MDPB, ES¥-XHE-FO-EHS,
TNJ-FAILS, LOSPNR1BHR

ESW-MDP-FR-MDPB, ESW-PTF-RE-MDPA, ESW-XHE-FO-EHS,
INJ-FAILS, LOSPNR18HR

ACP-DGN-FR-EDGC, ACP-DGN-RE-EDGB, BAT-DEP-5HR,
DGMANRSHR, ESW-XHE-FO-EHS, LOSPNR12HR
ACP-DGN-FR-EDGB, ACP-DGN-RE-EDGC. BAT-DEP-SHR,
DGMANRSHR, ESW-XHZ-FO-EHS, LOSPNR1ZHR
ACP-DGN-LP-£DGD, BETA-2SWPS, DGHWNR12HR,
ESW-MDP-FS-CCF, INJ-FAILS, LOSPNR13HR
ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-I'GN-FR-EDGD,
DCHWNR12ER, INJ-FAILS, LOSPNR1S8HE

BAT-DEP-S5HR, ESW-AOV-CC 0241C, ESW-CKV-CB-CS515B,
LOSPNR7HR

BAT-DEP-5HR, ESW-AUV-CC-0241B, ESW-CKV-CB-CS15A,
LOSPNR7HR

ESW-MDP-FR-MDPA, ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS,
INJ-FAILS, LOSPNR1BHR

ESW-MDP-FR-MDPB, ESW-MDP-MA-MDPA, ESW-XHE-FO-EHS,
INJ-FAILS, LOSPNR18HR
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287
288
289
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294
295
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299
300
301
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95.6
95.7
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95.7
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96.0
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96.0
96.1
96.1
96.1
96.1
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96.2

.0
.0
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.0
.0

.0

6.2E-010
6.2E-010
5.9E-010
5.9E-010
5.9E-010
5.8E-010
5.8E-019
5.7E-0190
5.7E-010
5.6E-010
5.6E-0i0
5.6E-010
5.6E-010
5.4E-010
5.4E-010
5.4E-010
5.4E-010
5.3E-010

5.3E-010

4dAT-DEP-3HR, ESW-AOV-CC-0241B, JSW-PTF-RE-MDPB,
ESW-XHE-FO-EHS, LOSPNRSHR

BAT-DEP-3HR, ESW-AOV-CC-0241C, ESW-PTF-RE-MDPA,
ESW-XHT - FO-EHS, LOSPNRSHR

BAT-DEP-5HR, ESW-AOV-CC-0241B, ESW-PTF-RE-DGC,
ESW-XHE-FO-EHS, LOSPNR7HR

BAT-DEP-S5HR, ESW-AOV-CC-0241C, ESW-PTF-RE-DGB,
ESW-XHE-FO-EHS, LOSPNR7HR

ACP-DGN-LP-EDGD, BAT-DEP-3HR, BETA- 2SWPS,
DGHWNR3HR, ESW-MDP-FS-CCF, LOSPNRSHR
BAT-DEP-9HR, ESW-AOV-CC-0241B, ESW-PTF-RE-MDPB,
ESW-XHE- FO-EHS, LOSPNR12HR

BAT-DEP-9HR, ESW-AOV-CC-0241C, ESW-PTF-RE-MDPA,
ESW-XHE-FO-EHS, LOSPNR12HR

BAT-DEP-SHR, FSW-CKV-CB-C515B, ESW-MDP-FR-MDPB,
LOSPNR17HR

BAT-DEP-9HR, ESW-CKV-CB-C515A, ESW-MDP-FR-MDPA,
LOSPNR17HR

BAT-DEP-3HR, ESW-AOV-CC-C241C, ESW-MDP-MA-MDPA,
ESW-XLE-FO-EHS, LOSPNRSHR

BAT-DEP-S5HR, ESEW-AOV-CC-0241B, ESW MDP-FS-MDPB,
ESW-XHE-FO-EHS, LOSPNR7HR

BAT-DEP-5HR, ESW-AOV-CC-0241C, ESW-MDP-TS-MDPA,
ESW-XEE-FO-EHS, LOSPNR7HR

BAT-DEP-3HR, ESW-AOV-CC-0241B, ESW-MDP-MA-MDPB,
ESW-XHE-FO-EHS, LOSPNRSER

BAT-DEP-3HR, ESW-CKV-CB-CS515A, ESW-MDP-FR-MDPA,
LOSPNRSHR

BAT- "EP-3HR, ESW-CKV-CB-C515B, ESW-MDP-FR-MDPB,
LOSPNR9HR

BAT-DEP-SHR, ESW-MDP-FR-MDPGB, ESW-PTF-RE-DGB,
ESW-XHE-FO-EHS, LOSPNR17HR

BAT-"EP-9HR, ESW-MDP-FR-MDPA, ESW-PTF-RE-DGC,
ESW-XIE-FO-EHS, LOSPNR17HR

BAT-DEP-9HR, £ESW-AOV-CC-0241B, RESW-MDP-MA-MDPB,
ESW-X4E-FO-EHS, LOSPNR12HR

BAT-DEP-9HR, ESW-POV-CC-0241C, ESW MDP-MA-MDPZ,
ESW-XHE-FO-EHS, LOSPNR12HR

4 xwpuaddy
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96.2
96.3
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96.6
96.7
96.7
96.7

96.7

5.3E-010
5.3E-010
5.3E-010
5.2E-010
5.2E-010
5.2E-010
5.2B-010
5.2E-010
5.2E-019
5.1E-010
5.1E-010
5.1E-010
5.1E-010
4.9E-010
4.9E-010
4 _39E-010
4.9F-010
4.9E-010

4 .6E-010

ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, ACP-DGN-LP-EDGC,
BAT-DEP-5HR, DGHWNRSHR, LOSPNR12FR
ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, ACP-DGN-LP-EDGB,
BAT-DEP-5HR, DGHWNRSHR, LOSPNK12HR
ACP-DGN-FR-FDGB, ACP-DGN-FR-EDGC, ACP-DGN LP-EDCD,
BAT-DEP-5HR. DGHWNRSHR, LOSPNR12Z2HR
ACP-DGN-RE-EDGC, BAT-DEP-3HR, DGMANR3HE,
ESW-CKV-CB-(C2158, LOSPNRSHR

ACP-DGN-RE EDGB, BAT-DEP-3HR, DGMANR3HR,
ESW-CKV-CB-C515A, LOSPNRSHR

ACE-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, LOSPNRSHR
ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,
EHV-SRV-CU-RV3, ESW-XHE-FO-EHS, LOSPNR9HR
ACP-DGN-TE-EDGC, BAT-DEP-7HF, DGMANRT7HR,
ESW-CKV-CB3-C515B, LOSPNRSFR

ACP-DGN-TE-EDGB, BAT-DEP-7HR, DGMANR7HR,
ESW-CKV-CB-C515A, LOSPNRY9HR

BAT -DEP-9HR, ESW-MDP-FR-MDPB, ESW-MDP-FS-MDPA,
ESW-XHE-FO-EHS, LOSPNR17HR

BAT-DEP-9HR, ESW-MDP-FR-MDPA, RSW-MDP-FS-MDPB,
ESw-XHE-FO-EHS, 7.0SPNR17LR

BAT-DEP-3HR, ESW-MDP-FR-MDPA, ESW-PTF-RE-DGC,
4ASW-XNE-FO-EHS, LOSPNRY9HR

BAT-DE™-2IIR, ESW-MDP-FR-MDPB, ESX-PTF-RE-DGB,
ESW-XHE-F"-EHS, LOSPNR9HR

ACP-DGN-FR-EDGB, ACFP-DGN-FR-EDGC, ACP-DGN-FR-EDGD,
BAT-DEP-3HR, DGHWNR3HR, LOSPNRSIR
ACP-DGN-RE-EDGC, DGMANR12HR, ESW-CKV-CB-C515B,
INJ-FATILS, LOSPNR1I3HER

ACP-DGN-RE-EDGB, DGMANRIZIIR, ESW-CKV-CB-C515A,
INJ-FAILS, LOSPNR17HR

BAT-DEP-3HR, ESW-MDP-FR-MDPB, ESW-..UP-FS-MDPA,
ESW-XHE-FO-EHS LOSPNR9HR

BAT-DEP-3HR, 4SW-MDP-FR-MDPA, SSW-MLP-FS-MDPB,
ESW-XHE-FO-EHS, LOSPNR9HR

ACF-DGN-MA-:2DGB, BAT-LEP-9VL, DGHMANP9HR,
ESW-MDP-FR-MDPB, ESW-XHE-F0-BHS, LOSPNR17HR
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4.
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6E-C10
6E-010
6E-010
6E-010
5E-010
S5R-G10

5E-010

.SE-010
.5E-010
.5E-010

.5B-01C

5E-010
2E-010
2E-010
2E-010
2E-010
1E-010
1E-9010

1E-010

ACP-DGN-MA - ELGC. BAT-DEP-9HR, DGMANRYHR,
ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, LOSPNR17HR
EHV-SPV-CC-RV2, ESW-CKV-CB-CS154A, INJ-FAILS,
LOSPNR13HR

ESW-AOV-CC-0241B, ESW-AOV-"C-0241C, ESW-XHE-FO-EHS,

I1.J- FAILS, LOSPNR13HR

EH\ -SRV-CC-RV3, ESW CRKV-Cb-C515B, INJ-FAILS,
LOSPNR13HR

ACP-DGN-TE-EDGC, BAT-DEP-3HR, DGMANR3IHE,
SSW-AOV-CC-0241B, ESW-XHE-FO-FHS, LOSPNRSHR
ACP-DGN-TE- EDGB, BAT-DEP-3HR, DGMANR3HR,
ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNRSHR
ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-AOV-MM-02418B,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR1SHR

ACP-DGN- FR-EDGB, DGHWNR12FR, ESW-AOV-MA-0241C,
ESW-XHE - FO-EHS, INJ-FAILS "[OSPNR1BHR

BAT-DEP- 7HR, ESW-AOV-CC-0241C, ESW-CKV-CB-C5158,
LOSPNR9HR

BAT-DEP- 7lR, ESW-AQV-CC-(0241B, ESW- TKV-CB-C515A,
LOSPNRSHR

ACP-DGN-FR-EDGB, ACP-DGN-RE-EDGC, BAT-DEP- 7HR,
DGMANE 7HR, ESW-XHE-FO-EHS, LOSPNR14HR

ACP-DGN- FR-EDGC, ACP-DGN-RE-EDGB, BAT-DEP- 7HR,
DGMAI'R7HR, ESW-XHE-FU-EHS, LOSPNR14HR

ACP-DGN-TE-EDGB, DGMAN™12HR, ESW-AOV-CC-0241C,
ESW-XHE-FO-EHS, INJ-FA(LS, LOSPNR13HR
EHV-SRV-CC-RV2, ESW-MDP-FS- “™MPB, ESW-XHE- FO-EHS,
INJ-FAILS, LOSPNR13HR

EHV
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4.1E-010
4.0E-010
4.0E-010
4.0E-01C
4.0E-010
4.0E-010
4.0E-010
4.0E-010
3.8E-010
3.8E-010
3.8E-010
3.7E-010
3.7E-010
3.78-010
3.7E-010
3.7E-010
3.6E-010
3.6E-010

3.6E-010

BAT-DEP-5HR, ESW-AOV-CC-C241B, ESW-PTF-RE-MDPB,
ESW-XHE-FO-EHS, LOSi NR7HR

ACP-DGN-MA-EDGB, BAT-DEP-7HR, DGMANR7HR.
ESW-AOV-C.C-0241C, ESW-XHE-FO-EHS, LJOSPNR9HR
BAT-DEP-7HR, ESW-AOV-CC-""418, ESW-MDP-FS-MDPB,
ESW-XHE-FO-EHS, LOSPNR9Hn

3AT-DEP-7HR, ESW-AOV-CC-0241C, ESW-MDP-FS-MDPA,
ESW-XHE-FO-EHS, LOSPNR9HR

ACP-DGN-MA-EDGC, BAT-DEP-7HR, DGMANR7HR,
ESW-AQOV-CC-0241B, ESW-UHE-FO-EHS, LOSFENRY9HR
ACP-DGN-LP-EDGD, BAT-DEP-9HR, BETA-23WPS,
DGHWNR9HR, ESW-MDP-FE-CCF, LOSPNR12HR

ACP -DGN-FR-EDGC, B’ T-DEP-9HR, DGHWNR9HR,
EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, LOSPNR17HR
ACP-DGN- FR-EDGE, B " T-DEP-9HR, DGHEWNRYARR,
EHV-SRV-CC-RV3, ESW XHE-FO-EHS, LOSPNR17HR
ACP-DGN-MA-EDGB, BA(-DEP-5HR, DGMPWRSHR,
ESW-MDP-FR-MDPB, ESW-XHE-FO-FYS, LOSPNK12HR
ACP-DGN-MA-EDGC, BAT-DEP-5HR, DGMANRSHR,
ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, LOSPNR1ZHR

ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-FR -EDGD,

BAT-DEP-9HR, DGHWNRSHR, LOSPNR17HR
BAT-DEP-5HR, SSW-AOV-CC-0241C, ESW-MDP-MA-MDPA,
SSW-XHE-FO-EHS, LOSPNR7HR

EAT-DEP SHR, ESW-AOV-CC-0241B, ESW-MDP-MA-MDPB,
ESW- XHE-FO-EHS, LOSPNR7HR

BAT-DEP-91IR, ESW-MDP-FR-MDPP, ESW PTF-RE-MDPB,
ESW-XHE-FO-EFS, LOSPFRi7HR

BAT-DEP-9HR, ESW-MDP-FR-MDPB, ESW-PTF-RE-MDPA,
ESW-XHE-FO-2HS, LOSPNR17HR

ESW-MDP-T7F -MDPA, ESW-MDP-FR-MDPB, ESW-XHE-R0O-EHS,

INJ-FAILS, LOSPFR18HR

ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGD,

EAT-DEF- 7THR, DGHWNR7HR, LOSPKR14HR

ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, ACP-DGN-LP-EDGC,

BAT-DEP-7HR, DGHWNR7HR, LOSPNR14LR

ACP-DGN-FR-EDGC, ACP-DGN-IR-EDGD, ACP-DGN-LP-EDGB,

BAT-DEP-7HR, DGHWNR7HR, LOSPNR14HR
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99.9

.0
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.0

.0
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-0
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2.0E-010
2.0EB-010
2.0E-010
2.0E-010
2.0E-020
1.9E-010
1.9E-010
1.9E-010
1 "BE-010
1 "E-010
1.98-€-9
1.9E-010
1.9E-010
1.9E-010
1.9E-010
1.8E-010
1.8E-010
1.8B-010

1.8E-010

BAT-DEP-9dR, WSW-MDP- FR-MDPA, ESW-MDP-FR-MD/B,
ESW-XHE-FO-EHL, LOSPNR17H

ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
PHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNR14HR
ACP-DGN-FR-IDGC, BAT-DEP-7HR, DGHWNR7HR,
EHV-SRV-CC-RV2, ESW-XHE-FO-FES, LOSPNR14HR
ACP-DGN-MA-EDGC, BAT-DEP-SHR, DGMANRSHR,
EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, LOSPNR7HR
ACP-DGN-MA-EDGB, BAT DEP-S5HR, DGMALRSHR,
FHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSFNR7HR
ACT-DGN-FR-BEDGC, BAT-DEP-54R, DGHWNRSHR,
ESW-AOV-MA-0241B, ESW-XHE-FO-THS, LOSPNR12HR
ACP-DGN-FR-EDGB, BAT-NEP-S5HR, DGHWNRSHER,
ESW-AOV-MA-0241C, ESW-XHE-FO-EHS, LOSPNR1ZHK
ACP-DGN-FR-EDGD, BETA-2SWPS, DCHWNR12HR,
ESW-MDP-FS-CCF, INJ-FAILS, LOSPNR18HR
BAT-DEP-3HR, ESW-MDP-FR-MDPA, =ZSW-MDP-FR-MDPR,
ESW-XHE-FO-EHS, LOSPNR9'IR

ACP-DGN-FR-EDGR, ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD,
BAT-DEP-7HR, DGHWNR7HR, LCSPNR14HR

BAT-DEP-5HR, ESW-AOV-CC-0241B, BSW-AOV-CC-0241C,
ESW-XHE-FO- XHS, LOSPNR7HR

BAT-DEP-5HR, EHV-SRV-CC-FY3, BSt CKV-CB-(C51i5B,
LOSPNR7HR

BAT-LZP-S5HR, EHV-SRV-CC-RVZ, BSW-CKV-CB-CS515A,
LOSPHR HR

BAT-DEP-3HR, ESW-A V-MA-0241C, ESW-CKV-CB-CS515B,
LOSPNRSHR

BAT-DEP-3HR, ESW-AOV-MA-0241B, ESW-CKV-CB-C515A,
LOSPNRSHR

BAT-DIP-"HR, ESW-MDP-FR-MDPA. ESW-PTF-RE-MDPB,
ESW-XHE-FO-EHS, LOSPNR14HR

BAT-DEP  7ER, ESW-MDP-FR-MDPZ, ESW-PTF-RE-MDPA,
ESW-XHE-FO-EHS, LOSPNR14HR

ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, ACP-DGN-MB-EDGB,
BAT-DEF - 3HE, DGHWNR3Hi., LOSPNR9HR
ACE-DCN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGD,
BAT-DEP-3HR, DGHWNR2HR, LOSPNR9HR

4 xipueddy
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016S-HD/DIUNN

457
458
459
460
451
462
463
464
465
466
267
468
469
470
471
472
473
474

475

99.0
96.0
99.0
99.0
99.0
99.1
9.1
99.1
99.1
99.1
99.1
99.1
29.2
99.1
99.1
99.1
99.2
99.2

99.2

o © ©o © © o

1.8E-010
1.8E-01C
1.8E-010
1.7E-010
1.7E-010
1.7E-010C
1.7E-010
1.7E-010
1.7E-010
1.7E-010
1.7E-010
1.7E-010
1.7E-010
1.7E-010
1.7E-010
1.7E-010
1.7E-010
1.6E-010

1.6E-010

ACP-DGN-FP- EDGB, ACP-DGN-FR-EDGD, ACP "GN-MA-EDGC,

BAT-DEP-3HR, DGHWNR3HR, LOSPNRIHR
ACP-DGN-RE-EDGB, BAT-DEP-7HE, DGMANR7HR,
ESW-CKV-CB-C515A, LOSPNR9HR

ACP-DGN-RE-EDGC, BAT-DEP-7HR, DGMANR7HR,
ESW-CKV-C3-C515B, LOSPNRSHR

ACP-DGN-TE-EDGC, BAT-DEP-9HR, OGMANRIHR,
ESW-MD?-FR-MDPA, ESW-XHE-FO-EHS, LOSPNR17HR
ACP-DGN-TE-ENGB, BAT-DEP-9HR, DGMAIRSHR,
ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, LOSPNR174R
BAT-DEP-9HR, ESW-AOV-MA-0241B, ESW-CKV-CB-CS15A,
LOSPNR12HR

BAT-DEP-9HR, ESW-AOV-MA-0241C, ESW-CKV-CB-C515B,
LOSPNR12HR

ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3EHR,
ESW-CKV-HW-C515B, ESW-XHzZ-FO-EHS, LOSPNRYHR
ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
ESW-CKV-HW-C515A, ESW-XHE-FO-EHS, LOSPNRSHR
BAT-DEP-9HR, ESW-AOV-(C-0241B, ESW-MDP-FR-MDPB,
BSW-XHE-FO-EHS, LOSPLR17HR

BAT-DEP-9HR, ESW-AOV-CC-0241C, ESW-MDP-FR-MDPA,
ESW-XHE-FO-EBHS, LOSPNR17HP

BAT-DEP-7HR, ESW-MDP-FR-MDPA, ESW-MDP-MA-MDPEB,
ESW-XHE-FO-EHS, LOSPNR14HR

BAT-DEP-3HR, EHV-SRV-CC-RV3, ESW-MDP-MA-MDPA,
ESW-YHE-FO-EHS, LOSPNRSHR

BAT-DEP-SHR, EHV-SRV-CC-RV2, ESK-MDP-FS-MDPB,
ESW-XHE-FO-EHS, LCSPNR7HR

BAT-DEP-S5HR, EHV-SRV-CC-RV3, ESW-MDP-FS-MDPA,
ESW- XHE -FO-EHS, LOSPNR7HR

BAT-DEP-3HP, EHV-SRV-CC-RVZ, ESW-MDP-MA-MDPB,
ESW-XHE-FO-FES, LOSPNRSHR

BAT-DEP-7HR, SW-MDP-FR-MDPB, ESW-MDP-M? -MDPA,
ESW-XHE-FO-EHf . LOSPNR14HR

BAT-DEP-3HR, ELW-AOV-CC-0241C, ESW-MDP-FR-MDPA,
BSW-XHE- FO-JHS, LOSPNRSHR

BAT-DEP-3HR, ESW-AOV-CC-0241B, ESW-MDP-FR-MDPB,
ESW-XHE-FO-BHS, LOSPNRSHR

4 xpueddy
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476
277
478
479
480
481
48°
483
484
485
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488
489
450
491
492
493

494

99.2
99.2
99.2
99.2
99.2
99.2
99.2
99.2
29.3
9.3
95.3
99.3
99.3
9.3
29.3
99.5
99.3
9.3

99.3

.0
.0
+0

.0

1.6E-010
1.6E-010
1.5E-010
1.5E-010
1.5F-010
1.4B-1910
1.4E-010
1.4E-010
1.4E-010
1.4E-010
1.3E-010
1.38-010
i.3E-01¢C
1.3E-C10
1.3E-010
1.3E-C10
1.3E-010
1.3E-010

1.3E-010

BAT-CEP-9HR, EHV-SRV-CC RV2, ESW-MDP-MA-MDPB,
ESW-XHE-FO-EHS, LOSPNR12HR

BAT-DEP-9HR, EHV-SRV-CC-RV3, ESW-MDP-MA-MUPA,
ESW-XHE-FO-EHS, LOSPNR1ZHk

AC” -DGN-TE-EDGC, BAT-DEP-7HR, DGMANR7HR,
ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR9HR
ACP-DGN-TE-EDGB, BAT-DEP-7HR, DGMANR7HR,
ESW-AOV-CC-0241C, ESW-XHE-FC-EHS, LOSPNRY9HR
ACP-DGN-FR-EDGD, BAT-DEP-3HR, BETA-2SWPS,
DGHWNR3HR, ESW-MDP-FS-CCF, LOSPNRSHR
ACP-DGN-TE-EDGB, BAT-DEP-S5HR, DGMANRSHR,
ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, LOSPNR12HR
ACP-DGN-TE-EDGC, BAT-DEP-S5HR, DGMANRSHR,
ES4-MDP-FR-MDPA, ESW-XHL FO-EHS, LOSPNR12HR
ACP-NGN-FR-EDGB, ACP-DGN-FR-ENGD, ACP-DCN-MA-EDGC,
BAT-DEP-9HR, DGHWNR9HR, LOSPNR17HR
ACP-DGL-T"-ED 3T, ACP-DGN-FR-EDGD, ACP-DGN-MA-EDGB,
BAT-DEP-9HR, DGHWNR9HR, LOS¢NR17HR
ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGD,
BAT-DEP-9HR, DGHWNRSHR, LOSPNR17HR
ACP-DGN-TE-EDGC, B T-DEP-3HR, DGMANR3HR,
4HV-SRV-CC-RV2, ESW-XHE-FC-EHS, LOSPNRSHR
ACP-DGN-TE-EDGb, BAT-DEP-3HR, DGMANRIHR,
BHV-SRV-CC-RV3, DSW-XHE-FO-EHS, LOSPNRSHR
ATP-DGN-FR-EDGC, BAT-DEP-7HR, DCHWNR7HR,
ESW-AOV-MA-0241R. ESW-XHE-FO-EHS, LOSPNR14HR
ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ES*-AOV-MA-0241C, ESW-YHE-FQ-EHS, LOSPNR14HR
BAT-DEP- /JHR, ESW-AQOV-CC-0241B, ESW-A0V-CC-0241C,
ESW-XHE-FO-EBHS, LOSKFNRSHR

BALT-DEP-7HR, EHV-SRV-CC-RV3, _SW-CKV-CB-CS15B,
LOSPNRI9KR

BAT-DEP-7HR, EHV-SRV-CC-RV2, ESW-CK
LOSPNR9HR

ACP-DGN-FR-EDGC, DGACTB, DGACINR12HR,
ESW-XHE-FO-EHS, INJ-FATLS, LOSPNR18HR
ATP-DGN-FR-EDGB, DGACTC, DGACTNR12HR,
BEGW-XHE-FO-EBHS. INJ-FAILS, LGSPNR1BHR

CS15A,
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ESW-XVM- PX S07A, INJ-FAI
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be-d

016¢-HD/DAYNN

552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569

570

99.7
99.7
9.7
99.7
99.7
99.7
29 .7
99.7
99.7
99.7
99.7
9.7
99.7

99.7

8.2E-011
8.1E-011
8.1E-011
8.1E-011
8.1E-011
8.1E-011
7.8E-011
7.8E-011
7.4E-011
7.4E-011
7.3B-011
7.3E-011
7.3E-011
7.3P-011
7.2B-011
7.2E-011
7.2B-011
7.2E-011

7.2E-011

ACP-DGN-TE-EDGB, BAT-DEP-9HR, DGMANRYHR,
EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNR12HR
BAT-DEP-7HR, EHV-SRV-CC-RV3, ESW-MDP-MA-MDPA,
ESW-XHE-FO-EHS, LOSPNRSHR

BAT-DEP-7HR, EHV-SRV-CC-RV2, ESW-MDP-MA-MDPB,
ESW-XHE-FO-EHS, LOSPNRSHR

ACP-DGN-FR-3DGB, ACP-DGN-FR-EDGC, DGHWNR12HR,
ESW-MDP-MA-ECW, INJ-FAILS, LOSPNR18HR
ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, DGHWNR12HR,
ESW-MDP-MA-MDPA, INJ-FAILS, LOSPNR1BHR
ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, DGHWNR1ZHR,
ESW-MDP-MA-MDPB, INJ-FAILS, LOSPNR18HR
ACF-DGN-TE-EDGC, BAT-DEP-S5HR, DGMANRSHR,
EHV-SRV-CC-RV2, ESW-XHE-FO EHS, LOSPNR7HR
ACP-DCN-TE-EDGB, BAT-DEP-SHR, DGMANRSHR,
EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNR7HR
ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGACTB, DGACTNRYHR,
ESW-XHE-FO-EHS, LOSPNR17HR

ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGACTC, DGACTNRY9HR,
ESW-XHE-FO-EHS, LOSPNR17HR

BAT-DEP-3HR, BETA-2SWPS, ESW-CXV-CB-CS515A,
ESW-MDP-FS-CCF, LOSPNRSHR

BAT-DEP-3HR, BETA-2SWPS, ESW-MUP-FS-CCF,
ESW-MOV-CC-MC841, LOSPNRSHR

BAT-DEP-3HR, BETA-2SWPS, ESW-MDP-FS-CCF,
ESW-MDP-F3-ECW, LOSPNRSHR

BAT-DEP-3HR, BETA-2SWPS, ESW-CKV-CB-C515B,
ESW-MDP-FS-CCF, LOSPNRSHR

ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, ACP-DGN-MA-EDGC,
BAT-DEP-7HR, DGHWNR7HR, LOSPNR14HR
ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGD,
BAT-DEP-7HR, DGHWNR7HR, LCSPNR14HR
ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, ACP-DGN-MA-EDGB,
BAT-DEP-7HR, DGHWNR7HR, LOSPNR14HR
ACP-DGN-MA-EDGC, BAT-DEP-9HR, DGMANRYHR,
ESW-CEKV-HW-C515A, ESW-XHE-FO-EHS, LOSPNR12HR
ACP-DGN-MA-EDGB, BAT-DEP-9HR, DGMANRSHR,
ESW-CKV-HW-C515B, ESW-XHE-FO-EHS, LOSPNR12HR

4 xpuadady
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IMAGE EVALUATION
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19 1CA L,

ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, BAT-D
DGHWNR9HR, ESW-MDP-FS-MDPA, LOSPNR17HR
ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC. BAT DEP
DGHWNROHR, ESW-MOV-CC-M0841, LOSPNR17HR
ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP
DGHWNRYHR, ESW-MDP-¥S-ECW, LOSPNR17HR
ACP-DGN-FR-EDGR, ACP-DGN-FR-£DGD, BAT-DEP
DGHWNRSHR, ESW-MDP-FS-MDPB, LOSPNR17HR
ACP-DGN-FR-EDGB, BAT-DEP-3HR, DCHWNRSHR,
DCP-BAT-LP-C3, ESW XHE-FO-EHS, LOSPNROHR
ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,

ESW- XHE- FO-EBHS, ESW-XVM-PG-D505C, LOS PHRSHR
ACP-DGN-FR-EDGC, BAL DEv-3HR, D IWNR3HR,

ESW- YHE- #O-EHS, ESW-XVM-PG-X507A, LOSPNRIHR
ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNF3HR,

ESW XHE-FO-EHS, ESW-XVM-PG-XV509, LOS PNR9HRE
ACP-DGN-FR-EDGC, BAT-DEP-3HR, D7~ “NR3HR,
ESW-XHE-I)-EHS, ESW-XVM-PG-XV510, LOSPNRS HR
ACP-DGN-FR-EDGB, BAT-UEP-3HR, DGHWNR 3HR,
ESW-XHE-FO-EHS, ESW-XVM-PG-XS07B, [LOSPNR9HR
ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,

ESW-XHE- FO-EHS, ESW-"VM-PG-D5058B, LOSPNR9HR
BAT-LZP-9HR, BETA-2SWPS, ESW-CKV-CB- C515B,
ESW-MDP-FS-CCF, LOSPNR12hER

BAT-DEP-9HR, BETA-2SWPS, ESW-MDP-FS o g
ESW-MDP-FS-ECW, LOSPNR12HR

BAT-DEP-9HR, BETA-2SWPS, ESW-CKV-CB
ESW-MDP-FS-CCF, LOSPNR12HR

BAT-DEP-9HR, BETA-2SWPS, ESW-MDP FS
ESW-MOV-CC-M0841, LOSPNR1iZHR

ACP-DGN-FR-ELGB, BAT-DEP-5HR, DGACTC, DGACTNRSHR,
ESW-XHE- FO-EHS, LOSPNR12HR

ACP-DGN-FR-EDGC, BAT-DEP-5HR, YGACTB, DGACTNRSHR,
ESW-XHE-FO-EHS, LOSPNRI2HR

ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
RSW-CKV-HW-C515A, ESW-XHE-FO-EHS, LOSPWR14HR
ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR ,
ESW-CKV-HW-C515B, ESW-XHE-FO-EHS, LOSPNR14HR
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018S-¥D/D3¥NN

609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626

627

9.9
99.9
99.9
9.9
99.9
99.9
99.9
9.9
99.9
99.9
99:.9
99.9
99.9
99.9
99.9
9.9
2995.9
99.9

99.9

5.3B-011
5.3E-011
4.9E-011
4.9E-011
4.9E-011
4.95E-011
4.7E-011
4.7E-011
4.7E-011
4.7E-011
4.7E-011
4.6E-011
4.0E-011
4 .0E-011
3.9E-011
3.9E-011
3.9E-011
3.9E-011

3.9E-C11

ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, BAT-DEP-5HR,
DGHWNRS5HR, ESW-MDP-FS-MDPA, LOSPNR12HR
ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-SHR,
LGHWNRSHR, ESW-MDP-FS-ECW, LOSPNR12HR
BAT-DEP-SHR, BETA-2SWPS, ESW-CKV-CB-CS515B,
ESW-MDP-FS-CCF, LOSPNR7HR

BAT-DEP-5HR, BETA-2SWPS, ESW-MDP-FS-CCF,
ESW-MDP-FS-ECW, LOSPNR7HR

BAT-DEP-5HR, BETA-2SWPS, ESW-CXV-CB-C515A,
ESW-MDP-FS-CCF, LOSPNR7HR

BAT-DEP-5HR, BETA-2SWPS, ESW-MDP-FS-CCF,
ESW-MOV-CC-M0841, LOSPNR7HR

ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP 9HR,
DGHWNR9HR, ESW-MDP-MA-ECW, LOSPNR17HP
ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, BAT-DEP-9HR,
DGHWNRSHR, ESW-MDP-MA-MDPA, LOSPNR17HR

-RV2, ESW-XHE-FO-EHS, LOSPNR9HR
EDGB BAT-DEP-7HR, DGMANR7HR,
-RV3, ESW-XHE-FO-EHS, LOSPNR9HR
BDGB BAT-DEP-5HR, DCHWNR12HR,
-C3, ESW-XHE-FO-EHS, LOSPNR12HR
-EDGB, BAT-DEP-7HR, DCMANR7HR,
-C515B, ESW-XHE-FO-EHS, LOSPNRSHR
-EDGC, BAT-DEP-7HR, DGMANR7HR,
-C515A, ESW-XHE-FO-EHS, LOSPNRYHR
-EDGC, BAT-DEP-5HR, DGHWNRSHR,
-EHS, ESW-XVM-PG-XV510, LOSPNR12HR
-EDGB, BAT-DEP-S5HR, DGHWNRSHR,
-EHS, ESW-XVM-PG-X507B, LOSPNR12HR
-EDGC, BAT-DEP-S5HR, DGHWNRSHR,
-BHS, ESW-XVM-PG-D505B, LOSPNR12HR
-EDGC, BAT-DEP-SHR, DGHWNRSHR,
-EHS, ESW-XVM-PG-XS507A, LOSPNR12HR
-EDGB, BAT-DEP-S5HR, DGHWNRSHR,
-EHS, ESW-XVM-PG-XV509, LOSPNR12HR
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iv-d

13

14

25

16

X7

18

19

20

21

22

23

24

25

26

26.7

28.2

29.6

30.7

31.9

33.0

34.1

35.2

36.

W

37,3
38.4

39.4

40.3

41.3

2.0E-0G3

2.0B-009

1.8E-009

1.5E-009

1.5E-009

1.5E-009

1.4E-009

1.4E-009

1.4E-009
1.4E-009
1.4E-009
1.3E-009

1.2E-009

1.2E-009

ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP-9HR,
DGHWNR9HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20837,
LOSPNR17HR

ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-9HR,
DGHWNRYHR, ESW-XHE-FO-EHS, HCI-TDP-FR-20837,
LOSPNR17HR

ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, DGHWNR12ZHR,
ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, INJ-FAILS,
LOSPNR18HR

ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP-3HR,
DGFWNR3HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20837,
LOSPNR9HR

ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-3HR,
DGHWNR3HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20837,
LOSPNR9HR

ACP-DGN-LP-CCF, BAT-DEP-9HR, BETA-4DGNS,
DGCCFNR9HR, HCI-TDP-FS-20S8S37, LOSPNR12HR
ATP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP-SHR,
DGHWNRSHR, ESW-XHE-FO-EHS, HCI-TDP-FR 20837,
LOSPNR12HR

ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-5HR,
DGHWNRSHR, ESW-XHE-FO-EHS, HCI-TDP-FR-20837,
LOSPNR12HK

ACP-DGN-LP-CCF, BAT-DEP-5HR, BETA-4DGNS,
DGCCFNRS54R, HCI-TDP-FS-205837, LOSPNR7HR
ACP-DGN-LP-CCF, BAT-DEP-7HR, BETA-4DGNS,
DGCCFNR7HR, HCI-TDP-FR-208S37, LOSPNR9HR
BETA-3A0VS, ESW-AO\ CC-CCF, HCI-TDP-FR-20S37,
INJ-FATLS, LOSPNR13HR

ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-3HR,
DGHWNR3HR, ESW-XHE-FO-BEHS, HCI-TDP-FR-20837,
LOSPNR9HR

ACP-DGN-LP-EDGC, DGHWNR12HR, ESW-CKV-CB-C515B,
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ESW-PTF-RE-MDPA, ESW-XHE-FO-EiS, HCI-TDP-FR-20S837,
LOSPNR9HR

ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,
ESW-PTF-RE-MDPB, ESW-XHE-FO-EHS, HCI-TDD-FR-20837,
LOSPNRY9KER

ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP-9HR,
DGMANRSHR, ESW-XHE-FO-EHS, HCI-TDP-FS-20837,
LOSPNR17HR

ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-SHR,
DGMANRIHR, ESW-XHE-FO-EHS, HCI-TDP-FS-20837,
LOSPNR17HR

ACP-DGN-MA-EDGB, DGMANR12HR, ESW-CKV-CB-C51SA,
HCI-TDP-FR-20537, INJ-FAILS, LOSPNR13HR
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176

177
178

179

180

181

182

183

184
185
186

187
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87.0

87.2

87.3

87.4
87.5

B87.6

87.7

87.8

1.6E-010

1.6E-C10

1.6E-010
1.6E-010

1.5E-010

1.5E-010

1.5E-010

1.5E-010

1.5E-C10

1.5E-010
1.5E-010

1.5E-010

1.5E-010

1.4E-010

ACP-DGN-FR-EDG3, BAT-DEP-3HR, DGHWNR3HR,
ESW-PTF-RE-DGC, ESW-XHE-FO-EHS, HCI-TDP-FS-20S837,
LOSPNR9HR

ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
ESW-PTF-RE-DGB, ESW-XHE-FO-EHS, HCI-TDP-FS-20837,
LOSPNR9HR

BAT-DEP-7HR, BETA-6A0OVS, EHV-AOV-CC-CCF,
HCI-TDP-FS-20837, LOSPNR9HR

BAT-DEP-9HR, BETA-3A0VS, EBSW-AOV-CC-CCF,
HCI-TDP-MA-20S37, LOSPNR12HR

ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-5HR,
DGHWNRSHR, ESW-XHE-FO-EHS, HCI-TDP-MA-20837,
LOSPNR1ZHR

ACP DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,
ESW-MDF-FS-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FS-20837,
LOSPNRY9HR

ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FS-20237,
LOSPNR9HR

ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNRSHR,
ESW-PTF-RE-DGC, ESW-XHE-FO-EHS, HCI-TDP-FR-20S837,
LOSPNR12HR

ACP-DGN-FR-8BDGC, BAT-DEP-5HR, DGAWNRSHR,
ESW-PTF-RE-DGB, ESW-XHE-FO-EHS, HCI-TDP-FR-20837,
LOSPNR12HR

ESW-CKV-CB-C515B, ESW-MDP-MA-MDPB,
HCI-TDP-FR-20837, INJ-FAILS, LOSPNR13HR
FSW-CKV-CB- 515A, ESW-MDP-MA-MDPA,
HCI-TDP-FR-20837, INJ-FAILS, LOSPNR13HE
ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP-SHR,
DGMANRSHR, ESW-XHE-FO-EHS, HTI-TDP-FS-20837,
LOSPNR12HR

ACP-DGN-FR-EDGB, ACP-DGN-MA-EDG~, BAT-DEP-S5SHR,
DGMANRSHR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR12HR

ACP-DGN-FR-EDGB, BAT-DEP-S5HR, DGHWNRSHR,
ESW-MDP-FS-MDPB, ESW-XHE-FO-BHS, HCI-TDP-FR-20S837,
LOSFNR12HR
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198
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87.9

88.0

68.2

88.3

88.4

88.5

88.6

88.7
B8.8
88.9
89.0
89.1
85.2
89.3

89.4

1.4E-010

1.4E-010

1.4E-010

1.4E-01v

1.4E-010

1.4E-010

1.4E-010

1.4E-010
1.4E-010
1.3E-010
1.3E-010
1 3E-010
1.3E-010

1.3E-010

1.3E-010

ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNRSH.Z
ESW-MDP-FS-MDPA, ESW-XHE-PU-EHS, HCI-TDL-FR-20837,
LOSPAR12HR

ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNRI9HR,
ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FR-20837,
LOSPNR12HR

ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,
ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FR-20837,
LOSPNR12HR

ACP-DGN-FR-EDGB, BAT-DEP -9HR, DGHWNRIHR,
ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FS-20837,
LOSPNR12HR

ACF-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNRSHR ,
ESW-MDP-MA-MDPA, ESW-XHE-FO- EHS, HCI-TDP-FS-20837,
LOSPNR12HR

ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,
ESW-PTF-RE-MDPB, ESW-XHE-FO-EHN3, HCI-TDP-FR-20837,
LOSPNR17HR

ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNRSHR ,
ESW-FTF-RE-MDPA, ESW-XHE- FO-EHS, HCI-TDP-FR-20837,
LOSPNR17HR

BAT-DEP-3HR, ESW-CKV-CB-C5153A, ESW-MDP-FS-MDPA,
HCI-TDP-FR-20S37, LOSPNRSHR

BAT-DEP-3HR, ESW-CKV-CB-C5158B, ESW-MDP- FS-MDPB,
HCI-TDP-FR-20S37, LOSPNRSHR

ESW-CKV-CB-C515B, ESW-MDP- FS-MDPRB,
HCI-TDP-FS-20837, INJ-FAILS, LOSPNRI13HR
GSW-CKV-CB-C515A, ESW-MDP-FS-MDPA,
HCI-TDP-FS5-20837, INJ-FAILS, LOSPNR13HR
ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-CKV-CB-C515A,
HCI-TDP-MA-20S37, INJ-FAILS, LOSPNR13HR
ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-CKV-CB-C5158,
HCI-TDP-MA-20837, INJ-FAILS, LOSPNR13HR

ACP-DGN- FR-EDGC, BAT-DEP-9HR, DGHWNROHR,

ESW-MDi WM -MDPA, ESW-XHE - FO- EHS, HCI-TDP-FR-20837,
LOSPNR 1 ™9R

ACP-DGN- FR-EDGB, BAT-DEP-9HR, DGHWNRYER,
ESW-MDP-MA-MDPB, ESW-XHE- FO-EHS, HCI-TDP-FR-20837,
LOSPNR17HR
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93.3

83.3

93.4

93.5

93.6

93.6

93.7

93.8

93.9

93.9

54.0

94.1

94.1

94.2

.0

.0

1.0E-010

1.0E-G10

1.0E-010

1.0E-010

1.0E-010

1.0E-010

9.9E-011

9.9E-011

9.9E-011

9.9E-011

9.8E-011

9.8E-011

©.4E-011

9.4E-011

ACP-DGN- FR-EDGC, ACP-DGN-TE-EDGB, BAT-DEP- 3HR,
DGMANR3HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20837,
LOSPNRIHR

ACP-DGN- FR - EDGB, ACP-DGN-TE-EDGC, BAT-DEP- 3HR,
DGMANR3HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20837,
LOSPNRIHR

ACP-DGN- FR- EDGC, BAT-DEP- 7THR, DGHWNR7HR,
ESW-MDP-FS-MDPA, ESW-XHE- FO-EHS, HCI-TDP-FR-20837,
LOSPNR14HR

ACP-DGN- FR - EDGB, BAT-DEP- 7HR, DGHWNR 7HR,
ESW-MDP-FS-MDPB, ESW-XHE- FO- EHS, HCI-TDP-FR-20837,
LOSPNRI4ER

ACP-DCR-FR-BDGC, ACP-DGN-MA- EDGB, BAT-DEP- 7HR,
DGMAN?. ~ ESW-XHE- FO-EHS, HCI-TDP-FS-20837,
LOSPNR

ACP-DGN _2-EDGB, ACP-DGN-MA- EDGC, BAT-DEP- 7HR,
DGMANR 7HR , ESW-XHE - FO-EHS, HCI-TDP-FS-208137,
LOSPNR14HR

ACP-DGN-FR-EDGB, BAT-DEP-SHR, DGHWNRSHR,
ESW-CKV-CB-CS515A, HCI-TDP-FS-20837, LOSPNR12HR
ACP-DGN-FR- EDGC, BAT-DEP-5HR, DGHWNRSHR,
ESW-MDP-MA-MDPA, ESW-XHE- FO-BHS, HCI-TDP-FR-208137,
LOSPNR12HR

ACP-DGN-FR-EDGB, BAT-DEP-SHR, DGHWNRSHR,
ESW-MDP-MA-MDPB, ESW-XHE- FO-EHS, HCI-TDP-FR-20837,
LOSPNR12HR
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BAT-DEP- 3HR, ESW-CKV-CB-C5158, ESW-MDP-MA-MDPB,
HCI-TDP-FR-20837, LOSPNRSHR
BAT-DEP-SHR, ESW-CKV-CB-C515B, ESW-MDP- FS-MDPB,
HCI-TDP-FR-20S37, LOSPNR7HR
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94.3
94 .4

54.4

94.5

94 .6

54.6

94.7
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94.9

94.9

95.0
95.1
5.2
95.2
95.3

.0

.0

-0
.0

.0

9.4E-011
9.4E-011

9.3E-011

9.3E-011

8.9E-011

8.9B-011

8.9E-011

8.8E-011
8.8E-011

8.7E-011

8.7E-011

8.5E-011
8.5E-011
8.4E-011
8§.4E-011

8.3E-011

BAT-DEP-5HR, ESW-CKV-CB-C515A, ESW-MDP-FS-MDPA,
HCI-TDP-FR-20837, LOSPNR7HR

BAT-DEP-3HR, ESW-CKV-CB-C51%5A, ESW-MDP-MA-MDPA,
HCI-TDP-FR-20837, LOSPNRSHR

ACP-DGN-FR-EDGB, BAT-DEP-S5HR, DGHWNRSHR,
ESW-PTFP-RE-DGC, ESW-XHE-FO-EHS, HCI-TDP-FS-20837,
LOSPNR12HR

ACP-DGN-FR-EDGC, BAT-DEP-SHR, DGHWNRSHR,
ESW-PTF-RE-DGB, ESW-XHE-FO-EHS, HCI-TDP-FS-20837,
LOSPNR12HR

ACP-DGN-FR-EDGC, DCHWNR18HR, DCP-BAT-LP-B2,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR1S8HR
ACP-DGN-FR-EDGB, BAT-DEP-S5HR, DGHWNRSHR,
ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FS-20837,
LOSPNR12HR

ACP-DGN-FR-EDGC, BAT-DEP-SHR, DGHWNRSHR,
ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FS-20837,
LOSPNR12HR

BAT DEP-9HR, ESW-CKV-CB-C515B, ESW-MDP-MA-MDPB,
HCI-TDP-FR-20837, LOSPNR12HR

BAT-DEP-9HR, ESW-CKV-CB-C515A, ESW-MDP-MA-MDPA,
HCI-TDP-FR-20S37, LOSPNR12ZHR

ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, HCI-TDP-FR-20837,
LOSPNRSHR

ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR2HR,
ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, HCI-TDP-FR-20837,
LOSPNRSHR

BAT-DEP-3HR, ESW-CKV-CB-CS15A, ESW-MDP-F3-MDPA,
HCI-TDP-FS-20837, LOSPNRSHR

BAT-DEP-3HR, ESW-CKV-CB-CS515B, ESW-MDP-FS-MDPB,
HCI-TDP-FS-20837, LOSPNRSHR

BETA-3A0VS, BSW-AOV-CC-CCF, HCI-MOV-CC-MVi4,
INJ-FAILS, LOSPNR13HR

BETA-3AOVS, ESW-AOV-CC-CCF, HCI-MOV-CC-MV1S,
INJ-FAILS, LOSPNR13HR

ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-3HR,
DGHWNR3HR, ESW-XHE-FO-EHS, HCI-MOV-CC-MV19,
LOSPNRSHR
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5.2E-011
5.2E-011

4.9E-011

4.9E-011

4.8B-C11
4.8E-011
4.8E-011

4.8BE-C11

BAT-DEP- SHR, ESW-CKV-CB-CS15A, ESW-MDP-FS-MDPA,
HCI-TDP-FS-20837, LOSPNR7HR

BAT-DEP-SHR, ESW-CXV-CB-C5158, ESW-MDP-FS-MDPH,
HCI-TDP-FS-20837, LOSPNR7HR

BAT-DEP- 7THR, BETA-6AQVS, EBV-AOV-CC-CCF,
HCI-TDP-MA-20837, LOSPNROHR

ACP-DGN- FR-EDGC, BAT-DEP- 3HR, DGHWNR 3HR,

ESW-MDP- FS-MDPA, ESW-XHE - FO-EHS, HCI-TDP-MA-20837,
LOSPNROHR

ACP-DGN- FR - EDGB, BAT-DEP- 3HR, DGHWNR 3HR, y
ESW-AOV-CC-0241C, ESW-XHE- FO-EBHS, HCI-TDP-FS-208137,

ACP-DGN- FR-EDGC. BAT-DEP- 3HR, DGHWNR 3HR ,
ESW-AOV-CC-0241B, ESW-XHE - FO- EHS, BCI-TDP-FS-20837,
LOSPNRSHR

ACP-DGN- FR-EDGB, BAT-DEP- 3HR, DGHWNR 3HR,

ESW-MDP  FS-MDPB, ESW-XHE- FO- BHS, HCI-TDP-MA-20837,
LOSPNRSHR

ACP-DGN- FR-EDGB, BAT-DEP-9HR, DGHWMRSHR ,
MDP-FR-MDPB, ESW-XHE- FO- EHS, HCI-TDP-PFS-20837,

LOS
ACP-DGN- FR - EDGC, BAT-DEP-9HR, DGHWNRSHR ,
MDP-FR-MDPA, ESW-XHE- FO- EHS, HCI-TDP-FS-208137,
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98.9

99.0
99.0
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9.3
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99.3
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99.3
99.3

99.4

99.4

.0

.0

-0

.0

.0

.C

4_.7E-011

4_.7E-011

4 .6E-011
4_.6E-011
4.6E-011
4.5E-011
4_.5E-011
4_.3E-011
4.3E-011
4.3E-011
4_.3E-011
4.0CT-011
4 _0E-011
4.0E-011
4.0E-011

4.0E-011

4_.0E-011

ACP-DGN-FR-EDCB, ACP-DGN-FR-EDGC, BAT-DEP-SHR,
DGHWNRSHR, ESW-XHE-FO-EHS, HCI-MOV-CC-MV14,
LOSPNR1ZHR

ACP-DGN- FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-SHR,
SHR, ESW-XHE-FO-EHS, HCI-MOV-CC-MV19,
TXOSPNR12HR

ACP-DGN-FR-EDGC, BAT-DEP-SHR, DCHWNR12HR,
DCP-BAT-LP-B2, ESW-XHE-FO-EHS, LOSPNR1ZHR
ACP-DGN-TE-EDGC, BAT-DEP-9HR, DGMANR3HR,
ESW-CKV-CB-CS15B, HCI-TDP-FR-20837, LOSPNR1ZHR

:

ACT-DGN-TE-EDGB, BAT-DEP-9HR, DGMANRSHR,
ESW-CKV-CB-CSiSA, HCI-TDP-FR-20S37, LOSPNR1ZHR
BAT-DEP-7HR, ESW CKV-CB-CS1S5B, ESW-MDP-MA-MDPB,
HCI-TDP-FR-20S37, LOSPNR9HR

BAT-DEP-7HR, ESW-CKV-CB-C515A, ESW-MDP-MA-MDPA,
HCI-TDP-FR-208S37, LOSPNR2HR

ACP-DGN-TE-EDGB, BAT-DEP-5HR, DGMANRSHR,
ESW-CKV-CB-C515A, HCI -TDP-FR-20837, LOSPNR7HR
ACP-DGN-TE-EDGC, BAT-DEP-5HR, DGMANRSHR,
ESW-CKV-CB-C515B, HCI-TDP-FR-20S37, LOSPNRTHR
ACP DGN-FR-EDGB, BAT-DEP-7HR, DGHWNRTHR,
ESW-CKV-CB-CS15A, HCI-TDP-MA-20S37, LOSPNR9HR
ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-CKV-CB-C515B, HCI-TDP-MA-20S37, LOSPNR9HR
ACP-I N-MA-EDGB, BAT-DEP-7HR, DOMANR7HR,
ESW-CXV-CB-C51SA, HCI-TDP-FS-20S37, LOSPNR9HR
ACP-DGN-MA-EDGC, BAT-DEP-7HR, DGMANRT7HR,
ESW-CKV-CB-C515B, HCI-TDP-FS-20S837, LOSPNR9HR
BAT-DEP-7HR, ESW-CKV-CB-C515A, ESW-MDP-FS-MDPA,
HCI-TDP-FS-20837, LOSPNRI9HR

BAT-DEP-7HR, ESW-CKV-CB-C515B, ESW-MDP-FS-MDPB,
HCI1-TDP-FS-20S37, LOSPNR3HR

ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,
ESW-MDP-FS-MDPB, -XHE-FO-EHS, HCI-TDP-MA-20337,
LOSPNR17HR

ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNRSHR,
ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,

:
:
:
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4.0E-011
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2.9E-011

3.9E-011

3.5C-011

3.5E-011

3.4E-011
3.4E-011

3.4E-011

3.4E-011

3.2E-011

3.2E-011

3.0B-011

2.9E-011

ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNROLR,
ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, HCI-TDP-FS-20837,
LOSPNR17HR

ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNRSHR,
ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, HCI-TDP-FS-20837,
LOSPNR17HR

ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGB, BAT-DEP-7HR,
DGMANRTHR ESW-XHE-FPO-EHS, HCI-TDP-FS-20837,
LOSPNR14H..

ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, BAT-DEP- 7HR,
DGMANR7HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR14HR

ACP-DGN-FR-EDGC, BAT-DEP-SHR, DGHWNRSHR ,
ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FS-20837,
LOSPNR12HR

ACP-DGN-FR-EDGB, BAT-DEP-SHR, DGHWNRSHR ,
ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FS -20837,

BAT-DEP-SHR, BETA-3A0VS, ESW-AOV-CC-CCF,

DGN-FR-EDCB, BAT-DEP-7HR, DGHWNR 7HR ,
-AOV-CC-0241C, ESW-XHE-FO-EHS, HCI-TDP-FR-20S837,
HR
FR

ACP-DGN-FR-EDGC, BAT-DEP-7HR, DCHWNR14HR,
DCP-BAT-LP-B2, ESW-XHE-FO-EHS, LOSPNR14HR
ACP-DGN-FR-EDGB, BAT-DEP-SHR, DGiWNRSHR,
ESW-AOV-CC-0241C, ESW-XHE- FO-EHS, HCI-TDP-FS-20S837,
LOSPNR12HR
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2.9E-011

2.9E-011

2.9E-011

2.6E-011
2.6E-011
2.58B-011
2.5E-011

2.4E-011

2.4E-011

2.0E-011

2.0E-011

2.0E-011

2.0E-011

BAT-DEP-SHR, DGHWNRSHR,
ESW-XHE-FO-EHS, HCI-TDP-MA-20837,

LEE

PB,
PA, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,

gy

2

38

-BDGB,

-MD

-EDGC, BAT-DEP S5HR, DGHWNRSHR,
MD

-EDGC,

BAT-DEP-SHE, DGHWNRSHR,
-0241B, ESW-XHE-FO-EHS, HCI-TDP-FS-20S27,
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FEELEELEELEE
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-EDGB, BAT-DEP-7HR, DGMANRTHR,
-CS15A, HCI-TDP-FR-20S37, LOSPNRSHR
BAT-DEP-7HR, DGMANR7HR,
CSISB BCI TDP-FR 20837 LOSP’R9HR
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Accum
Cut %
No. Total

n

21.0
24.1
7.3

30.0

 ® N =

32.4
10 34.8
sall 36.9
12 33.7
13 40.5
o A
14 42.2

iS5 43.%

Family: PEACHBOT

SEQUENCE CUT SETS (QUANTIFICATION) REPORT

8vent Tree: T1

Sequence: Ti-P1BNU11 Init. Bvent  IE-T1
Mincut Upper Bound 1.625E-007

N N NN
w

8.2E-009%
7.6E-009
6.5E-009
6€.5E-009%9
5.0E-009
S.0E-009
4.9E-009
4.7E-00%
3.8E-009
3.8BE-009
3.5B-009
2.8E-009
2.3E-009
2.8E-009
2.7B-009

DGCCFNR3HR, LOSPNRSHR, P1

ACP-DGN-LP-CCF, BETA-4DGNS, DGCCFNR12HR, INJ-FAILS,
LOSPNR13HR, P1

ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, DGHWNRI12HR,
, INJ-FAILS, LOSPNR18SHR, P1
-DGN-LP-EDGC, DGHWNR12HR,
-FAILS, LOSPNR1BHR, P1
-DGN-LP-EDGC, BAT-DEP-3HR,
-BHS, LOSPNRS9HR, P1
-DGN-LP-EDGB, BAT-DEP-3HR,
-EHS, LOSPNR9HR, P1
T-DEF-9HR, BETA-4DGNS,
PNR12HR, P1

-DEP-5HR, BETA-4DGNS,
DGCCFNRSHR, LOSPNR7HR, P1
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I
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-FO-EHS, LOSPNR17HR, P1
-DGN-LP-EDGB, BAT-DEP-SHR,

s
|
§5
8

DGHWNR9HR, ESW-XHE-FO-EHS, LOSPNR17HR, P1
ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, DGHWNR12HR,
ESW-XHE-FO-EHS, INJ-PFAILS, LOSPNR1SHR, P1
ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP-SHR,
DGHWNRSHR, EkSW-XHE-FO-EHS, LOSPNR12HR, P1
ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-SHR,
DGHWNR 5HR, ESW-XHE-FO-3HS, LOSPNR12HR, P1
ACP-DGN-LP-CCF, BAT-DEP-7HR, BETA-4DGNS,
DGCCFNR7HR, LOSPNRSHR, P1

BETA-3A0VS, ESW-AOV-CC-CCF, INJ-FAILS, LOSPNR13HR,
P1

4 xpusddy
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35
36
37
38
35
40
41
42
43
L
45
46
47
48
49
50
51
52
53

64.9 .6
65.5 .~
66.1 D
66.7 S
67.2 -
67.7 .4
68.2 .4
68.7 .4
63.1 .4
69.6 .4
70.0 -4
7.5 -4
70.9 .4
73.3 .4
71.8 .4

TR 2 =
72.6 -4
73.0 -4
73.4 =

1.0E-009
9.58-010
9.5E-010
8.7E-010
8.7E-010
7.9E-010
7.8E-010
7.8E-010
7.3E-010
7.3E-010
7.3E-010
7.3E-010
7.2E-010
6.8E-010
€.8BE-010
€.5E-010
6.5E-010
6.5BE-010

6.5E-010

ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, DGMANRIZHR,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR1SHE, P1
ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, DGMANRI1ZHR
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR, Pl
ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-3HR,

DGMANR3IHR, ESW-XHE- FO-EHS, LOSPNR9HR, P1
-BEDGC, ACP-DGN-MA-EDGB, BAT-DEP-3HR,
-FO-EHS, LOSPNRSHR, P1

“EE3
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:

, BAT-DEP-7HR, DGHWNR7HR,
B, LOSPNRSER, P1
. BAT-DEP-7HR, DGHWNR7HR,
A, LOSPNRSHR, P1
DGHWNR12HR, ESW-ADV-CC-0241C,
INJ-FAILS, LOSPNR13HR, P1
, DGHWNR12HR, ESW-AOV-CC-0241B,
INJ-FAILS, LOSPNR13HR, P1
. DGHWNR12HR, ESW-CKV-CRB-CS1SA,

EHEEEE
A3R3EBERE
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DGHIIRIZHR ESW-CKV-CB-C515B,
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ok
:

8

RARERERER
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i
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HR, ESW-PTF-RE-DGB,
LS, LOSPNRISHR, P1

2HR, ESW-PTF-RE-DGC,

LS, LOSPNR18HR, P1

12HR, ESW-MDP-FS-MDPA,
INJ-FAILS, LOSPNR18SHR, P1

. DGHWNR12HR, ESW-MDP-FS-MDPB,

- LS, LOSPNR1SHR, P1

3HR, DGHWNRIHR,
-FO-EHS, LOSPNRSHR, P1
3HR, DGHWNR3ER,
~-FO-EHS, LOSPNRSHR, P1
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i
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:
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EEEREEERE
T EEEE
288
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AOYS, ESW-AOV-CC-CCF, LOSPNRY9HR,

-6AOVS, EHV-AQOV-CC-CCF, LOSPNR7HEK,
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54
55
56
57
Sy
59
60
€1
62
63
[
65
66
€7

6¢

70
i

72

73.7
74.1
74.4
74 .8
5.3
75.4
75.8
76.1

76.4

77.90
77.3
77.6
77.9
78.2
78.5
78.8
79.0
79.3

-3
-3
. |
3
-2

5.9E-010
5.98B-010
5.5E-010
5.5E-010
5.2E-010
5.2E-010
5.2E-01¢
5.0E-010
S.0E-010
5.02-010
5.0E-010
4.9E 010
4 .9E-010
4.8E-010
4.8E-010
4.6E-010
4.6E-010
4.4E-010

4.4E-010

ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP-9HR,
DGMANRSHR, ESW-XHE-FO-EHS, LOSPNR17HZ, P1
ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-9HR,
DGMANRSHR, ESW-XHE-FO-EHS, LOSPNR17HR, P1
-BECGC. BAT-DEP-3HR, DGHWNRIHR,
-C515B, LOSPNRY9HR, P1

EDGB, BAT-DEP-3HR, DGHWNR3IHR,
C51SA, LOSPNRSHR, P1

i

FTEFEFE

'
)

-EDGB, BAT-DEP-3HR, DGHWNE3IHR,
- -RE-DGC, ESW-X:E-PO-EHS, LOSPNR9HR, P1
- -FR-EDGC. BAT-DEP-3HR, DGHWNRIHR,
- -RE-DGB, ESW-XHE-FO-EHS, LOSPNR9HR, P1

%83854545
EFEFEREE

- -7HR, BETA-6AOVS, EHV-AOV-CC-CCF, LOSPNROHR
P1
ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGH, DGHEWNR12HE
ESW-XHE-PO-EHS, INJ-FAILS, LOSPNR1:. HR, P1
ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, DGHWNR12HR,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNRISHR, P1
ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNEIHR,
ESW-MDP-FS-MDPA, ESW-XFE-FO-EHS, LOSPRR9HR, P1
ACP-DGN-FR-ELGB, BAT-DEP-3HR, DGHWNR - HR,
ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, LOSPNRSHR, P1
ACP-DGN- FR-EDCB, ACF DGN-MA-EDGC, BAT-DEP- SHR,
DGMANRSHR, ESW-XHE-I )-EHS, LOSPNR12HR, P1
ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP- SHR,
DGMANRSHR, ESW-XHE-FO-EHS, LOSPNRI2HR, P1
ACP-DGN-FR-EDGB, DCHWNR12HE, ESW-PTF-RE-MDPB,
ESW-4HE-FO-EH3, INJ-FAILS, LOSPNR1SHR P1
ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-PTF-RE-MDPA,
RSW-XHE-FO-EBHS, INJ-FAILS, LOSPNR1SHR, P1
ESW-CKV-CB-CS1SA, ESW-PTF-RE-DGB, ING-FAILS,
LOSPNR13HR, P1
ESW-CKV-CB-CS1SR, ESW-PTF-RE-DGC, INJ-FAILS,
LOSPNR13HR, P1
ACP-DGN-LP-EDGB, BAT-DEP- 9HR, DGHWNRSHE,
ESW-AOV-CC-0241C, ESW-XHE-FO-BHS, LOSPNR12HR, P1
ACP-DGN-LP-EDGC, BAT-DEP-3HR, DGhWNRSHR,
ESW-ACV-CC-02418, ESW-XHE-FO-EHS, LOS: SR12HR, P1
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4 . 4E-010
4 .4E-010
4.3E-010
4.3E-010
4.2E-010
4.2E-010
4.0E-010
4.0E-010
3.8E-010

3.8E-010

eL-d

3.8E-010
3.8E-010
3.8E-710
3.8E-010
3.8E-010
3.8E-010
3.6E-010
3.6E-010

3.5B-010
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ESW-CKV-CB-CS15B, ESW-MDP-FS-MDPB, INJ-FAILS,
LCSPNR13HR, P1

BSW-CKV-CB-C515A, ESW-MDP-FS-MDPA, INJ-FAILS,
LOSPNR1I3HR, P2

ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-MDP-MA-MDPA,
ESW-XHE- FO-EKS, INJ-FAILS, LOSPNR1SHE, Fl

-FR-EDGB, DGHWNR12HR, FSW-MDP-MA-MDPB,
-EHS, TNJ-FAILS, LOSPNR18HR, P1

BAT-DEP-9HR, DGHWNESHE,
LOSPNR17HR, P1

T-DEP-9HR, DGHWNROHR,
PNR17HR, Pl

., DGHWNRSHR,
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CEFEEEFRELE
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i
1
g8
i

DGHWNRI9HR ,
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F
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:
:

- - TE-EDGB, BAT-DEP-3HR,
DGHWNR3HR, XHE-FO-EHS, LOSPNR9HR, P1
ACP-DGN-FR- , ACP-DGN-TE-EDGC, BAT-DEP-3HR,
DGHWNR3IHR, ESW-XHE-FO-SHS, LOSPNRSHR, Pi
ACP-DGN-FR-EDGC, BAT-D'F 9HR, DGHWNRIHR,
ESW-MDP-FS-MDPA, ESW-XFk-FO-EHS, LOSPNR17HR,
ACP-DGN-FR-EDGB, BAT-I'ZP-9HR, DGHWNRSEHR,
ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, LOSPNR17ER,
ACP-DGN-LP-EDGB, BAT-DEP-SHR, DGHWNRSHR,
ESW-AOV-CC-0241C, ESW-XHE-FC-EBHS, LOSPNR7HR,
ACP-DGN-LP-EDGC, BAT-DEP-SHR, DGHWNRSHR,
ESW-AOV-CC-0241B, ESW-XHE-FO-EIS, LOSPNR7HR,
ACP-DGN-MA-EDCGB, BAT-DEP-3HR, DGMANR3HR,
ESW-CKV-CB-C515A, LOSPNRSHR, Pl
ACP-DGN-MA-EDGC, BAT-DEP-3HR, DGMANR3HR,
ESW-CKV-CB-CS158B, LOSPNRSHR, Pl
ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
ESW-PTF-RE-MDPA, ESW-XHE-FO-EHS, LOSPRRSHR, Fl
ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,
ESW-PTF-RE-MDPB, ESW-XHE-FO-EHS, LOSPNRSHR, Pl
ACP-DGN-MA-EDGC, DGMANR12HR, ESW-CKV-CB-C5158,
INJ-FAILS, LOSPNK13HR, P1

LOSPNR17HR, Pl

LOSPNR17HR, P1
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111
112
113
114
115
116
117
118
119
120
121
122
123
i24
125
126
127
128

129

87.8
87.9
88.1
88.3
88.4
88.6

09.1
89.2
89.4
89.6
89.7
B

90.0
90.1
90.3
90.4
90.5

2.8E-010
2.8E-010
2.7E-010
2.7E-010
2.6E-010
2.6E-010
2.6E-010
2.6B-010
2.5BE-010
2.5E-010
2.5E-010
2.5B-010
2.3E-010
2.3E-010
2.3E-010
2.3E-010
2.2E-010
2.2E-010

2.1E-010

DGN-FR-EDGB, BAT-DEP-9HR, DGHWNRSHR,
-PTP-RE-MDPB, ESW-XHE-FO-BHS, LOSPNR17HR, P1
DGN-FR-EDGC, BAT-DEP-9HR, DGHWNRSHR,
PTF-RE-MDPA, ESW- m FO-EHS, LOSP!IRI'IHR Pl

LOSPNRSER, P1

BAT-DEP-3HR, ESW-TXV-CB-C515B, ESW-MDP-FS-MDPB,
LOSPNRSHR, P1

BAT-DEP-SHR, ESW-CKV-CB-CS515A, ESW-PTF-RE-DGB,
LOSPNR12HR, P1

BAT-DEP-9HR, BSW-CKV-CB-C515B, ESW-PTF-RE-DGC,

i
?.;

E3W-MDP-FR-MDPB,

LOSPNic(18HR, P1

-EDGC, BAT-DEP-9HR, DGHWNR9HR,

-MDPA, ESW-XHE-FO-EHS, LOSPNR17HR, Pl
BAT-DEP-9HR, DGHWNR9HR,

3
;
g
T
44,

5383
.;8

AT
HEEEEE

ESW-XHE-FO-BHS, LOSPNR17HR, Pl
-9HR, BESW-CKV-CB-C515A, ESW-MDP-FS-MDPA,
CKV

558
L
L
23

-CB-C515B, ESW-MDP-FS-MDPB,

:
"N
B
"
b

-EDGB, BAT-DEP-7HR, DGHWNR7HR,
-0241C, ESW-XHE-FO-EHS, LOSPNRSHE, Pl
-EDGC, BAT-DEP-7HR, DGHWNR7HR,
-0241B, ESW-XHE-FO-EHS, LOSPNR9HR, Pl

3853

-m.ncpnalnmc BAT-DEP-5HR,
FO-BHS, LOSMIZHR Pl
-BEDGC, ACP m TE-EDGB, BAT-DEP-5HR,
FO-EHS, LOSPURIZIR, Pl
-EDGB, mzn, ESW-AOV-CC-0241C,
EHS, INJ-FAILS, LOSPNR1BHR, Pl

§i§msas
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35308083535
4gigis
alncnes
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i
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v

8%
28
33

4 xwpuaddy
























£8-d

GI6S-HO/DAUNN

263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280

281

3.4E-011
3.3E-011
3.3E-011
3.1E-011
3.1E-011
3.90E-011
3.0E-011
2.8E-011
2.8E-011
2.7E-011
2.7E-011
2.7E-011
2.6E-011
2.6E-011
2.4E-011
2.4E-011
2.0E-011
2.0E-011

1-9!'011

BAT-DEP-SHR, LSW-CKV CB-CS15A, ESW-MDP-FR-MDPA,
LOSPNR12HR, PZ

BAT-DEP-9HR, [ s¥-MDP-FR-MDPB, ESW-MDP-MA-MDPA,
ESW-XHE- FO-EHf, LOSPNR17HR, P1

BAT-DEP-9HR, ESW-MDP-FR-MDPA, ESW-MDP-MA-MDPB,

BAT-DEP-3HR ESW-MDP-FR-MDPA, HSW-MDP-MA-MDPB,
ESW-XHE-FO-¥HS, LOSPNR9HR, Pl

BAT-DEP-3HK, ESW-MDP-FR-MDPB, ESW-MDP-MA-MDPA,
ESW-XHE-FO- THS, LOSPNRSHR, Pl

-DEP-SHR, ESW-MDP-FR-MDPA, RESW-MDP FS-MDPB,
-FO-ERS, LOSPNR12HE, P1

, BSW-MDP-FR-MUPB, ESW-MDP-FS-MDPA,
-EHS, LOSPNR12Hi., P1

BAT-DEP-SHR, DGRWNRSHR,
ESW-XHE-FO-BHS, LOSPNR12HR, P1
'M'Smo msnv
-XHE-FO-EHS, LOSPNR1ZHR, P1

P
G

’
o
A
st
3
-

R
r-:

3
:

FELEEEE:
334393
3

BAT

ESW

BAT

ESW

ACP

EHV

ACP

EHV

BAT - -7HR, ESW-CKV-CB-C515B, ESW-MDP-FR-MDPB,
LOSPNR14HR, Pl

BAT-DEP-7HR, ESW-CKV-CB-CS15A, ESW-MDP-FR-MDPA,
LOSPNR14HR, P1

ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD,
BAT-DEP-5HR, DGHWNRSHR, LUSPNR12HR, P1
BAT-DEP- 7HR, ESW-AOV-CC-0241C, ESW-MDP-MA-MDPA,
ESW-XHE-FO-ERS, LOSPNR9HR, P1

BAT-DEP-7HR, ESW-AOV-CC-0241B, ESW-MDP-MA-MDPB,
ESW-XHE-FO-EHS, LOSPNRSHR, Pl

BAT-DEP-7HR, ESW-MDP-FR-MDPB, ESW-MDP-FS-MDPA,
ESW-XHE-FO-EHS, LOSPNR14HR, P1

BAT-DEP-7HR, ESW-MDP-FR-MDPA, ESW-MDP-FS-MDPB,
ESW-XHE-FO-EHS, LOSPNR14HR, P1

BAT-DEP-5HR, ESW-MDP-FR-MDPB, ESW-MDP-MA-MDPA,
ESW-XHE-FO-EHS, LOSPNRE12HR, Pl

BAT-DEP-S5HR, ESW-MDP-FR-MDPA, ESW-MDP-MA-MDFB,
ESW-XHE-FO-EHS, LOSPNR12HR, P1
ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNR14HR, P1

4 xpuaddy
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SEQUENCE
FPamily: PEACHBOT
Seguence: Ti1-BU11UZ1
Mincut Upper Bound

L

100.0 1.7E-007 BETA-SBAT,

e 2 |
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Accident Segquence

REPOR’

Event Tree

SEQUENCE CUT SETS (QUANTIFITATION)

Family: PEACHBOT
Sequence: T1-C-SLC Init. Event

Mincut Upper

Cut Prob/

Freq.
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Table F.13 Accident Sequence T3A-CU11X

Accum

Cut * § Cut Prob/

No. Total Set Freq. ALTERNATE CUT SETS
1 S57.2 57.2 1.SE-007 ESF-XHE-FO-DATWS, HCI-TDP-FS-20S37, NR,
2 76.3 19.0 5 OE-008 ESF-XHE-FO-DATWS, HCI-TDP-MA-20S37, NR, RPSM
3 85.8 9.5 2.SE-008 ESF-XHE-PC-DATWS, HCI-TDP-FG-20S37, NR, RPSM
4 91.5 5.7 1.SE-008 ESF-YHE-FO-DATWS, HCI-MOV-CC-MV19, NR, RPSM
S 97.2 5.7 1.5E-008 ESF-XHE-PFO-DATWS, HCI-MOV-CC-MV14, NRE, RPSM
6 97.6 .3 1.0E-v09 ESF-XHE-FO-DATWS, HCI-MOV-MA-MV17, NR, RPSM
7 98.0 .3 1.0E-009 ES7-XHE-FO-DATWS, HCI-MOV-MA-MVS57, NR, RPSM
8 98.4 .3 1.0E-009 ESF-XHE-FO-DATWS, HCI-MOV-M”-PCVS50, NR, RPSM
9 98.8 .3 1.0E-005 ESF-XHE-FO-DATWS, HCI-MOV-MA-MV20, NR, RPSM
10 9%9.2 .3 1.0E-009 ESF-XHE-FO-DATWS, HCI-MOV-MA-MV14, NR, RPSM
11 93%.4 .2 6.2E-010 ESF-XHE-FO-DATWS, HCI-ICC-HW-FC108, NR, RPSM
12 93.6 .1 5.08-010 ESF-XHE-FO-DATWS, HCI-CXV-HW-CV6S5, NR, RPSM
13 99.8 -1 5.0E-010 ESF-XHE-FO-DATWS, HCI-CKV-HW-CV32, NR, RPSM
14 100.0 .1 5.0E-010 ESF-XHE-FO-DATWS, HCI-TCV-HW-TCV18, NR, RPSM

SEQUENCE CUT SETS
Family: PEACHBOT
Sequence. T3A-CU11X

{QUANTIFICATION) REPORT
Event Tree: TLA

Init. Event: IE-T3A

Mincut Upper Bound 2.621E-007

4 Xpueddy
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Table F.14 Accident Sequence T3A-P2V234NU11

SEQUENCE CUT SETS (QUANTIFICATION) REPORT
Family: PEACHBOT Event Tree: T3A
Sequence: T3IA-P2V234NU11 Init. Bvent: IE-T3A
Mincut Upper Bound 2.660E-008

Table F.15 Accident Sequence T2-C-SLC

SEQUENCE CUT SETS (QUANTIFICATION) REPORT
Family: PRACHBOT Event Tree: T:
Sequence: T2-C-SLC Init. Event: IE-T2
Mincut Upper Bound 2.796E-008

1 57.0 57.0 1i.6E-008 NR, RPSM, SLC-XHE-RE-DIVER

2 92.8 35.7 1.0E-008 NR, RPSM, SLC-XHE- PO-SLC

3 98.8 6.C 1.7E-009 NR, RPSM, SLC-SYS-TE-SLC

4 100.0 1.1 3.1E-010 BETA-2SIPUMPS, NR, RPSM, SLC-MDI*- FS-CCF

4 Xpuaddy
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Table F.20 Accident Sequence T3C-C-SLC

SEQUENCE CUT SETS (QUANTIFICATION) REPORT
Family: PEACHBOT Event Tree: T3C
Sequence: T3C-C-SLC Init. Bvent: IE-T3C
Mincut Upper Bound 1.066E-007

Accum
Cut % Prob/
No. Total Set Freq.
6.0E-008 NR, RPSM, SLC-XHE-RE-DIVER
3.8E-008 NR, RPSM, SLC-XHE-FO-SLC
6.4E-009 NR, RPSM, SLC-SYS-TE-SLC
1.2B-009 BETA-2SIPUMPS, NR, RPSM, SLC-MDP-FS-CCF
1.9E-010 NR, RPSM, SLC-CKV-HW-CV16
1.9E-010 NR, RPSM, SLC-CKV-HW-CV17
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Table F.21 Accident Sequence T3C-CU11X
SEQUENCE CUT SETS (QUANTIFICATION) REPORT
Family: PEACHBOT Event Tree: T3C
Sequence: T3C-CU11X Init. Bvent: IE-T3C
Mincut Upper Bound 1.938E-008
Accum
Cut % $ Cut Prob/
No. Total Set Freq. ALTERNATE CUT SETS
1 58.8 58.8 1.1E-008 ESF-XHE-FO-DATWS, HCI-TDP-FS-20S837, NR, RPSM
2 78.4 19.6 3.8E-009 ESF-XHE-FO-DATWS, HCI-TDP-MA-20S37, NR, RPSM
3 88.2 9.8 1.9E-009 ESF-XHE-FO-DATWS, HCI-TDP-FO-20837, NR, RPSM
4 94.1 5.8 1.1E-009 ESF-XHE-FO-DATWS, HCI-MOV-CC-MV19, NR, RPSM
5 106.0 5.8 1.1E-009 ESF-XKE-FO-DATWS, HCI-MOV-CC-MV14, NR, RPSM

4 xpuaddy
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RISK CALCULATIONS
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Appendix G

TI-BNUI1
TI-PIBNUI1

TI-BUIINU21

PDS - § = SUM

5.70E-07
S.24E-78
4 51E-08

6.68E-07

* 2.23E06

ACDF = (Z.13B-06) - (6.68E-07) = | .46E-06

ARisk = 4,75 - 1,49 = 326

Alternative S: Risk Calcalation

= 149

ACDF = (2.13E-06) - (1.07E-06) = 1.06E-06

ARisk = 4.75 - 2.39 = 2.36

While only the cut sets in each of the three contributin
to service water should change,
water related cut sets were cons

not change.

NUREG/CR-5910

Population Dose
Accident Core Damage 50 Miles Person
Sequence Frequency Consequence - REM/R yr,
TI-BNUI | 9.21E-07
TI-PIBNU11 8. 10E-08
T1-BUIINU21 6.79E-08
PDS - 5 = SUM 1.O7E-06 v 2.23B06 | = 2.39

g accident sequences in PDS § that relate

the ARisk should be the same for the total as if only the service
idered since the non-service water cut set's contribution should

G6
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PILOT PLANT MODIFICATION

COST ESTIMATES
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Appendix H

The method used is to examine comparable modifications from TAP A-45 to those being proposed for the silot plant and
any other pertinent information to determine an estimate of total one time cost. operational and maintenance cost/year, and
replacement power cost. We will assume the replacement power cost will be zero in that all work that needs 1o be done with
the plant shutdown will be done during normal outages. Tatle H | presents those TAP A-45 modifications thit are relevant
1o the pilot plant modifications. Most are similar in requirements and should provide reasonsble estimates. Neither Turkey
Point nor St. Lucie had any modifications that reiated to the pilot plant. The numbers and letters ¢.g., 803-C represent the
modification number used by the architect engiceer in TAP A4S and the applicable “sppendix’ of Appendix J. Since the
TAP A-45 studies were based on January 1985 dollars we will use a factor for January 1992 dollars based on the consuiner
price index (CPI) although we realize construction costs may have gone up more or less than this amount. This is shown
in Table H.2.

The following estimates include the basic < haructeristics of the pilot plant modification, the characteristics of the comparable
modification, costs of the comparsbe modification, and major differences between thain. The conclusion of each
modification cost estimste gives the rational for using the comparable modification coss and any other informatics used to
catimate the modification costs *. » used in the value/impact analysis.

Table H. |
Relevant TAP A-45 Modification Cost Estimates.
Dilot Plant Poin
Modifications Qua. Cities Cooper Beach ANO-|
ks 3rd ESW BCW Train RHR Pump DHR Pump
Train 803-C 816-L 804-C
pump-cv-mv
2. Auto-Actuation Auto-Transfer Auto-Act.
Logic 304-D 506-F

3. Opomortnining,ptmedum-nocndiluhnforthilpounﬁdmdxﬁu&onwnucoﬂmmm‘

4 Add sdditional Isolation MOV Pamilel MV Parallel AOV
putap discharge 805-E 803-C 805-D
check valve (2
cach)

8. Increase Test
Frequency of
ESW Discharge
check valves

6. Check valve in {solation MOV Parallel MV Parallsl AOV
series with AOVs BOS-E 803-C 805-D
(4 each)

5 Swing EDG. self EDG EDG TD Gen. TD Gen.
cooled with 301-A 301-A g15-K 303-B
battery

-

NUREG/CR-5910 H-2



T - S ————

Table H.2.
Inflation Between 1/85 and 1/92.
Year Percent Inflation’ Multiplier
1985 36 1.036 *
1986 1.9 1019 *
1987 36 1.03¢6 *
1988 4.1 1.041 *
1989 48 1.048 *
1990 54 1.054 *
1991 ~55 1.055 =1.327 factor for 1/92
dollars
These vaiuss come from the consumar price index percentages given in the 1992 World Almeoac.
H-3 NUREG/CR-5910



Appendix H

PILOT PLANT MODIFICATION NO. 1
Addition of » Third ESW Pump

170% Flow Capacity 8000 gpm

Separate Suction Line to Water Scurce

One Manual Valve and One Check Valve in Pump Train

Power From Diesel Generator D - Differsnt Than Two Existing ESW Pumps
Same Actuation as Existing Pumps

Extra Building Space Required

Reiated TAP A-45 Modification - Quad Cities 1/1985 Dollars

Add Cooling Water Pump for Diesel Generators - Mod. 803, App. C
Flow Capacity 900 gpm

Located in Existing Building

Two Manual Valves, Two Motor Operated Valves, and Two Check Valves
Control, Power, and Actuation Costed

Generic Costs From Quad Cities Alt. 2, p. J-36, 37:

Direct

Indirect (2613/3097) * 194)

Contingency and Owner's Costs (2613/3097) * 1764
Total One Time Cost of Modification

Operations and Maintenance Costs Per Year

Maxjor Differences:

. Pump Capacity 8000 gpm Verses 900 gpm
. Number o” Valves 2 Verses 6
L] Building Space/Construction Uncertain

Estimated Costs Based on Comparison With Quad Cities Mod. 803 in 1/1992 Dollars

Total One Time Cost 5739 * 1.327
Opemations and Maintenance Costs Por Year 6 * 1,327

Related TAP A-45 Modification - Point Beach 1/1985 Dollars

Add RHR Pump - Mod. 816, App. L
Flow Capacity 1560 gpm

Located in Existing Building

Two Manua! Valves

Control, Power, and Actuation Costed

Generic Costs From Point Beach Alt. 3, p. J-46, 47

Direct
Indirect (1161/12487) * 8375
Contingency and Owner's Cost (1161/12487) * 7300
Total One Time Cost of Modification
Operations and Maintenance Costs Per Year (1161/12487) * 235

NUREG/CR-5910 H-4

613K

= 1638 K
= 488 K
$5739 K
6K

= 7616 K
= 8K

1161 K
= 79K

$2619K
= 2K
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summary, the average of three estimat $7.6M, $3.5M, and $6.3M) is $5.8M
» ast

This 1s 1ow "ecause the ESW pump u«

imated here 18 & much larger pumg ths should be longe- and there may need to be modifications to the

Vice Wiater builic ng and iriake stru t

$7.0M) averaging to $

the $5M to $20M range

526 uses a data base of three estimates (312.5M, £37.5M, and
WALar pump as a per unit ¢

ost. Clearly such & modification cost will be in
ur estimates without any detailed examination and evaluation of the

1 K
raated one time cost for this modification 1s $12.4M. We believe this is withir

Ne AcCCUracy !
plant, our engineering
A IsClOor Of tw

» and should not affect the results significantly

be combined. The average value of $32 K will be used
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PILOT PLANT MODIFICATION NO

lingen and
lotal One

pera ns and Ma




Appendix H

Onerations and Maintanance Costs Per Year 2% 1.327 = 3K

The relatively comparable TAP A 45 modifications are considerably more involved than the proposed modification for the
pilot plant. The two one time costs are $738 K and $253 K. Our engineering judgement is that this modification would cost
less than the Cooper modification. The estimates are $150 K for one time costs and §5 K for operations and maintenance
costs

H-7 NUREG/CR-5910
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PILOT PLANT MODIFICATION NO. 4
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Appendix H

Aduition of Kedundant BWST Supply Valves - Mod. 805, App
Parallel Air Opersted Valve in Bach of Two Suction Line

Generic Costs From ANO-1 Alt, 1, p. J-30, 31

Dhiec
Indirect (1345/6747) * 5221
natingency and Uwner's Costs Per Year (1345/6747) * 4189
Total One Time Cost of Modification
Cpen-dors and Muuntenance Costs Per Year (1345/0747) * 114

Major DifTerences

L Two Air Operated Valves and One Manual Valve Versus Two Check Valves
» Smaller Pipe Size

Estimated Costs Based on Comparison With Mod. 805 in 1/1992 Dollars

Total One Time Cost 3221 * 1.327 = 4274 K
Operations and Maintenance Costs Per Year 23 * 1.327 = 3] K

Ihe total one time coets for the three roughly comparable TAP A-45 modifications are givea in Table H-3. A rough scaling
for the number of valves is given thowing similar costs for the two motor operated valves versus the two manual valves
which indicates the pipe size is & s gnificant factor as well as the type of valve. The Point Beach $92 K estimate is driven
oy the pipe siz.. The ANO-! modification would logically appear to be low due to the pipe 8ize and the Cooper modification
fhigh due (o the cost of motor operated valves versus manual vaives. Our engineering judgement is that a realistic cost is
$1200 K. The corresponding operations and maintenance cost estimate is $I0K

Table H-3
Mod. 4 Comparison Mod Cost Estimates

Peach Bottom Cooper Point Beach

1 MOV | Manual Valve 2 AOVs and 1 Manus!
2 Check Valves Large Pipe Small Pipe Valve
Large Pipe Medium Pipe
637 K 4 K 4274 K
Rough Scaling 2 MOVs 2 Manual Valves 2 Nanual Valves '
Small Pipe Medium Pipe
1221 K

Assuming AOV to Manual Valve Cost Ratio is 3 i.e., [4274 + (2% + 1)]*2

NUREG/CR-5910
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PLLOT PLANT MODIFICATION NO

yearly costs for modifications 4 and 6 respect K which is essenti
sl Tre Ky fron

Assuming most

Mhe operations and mainte

$5 K per check valve per yeas of this cost is incurred |
uarisrly o monthly would increase the operations and maintenance costs from $5 K t
f $30 K. By comparison, NUREG/CR-5526 (p. 157) gives & value of $1 K per leak

* 12 tests/vear $24 % Ihe one time cost of implementi h in procedure

51 Kvalve test * 2 valves :
e NUREG/CR-AS

s estimated to be $5 K (referen

ve8§ resulting u

PILOT PLANT MODIFICATION NO. 6

heck Valve the Diesel Generator Alr Operated Valves
t Jacke: Cooling Lines

in the Diessl Generator

X qrad instess of two., Owy

ost of the large versus

ation 4 excepl that four ch

perated valve versus a manual valve outwelgh.y (h
6. The corresponding er'ix tted O & M costs are

0K VAIVES are 1
& MOtor g

tumate of $1800 K for modificatior




Appendix H
PILOT PLANT MODIFICATION NO

L/6568) *
and Owner £ “4 ASAR » 4:\'\(

tal One Time atior
Operaticns and Maintenan

ar (6344/6568) * 137

flerences

Assume bgual (o the Basic Mod Re

d Requirements

tatimated Costs Based omparison With Mod. 301

Y

tal One Time Cost 15,739 % 1.327
Uperations and Maintenance Costs Per Ye

TAP A-45 Modification ooper 1/1985 Dollars

Addition of & Third Diesel Generator - Mod
Dedicated Cool Water
New Building

includes Dedicated Batteries
4000 KW

Svysien

osts From

Direct

indirect (B960/10267), * 8264

Contingency and Owner's Costs Per Year (8960/10267) * 6485

Tota, O T'ime Cost of Modification

Operations and Maintenance Costs Per Year (8960/10267

Major Differences

Assume Equal to the Basic Mod Requirements
Larger Capacity 4000 KW verses 2600 KW

H-1




Appendix H
Estimated Costs Based on Comparison with Mod. 301 in 1/1992 Dollars

Total One Time Cost 21,831 * 1,327 = 28,970 K
Operations and Maintenance Costs Per Year 149 * | 327 = 98K

Related TAP A-45 Modification - Point Reack 1/1985 Dollars

Turbine Driven Generator - Mod. 815, App. K

Fn-losed in Existing Space

Lube Oil and Jacket Cooling Unknown - Probably Self Sufficient
SO0 KW

Generic Costs From Point Beack Alt. 2, p 339, @

Direct 2178 K
Indirect (2178/8074) * 5289 = 1427 K
Contingeacy and Owner's Costs Per Year (2178/8074) ' 5289 = 1261 K

Total Onc Time Cost of Modification $4866 K
Operations and Maintensace Costs Pec Year (2178/8074) * 51 = J4K

Major Differences:

& Turbine Versus Diesel Driven
L] 500 KW Versus 2600 KW
. No New Building

Estimated Costs Based on Comparison With Mod. 1§ in 171992 Dollars

Total One Time Cost 4866 * 1.327 = 6457 K
Operations and Meintenance Costs Per Year 14 ¢ 1,327 = 9K

Related TAP A-45 Modification - ANO-1 1/1985 Dollars

Addiﬁmofnhrbimbﬁvmﬁmfmﬁmrmywm 303, App. B
Enclosed in Existing Space

Lube Oil and Jacket Cooling Unknown - Probably Self Sufficient

S00 KW

Generic Costs From ANO-1 Alt. 1, p. J-30, 31

Direct 1855 K
Indirect (1855/6747) * 5221 = 1435 K
Contingeucy and Owner's Costs Per Year (1855/6747) * 4189 = 1152 K
Total One Time Cost of Modification 42 K
Operations and Maintenance Costs Per Year (1855/6747) * 114 = 31K
Major Differences:

o Turbine Versus Diesal Driven
L 500 KW versus 2600 KXW
. No New Building

EltimlthlmBmdonComﬁmWithMod.mmlllmmﬂm
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me Time Cost 4447 *

ns and Maintens

omparable modifications costs estimated |
requirements Clearly the m representative

n and $175 K operadons and maintenance cos! per

numbenrs »




Table H .4
fot Plant Best Estimnate
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