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ABSTRACT

The contribution of essential service water (ESW) system 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 modincations to solve ESW vulnerabilities using a prot 3 typical (pilot) plant.
Previous studies indicate that service water systems contribute from < 1% to 65 % of the total it.tcrnal
CDF. For the pilot plant analyzed, common ESW vulnerabilities are fhilure 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 loops 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 specine 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

he reliability of essential Service wster (ESW) systems 1. One of the NRC spomoted PRAs with relatively

and related problems has been a concem of the Nuclear current methods and fault trees in a computer

Regulatory Conunission (NRC) and the nuclear inuustry format, e.g., IRRAS. {
for many years. Operationalexperience shows significans
failures such as fouling mechanistm, single failures and 2. De PRA results indicate ESW smtems are a
other design defic.encies, flooding, multiple equipment significant contributor to CDP.

failures, and operator or procedural errors. ne
objectises of this study are to assess the safety 3. He plant represents s large group of units.

significance of the loan of ESW systems in light water
reactors (LWRs) and the corresponding contributions to 4. He ESW system is representative of a large

core damage frequeneles (CDF), and to perform a limited group of ESW systems and the analysis includes i

value/ impact study on a prototypical plant. common failures found at other plants.

A review of the contribution to CDP of ESW system he plant selected we a llWR 4 MK I analyred in
failures for internal esents only, in 20 PRAs shows that NUREG ll50 and described in detail in NUREG/CR.
the svenige contribution is; 4550.

PWRs 'old' 12 % 11WRs *old' 36 % %e pilot plant study has several limitations and
PWRs 'nev 7% 11WS 'new' 15 % assurrrtions. Patemal events are discussed but not

includcd in the quantitative analysis. He service water
nere were wide variations in the contribution made by system analyred is referred to as the Emergency Service

service water for the eleveu plant PRAs considered in this Water (ESW) system. Pallure of this' system as an i,

study. De variation was from < 1% to 65%, indicating initiating eveat was not important at the pilot plant due to
'
,

that the impact of service water systems on plant risk is the dominance of loss of offslte power and was therefore

plant specific. De reasons for the broad range found are not included in the quantitative analysis. Ilowever, such

the degree of dependency a plant has on service water, an initiator could be important at other plants. ne ESW

tb reliability of the service watti systems themselves, and Emergency lleat Sink (Ells) are dominant
and, to some catent, the differences in the NRC. contributors to the blackout sequences at the pilot plant

sponsored PRAs in tenns of modeling assumptions and due to the dependence of other systems, such as the

scope of each PRA program. emergency diesel generators and room cooling, on these
systems. he mapping from plant damage states to

ne service water system dominant failure modes found consequences was taken from NUREG/CR-4551 without

from the review of the eleven NRC-sponsored PRAs tend detailed reanalysis, and the costs of the modifications
to ht.; some commonality between the plants even though proposed were extrapolated imm TAP A 45 (Decay lleat

the service water system configuration for each plant Removal) without contact with the utility or detailed

reviewed is unique. Two common service water faults drawings. Costs were increased from the TAP A-45
found were the dependency of the service w ater system on estimates using the consumer price index (CPI) from 1985

motor-operated or air-operated isolation valves to open on to 1992 but the value/ impact analysis still uses the
;
~ demand to supply cooling wster to safety related loads $1000/ person REM.

and failure of the standby service water pumps to start..

Two subtle failure modes identified in the NUREG/CR- ne phot plant analysis was accomplished by identifying.

4550 program were found to be dominant failure modes ESW vulnerabilities and developing modifications to

! for three of the plants reviewed. Dese subtle failures are address them. He effects of one or more of these
(1) the failure to isolate nonessential cooling water loads; modifications were then incarporated into the service

and (2) pump discharge check valve back flow failing water fault trees by changing the appropriate event

i cross-tied pumps. frequencies. As a result, only requantification was
,

; required. His procedure was carried out using the
Re prototypical or pilot plant was selected relative to dominant cut' sets from the NUREG/CR-4550 results as*

seural criteria including the following: included in the available IRRAS model. Here were three
dominant accident sequences including service water that
were significant as shown in the following table:

,

f

!
i
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IIxecutive Summary

|
|

Sequence Sequence |

Accident CDI'' % of ESW ESW % of
Sequence (/RX yr) Total CDF Contribution Total CDF

TlDNUll 1.64 E46 36.4 8.39E47 19
T1.P111 Null 1.3 t E47 2.9 7.34E48 2
T1.IlUllNU21 1.25E47 2.7 5.88E48 1

'Mean values

%ese are all station tlackout sequences to which the ne inputs to the valuelimpact analysis and the results for
servlee water systems contribute as described earlier la the $/ person REM measure are shown on the next page.
cddition, these sequences include almost all the cut sets
considered !n the entire internal analysis. All these While the $/ person REM are high relative to tha surrently
sequences fellinto the same plant damage state, used criteria of $1000/ person REM, the results from TAP

A-45 were also generally high. De pilot plant may be
Five service water vulnerabilities were identified from better than many other plants in the US nuclear industry
these accident sequences as shown below. relative to service water vulnerabilities. Farthermore, if

extemal events were included in the quantitative analysis
the value/ impact measure could become more favorable.,

!

i

i Vulnerability Description % Contribution to Total CDP

1 Operator falls to operate the 14
emergency heat sink (Ells).

2 Failure to restore ESW compon- 1

| ents after maintenance.

3 Pump discharge check valve fail- 4,

I ures fait cross-tied ESW pumps.
|

4 . ESW pump hardware faults. <1

5 Failure of ESW to cool the EDOs 2
due to AOV failures.

- here were seven modifications developed to address in any case, the methods were demonstrated and the ESW
these vulnerabilities. One consisted of additional operator systems were ast. eased to be significant contributors to
training, revised procedures, and additional alarms. CDF; e.g.,22 percent at the pilot plant.
Another was increased testing frequency. The remainder
were various hardware aSitions or modifications. In summary, although this study looked at only one plant

in any detall, it verified the concern relating to the
Rese modifications can address one or more reliability of ESW, ne study also showed that the
vulnerabilities so they were grouped into five attematives impact of service water on plant risk is plant specific.
for the system analysis and value/ impact analysis.
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Executive Summary

Results for

Percent Risk (ADose) Offsite and

improvement Person REMI Onsite costs

Altemative ACDP in CDF R yr. $/ Person REM

i 4.80E47 10.3 1.07 134K

2 5.80E47 12.4 1.29 158K

3 1.54E46 33.0 3.44 45K

! 4 1.46E46 31.3 3.26 283K
!

J'

i 5 1.06E46 22.7 2.36 529K

_. ,

-

!

| For the plant considered, modifications to reduce the
,

vulnerabilities were developed, llowever, the cost of'

,i implementing the modifications was found to be high in
! terms of the benefit provided. Other plants would need

i. to be analyzed to determine if this is a generic conclusion.
1

!
I

i

k
i
!

.

!

;
i
l

i
!
!
!

i

i

!
.

i
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i
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J.

1.0 Introduction and Methodology:

! l.] IllStor|Cill UI!CNgr00Hd water (NSW) system, or others. In boiling water reactor
(IlWR) plants, it may be referred to as the emergency

'

cooling water (ECW) system, the standby service water
ne reliability of the essential service water (ESW)

(SSW) system, the plant service water (PSW) system, the
system and related problems have been a concern of the

residual heat removal service w ater (RIIRSW) system, or
NRC and the nuclear industry for years. De NRC others.
concerns have been expressed in research reports.u,

bulletins," generie letters,8 and generic issues?' A He ESW system, which is a support system like
comprehensive review and evaluation of operating electrical power, is needed in every phase of plant
experience related to service water systems' conducted by operations. Under accident conditions, the ESW system

| the NRC further indicate the safety significance of the supplies cooling water to systems and components that are
ESW system. De study (NUREG-1275)identifiwia total mportant to safe plant shutdown or to mitigating the
of 980 operational events in which the service water consequences of the accident. Under normal operating
system was involved, with twelve of these operational cond:tions the ESW system provides component and room
events representing a complets loss of the ESW system, cooling (mainly via the component cooling water system).
ne causes of failures and degradations include various During a subsequent shutdown period, it also ensures that

,

i fouling mechanisms (sedimnt deposition, biofouling, residual heat is removed from the remeter core ne ESW |corrosion and crosion, foreign rnaterial and debris '

system nuty also supply makeup water to the fire
intrudon); single failures and other design deficiencies; protection system, cooling towers and water treatment
flooding; multiple equipment failures; and ope". tor or systems at the plant.
procedural errors.

He design and operational characteristics of the ESW
Recently, another ESW related study, Generie lasue 130, system are different for PWRs and BWRs. In addition.
* Essential Service Wato Pump Failures at Multi Plant the design and operational characteristics differ
Sites,' was completed. Prelimirury results of this study' significantly from plant-to-plant within each of these
indicate that the problems associated with the ESW system reactor types. ne success criteria associated with the
would be a significant contributor to the frequency of core functions of an ESW system are also plant specific. A
damage in the seven multi-plant sites identified in the compleie loss of the ESW system could potentially lead to
scope of the study, ne generic safety insights gained a core-melt accident, posing a significant risk to the
from this study indicated that the issue of ESW adequacy public.
should be expanded to ie:lude all US LWRs. His issue

1
'

will include all potential causes for the ESW system
Safety concems include: partial or complete loss of ESW

unavailability except those w hich hsve been considered to system functions resulting from common causes,
be resolved by implementing the resolutions stated in degradation of the r3W system, design deficiencies, and
Geaerie letter No. 89135 (such as biofouling)*

procedural or maintenance errors ne ESW system can
combine normal and emergency service water functions.

1.2 Safety Signliicance in plants where the ESW performs this dual function, loss
of ESW results in shutdown and a challenge to the safety

he ESW systern at a nuclear power plant supplies system with failure or degradation of a critical support
cooling water to transfer heat from various safety-related system. In other plants there are separate normal and
and non safety related systems and equipment to the emergency service water systems so that an ESW failure
ultimate heat sink of the plant. It is an open-cycle system initiating event is not a concern unless there is some
which takes suction from the ultimate heat sink, e.g., potential common cause failure between these
ocean, bay, river, lake, pond or cooling towers, removes ' independent' service water systems.
heat via heat exchangers from the various structures,
systems and components it serves, and discharges the 1.3 Objective
water back to the ultimate heat sink, ne ESW system is
known by different names at various light water reactor

De bjective of this study is to assess the safetyplants, in pressurized water reactor (PWR) plants,it may

be referred to as the essential service water (ESW) significance of the loss of ESW systems in LWRs and the

system, the emergency equipment coollag water (EECW) c rresponding coutributions to core damage frequency

system, the essential raw cooling water (ERCW) system, (CDF), and to perform limited value/ impact and
the salt water cooling (SWC) system, the nuclear service sensitivity studies on a selected prototypical (pilot) plant.

A second phase to the program may use the pilot plant

NUREG/CR-5910 1-1
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introduction

analysis as an etample to extend the analysis to cover all study or other compatible methodologies such as
plant types in the US 1.WR industry. NUREG/CR l150. His subtask will be accomplished by |

manipulating the dominant cut sets, i.e., changes will not :
I

1.4 Specific Tasks modify the buie nodels directly. Uncertainty will be
addressed in the final results whenever possible.

Here were two techni:al tasks identified in this study: ne two inLa can be condensed into the specifie tuks
given below.

Task 1 - Evaluate the Impofurreaf Service Water
|Svatem failures to Core Damge Frequency Tuk1 |

fhe objective of this tuk is to evaluate the safety 1. Evaluate Safety importance of SW I

importance of senice wa'er using core damsge frequency
9 (CDF) contribution as a measure, and NRC-sponsored llaalt CDP Measure
! PRAs a the benchmark. Dominant accident sequences NRC. Sponsored PRA u liasis
] involving service water failures will be identified and Inte.rnal Ever ts
: cammined foi specific component faults or related failures, <

l e.g., human errors or test and maintenance unauitability a. Ideniify Dominant Accident
: Irading to core damsge. Several cand!date plants will be Sequences involving SWS

identified from IREP (Interim Relisbility Evaluation b. Identify Specific Contributing-

Program), TAP A-45, NUREG-il50, and the LaSalle Components or Related Pailures
PRA. %ese PRAs cover 15 different plants and all"

c. Identify Candidate Plants for Pilot
NSSS vendors including older and newer vintages. ASEP Plant Analysis

*

>

1 (Accident Sequence Evaluation Program) service water
j models will be reviewed to evaluate potential groups in 2. Review ASEP SW Models
i terms of types of vulnerabilities, in addition, various

) sources will be reviewed to evaluate operational 3. Review Operational Experience of SWS
experience of service water systems.

Tek 2 Perform a Best. Estimate Seonine Study of Plant
Risk Due to Servlee Water Vulnerabilitira lpeludtnz

1. Select 1%t Plant
Value/Impset and Sensitivity S.tyditi_on a Selected
Prototvrial Plant 2. Perform Best Estimate Calculation of CDP Due

A prototypical (pilot) plant will be selected on the basis of
the results from Tuk I, the availability of useful PRA 3. Correlate Pilot Plant SWS Pallum to Pailures
information, and the contribution of service water failures Found in Task 1, items 1 and 3
to CDP. A best-estimate calculation of CDP due to
servlee water will then be performed on this plant, using 4. Discuss Contribution of Eaternal Events
generic input where appropriate. Service water failures
found in Task I will be correlated with service water 5. Perform E nsitivity Studies on SW Related
(SW) events in the dominant accident sequences of the Events
selected plant PRA. Both intemal and external events will
be included. Sensitivity studie.s will be performed t 6. Identify SWS Vulnerabilities
determine the effect of important SW related events.
Alternatives to improve or eliminate these events will be 7. Propose Modifications to Address %ese
proposed considering reducing dependencies, increasing Vulnerabilities
reliability and availability, improving redundancy, and
decreasing support system requirements. He effect on 8. Combine Modifications into Groups Called
CDP sad cost to implement each proposed alternative will Altematives
be estinutted leading to a corresponding value/ impact
measure for each alternative. Consequence calculations 9. Perform Value/ Impact Analysis on Each !

will be made using the accident sequence release category Alternativt
mapping and value/ impact methods used in the TAP A-45 .

'
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Itasis Extrapolate costs from TAP A-45 4. liigh Pressure Service Water (llPSW) System -
Use NUREG ll50 PDS to Risk Supplies cooling wster to RilR heat exchanges
Mapping in normal and emergetsey conditions.
Manipulate Dominant Cut Sets

5. Emergency .cervice Water System (ESWS) -
a. Evaluate ACDP Provides room cooling and pump cooling for
b. Estimate Costs safety sy stems durbs an emergency.
c. Determine ARisk Measure
d. Calculate value/ impact measures All of these systems can be categorized as part of the total

service water system. Systems such as the NSWS and
ne tasks presented in condensed form above essentially TBCW may not feed engineered safety systems, but do
puvide an orderly procedure. Tasks 1-la,1 lb,12, and feed systems that are analyzed in PRAs because they do
1-3 are discussed in Section 2,0. Tasks 1 lc and 21 are provide some benefit under certain circumstances toward
covered in Section 3.0. Tasks 2 2 through 2-8 are preventing core damage. His is only an example. Some |

covered in Section 4.0 Finally Task 2 9 is described in plants may only have one all purpose service water
Section 5.0. system. In such cases, failure of that system no' only

causes shutdown, but also severely degrades the safety

1.5 Metliodology system responding to the shutdown. There are other
plants with combinations of service water systems
between these extremes.

A typical PRA systems ant'ysis model is depicted
simplistically in Figure 1.1. He purpose of this flow in this study, the analysis proceeded as shown in Figure
diagram is to suggest that any specific system, e.g., the 1.2. His is based upon the specified program tasks,
service water systera, can be addrest.ed individually, and typical NRC type PRA methods, e.g. NUREG-1150, and
with any desired changes reinserted into the systems the value/impset methods used in TAP A-45. Additional
snalysis model. He systems model is then reevaluated methodology details are available in the Appendit L of
and requantified resulting in a new core damage frequency NUREG/CR 4767."
(CDF) and possibly in new accident siequences or different
cut sets. In this study, the effects of modifications were 1.6 AsStimptions and Limitationsexamined by changing event frequencies in the service
wates fault trees, ne model was then requantified to
determine the effect of the modifications (see Section Every study must limit the areas to be covered and by
4.0). His provided results which were consistent with necessity assumptions are made in order to accomplish the
the requirements of ti.e study and eliminated the effort work without *.ddressing issues and details that really do
required to generate and analyze new accident sequeneca not bear significantly upon the results desired. n ese
or cut sets which would have provided additional limitations and assumptions are tabulated below,
information of limited value.

Limitations
ne service water system or essential service water
system can encompass several related systems depending 1. Extemal events are discussed but not included
on the plant. As an example, suppose a plant were in the quantitative analysis. Certain external
configured as shown below: events are clearly very impoitant and have

service water wntributions, but resources did
not termit a detailed analysis.1. Normal Senice Water System (NSWS) -

supplies cooling water Sring normal operation.
2. Service water failure initiating evente can be

2. Turbine Building Cooling Water (TBCW) important at some plants. He pilot plant
System - Supplies Cooling Water to the power selected was not susceptible to this special
conversion system during normal operation. Initiator since the emergency servlee water

system is essentially independent of the normal ~
3. Reactor Building Cooling Water (RBCW) service water system. Herefore, it did not

System Supplies cooling water to some loads make sense to artificially introduce 3 SW
that are required in both normal and emergency initiator into the analysis,
conditions.

NUREG/CR-5910 1-3
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Introduction

Auundien! 3. 'ihe costs of the modificaticins u ere obtained by
comparing tl.e modification proposed here with

1. Sensithity analyses performed starting with the similar ones from TAl' A 45. 'Ihere could be
base case pilot plant model did not account for differences such as labor costs, stmetural
cut sets that were trencated out of the analy sis changes needed to accommodate the
that tnight hise resppeared when certain event modifications, the length and sire of pipe or
frequencies were increased 'this assumet that conduit needed, and the capacity of pumps,
the SCDF < htained is representatne of the The cost estimates in TAP A-45 wcre done very
effect of changes in event frequencies. Effort accurately by an esperienced architect engineer
well tyyond the scope of this pnsject would with complete plant drawings and plant site
have been required to verify this assumption. visits. 'this level of effort was clearly not
flow ever, the assoraption is considered femible in this study. Nevertheless, we feel
reascnable based on previous analyses. our estimates are representative enough to

provide nnningful results.
2. The plant damage s' ate to consequence mapping

factors were derived from the NUREG/CR- 4. Modification costs s ere increased based on thc
4551 numbers. These factors could hase been increme in the consumer price index (CPI) for
more accurately computed by rerunning parts of the seven years from 1/1985 to 1/1992. We
the back-end anal) sin. Due to the effort assumed that construction costs fo!! owed the
required to do this and the limited objectives of CPI during that penod.
the study, the simpler, less accurate, approach
was adopted. *lhe results or more detailed
requirementa might justify a more accurate
analysis.

.

1-6 NUREG/CR-5910
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i2.0 SUMMAltY OF OPEllATIONAL
EXPEltlENCE AND PRA ItESULTS |

|
.

) As part of the scoping study a review of operational 1. I ouling 511 3 % [

l experieners was perfermed to establish typical service 2. Single l' allures 6.5 % !

water system vulnerabilities that 6hou'd be represented in 3. Multiple Failures 3.6 % i

4. personnel Errors 16.7 %a pilot plant analysis. %e donUnant accident sequrnees ,

for eleven NRC sponwred PRAs were then reviewed to 5. Iboding 4.4 % (

determine the service water contribution to core damage 6. Seismic 10.5 %

frequency (CDI) and also to gain insights into the
dominant service water failure modes. We did not tabulate specific component and operator

errors that could be easily related to PRA models and !

results. Ilowever, the failures and errors which comprise :
2.1 Operittiolial Experiences items 2,3 and 4 above are typically included in a PRA I

internal events analysis. Hat is, the data did not indicate !

Several studies have addressed the operational experience any obvious pattern of failures and errors not covered by !
!relate.1 to service water system failures. ne work is not PRA methods.
irepeated here, but the iesults from thes.e studies are
I

briefly summarind. It shr.uld be noted that these studies %ere were twelve ever,ts reported as complete loss of
were done by different people for different purposes. service water events. Rese are repeated briefly in Table !

!
Herefore, it should not be expected that the resuits are 2.2 with simplified descriptions that demonstrate the
completely consistent. diversity of the failures, in a sense all the events listed

*

!

are covered implicitly in PRA, however, fault tree events
'

Precarwr Rete do not normally specify the root cause of the fallure (e.g.,
"

he Accident Sequence Precursor Program at Oak Ridge
National laboratory reviews IJeensee Event Reports Only two of the events in Table 2.2 appear in Table 2.1. .

(LERs) of operational events that have occurred at LWRs He exact reasons for this would require detailed study to
to identify and categorize precursors t- potential nevere determine. Such a study was beyond the scope of the
cor+ damage accidentr. Aceldent sequences considered in work done for this report, llowever, the following ,

'
this program are those associated with inadequate core general conclusions can be drawn:
cooling. As a result of this work. 4 wries of status

*

reports have been published that describe those events that 1. He events extract.d imm the procursor repnrts
have occurred as reported in IIRs.'" %ene published were judged to be precursors to potential v.wre i

'

reports were reviewed for service water related events, core damsge accidents and did not necessarily '
%Is review turned up 24 events directly related to this involve coruplete loss of servlee water, either
scoping study. Appendix B documents these f' dings and potentially or operationally, herefue, ordy Im
Table 2.1 lists the events found and provides a description limited overlap with the results of NUREG/CR- ,

'
of each. Some of the events wece significant, llowever, 1275 should be expected.
most were not. As a group, the events represent a variety I;

f causes. 2. As pointed out previously, the precursor reports
and NUREG/CR-1275 were done by different i

poerational Boerience hedback Reoorts NUREG-1279 people for different purposes. Herefore,

different conclusions about the same events are
his report is a comprehensive study of service water to be expected.

'

related operational events. Dere were 980 events
identified with 276 considered to have potential genetic 3. He events extracted from NUREG/CR-1275
safety significance. He results were categorized and are were judged by the authors to be complete loss (
summariud as follows: of service water events. Ilowever, two of the

'

*

events were loss of nervice water events which

!

:
r
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Precursors to Potential Severe Core Damage Accidents Involving Service Water Systems

! I

i

Plant LER Number Dewmption f,

) ,

Hatch 1 LIR 321/80-103 Inlet stra's rs partam5y cicgged.
San Onofm 1 LER 206/80406 Three sait water cootieg * rams failed.

,

t
4 St. Im eie 1 IIR 335/80,329 RCP seal ct-Img lost due to M.m.a vahe clorere. |

Calvert Cliffs I II.R 317/80427 Two semce warer pemps fa3 due to less of %M sir.
Pilgrim 1 IIR 293/80470 Corrpcant coolmg water lort due to mainknance and tweaker trip.
Salem I IIR 2U/8004 Imst SW to DG due % vsIve ishceting open when actually clowd.

,

!. Kewaunee LER 30981-033 Operator error - tshwa cooling water trains unavailable.'.
San Onofre 3 IIR 262/84435 Operator error - tetside limiting coalition for operatxa.

, o Sorry 1 IIR 280/84411 Operster error- safety atjection pump CCW supply found isolated
j ia Salem 2 IIR 311/85-018 Operator erior - w..- and closed valve eculd not be opened. [

i

1mLn 1 IIR 373/85445 Imss of non-safety serrice water due to % <.,jcint failure. I
e

i S@.- . .. .- 2 LER 388/85 014.015 Gr,-j semce water failed during testmg. (! Surry 1 ~ IIR 280,N Semce water subsytem pump lost due to air tanding. [McGuire 2 IIR 37W87416,017 Trip with semce water train out for cleemv (Palisades IIR 255/83421 Incorrectly set relays could have rewdtert in loss of semce water.
[j. Zion 1 LER 295/88419 Potentza!%_t ecoting water failme due to design deficiency

{
*

Davis Besse LER 346/88407 RI Possibie prolonged loss of m.4w air wwld cause SW to isc4 ate.
- San Onofre IIR 361/88410 R1 Ley coolmg water unavadabie due to low fmm in chii!ers. p- Farley I and 2 LER 348/&8418 RI Postulated loss of service water due to fire. [Peach Bottom 2 IIR 277/89402 Unacceptable mw my semce water performanee due to !&C problems. ;

Calvert Cliffs 1 IIR 317/89423 RI Potential pipe rupture couid fail both semce water pumps.
[Davis Besse 1 IIR 346/89404 Potential pipe rupture cocid fad both service sater pumps. !

Nine Mile Point 2 LER 410/89402 Potential servre water and ECCS pump failure due to flomling.
River Bend LER 458/89420 Semce water flooded auxiliary building impani,g electnc power and control. *

'

' Listed in NUREG-1275 tabler :s a semce water event involving % H failures.
- (

'
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Table 2.2
1
I t

r

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

|
|

!

I' Plant LER Number Cm4&.
I

IOconee I IIR 26946-11 Inadequate srphon fiow to servrx wawr N
i

S.. r_ ? -_1 IIR 387/36-21 AH service water pungs failed dise to operation below design flow. {
1 Oyster Creek IIR 219/E5-18 Heat exchangers pluggaf by coal tar enanr1 *

*/ Brunswick I IIR 325/8441 LA n * air in suction bender p9mg. i"
Palisades LER 255/8441 Ioss of power to sernce weier pumps due en & enor. |
Salem 2 IR 311/83-32 Service water bay floodal due to faihd piping gasket _ l
Salem 1 I R 272/82-15 Ims of vital bus when I train of smice water cut fer maint-,umce. [
Brunswick 2 IIR 324/b245 AII pumps failed to start due tolow suctros pressure and mediment in sensing lines. (Hatch 1 IIK 321i10-103 Icles stramers partinny clogg d. i

San Onofre 1 IIR 206/80-06 One pump shaft sheared and valve in other train fa%i. I
; Calvert Clifts 2 IR 318/82-34 Failure of commot.vstve in discharge b-ader [

Catawba 1 IR 413/8548 Train A input valve failed to cren and train B dzscharge valv- failed to crat.,

:
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Summary

wcre caused by 1,0$P and three others occurred during numerous variations just w ithin the flow path
shutdow n. As a result, a companwn with the results of configuration. When the number of pump trains, attemate
the precurwr reports uould be expected to produce s) sterm, and the awociation w ith normal men ier w ater are
apparent inconsistencies considered it is easy to see why every plant SWS could be

unique. Here will be some plants with similar SWSs but
Ang]nis of LSWS at MultMnitBtp Nt'RJO/CR $$N of the approximately 1 0 commercial nuclear plants, there

could be numerous unique SW configurations.
I

Results of this study indicate that the dominant failures Table 2.4 h6ts for each plant the service wster systems ;
causing partial or complete loa of the ESWS are traveling modeled in each of the PRAs reviewed and found to be

'

screen and common intake structure failures, failure of the significant contributors to CDP. Apper dia C describes
ESW pumps, Ion of elec'ric power to the ESWS, and each of the syttems listed in terms of its configuration, I

operator error relating to the ESW pumps. Degradation succeu eriteria, crowtie*, vulnerabilities, and potential
of the ESWS results from sediment, corrosion, and reco cry actions as considered in the applicable PRA.
mechanical and clxtrical problems anociated with the
E5W pumps. As in the case with other reports reviewed Dependency diagrams in tenns of the safrty funellons that
there are no special failure modes that would change the are served by each of the systems listed in Table 2.4 are
basic approach to be used to analyre the pilot plant in this provided in Appendix D. A review of the information
study. found in Appendices C arid D leads to the conclusion that

service water system configurstions are highly plant.
2.2 Revlew of Pinnt-Speelfic specific. nis observation is consistent with the work of

Prolialillistic RISK Assessment me Accident sequence Evalusti n emgram (ASEp; which -

concluded that where service water was concerned eachStutileS pianiis unique? Ilowever, though the SW configurations
may be unique, the plant safety functions that are served

his study used eleven NRC-sponsored probabilistic risk by the SW system (s) tend to be similar as seen in the

assenments (PRAs) to evaluate the importance of servic - dependency disgrams provided in Appendix D.

water (SW) using core damage frequency (CDF)
contribution as a metric. Note that in this study the terrn To determine the contribution to CDP made by the
' service water' implies any cooling water system, both service water system (s) in each of the eleven PRAs, the

open and closed loop systems, that provides cooling to cutsets of the dominant accident sequences were reviewed.
safety related equipment and therefore must function his review revealed three irnportant pieces of
following an accident. De eleven plant specific PRAs information significant to this study: (1) the CDF
rev:ewed are given in Table 2.3. c ntribution made by service water; (2) the accident

types and conditions where the plant is most vulnerable to
service water frults; and (3) a ranting of the specificSAIC SystemSource flooksu
service water faults in terms of their contribution to CDP.

He NRC contracted with Science Applications
International Corporation (SAIC) to accumulate a set of it should be noted that when reviewing the dominant
plant information on selected U.S. commercial nuclear accident sequences for service water contributions to
power plants. One piece of information contained in CDF, station blackout sequences were not considered

these notebooks is a service water functional flow where station blackout leads to loss of servlw water,

diagram. It is well known that service water system nie approach was taken because these sequences
configurations vary significantly from plant to plant. An represent only one problem which results from the loss of

example of that variation is shown in Figure 2.1 for four all electrical power. Also, systems which depend on
PWR plants. The Westinghouse (W) plant examined has senice water will be unavailable following a station
emergency loads (L) directly on the primary SWS (S) and blackout regardless of the availability of service water.
Indirectly through the component cooling water system Service water contributions were accounted for in those
(C), The Babcock and Wilcox (IRW) plant examined cutsets in which loss of senice water leads to low of
has all its emergency loads fed directly off the SWS. In p wer. For those cutsets where a portion of the service
the Combustion Engineering (CE) plants examined, plant water system is lost due to a partial loss of or. site power
A feeds all emergency cooling loads directly through a and an independent service water system felt occurs, the
secondary cooling water system (C). De CE plant B has contribution was counted.

three ways to cool its emergency loads. Clearly there are
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Table 2.3

Plant-Specific Probabilistic Risk Assessments Reviewed

NSSS PRA Total Ir.ternal

Pint Type Vendor Program CDF (tnean)

.

Calvert Cliffs 1 PWR CE 1 REP 1.3E-04

| Point Beach 1 P%R W TAP A45 1.4E44
~

9
6 Turkey Point 3 PWR W TAP A-45 7.lE45

St. Lascie 1 P%R CE TAP A45 1.4E45
.

ANO-1 P%R B&W TAP A45 8.8E45

Quad Cities 1 BWR GE TAP A-45 9.9E45

Cooper BWR GE TAP A 85 2.9E44

Surry I PWR W NUREG-1150 4.0E45

Sequoyah 1 PWR W NUREG-1150 5.7E45

Peach Bottom 2 BWR GE NUREG-1150 4.5E-06

Grand Gulf BWR GE NUREG-1150 4.1E46

Z
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N
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Table 2.4i-
;

Plant Service Water Systems Reviewed
i !

t

i k
' l

Plant Cooling Water system Revwwed
-

4

; t
(

! Cooper Nuclear Station Sernce Water System
Reactor Bailding Closed Cooling Water Systen

.

Quad Cities
RW Heat Removal Service Water System j

Diesel Generssor Cooling Water :ystem
*

.,

.1 ;
Peach Bottom bry Service Water system

i
'

High Pressure Sernce Waner System

Grand Gulf Standby Service Water Symem

i'
| .

St. lancie C.- . , - Cooler Water System .

iIniske Cooling Weser symem >-

F [
. Calvert Cliff Salt Waser System _

4

|C% -- - Cooling Water Syssem;

i, !Service Water System*-

t

ANO-1 Service Water System ,

,
t

.

Point Beach Semce Water System
l-

C__ , -- - ? Cooling Water System !
i-

|
wrkey Point Service Water System '

Component Cooling Water System
Service Water System i.

Surry
Component Cooling Water System j,

'

7 '!
C !'
g -- Sequoyah Service Water System

C% ---t Coohng Water System j4

c *
< ~

O E* -:s-:sf4

,, |,

Q !
' @

. .C
I
!

I-
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Summary

he following sections discuss the results of the review of Table 2.5 lists for each PRA the wrvice water
the eleven PRAs. contribution to CDF in terms of an absolute value and a

percentage. As can be seen from Table 2.5, the
2.3 SOPVice Water Contribullon to wntribution made by service water to the total CDF

*i" '** <'' '" 65*' "' ""* "' f r the largeCore Dantage Frequency
differences for the most part have to do w.th the degreei

of dependency a plant hu on SW, the reliability of the
As noted above, the contribution to CDP made by the systems themselves, and. to some extent, the differences

.

service water system (s) in each of the eleven PRAs was in the PRAs in terms of modeling assumptions (e.g., I

determined by reviewing the cutsets of each of the PRA IREP did not consider common mode failures where all
dominant accident sequences. All of the dominant the other PRAs did), and scope of each PRA program i

accident sequeneca repotted in NUREG/CR-4550 were (e.g., TAP A-45 studies did not consider anticipated I

cc nsidered. In the case of the TAP A-45 study, the transients without scram (ATWS) or large and |
reports do not include a complete listing of the dominant intermodinie LOCAs). i

sequence cutsets and in many case ! css than fifty percent,
'

of the cutsets contributing to the sequence CDP are glven. As noted above, Appendis E includes a brief discussi
.

i

! As a result, a complete review of the TAP A 45 cutsets of the dominant accident sequences for each PRA lu
) was not possible. which urvice water is a dominant contributor, frieluded
j in the discussions is a listing of the service water events
; For the NUREG-Il50 PRAs the service water contribu- contributing to the sequence and the contribution made by
j tions to CDP for Surry 1, Sequoyah 1, and Grand Gulf the service water event to the eequence. nese results are
: were determined directly from the TEMAC computer illustrated in Pigures 2.2 through 2.15 in terms of reactor
.; code output. This will overestimate the contribution to type and show for each class of accident (e.6 ,10$8 of off-
} CDP for those cutsets which contain more than one site power (TI). large L;DCA (A), etc.) the
! service water basic event because the code sets the
! probability of each basic cvent to zero and sums the % TCDP . % of the total core
| results over all of the eu If two basic events are damage frequency.

j present in one cutset, the contribution to CDP of the cut- contributed by the
! set is thus counted twice. For Peach Bottom, the pilot accident type.

] plant, the cutsets which contained more than one service

water basie event were evaluated to determine the contri- % SWS Contribution - % contribution SWa

bution of each service water basic event. ne makes to the Igid CDP
'

1 contribution for a given basic event in a multiple event for the accident type
cutset was calculated by multiplying the cutset frequency

'

by the sum of the basic event probabilities of the other % of Total SWS Cont. - % of the total SW
! basic events in the cutset and dividing by the sum of the contribution to the total
; probabilities of all of the basic events in the cutet. 71.e CDF accounted for,

effect on the pilot plant, for the sequences considered,
was to reduce the service water contribution calculated He accident abbreviations used Iri the figures are:d

! using TEMAC by 10 percent. Due to the time required
; to complete the calculations, the servlee water T1 less of offsue power
; contributiens to the other NUREG il50 plants were not T2 Transients with loss of power conversion

reevaluated, system '

! T3 - Transients with power conversion system
i Appendix E documents the review of the PRA results by initially available
'

listing the service water events found to contribute to the ATWS Anticipated transients without scram
dominant accident sequences in each PRA. He contri- TAC - Loss of AC bus,

: bution to CDF made by each event found is also given. TDC - Loss of DC bus'
Also included in Appendia E is a brief discussion of each LOCA - less of cooling accident

'

dominant accident sequence in which service water events
'

| are dominant contributors to CDF along with the service tooling at the comparison of DWR T1 accident
water events that contribute to the sequence CDP. sequences, Figure 2.2, for Grand Gulf, Tl sequences

|

NUREG/CR 5910 2-8
!

i
,

-, - - - - - - ,m , - - - ,r ---- - - -,,w ~,, , , , - - - , , ,,,,..,,,,,-n-w--



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

:

,

i

Table 2.5

Service Water Contribution to Core Damage Frequency

Total Internal SW CDF SW %

Plant Type CDF(mean) Contnhtion Contnbution

|.

J
Calvert Cliffs 1 PWR 1.3E44 1.4E45 11

)
Point Beach 1 P%R 1.4E44 2.6E45 19

Turkey Point 3 P%R 7.1E45 3.4E46 5

St. I.ucie 1 P%R 1.4E-05 1.8E-05 13 |
'

u
b ANO-1 P%R 8.8E-05 1.1E-05 12

Quad Cities 1 B%R 9.9E-05 3.0E-05 30

Cooper B%R 2.9E45 1.9E-04 65

Surry 1 PWR 4.0E45 1.5E-03 <1

Sequoyah 1 P%R 5.7E-05 2.4E47 <1

Peach Bottom 2 B%R 4.5E-06 1.4E-06 22

Grand Gulf B%R 4.1E-06 5.6E-07 14

Z
C
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1 m

5
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5
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Summary

contribute 97 4 of the total CDF as found in the NUREG- 2.4.1 IlWR Service Water Sptem Faults
4550 results. The service water contribution to the tatd
CDF through Tl sequences is 13%, which ecounts for The dominant service water component failures and
94% of the total service water contribution to the total unavailabilities found in the four BWR PRAs reviewed
CDF at Grand Gulf. are summarized in the following paragraphs. De

percentages in parenthesis are the contribution of the
As can be seen from Figures 2.2 through 2.8, for BWRs given failure mode to the total CDF for each plant,
T1 (i.e., loss of offsite power initiator) sequences tend t Credit for recovery prior to core damage is included as
dominate the plant CDF. For PWRs LOCA sequences contained in the source documents, i.e. the TAP A-45 or
tend to dominate, as shown in Figures 2.9 through 2.15. NUREG/CR-4550 analyses. Since recovery actions are
When considering the SW contribution, SW tends to als accident sequence and cut set dependent, recovery actions
dominate in these classes of sequences, liowever for specific to service water may, or may not, be given
BWRs it can be seen that for Cooper and Quad Cities, the credit.
SW contrinution to CDF is predominate in TAC (i.e.,
loss of an AC Bus initiator) sequences, where SW fails t Cooper (see Appendix C, Figures C.1 and C.2)
provide cooling to the Residual Heat Removal system in
the suppression pool cooling mode. For Peach Bottom - one of the two SW loops unavailable
and Grand Gulf, on the other hand, SW is dominate in Tl due to maintenance (5%)
sequences where SW fails to provide cooling to the one of two Reactor Building Closed-

emergency diesel generators. Cooling Water (RBCCW) loops

enavailable due to maintenance (7%)
For the PWRs, SW contribution is a predominate - failure of the SV non-critical header
contributor to CDF in LOCA wquences, where SW fails isolation valve (motor-operated valve) to
to providing cooling to the high and low pressure injection solate nonsafety loads (3 %)
systems either in the injection phase or in the recirculation - failure of the RBCW non-critical header
phase of operation. nat is, SW fails to provide cooling isolation valve (motor-operated valve) to
to the injection system pumps or pump room roolers, isolate nonsafety loads (31 %)
thereby causing loss of injection, for those plants - failure of RBCCW isolation valve

- requiring pump cooling; or SW fails to pmviding cooling (motor-operated valves) to safety loads'

to the RHR heat exchangers thereby failing low pressure to open (18%)
recirculation.

These results are not unexpected since, as noted above,
the service water systems for each plant, though unique, one of two Residual Heat Removal-

tend to have very similar functions. Service Water (RSW) System loops
unavailable due to maintenance (19%)

2.4 Comparison of Plant-Specific tocal fauhs of Diesei Generator Service.

geg vice Water Faults Water (DSW) pumps (4 %)
- common mode failure of the RSW

pumps (3 %)
As described above and documented in Appendix E, the -

dominate accident sequences for the eleven NRC
_ common mode failure of the DSW

pumps (2%)
sponsored PRAs were reviewed to identify SW faults and
to determine the SW contribution to CDP. He purpose Eeach Bottom (see Figure 2.16)
of this section is to provide insights into the types of
vulnerabilities affecting SW system reliability based on the - human error, faliure to operate the
results of the eleven PRAs reviewed. emergency heat sink (14%)

- Emergency Service Water (ESW) pump
discharge check valves fait due to back
leakage (4%)

,
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Summary

air operated valves in service water - demand) contributes over 50% of the tmal TAP A-45-

'

lines from the diesel generators fall to CDP.
open on demand (2%)
failure to restore ESW components At Peach Bottom, the failure (stuck open) of an ESW-

following maintenance (1 %) pump dischtrge check valve, defeats the ESW system.
- ESW pumps fail to start (< l %) - As shown on the first page of Figure 2.16, the Peach *

Bottom ESW systems consists of two cross-tied pumps
,

- Qgnd Gulf (see Appendix C, Figure C.7) (OAP57 and OBP57). Both pumps automatically start
when demanded, however the operatar will secure one of

- common mode failure of the Standby the pumps once system pressure is achieved. If the pump
Se vice Water (SSW) pumps (4%) discharge check valve (CV515A or CV5158) of the idle '

SSW pumps fail to start (3%) pump sticks open, the flow from the operating pump is ;-

- normally closed motor-operated valves assumed to recirculate back through the idle pump
in the SSW distribution lines to safety resulting in functional failure of the system. ;

:oads and return lines from safety loads
fail to open on demand 0%) ~ 2.4.2 PWR Service Water System Faults

As can be seen from the above referenced figures, the SW ne dominant service water component failures and
system configurations for each of the BWRs is unique. unavailabilities found in the four PWR PRAs eviewed are
flowever there are common dominant failure modes summarized as follows:
between the plants. Rese common failure modes are:

,

Isrlation valve to safety loads fail to oneq_p_q-

demand: nis failure is common to Cooper
- commoc mode failure of the Component

(18%), Peach Bottom (4%), and Grand Gulf
Cooling Water system pumps (10%)

0 %). common mode failure of the intake.

Sandby service water cumps fail to staII: His- *

failure mode is common to those plants that _C. lvert Cliffs (see Appendix C, Figures C.10, C.11,a
have standby emergency service water systems

and C.12)
like Quad Cities (9%), Peach Bottom (2%), and

Grand Gulf (7 %). - failure of Salt Water System (SWS) and <

Component Cooling Water (CCW) i
Unavailabilities due to maintenance and dac to the failure normally closed air-operated valves to
to restore system components also contribute significantly

safety related loads to open (6%)
to the SW contribution to CDF for most of the BWR
plants.

- failure of SWS normally open air- !

operated valves to stay open (1 %)

'two important subtle failures are also dominant in the
- failure of CCW manual valve due to

'

plugging resulting in' common mode
BWR results. Rese are failure to isolate nonessential failure ofJlaw pressure and high
cooling water loads (Cooper) and discharge check valve

pressure safety injections pumps seal ;failures for cross tied pumps (Peach Bottom). The failure cooling (1%) Lto isolate the nonessential cooling water headers
contributes 34% of the total TAP A-45 CDF at Cooper. ANO-1 (see Appendix C, Figure C.13) ;
Unlike the other BWRs, Cooper does not have a strndby
emergency service water system. Herefore, it is

common mode failure of Service Wawr.

dependent on the noncritical header isolation valves to
System (SWS) motor-operated valves to

close. Failure to isolate the noncritical headers results in safety related loads to open (11 %) {inadequate cooling of the essential loads %is coupledi

with the dependency on RBCW to align to safety loads
- conunon mode failure of SWS pumps - ;

(1%) '

(i.e., normally closed isolation valves have to open on

b
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Summary
i
!

j Point Berb (see Appendix C, figures C.14 and water system on motor-operated or air-operated isolation
valves to open on demand to supply cooling to the safety

j. C.15)
related loads and failure of standby pumps to start.

unavailability of Component CoolingJ
-

Water (CCW) manual retu n valve frein . At Turkey Point, as at Cooper, the dependence of the
j

RHR pump coolers due to maintenance service water system on isolation of a noneritical header
j -

(9 %) . noncritical header to isolate diverts water away from the
shows up as a dominant failure mode. Failure of the

;
common mode failure of CCW pumps' -

(5 %) .

safety related loads resulting in functional failure of the-

- - CCW manual return valve from RHR service water system.

pumps coolers fails closed due toI

plugging (2 %) .

I common mode failure of Service Water-

] (SWS) pumps (2%)

i luikey Point (see Appendix C, Figures C,16 and
| C.17)
i
t

common mode failure of Componentj -

Cooling Water (CCW) pumps (2%)
3

failure of the Service Water (SWS) non-|
-

' critical header isolation valve (air-

{ operated vahe) to isolate nonsafety
loads (2 %)i

common mode failure of SWS pumps
f

-

j (2%)
a

f Surry (see Appendix C, Figures C.18 and C.19)
1

5 - common mode failure of Service Water
| (SWS) isolation motor-operated valves

f to open (< 1%)
.

f Seanovah (see Appendix C. Figures C.20 and C.21)

i
I - Component Cooling Water motor-

operated valves fail to open (< 1 %)
Service Water (SWS) manual valves and' -

j- strainers fait du'e to plugging (< 1 %)
J

; Note: Percentages given in parenthesis
j - represent the contribution made by the

j given failure mode to the total CDF for-

; .
each plant.

As. can be seen from Figures C.8 through C.21 ofj:
j Appendix C, the SW system configurations for each of

i 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

j'
;
i
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3.0 SELECTION OF TIIE PILOT PLANT

,

ne pilot plant was selected to be the basis for one 8. Millstone IREP Models Not
example of the type of analysis that can be performed to Available
show the effect of improvements to an ESW system to 9. Browns Ferry IREP Models Not
address its vulrerabilities. The selection was based on the Available ,

six criteria given below in a general order of priority: 10. ANO-1 IREP Superseded by
. TAP A-45'

l. One of the twelve NRC spont.ored PRAs acceasible to 11. Zion NUREG-1150 Different
SNL with relatively current methods and fault trees Methodology
in a computer format.

He twelve candidate plants are given in Table 3.1 with
2. A PRA that has current, good quality, and useable various characteristics of the plant and the associated PRA

models and preferably entered into IRRAS. that relate to the six criteria. The results of evaluating the
plants against the criteria are given in Table 3.2. Every

3. A PRA where the ESW system is a relatively high plant PRA has one or more marginal or no answers to the
contributor to CDF both in frequer.cy and percent of criteria except for Peach Bottom. Actually, the criteria
total CDF, i.e., approximately: were weighted toward the highest priority criteria. For

example, they all meet criteria #1, which is absolutely
1.0E-06 to 3.0E.05, and essential or the PRA would not be usable. Criteria #2
15% to 35% of the total CDF. was also very essential in that the useability of the model

and, in particular its accessibility on IRRAS, were
4. A plant representative of a large group of units within considered important to success of the program.

a vendor t3 pe and/or subrype (see Appendix A). Applying criteria #3 then leads to Peach Bottom as the
best choice. He only shortcoming of the Peach Bottom

5. An ESW system representative of a large group of PRA" is that the absolute SW contribution to core
ESW systems. damage frequency is slightly below the low end of the

" acceptable" range. In fact, one can fault every one of
6. A PRA with external events results which can be these PRAs or perhaps any non-NRC sponsored PRA for

used in the current analysis. sonie reason relative to its use in this service water'

analysis. So there being no perfect example, the Peach
There have been 23 NRC sponsored PRAs. Twelve of Bottom NUREG/CR 4550 PRA3was a reasonable choice.
these w ere censidered suitable candidates for this
program. The 11 PRAs excluded are given below with
reasons why they were eliminated.

Plant Procram Reasons

1. Surry WASH-1400 Superseded by
NUREG-1150

2. Peach Bottom WASH-1400 Superseded by
NUREG-il50

3. Sequoyah RSSMAP Superseded by
NUREG-1150

4. Calvert Cliffs RSSMAP Superseded by
IREP

5. Crystal River RSSMAP Old Method - No
Models

6. Grand Gulf RSSMAP Superseded by
NUREG-1150

7. Oconee RSSMAP Old Method - No
Models

3-1 NUREG/CR-5910
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Selection of the Pilot Plant
,

i

Table 3.2 Evaluation of Criteria
'

.

;-

r

Plant 1 2 3 4 5 6
;

Calven Cliff Y M M Y M N
Point Beach Y M Y M Y Y -

,

Turkey Point Y M N Y Y Y ,

'

St. Lucie Y M M Y M Y

ANO-1 Y M Y Y M Y ;

Quad Cities Y M Y M U Y
Cooper Y M Y Y U Y
LaSalle Y M N Y U Y i

Surry Y Y N Y Y Y
Sequoyah Y Y N Y Y N
Peach Bottom Y Y Y Y U Y

Grand Gulf Y Y N Y U N i

i !
| |

Y = Yes
N = No
M = Marginal '.

U = Unknown needs more study
i

t

+
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4.0 Pilot Plant Analysis

4.1 Pilot Plant Essential Services (RHR) system. He HPSW system consists of two cross-
tied pump trains. Each train is made up of two pumps

Water Systems and associated valves and pipmg. He system is designed
to supply cooling water from the ultimate heat sink to the

Six systems are available to perform the required cooling
RHR heat exchangers under post accident conditions."

t

functions at the BWR Pilot Plant;
%e ESW system is a standby system designed to provide
adequate cooling to the emergency equipment coolers and

1. Service Water System,

2. Turbine Building Cooling Water System, compartment air coolers during a loss of offsite power.

3. Reactor Building Cooling Water System, ne system consists of two full capacity pumps installed

4. High Pressure Service Water System, in parallel he ESW system is common to both Units 2

5. Emergency Service Water System, and and 3 " The ESW system is described further below.

6. Emergency Heat Sink.
He Emergency Heat Sink (EHS) provides onsite heat

ne acronyms used to refer to these Pilot Plant systems in removal capabilities for Units 2 and 3 in the event the

this chapter are defined as they are used. Note that the normal heat sink becomes unavailable. He EHS consists

acronyms may not use the same words used previously,
of an induced-draft cooling tower, one full capacity

For example, ESW in this chapter refers to Emergency Emergency Cooling Water (ECW) pump, and associated

Service Water. Earlier, ESW referred to Essential valves and piping. He EHS can be operated in either a
closal loop mcde or an open mode." The EHS is

Service Water.
described further below.

He first three systems above are balance of plant (BOP)
cooling systems. He Service Water System (SWS)is an Figure 4.1, taken from Reference 48, shows the

open loop system and supplies screened and chlorinated
functional relationship between the SWS, RBCCW, EHS,

cooling water to the plant during normal plant operation and ESW pystems.

and shutdown periods only. He SWS consists of three
one-half capacity pumps, three horizontal fuel pool service

As described in Section 2.2, the NUREG/CR-4550

water booster pumps, and associated valves and piping. dominant accident sequences were reviewed to determine

The SWS fails on loss of normal AC power." the service water contribution to CDF. Bis review is
documented in Appendix E. As can be seen from the

ne Turbine Building Cooling Water (TBCW) system is results of this review, for the Pilot Plant the dominant

a clo ed loop system and supplies cooling water to service water faults are associated with the ESW system

auxiliary plant equipment associated with the power and EHS. %erefore, in this analysis, only these two

conversion system. The system consists of two full. systens were reviewed to determine system vulnerabilities

capacity pumps and heat exchangers, one head tank, and and to determine possible modifications to enhance system
|

associated valves and piping. He SWS provides the heat reliability. ne following describes the ESW and EHS

sink for the TBCW. In the event of loss of offsite power, vulnerabilities and associated modifications,

the TBCW system is not operated."
4.2 Pilot Plant Emergency Service

<

|
He Reactor Building Cooling Water (RBCCW) system is Water System
a closed loop system whose function is to p ovide cooling

: to auxiliary plant equipment associated with the nuclear As described above, the ESW system is common to both
steam supply system. During normal operation the SWS Units 2 and 3. He system consists of two full-capacitye

providos the heat sink for the RBCCW system. Under Pumps installed in parallel. He normal suction source i

I; emergency conditions (e.g., loss of offsite power), the f r the pumps is a pond. %e pump discharge piping
RBCCW heat exchangers are manually connected and c nsists of two headers with service loops to supply the4

served by the Emergency Service Water (ESW) system. diesel-engine coolers and selected equipment coolers. A
The RBCCW system consists of two full-capacity pumps, common discharge header routee the system effluent back -
two full capacity heat exchangers, one head tank, and to the pond. Figure 4.2 illustrates the ESW system.cassociated valves and piping

Both pumps start automatically whenever standby diesel-
The High-Pressure Service Water (HPSW) system is a generators are started. One of the ESW pumps is
standby system dedicated to the Residual Heat Removal manually shut off if both pumps are running.,

,
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Pilot Plant Analysis
.

Should the ESW pumps fail, the ESW may be operated in '3,4 Summary

conjunction with the emergency heat sink in a closed or
open loop fashion. In the closed loop mode, two ESW Re scoping quantification stady considered all

booster pumps take return water fmm various coolers, possible extemal events at the site except for
seismic and fire events, since these two events

boost pressure, and deliver the water to the emergency
coolirg tower. He ECW pcmp then takes suction from were included in a detailed extemal events

the cooling tower and discharges through a motor- analysis, he PRA Procedures Guide, sStably

operated valve to the ESW loads. He booster pumps are augmented with other available information,

not required in this mode since it has been demonstrated was used as a guideline for ider..ification of all
q

by test that booster pump failure would not fail the pcssible exterral events at the Peach Bottom

cooling function of the ECW pump. In the open icop site. Next, an initial screening process was

mode, the ECW pamp delivers water from the cooling carried out to eliminate events not applicable

tower structure, through the ESW toads, and back to the to Peach Bottom from the list. l'or this par-

bay. H vo is sufficient water supply in the cooling tower pose, a set of screening criteria was developed

to last for days; hence the open loop mode is considered and then each extemal event was examined for

a success path. %e NUREG/CR-4550 analysis only possible elimination based on these criteria.

considered the open loop mode cf operation in their model
After the initial screening process was
completed, the fcilowmg events were found todevelopment.
be potential comributors to the plant risk.

Upon system automatic initiation, the operator checks
a. Aircraft Impactdischarge pressure for the two primary ESW pumps. If

,

discharge pressure appears normal, the operator will b. Extreme Winds and Tornadoes-

c. Extemal Floodingsecure one ESW pump at his discretion. He also secures
the ECW pump which automatically starts on an d. Industrial or Military Facility Accident

e. Release of Chemicals from Onsite Storage
emergency diesel auto-start signal (after a 22 second time
delay). De ECW pump discharge motor-operated valve f. Turbine Generated Missiles

will open on ESW low system pressure and an emergency g. Transportation Accidents

diesel auto-start signal (after a 45 second time delay). h. Intemal Flooding

De E 'W pump will trip if ESW pressure is not low and
an emergency diesel auto-start signal is present (after a 45 The degree of sophistication in the bounding

second time delay). At some later time, if the operating analysis for each event depended on whether

ESW pump trips and the standby ESW fails to operate,
the event could be eliminated based on only a

the ope.rator must manually start the ECW pump. In the hazard analysis or a complete analysis

closed loop mode, the cooling tower fans must also be including hazard analysis, fragility evaluation

manually started. and plant response analysis. He detailed plant
response analysis was conservatively neglected

4.3 External Events in evaluating the impact of these extemal
events.

Extemal events were not considered explicitly in the pilot The risk due to an aircraft striking the plant
plant analysis described in the other portions of this structures and causing unacceptable
section and Section 5.0 because of resource limitations. radiological consequences was screened out on
Nevertheless, external events are almost always important the basis of the probability of strike and the
in PRA and usually involve essential service water. A design of different structures.
brief summary of the external events analysis for the pilot
plant and the corresponding contribution to CDF of Evaluation for the potential for flooding as a
essential service water are provided in this section, ne

result of the most conservative combination of
ESW faults contributing to core damage are discussed in Probable Maximum Flood (computed from
the following section. conservative estimates of probable maximum

Precipitation), failure of lloltwood Dam and
An extemal event analysis starts with a screening pmcess wind-generated waves showed that the essential
to determine which potential extemal events should be structures in the plant are located much above
studied in more detail. An extract from NUREG/CR- the probable maximum surge level and the risk
4550 Vol.' 4, Rev.1, Part 3 is given below. of flooding is negligibly small.
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Pilot Plant Analysis

Tornadoes and tornado missile impacts were centribr s to the risk of core damage at the Peach
eliminated on the basis of a detailed Botton. p ant. Detailed evaluations of fire and meismic
computation of torr. ado strike probability of 9 events contained in the remainder of this report."
x 10'/ year and other features of plant
structures and components designed to Rus only seismic and fire events were considered
withstand the effects of a Design Basis further. hiost of the following information waa taken
Tornado. directly from the above reference.

3 The information available from I"dladelphia Seismic
: Electric Company on the frequency of turbine
j disk inspe.ction was used as the basis to assume ne seismic risk was found to be dominated by relatively
1 the safety of essential plant structures from few accident sequences. ne dominant accident sequences

damage due to turbine missiles. primarily involve station blackout situadons which
resulted from loss of cooling water to the emergency

. Finally, explosions due to transportation diesel generators. A variety of different component
j accidents and both on-site and off-site chemical failures were identified which led to this situation, with

releases have a low probability of affecting the failures of the emergency service water and emergency
j site, heat sink systems being the most important. H is is

demonstrated in the table given below for both the hazard.

Rus, all external hazards except fire and analyses perfonned.
seismie events were found to be negligible,

!

;

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

!

Percent Reduction if Not Failed
1

'
Component I1NL llazard EPRI Ilazard

4

Ceramic Insulators 48 % 52 %
ESW/ECW Pumps 31% 34 %

,

: Diesel Generator 24 % 26 %
| Turbine Building 14 % 16 %
; 4kV Basses 12 % 13 %

Radwasterrurbine Building 8% 8%
RV Recirculation Pumps Supports 7% 7%
RV Skirt Support 1% 1%

d

: All other components and structures less than IL

,

ne total seismic CDP was 7.66E45 for the 11NL hazard curves and 3.09E46 for the EPRI hazard curves
!

|

4

,
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Pilot Plant Analysis ;
;

These random failure events were developed as part of the |
Typical service water related events are:

internal events analysis of the Pif" Plant and are identical |

EMER-COOleTOWER except for the postulated mission time of the emergency i

ESW MDP-FS-MDPA&B diesel generators. [

ESW-CCP-PF-M DPS
ESW MDP-PS-ECW GROUP!! Emergency Switchgear Rooms 3D and j

2B t
ESW TNK-11-PS13 l

:

The ESW TNK and COOleTOWER are direct seismie = ne identical scenario to that described above for G ROU P f

events outside the system analysis. Failure of the two I occurs; however, some fire-related failures of the ESW j

ESW pumps, the ECW pump, and common cause failure
also occur. For emergency switchgear room 3D the fire .;

of the ESW pumps are covered in the internal events fails power to the ECW pump, while for room 2B power i

analysis. Additional credit for improving the ESWS given
is failed to ESW pump A. %ese fire-related failures _[

the seismic environment is unclear since any modifwations coupled with additional random failures lead to a loss of )
would have te consider seismic qualification in addition to ESW system, and consequently, station blackout, i

the basic costs of the changes.
Herefore, the Quw term for emergen y switchgear room [
3D is:Ein

t

%en were three fire areas with potentially significut Quw = ACP-DGN-FR-EDGB * _r
k

ACP-DGN-FR EDGC *core damage frequencies; the control room, the cable
IXiHWNR16HR + ;

spreading room, and the emergency switchgear rooms.
ESW CCF-LF-AOVS I

Only the emergency switchgear rooms directly involve
-[service water. Rese can be divided into three groups. iwhile for emergency switchgear room 2B:

GROUP 1 - Emergency Switchgear Rooms 2A,2D, _

!

3A,3B, and 3C ' Quw = ESW CKV-C515A + ;

ESW-CCF-LF-AOVS + |

ACP-DGN FR-EDGC * - [
| For all five of these fire areas a similar scenario occurred.

. ACP-DGN-FR-EDGD * 1
His sequence (T1BU1) was a station blackout caused by'

a fice-induced loss of offsite power and a random loss of DGHWNR16HR [
*

the emergency service water system. His random

| (failure not related to the fire itselfs loss of emergency GROUEllI Emergency Switel. gear Room 2C !|

|service wrter caused a station blackout because emergency

service water providea cooling for ell four diesel Tnree scenarios survived screening for emergency .;

generators. Rus, emergency onsito power failed. switchgear room 20. %e first was the station blackout
*

Emergency service water also provides room cooling for scenario described above the GROUP 11 with fire-related j.

the HPCI system. De HPCI system will _ fsB in - failure of offsite power and ESW pump B. He other two .;

appro6mstely 10 to 12 hours due to either loss of room sequences were ' TIBU1W1X2W23U4V23Y and j

cooling or battery depletion caused - ty : the station TIBUIW1X2W23U4V2Y. For _ these last . two cases |

blackout. %ese areas are all simLr in that the primary station blackout does not occur and other random failums ,

source of fire is electrical =witchgear within the fire area. lead to long-term core damage scenarios. -The com-

De fire accident sequence involvea several terms, damage equation for all three scenarios is identical except - 1

Qa,w is replaced with Qaancu for the latter two long term - |

The term that represects random failure of the emergency sequences to reflect different random _ failures necessary '!
service water system Qw can be represented by the for core damage. Thus only Scenario I is related to the '

following equation: service water system.
- >

Quw = ACP-DON-FR EDGB * Re only difference for_ Scenario 1 for room 2C is the ;

ACP-DGN-FR-EDGC * - - Quw term is changed due to a slightly'different fire- 7

= DGHWNR16HR * Induced damage.
!

ESW-XHB-FO-EHS + t

ESW.CCF-LF-AOVS ;
,

h

j
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Pilot Plant Analysis

% = ESW-CKV-C515 A + 4.4 D o tu i n a n t ESW Fau1tS
ESW-CCF-LP-AOVS +

COntribut.ing to Core DamageACP-DGN-FR-EDGB *
ACP-DGN-FR EDGD +
DGHWNf.16HR. As described in Section 2.2, the NUREG/CR-4550 results

for the Pilot Plant were examined to deterruine the
Typical service water system related events for these fire dominant ESW faults contributing to the total CDF,
areas are. Emergency Service Water events show up as dominant in

four dominant accident sequences (i.e., station blackout

ESW-XHE FO-EHS sequences). These four accident sequences are listed in

ESW-CCF-LF AOVS Table 4.1.

ESW-CKV-C515A
ESW-CKV-C515B Rese f ur sequences account f or 43.9 percent of the total

CDP. It is noted that of the 1393 domin.nt cut sets
These events are addressed in the intemal events analysis e nsidered in the NUREG/CR-4550 analysis, these four

but credit for modifications that might result from changes sequences ace unt for 1330 cut sets. Each of these four

in the fire core damage frequency were not included. sequences are described aubsequently.

New core damage frequencir vr reactor year for the
pilot plant fire areas were: Accident Sequence T1-BNUll

Fire Area Me. a._r1 Group his accident sequence is initiated by a loss of offsite g
Emergency Switchgear Room 2A 7.4 E-08 I p wer (TI), the safety relief valves properly control f
Emergency Switchgear Room 2B 3.6E46 Il reactor pressure, but failure of all emergency diesels
Emergency Switchgear Room 2C 4.7E-06 lit ecurs (B) due to loss of service water which results in a
Emergency Switchgear Room 2D 7.4E-07 I station blackout. High Pressure Coolant Injection (HPCI)

- Emergency Switchgear Room 3A 7.4E-07 I in initially successful (Null) but fails in the long term
Emergency Switchgear Room 3B 7.4E-07 1 due to either harsh environment (e.g., loss of room
Emergency Switchgear Room 3C 7.4E47 I cooling effects) or subsequent battery depletion, resulting
Emergency Switchgear Room 3D 8.1E-07 H in late core damage in a vulnerable containment.

Control Room 6.2E-06
Ccble Spreading Room 6.7E-07 Accident Sequence T1-PIBNUll

TOTAL CONTRIBUTION 1.95 E-05
his accident sequence is initiated by a loss of offsite

The overall fire-induced core damage frequency for Unit p wer (TD, followed by one stuck open safety relief
2 of the Pilot Plant was 1.95E45 per year. He dominant valve (PI), subsequent failure of all emergency diesels
contributing plant ar-as are the (a) control room, (b) occurs (B) due to loss of service water which results in a
emergency switchgear room 2C, and (c) emergency station blackout. High Pressure Coolant Injection (HPCI)

switchgear room 2.B. Rese three areas comprise 75% of in initially successful (Null) but fails in the long term
the total fire risk. %e total EW related fire CDF due to either harsh environment (e.g., loss of room

ling effects) or subsequent battery depletion, resulting .contribution is 1.28E-05 %is is 66% of the CDF. e

in core damage in 10 to 13 3 crs.

In the case of the control room, a general transient occurs

with smoke-induced abandonment of the area. Failure to Accident Sequence TI-BU11NU21

control the plant from the remote shutdown panel results
in core damage. His sequer , is initiated by a loss of offs'te power (TI),

followed by a loss of emergency diesels (B) due to loss of
For the emergency switchgear rooms, a fire-induced loss service water whici results in a station blackout. HPCI
of offsite power and failure of one train of the ESW then fails, followed Lf er battery depletion or RCIC
cccurs. Random failure of the other ESW train and the . injection failure due to the harsh environment. Core

ECW pump results in station blackout and core damage, damage occurs late in a vulnerable containment.

NUREG/CR-5910 4-8
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Table 4.1
Pilot Plant Dominant Accident Sequences With Ser ice Water Contributions

Sequence Sequence Plant

Accident Frequency % of SW SW % Damage

Sequence (/R yr) CDF Contribution of CDP State

TI-BNU11 1.64E 06 36.4 8.39E-07 19 5

TI-P1BNU11 1.31E-07 2.9 7.34E-08 2 5

T1 BU11NU21 1.25E-07 2.7 5.88E-08 1 5

TI-P2V234NUllB 8.73E 08 1.9 5.50E 09 <1 2&3

Accident Sequence TI P2V234NUlll3 these systems were identified. This is based in
part on the generally sharp separation between

T5is sequence is initiated by a loss of offsite power (TI). safety and non-safety cooling water systems;
High pressure injection initially operates (NU11), but two NSW and TBCW are normally running non-safety

relief valves fail to close (P2) This caused the equivalent systems and, thus, the unlikely possibility of both
of an intermediate LOCA. he low pressure system fails a plant trip and degrading safety systems at the
on demand (V234), resulting in core damage. same time. Possibilities of flooding seem small

based on the low pressure operation of these
The ESW and ECW are dominant contributors to the first systems and their locations with respect to most
three sequences due to the dependency of the emergency other safety systems.'
diesel generators on these systems. Failure of both ESW
and ECW results in loss of all emergency diesel Rus the loss of service water initiating event was
generators. He ESW is a dominant contributor in the screened out because of redundancy of system equipment,

fourth sequence due to the dependency of the low pressure functional and spatial separation of normally operating
systems dependency on ESW for room cooling. Loss of versus standby systems, probability of occurrence of
room cooling fails the low pressure system pumps. failure, and the potential te isolate where required. In

those plants where normal service water and emergency
it should be noted that the SWS was not considered to be service water share the same components this initiating
a special initiator in the NUREG/CR 4550 analysis for the event can be very important.
pilot plant. He NUREG/CR4550 analysis did consider
special initiators and screened out all that woUd not affect The dominant ESW events in the Pilot Plant analysis are

the analysis. An excerpt from the NUREG/CR-4550 grouped below for further analysis.
report" follows:

OperatgLfitgr3sr
'A search for other special initiators was also
performed and included three major categories: Basic Event Contribution to CDJ
loss of any service water system, loss of ESW-XHE-FO-EHS 6.20E-07
instrument air, and loss of heating and ventilation . ESW-PTF-RE-DGC 7.88E-09
equipment. He NSW system, Reactor Building ESW-PTF-RE-DGB 7.88E-09
Cooling Water (RBCCW) system. ESW system, ESW-I'TF-RE-MDPA 4.62E-09
and HPSW system were reviewed as possible ESW PF\TF-RE-MDPB 4.62E 09

sources for special initiators. Possible pipe TOTAL CONTRIBUTION . 6.45E-07 (14 %) _
breaks, the potential for causing a plant trip, and
effects on safety systems such as loss of cooling Pumo Train Hardware Resuh
or flooding were considered during the review.
While detailed analyses were not possible because Basic Event Contribution to CDF
of resources available for the study, no special ESW-CKV-CB-C515A 9.84E-08
initiators were worthy of examination involving ESW-CKV-CB-C515B 9.84E-08

4-9 NUREG/CR-5910
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Pilot Plant Analysis

ESW-MDP-FS-MDPA 8.29E-09 describes proposed ' modifications and the general
ESW-MDP-PS-M DPil 8.29E-09 vulnerabilities they address. It should be understood that
ESW-MDP-PS-CCF 2.06E-09 the modifications described are b4. sed on linnted plant
ESW-MDP-FS-ECW 5.51 E-10 design information (i.e., information available in the plant
ESW-MDP-FR-M DPA 9.17E-10 Updated Final Safety Analysis Report) and are no; being
ESW-M DP-FR-MDPB 9.17 E-10 proposed for implementation at the Pilot Plant.
ESW-CKV41W-C515 A 1,llE-11

ESW-CKV-HW-C515B 1. l l E-11 He modifications are discussed below in accordance with
TOTAL CON'IRIBU DON 2.18E-07 (5%) the vulnerability they address.

ESW Faults Failine the Diesel Generators Vulnerability 1: Operator Fails to Operate ths ECW
Pump

Basic Event Contribution to CDP
ESW -AOV-CC-CCF 9.75E-08 his failure is dominent in loss of offsite power accident
ESW-AOV CC-0241B 1.26E 09 sequences and accounts for approximately 14% of the
ESW AOV-CC-024tC 1.26E-09 Pilot Piant total CDP.
ESW-AOV-M A 0241B 3.56E-11
ESW-AOV MA-0241C 3.56E-11 ne emergency heat cink acts as a backup to the

TOTAL CONTRIBUTION 1.00E-07 (2%) emergency seuice v ater (ESW) system during a loss of
offsite power. He emergeacy heat sink (Emergency

Pumn Train Maintenance Unavailabyilin Cooling Wa'er System) has a single pump supplied by an
emergency diesel generator when offsite power is lost.

Basic Event Contribution to CDP
ESW-MDP-MA-MDPA 4.39E-09 Following a loss of offsite power, the ECW pump
ESW-MDP-MA-MDPB 4.34E 09 automatically starts after a 22 second time delay following
ESW41DD41A-ECW 2 50E-lg an emergency diesel generator ruto start. If the discharge

TOTAL CONTRIBUTION 9.03E-09 ( < 1 %) pressure for the emergency service water pumps appear
normal, the operator will shutdown the ECW pump. If,

Other SWS Faults later in the accident, the operating ESW pump trips and
the standby ESW pump fails to start (receives an auto

Basic Event Contribution to CDF start signal >:n low system pressure) or run, the operator
ESW-CKV-HW-CV513 4.25E 09 must manually restart the ECW pump. His vulocrability
ESW-XVM4GXV502 - 1.58E-09 addresses the operator failute to remrt the ECW pump
NSW SYS FO-NSW-1 3.00E 10 following a delayed failure of th- LW pumps.
ESW-XVM PG-XV505B 1.41E-11
ESW-XVM-PG-XV505C 1.41E-Il Modification 1: Addition of a Aird ES# Pump
ESW-XVM-PG-XV510 1.01E-12
ESW-TVM-PG-XV509 1.01E-12 he addition of a third ESW pump that would auto stast
ESW-XVM-PG-XV507A 1.01 E-12 on diesel auto start andler low ESW system pressure
ESW-XVM4GXV507B 1.01 E-12 would increase the reliability of ESW and thereby reduce

TOTAL CONTRIBUTION 6.16E-09 (< 1 %) dependance on operator actions to initiate the emergency
heat sink and add flexibility in response to a loss of offaite

De percent given in parenthesis is the percent power accident. he new ESW pump would be sized for
contribution to the total CDP. Figure 4.3 gives a 100% ESW flow capacity and would operate in the same

! graphical representation of the above faults. manner previously described for the existing ESW pumps.
'

nat is, all three pumps would start automatically when
4,5 DiseusSion of ESW the standby diesel generators start, Two of the pumps

w uld be manuany shut on if au three am running.Vulnerabilities and Pro NSed Figure 4.4 illustrates this proposed modification. In order -
Modifications - for this modification to have a positive effect, the third

ESW pump would require emergency power from
The vulnerabilities identified above were reviewed to emergency diesel D instead of emergency diesels B and C
determine what possible modificatbus might decrease the which power ESW pumps A and B.
calculated ESW contribution to CDP. His section

NUREG/CR-5910 4-10
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Pilot Plant Analysis

ne ECW pump would still act as a backup to the ESW is performed using written procedures with independent
system and auto-actuate on diesel start. verification. Functional testing of these components is

performed following maintenance to verify operability.
Modification 2: Addition of Standby Auto Actuation herefore these failures are a direct result of the operator

Logic for the ECW Pump failing to follow plant procedures.

Addition of standby auto actuation logic would demand Modification 3: Provide Additional Operator Training
the ECW pump to auto start on low ESW system pressure and/or Revise Proe-dures
after the emergency diesel generator auto start signal has
been received. His would require the diesel generator nis is the same modification as proposed for
auto start signal to be sealed-in to the pump and pump Vulnerability 1.
motor-operated discharge valve, until cleared by the
operetor, and a low ESW system pressure signal be Vulnerability 3: Discharge Check Valve Failures Fail
present for the ECW pump to auto start and the pump Cross-Tied ESW Pumps
discharge va've to open. His modification in affect
would have the ECW pump respond as if it were a third ni? failure is dominant in loss of offsite power accident
ESW pump and would eliminate the dependency of the sequences and accounts for approximately 4% of the Pilot
ECW pump on the operator following a loss of offsite Plant total CDF.
power transient.

This failure of the running ESW pump is caused by
Figure 4.5 illustrates this proposed modification. Note failure (back leakage) of the standby ESW pump
that all the required signals to the pump control logic discharge check valve. Hat is, when the standby pump
currently exist as well as required power supplies, see is secured following auto-actuation with the chosen pump
Figure 4.6. Herefore this modification would be running, the flow from the operating pump recirculates
implemented as a change in the pump control circuit back through the standby pump and results in functional
logic, i.e., no new sensors or power supplies are needed. failure of the operating pump. The failure probability

used in NUREG/CR-4550 for a ESW check valve failure
Modification 3: Provide Additional Operator Training, due to bacx leakage was based on a check valve functional

Revise Procedures, Add Additional test frequency of three months at the Pilot Plant.
Alarms in the Control Room

Modification 4: Addition of a Second Pump Discharge
la cases where emergency service water has started and Check Valve
run for > 45 seconds, manual operation of the emergency
cooling water pump is required if the ESW pumps should During one ESW pump operation, the failure of the idle
subsequently fail. For Tl or LOSP type events, only pump's discharge check valve to reclose following
minutea are available to supply jacket cooling to the shutdown of the pump will defeat the ESW system in
diesels, accordance with the NUREG/CR-4550 analysis. His

modification would provide a second pump discharge
his modification would provide additional operator check valve (20 inch valve) in series with the existing
training and revision of procedures to enhance the pump discharge check valve to reduce the probability of
operators response to conditions requiring the starting of this occurrence. Figure 4.7 illustrates this proposed
the ECW pump. In addition, additional alarms and modification.
indication would be provided to aid the operator.

Modification 5: Increase Systun Functional- Testing
Vulnerability 2: Failure to Restore ESW Components Frequency for ESW Pump Discharge

After Maintenance Check Valves

These failures are important in loss of offsite power During one ESW pump operation, the failure of the idle
accident sequerces and account for approximately 1% of pump's discharge check valve to reclose following
the Pilot Plant total CDF, shutdown of the pump will defeat the ESW system in

accordance with the NUREG/CR-4550 analysis. His
Failure to restore an ESW motor driven pump or ESW modification would increase the ESW system test
diesel generator cooling components defeats one-half of frequency from quarterly (current frequency) to monthly.
ESW. Restoration of these components after maintenance

4-13 NUREG/CR-5910
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,

J

| By doing so, the failure probability or a check valve series with the AOV. Figure 4.8 illustrates this proposed
'

failing to reclose would decrease by a factor of three, modification.

Vulnerability 4: ESW Pump Hardware F.ults Modificcon 7: Addition of a Swing, Self-Cooled Diesel
Generato.

ESW pump hudware faults are important in loss of
offsite power accident sequences and account for This r-odification consiata of the sddition of a swing, self.

; approximately 1% of the Pilot Plant tutal CDF. cooled diesel generator that would auto start in the event
of loss of normal sources of power to the onsite power,

he ESW consists of two redundant, cross-tied pump system. He diesel generator would be manually started
; trains. He success criteria established is one of two and cross connected to the appropriate bus. He engine j'

ESW pumps operating delivering flow or the ECW pump would have its own self contained cooling system which j
i delivering How to the ESW system. Herefore multiple would consists of a forced circulation cooling water i
; failu:es have to occur before ESW pump failures begin to system. He cooling water system would cool the engine <

; show up in the cut sets. Dominant cut sets generally directly and an air-cooled radir. tor system would remove'
consist of EDG B or C failing, which fails one ESW the heat from the cooling water. The cooliog water pump
pump, and the resulting available pump failing to would preferentially be directly drhen by the engine,

'
start /run, and the operstor fails to initiate the ECW pump. crankshaft. Hereby no external source of power would

} .
be required and no external cooling source would be

j Modification 1: Addition of a Third ESW Pump required.

t This is the same modification v proposed for %e engine would also have a self contained lube oil
; Vulnerability 1. system. He tube oil pump would preferentially be

directly driven by the engine crankshaft. He lube oils

Modification 2: Addition of Standby A.ito Actuation heat exchanger would be served by the engine cooling
; logic for the ECW Pump water system. Hereby no extemal power source would

be required and no external cooling source would be
j his is the same modificatist as proposed for required.

Vulnerability 1.
4 A new (dedicated) 125 volt battery, battery charger, and
| Vulnerability 5: Failure of ESW to Cool the EDGs Duc distribution panel will be required to provide field flashing
| to AOV Failures and control.

ESW AOV hardware faults are dominant in loss of offsite A summary of the important internal events vuhlerabilities
power accident sequences and account for approximately and the proposed SWS modifications is given in Table
2% of the Pilot Plant total CDP.

i '
4.2. Note that each vulnerability is addressed by one or
more of the proposed modifications.

j He ESW provides cooling water to the e.nergency diesel
generators. De ESW outlet header from each emergency 4.6 In1plenientation of Proposed,

; diesel generator contains an air operated isolation valve
ESW Modificationsthat is signaled open when its respective diesel generator.

! starts. Failure of this valve to open on diesel start defeats
ESW cooling to that diesel which results in failure of the his section describes the implementation of the proposed '

respective diesel generator. Failure of the diesel m difications of the NUREG/CR-4550 analysis. In orderi

. generators following a loss of offsite power results in a to perform this analysis the Pilot Plant models as available
#

station blackout. n IRRAS were used. He IRRAS Pilot Plant model is a
replication of the NUREG/CR-4550 analysis. A

Modification 6: Addition of a Check Valve in Series to description of this model can be found in Reference 49.'

1 the Diesel Generator AOVs Bef re implementing the proposed modifications, changes
to the IRRAS model were made as described below.

; his modification would remove the demand on the AOVs
to open on diesel start by making them normally open A check of the IRRAS Pilot Plant cut sets for the
valves and installing a check valve (six inch valve) in dominant accident sequences was performen to determine

where ESW events occurred and to determine the

; NUREG/CR-5910 4-16
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Pilot Plant Analysis

.

Table 4.2
a

Internal Esont Vulnert.bl4 ties
,

Y#hluftbility Modifie81kn

: 1. Operator fails to operate the ECW pump 1. Aildmou of a third ESW pump
i

2. Failure to restore ESW components after 2. Additirsn of standby auto-actueSn logie for the;

maintenance ECW pump
]

3. Discharge check valve failures fall cross-tied ESW 3. Additional operator trainlng, rnise procedures,
,

i pump add edditional alarms in the control room

i
1 4. E*W pump hardware faults 4. Addition of a second pump discharge check valve

5. Failure of ESW to cool the EDGs due to AOV 5. Increase system testing frequency;

j failures
'

6. Addition of check valves in series to the AOVs
i
!

7. Addition of a swing, t elf cooled, IX1

.

contribution these cut sets make to the total core damage sequences, therefore an ikRAS calculated mean CDP is
i frequency. As a result of this review it was evident that oct available. For those sequences for which an
I some of the cut set probabilities were in disagreement uncertainty analysis was performed on IRRAS, the results

with the NUREG/CR-4550 results ew though the cut varied frotn appmximaLly + 10 % to 79 % when
mets were in agreement. As a check, the IRRAS basic compared with the NUREG/CR 4550 Pilot Plant results.
event data base was reviewed to account for these Herefore, to avoid having to complete the IRRAS
discrepancies. De following basic e mi iata was found uncertainty analysis and to ensure comparable results with
to be different in the IRRAS model we. smpared to the NUREG/CR-4550, point estimates are used throughout
NUREG!CR-4550 model for which the IRRAS model is this analysis,
to refleet.

In an attempt to generalize the Pilot Plant results, generic
IRRAS NUREG/CR-4550 de? YL iu h abuituted for plant speelfic data. A

Buie Ever,t Unavailability Unavailab% review of the Pilot Plant NI'?'30/CR 4550 data base
showed that generic ASEP data was used almost

ACP DGN LP CCF 3.3E-03 3.0E-03 exclusively. Notable exceptions found were:
ACP-DGN FR EDGA 4.5E 03 15E42
ESW-MDP-FS-CCF 7.8E45 3.0E-03 Fule Event Probability

ne NUREG/CR-4550 model basic event probabilities ACP-DGN LP-EDGA 3.0P 03/di

| were entered into the IRRAS model and the dominant ACP DON LP EDGB 3.0E-03/d
'

accident sequences were then recyantified. He results ACD-DGN LP EDGC 3.0E43/d

| reflect the NUREG/CR 4550 results for the Pilot Plant ACP-DGN-LP-EDGD 3 ::E43/d
and are gin in Table 4.3. Note that the valura shown
in this table for the sequences listed in thu Executive
Summary (EXEC 3) are the point estimates which Generic ASEP data" for diesel generator failures to start
correspond to the means shown on EXEC 3. . is 3.0E-02/d, which is rn order of magnitude higher.

Updating the accident sequences with this generic ASEP
ne reason for using point estimates is that an uncertainty data gives a new polni ., stimate for CDP of 4 67E 06, a
analysis was not available on IRRAS for all accident

NUREG/CR 5910 4-18
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Pilot Plant Analysis

Table 4.3
i

Corruted IRitAS Modri Point ratimata Results

IRRAS NUltEG/CR 4550

Peint Estimals Point Estimate
kgnse Name

9.29E47 9.29E47
TI-ilNU l1 1.41E461.41 E46T3A C-SLC 2.62E 072.62 E47T3A CUllX 1.bOE471.00E47St V2V3V4NUl1 1.78E471.78E47T1 DUllU21 8.12E488.15E-08T1.Pil! Null 6.60E486.63E48Tl.EUiiNU21 1.07E471.07E47T3C-C-SLC 8.99E488.91E 08TI.P2V234NUIID 5.32E48
T2.lCV234NU11 5.32E48

T3D-P2V234 Null 6.41E 08 6.41E-08

5.34E48 5.34E48
A-V2V3 4.42E484.42E 08TI-C-SLC 3.360 083.36E-08T3B-C-SLC 2.80E 08

-

T2 C-SLC 2.80E 08

T3A-P2V234 Null 2.66E-08 2.66E48

T3C-CUllX 1.94E-08 1.94 E-08

T1.plBUlIU21 1.71E 08 1.71E48

\

Totals 3.62B46 3.62E46 ,

Note: All value are per reactor. year of operation. |
,

|

l I

|
Modification |

| 29% increase. Table 4.4 gives a listing of the new point
estimate for each dominant accident sequence. He values 1 2 3 4 5 6 7

'

| shown in this table for the sequences listed in the
Executive Summary (EXEC-3) do not agree since they a,e Altemative 1 X X X

point estimates, rather than means, for sequences using Alternative 2 X X X

ditferent,i.e., generic data. Alternative 3 X X X
Alternative 4 X X X

%e cut set results following the above data changes Attemative 5 X~

provide the baeis for all quantitative analyses performed
I in this report. nppendix F provides a listing of the ne basic goal of the altematives is to maximize the ,

l resulting cut sets for all dominant accident sequences, - benefit of one or more selected modifications. Since the i
!cost of the modifications varies, the a'.ternatives were

structured so the co$t of Alternative I would be the least |4.7 Combinations of Proposed
I"P *"*"' ""d ^1'* * *""* 5l* * P'"'i' * ""d **''*** 'Modifications to be Implemented would be the most expensive. he other attematives were |

;

t

structured so that they would provide a range of costs and
Five attemative ESW modification packages were benefits between the extremes. his structure corresponds

proposed for analysis. Rese attematives are defined as to altematives which progress from additional training,
I U ** revised procedures, and additional testing, to modest

hardware additions, and finally to major hardware
!

4-19 NUREG/CR 5910
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Pilot Plant Analysis

| Table 4.4

liase Case: !!tRAS Model Point Estimate 1(esults

Eewente Name CDP Point Estimgic
!
- TI 11NUl1 183E46
! T3A C-SLC 1.41 E-06
) T3A-CUllX 2.62E 07
; St V2V3V4 Null I.60E-07

T1.hU1INU21 1.78E47*

TI P1DNUIi 1.62E47
j TI-BU1INU21 1.36E-07

T3C-C SLC 1.07E47
3

? T1 P2V234NU1i11 8.99E-08
I

T2-P2V234 Null $.32E-08
'

T311-P2V234 Null 6.41 E48
A V2V3 5.34E48

B C 0 )

i T2 C SLC 2.80E48
T3A P2V234 Null 2.66E-08
T3C-CUllX 1.94E 08
TI PillUllU21 1.71248;

5

Total 4,67E 06
,

;

; Note: all values are per reactor-year of operation.
~

5

cdditions and modifications. "Ihe specific modifications would be installed in the pump discharge line in setles,

|
selected for each alternative are described blow, with the existing check valve.

i Altemative 1 Altemative 3

Altemative I would implement three of the identified Alternative 3 is the same as Attemative i except that
modifiutions: (1) provide additional operator training, instead of providing additional training for the operators,,

revise procedures, ud/or add additional alarms in the revising procedures, and/or adding additional alarms in
1 control room in order to reduce the probability that the the control room, standby auto-actuation logie would be

{ operator fails to operate the ECW pump and to reduce provided for the ECW pump and pump discharge motor-

4 restoration errors; (2) increme the ESW functional testing operated valve.

; frequency from quarterly to monthly to reduce the
' probability of pump discharge check valve failures d a to Alternative 4
.

back leakage - (i.e., fails to reclose); and (3) add
j check valves in series to the diesel ESW discharge air- Alternative 4 is the same as Alternative 3 execpt that

operated valves s hich are required to open on diesel start, instead of providing auto-actuation logic for the ECW
,

pump, a third ESW pump would be installed that wouldd

j Alternative 2 function the same as the existing two ESW pumps.

4

;- Ahernative 2 is the same as Alternative 1 except that Alternative 5
i- instead ofincreasing the ESW functionaltesting frequency

to reduce the probability of check valve failures due to Alternative 5 would add a self-cooled diesel generator that
'

4 = back leakage 1.e., fails to reclose) a second check valve would be manually initiated and loaded to the appropriate
i AC bus,

i

; NUREG/CR-5910 4-20
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Pilot I'lant Analysis

4.7.1 Implenientation of Alternatives closed to open is implemented as a ch=nse in basic event
probability for the normally closed AOV falling to open.
%e nm failure pmbabilitj la composed of the followingAlternative i consists for the following modifications:
events;

1. provide additional operuor training, revise
1. Check valve fails to open (p = 1.0E-04/d)

procedures, and/or add additional alarms in the
2. Normally open AOY spurious closurecontrol room,

(p = 1.0E 07/hr).

% increase the functional testing frequency of the ESW
Using an 8 hour mission time to be consistent with the

system from quarterly to monthly for the pump NUREG/CR-4550 analysis. a new unavailability for the
discharge check valves, existing basic events under question (normally closed

3. add check valves in series to the diesel ESW
AOV fails to open) is calculated as follows: (1.0E 04/d
x id) + (1.0E-07/hr x 8 hr) = 1.0E 04.discharge air-operated valves.

implementation of Ahemative 1. in short, consisted of
No credit is taken for increasing operator training to

updating the unsvallability number of the applicable basic
reduce the probability of the operator failing to operate events and requantifying the dominance accident
the ECW pump due to the amount of time (just a few

seguems to gd de gerall effect on CDP. he basicminutes) available for the operator to take action. events affected and their assoelated unavailability is giva

in Table 4.5.No credit is taken for revising procedures to reduce the
component restorntlan faults following maintenance. he
current practice is proceduralized and requires appropriate linplenient:ltloll of Alternative 2
operator sign-offs and functional testing of components
taken out for maintenance before declaring ESW operable. Alternative 2 is the same as Attemative 1 except that

instead of increasing the functional testing frequency of

No credit is taken for installing additional alarms in the the pump discharge check valves, a second pump
control room to alert the operator of failed ESW system discharge check valve would be installed in series with the

and the need to operate the ECW purnp. System existing valve. Adding the second check valve would
parameters such as system pressure and flow sheady exist result in a change of the failure probability of the check
in the control room and it is assumed that high diesel valve already modeled from a single event to a common
engine jacket water temperature and high diesel engine morte event of two check valves in series failing to
lube oil temperature (indicating failed cooling)is already reclose. Assuming a beta factor of 0.1 f,r screening
alarmed in the control room, purposes, the failure probability for one check valve

failing to reclose (p = 3.0E43/d) is changed to 3.0E-
Increasing the functional testing frequency of the ESW 04/d (3.0E-03 x 0.1) to account for the second check
system from quatterly to monthlj would : educe the valve,

probability of check valve failure n to back leakage
(i.e., fails to reclose) by a factor of 3. %e generic Adding the second check valve also increases the failure

failure frequency used in NUREG/CR-4550 for a check probability of the pump train since the check valve must
valve failing to close was 3.0E 03/d which was derived open for successful pump operation. his tallure snode is
from the time aclated component failure probability term, accounted for by updating the already modeled failure of
1/2 A t, where the failure rate h = 3.0E 06/hattrnd time the existing check valve to open by factor of 2. %e

t = 2160 hours (720 hours / month x 3 months between failure probability for the existing chuk. valve to open
actuations). Increasing the functional testing frequency to (ESW-CKV HW-C515A and ESW rM IIW C515B) is
monthly gives a new failure probability for check valve 1.0E-04/d, doubling this to account foi W Mition of the
failure due to back leakage of 1.0E43/d. his second check valve gives a failure probabidty of 2.0E-
modification is implemented into the model as a simple 04/d.

j data base change, i.e., change the failure probability of
check valves in question (ESW-CKV-CD-C515A and implementation of Alternative 2 in abort, coasisted of
ESW CKV CB-C515B) from 3.0E 03/d to 1.0E-03/d, updating the unavailability number of the applicable basic

events and requantifying the dominant accident sequences

Adding check valves in series with the air-operated valves to get the overall effect on the CDP. %e basic events

and changing the AOVs normal operating position from

4-21 NUREG/CR-5910
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"lable4.5

Alternative 1 Affected liasic 1:sents and Associated Unavailabilitica

-.

Original Alternative i
Bute Event Unavailability Unavailability

liSW AOV-CC 0241 A 1.0E43 1.0E44
ESW AOV-CC-024111 1.0E-03 1.0E44
ESW AOV-CC4241C 1.0 E 4.', 1.0E-04
ESW AOV CC 0241D 1.0E43 1.0E44
ESW-AOV CC-CCP 1.0E43 1.0E44 9
ESW CKV CII-C515A 3.0E43 1.0E43
ESW-CKV-CD-C51511 3.0E43 1.0E43

affected and their associated unavailability are given in restart the pump should the ESW pumps fait during an
Table 4.6. accident. His modification is implemented by revising

the operator error probability from 0.9 to 0.0. No ,

linplenientatl0n of Alternative 3 additionai changes are necessary since in the NUREG/CR-
4550 analysis, control circuit failures are accounted for in

Alternative 3 is the name an Alternative 1 except that the pump and valve failure probabilities a used.

instead of providing additional operator training, updating
procedures, and/or providing additional alarms an.i implementation of Alternative 3, like Alternatives 1 and

indication in the control room. Alternative 3 wotJ6 2, is accomplished by updating applicable basic event

provide standby auto actuation of the ECW pump and probabilities and requantifying the dominant accident

pump discharge motor-operated valve. 8"lueneca to get the overall effect on the CDP. He basic
events affected and their associated unavailability is given

Addition of standby auto-actuation logic for the ECW in Table 4.7.

pump eliminates the need for operator intervention to

Table 4.6

Alternative 2 Afinted Basic Events and Associated Unntallabilities

origiud Alternative 2
Basic Event Unavailability Unavailability

ESW AOV-CC4241A 1.0E43 1.0E 04
ESW AOV CC-0241B 1.0E43 1.0E-04
ESW-AOV-CC-0241C 1.0E-03 1.0E 04
ESW-AOV-CC-024 t D 1.00 03 1.0E 04
ESW AOV-CC-CCF 1.0E43 1.0E-04
ESW CKV CD-C515A 3.0E-03 3.0E44
ESW CKV-CB-C51511 3.0E 03 3.0E44
ESW CKV-liW-C515A 1.0E-04 2.0E44
ESW Ce;V-IlW-C515B 1.0E44 2.0E44
ESW-CKV CM-C515 3.0E 04-

NUREG/CR-5910 4-22
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Pilot Plont Analysis

Table 4.7

Alternstlie 3 Aft <ted Basic Eients and Associated Unstallabilities

Original Alternative 3

liasic Event Unavailability Unavailability

ESW AOV-CC 0241 A 1.0E43 1.0E44

| ESW AOV CC4241B 1.0E 03 1.0E44

| ESW AOV-CC 024tC 1.0E 03 1.0E44
'

1 ESW AOV-CC4241D 1.0E43 1.0544
ESW AOV-CC-CCF l.0E43 1.0E44

ESW-CKV-CB-C$ l$ A 3.0E43 1.0E 03

ESW CKV-CD-C51$B 3.0E-03 1.0E-03

| ESW XilE FO-Elis 9.03 01 0.0E 00
,

>

Table 4.8

Alternative 4 Affteted Basic Events and Associated Unntallabilities ,

6 ,, - .- ;

Original
* astr 4

,

;

Basle Event Unavailabilig W ath .w
>

. . . . , . - -n.. n

BETA 2SWSPS 2.6E 02 No Change ,

BETA 3SWSPS 1.4E42 N > Change

ESW AOV-CC 0241A 1.0843 1.0E44 -

ESW AOV CC 0241B 1.0E43 1.0E44
ESW AOV-CC-024tC 1.0E43 1.0544 +

ESW AOV-CC-0241D 1.0E43 1.0E-04 !

ESW AOV-CC-CCF l.0E-03 1.0E 04 ;

ESW-CKV CB-C$l$A 3.0E43 1.0E43

ESW CKY CB-C515B 3.0E-03 1.0E 03

| ESW CKV-CD4515C 3.0E-03 1.03 03

ESW CKV-HW-C515C 1.0E44 No Change'

ESW MDP-FR MDPC 1.2E-03 No Change
| ESW MDP-FS-MDPC 3.0E 03 No Change |

ESW MDP-MA MDPC 2.0E-03 No Change |

| ESW PMPC' N/A 1.0E 02 :

! ESWWTF-RE-MDPC 2.19E43 No Change :

ESW XVM IGX 507C 4.0E45 No Change

' Event module added to cut sets to account for the addition of Pump C. Conalets of Pump C hardware

faults. i

f

i
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,

r

Illl})Iell10Hilition of Alterrlative 4 ESW MDP-rn MDpC Motor-driven pump C fatis so !

tun given stan [
Alternathe 4 is the same as Altemative 3 encept that >

ESW MDP-FS MDPC Motor-driven pump C falls toinstead of providing standby auto-actuation logie for the
startECW pump and pump discharge valve, a third,100g ;

fcapacity, ESW pump would be installed that would
ESW-MDP MA MDPC Motor driven pump C out for [operate in the same nutrtner as the calsting ESW pumps.

mamtenance <

Implementatioe of this attemative required updating basic ESW&lT RE-MDpC Failure to restore motor-driven [event probabilities where applicable and also manipulating
the accident nequence cut sets where applicable, pump C after maintenance

Manipulation of the cut sets was required to account for ESW XVM-PG X507C Motor driven pump C ;
the change is ESW system fault tree logie and to account
for the added failure modes attributed to the addition of

discharge manual valve fails j
due to plugging

the third pump. To aid in this analysis, a fault tree model
for the third pump was developed and is shown in Figure !

fXIACTD Failure or diesel generator D ;
4.9. Unsvallability data for the basic events shown in

actuation to initiate pump C |Figure 4.9 as w e!! as for those basic events in which their
failure probabilities s ere updated to account for the other i

ne etunulative unavailability of these basic events is
modifications implemented in this Alternative is given in ,

1.0E-02, w hich is the unavailability of term ESW PMPC. }Table 4.8 on the previous page.
.

For those cut sets of Type 2, additional cut sets were |He ESW events affected by this alternative show up in
three dominant accident sequences (i.e., station blackout added to the accident sequences to account for pump |

sequences). Herefore only the cut sets which contained discharge check valve failure to reclose, resulting in ;

ESW events in these sequences (i.e., TI-ItNUll, backflow through the idle pump and subsequent failure of i

Tl = PI BNUll, and TI ilUl lNU21) were manipulated in the ESW yystem to provide cooling to the emergency j

order to implement this modificatian. Dominant cut sets diesel generators, %ese additions were a simple matter j

involving ESW faults generally consisted of the following of duplicating the cut sets containing check valve back ;

leakage faults and substituting in the pump C pump fault |evente
and pump C check valve CD term. He following !

1. Failure of one ESW pump to run and failure of eaample is offered: {
the other ESW pump due to hardware faults ar,d
failure of the operator to start the ECW pump, or Enisting cutset T1 * ESW CKV CD-C515A * ,

ESW MDP-l'F MDPA j;

2. ESW discharge check valve fails open and i

independent failure of the pump associated with uls cut set was duplicated and the following revisions ;

made -jfailed check valve, or
I

TI * E3W-CKV-CB-C515C * |3. Common cause failure of the two ESW pumps to
ESW MDP FR MDPCstart and failure of the ECW pump. All three of

!these fail the ESW system which in turn fails the
emergency diesel generators (i.e., fails onsite AC to account for the addition of pump C and its associated [

power). valving. i

For those cut sets consisting of 'Iype 1, a single module cut sets of Type 3 consist of common mode failures of i

event w as added to account for the addition of pump train two ESW pumps to start. With the addition of a third |
C. His module event (ESW PMPC)is made up of pump ESW pump, the beta factor was changed from two pumps !

to three, i.e., BITTA 2SWPS became BETA 35WPS.
train C hardwere faults as follows:

Basic Event Derrintion N te that the pump C would be powered from AC and
DC division D, the same as the ECW pump. Derefore,

ESW-CKV HW-C515C Pump C discharge check valve division D faults are already accounted for in the cut sets

t' ails to open on demand

NUREG/CR 5910 4-24
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Pilot Plant Analysis

due to the LCW pump and no additional additions were in Table 4.9, the dominant accident sequences were
necessary, requantified to get the oserall effect on the CDP.

Once the cut sets wetc revised to account for the addition 4.7.2 Modification ReSults
of the third ESW pump, the sequences were requantified
to get the oserall effect this alternative has on the total

ne results of the quantification for the alternative deaign
CDIs

modification described above are presented in Tal.le 4.10.
It compares the sequence frequencies after modification.

Ituplementation of Alternative 5 Recovery factors have been accounted for in aii the
sequences in Table 4.10.

Alternative 5 would add a self-cooled swing diesel
generator that uould be manually initiated and loaded to From the results listed in Table 4.10, it is seen that the
the appropriate AC bus from the control room. His greatest reduction in CDP is obtained with Alternatives 3
attemative would not change the configuration of the and 4 (i.e., approaimately 33% and 31% reduction in
1;SW syst:m but would reduce the plants onsite electric CDP, respectively). 11oth of these attematives decrease
power dependency on ESW. the dependency on the operator to initiate the ECW pump

and aho eliminate the dependency of the diesel generators
implementation of this alternative required updating post- on the ESW AOVs which must open for successful diesel
accident human error probability (HEP) data where operation,
applicable to account for the operator actions to start and
loed the swing diesel generator. Also included in the 4.8 Sensitivity Analysis
updated HEP data were swing diesel independent faults.
He following swing diesel generator failure modes were sensitivity analyses were performed for selected ESW
necounted for in this analysis:

components to determine the seesitivity of the risk model
to the increase in component failure probability. He

Basic Event Ducription
ESW faults selected for sensitivity analysis were chosen
" IACP-DGN I%EIX1S Swing diesel fails to run

(unavail = 1.2E42) 1. Based on NUREG/CR 4550 risk increase results, the
ACP-DGN LP EDGS Swing diesel fails to start ESW basic event has the potential for being n

('unavail. = 3.0E-02) Significant contributor to risk if current levels are not
ACP-IXiN-MA-EDGS Swing die *cl out for maintained.

maintenance (unavail. = 6.0E-
03) 2. He ESW component is susceptible to water quality

ACP DON TE EDGS Swing diesel unavail. due to
problems such as sitt (e.g., plugging of valves),

test (unavad. = 2.3E-03) corrosion (e.g., degrades proper fectioning ofACP DGN RE EIXIS Failure to restore swing diesel components such as valves), and crosion (e.g..
; after maintenance (unavad. = inercased wear on pumps).
| 7.98E-04)
i

Based on these criteria, the following ESW ccmponent
i ne cumulative unavailability of these basic events 18

types and failure modes were selected for sensitivity
; 5.5E42, which is the unavailability of the swing diesel. analysis.
'

.

Table 4.9 lists the basic HRA post accident terms updated Component
in this analysis along with their NUREG/CR-4550 HEP ~

Failure Mode

velues and the value of each term used in this analysis to Check valves Back leakage (CB)
c.lculate the effect the addition of a swing diesel would

Failure to open (llW)
have on the CDF. He value of each term in this analysis
is a combination of the diesel generator faults listed above

A r-operated valves Closed fails to open (CC)
and the probability of the operator fding to cross-tie the

Maintenance unavailabilityswing diesel. He HEP values were extracted from the
(MA)Grand Gulf NUREG/CR-4550 analysis."

'
-

- Manual valves Plugging (PG)
After updating the HEP value for each of the terms listed,

.
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Pilot Plant Analysis

Table 4.9 .

Alternative 5 Diesel Generator CrowTie Hwonery Action Data |

NUR EG/CR-4550 X Tie 11EP IX1 Alt. 5

Basic Event ilEP Value Value Unavailability Value ,

DGIIWNR311R 8.0E-01 1.0E 01 5.5 E-02 1.6E41

DGilWNR$1{R 7.0E 01 8.5 E-02 5.5E42 1.4E41

DGilWNR711R 6.0E41 6.0E-02 5.5E42 1.2E 01

DGilWNR91{R 5.8E-01 4.0E-02 5.5E-02 9.5 E-02

DGilWNR121IR 5.5E 01 6.6E43 5.5E 02 6.2E-02

i

Table 4.10

ESW Alternative Modification Results

"

Sequence Original Alternative Alternative Alterative Alternative Alternative

Identifier Probability 1 2 3 4 5

.

T1 BNU11 1.83E46 1.41 E-06 1.33E46 5.01E47 5.70E47 9.21E-07
,

T3A-C-SLC 1.41E-06 1.41E46 1.41E46 1.41E46 1.41E46 1.41E 06

i T3A-CUllX 2.62E-07 2.62E-07 2.62E 07 2.62E-07 2.62E-07 2.62E-0?

SI V2V3V4NU11 1.60E 07 1.60E-07 1.60E-07 1.60B47 1.60E-07 1.60E 07
,

TI BUllU21 1.78E47 1.78E-07 1.78E-07 1.78E-07 1.78E-07 1.781107
| TI-PIBNUll 1.62E-07 1.24E47 1.17E-07 4.60E-08 5.24E 08 8.10E-08

T1-BUllNU21 1.36E47 1.12E 07 1.07E-07 4.04E-08 4.51B-08 6.79E48
,

| T3C-C SLC 1.075 07 1.07E47 1.07B-07 1.07E 07 1.07E47 1.07E47

TI P2V234NUllB 8.99E 08 8.99E-08 8.99E-08 8.99E 08 - 8.99E48 8.99E-08

| T2 P2V234 Null 5.32E48 3.32E 08 5.32E 08 5.32E 08 5.32E48 5.32E 08

| T3B-P2V234 Null 6.41E-08 6.41E-08 6.41E 08 6.41E-08 6.41E-08 6.41E48

A V2V3 5.34E-08 5.34E-08 5.34E-08 5.34E-08 5.34E-08 5.34E48
i

| T1 C-514 4.42E-08 4.42E-08 4.42E 08 4.42E-08 4.4'tE-08 4.42E 08

T3B-C-SLC 3.36E-08 3.36E-08 3.36E48 3.36E 08 3.36E-08 3.36E-08

! T2-C SLC 2.80E-08 2.80E48 2.80E-08 2.80E-08 2.80E-08 2.80E-08

l T3A-P2V234 Null 2.66E-08 2.66E-08 2.66E-08 2.66E 08 2.66E 08 2.66E48
' T3C-CU1IX 1.94E-08 1.94E48 . 1,94E-08 1.94E48 1.94E 08. l.94E-08

T1 P1EU1iU21 1.71E-08 1.71E-08 1.71E-08 1.71E 08 1.71E 08 1.71E-08

Totals 4.67E-06 4.19E 06 4.09E-06 3.13E-06 3.21E46 3.61E-06 -
s

Note: all values are per mactor-year of operatier.. ;

i

6
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Pilot Plant Analysi.

Motor-driven pumps fails to run (IV) De reader shonld note that only the dominant accident
Maintenance unavailability sequence cut sets are available on IRRAS rnd were
(MA) nuutipulated in this analy61s. It is technically incorrect to

; do this in that all the necident sequences should be
'

A censitivity analysis was perfonned for each component requantified with the new data to determine all the cut
with all failure mode * listed with art ineaease in basic sets, llowever, the informatior. (e.g., 6equence logie,
event probability of 3 and 10 times the original basic rnutually exclusive event files, fisg files, etc.) required to

| event probability. These multipliers were selected to perfonn this requantification are not on IRRAS and would
! provide a comparable range of results from s hich to draw have to be recreated and checked to ernure IRRAS gives
'

conclusions. A new core damage frequency was found the same results as the NUREO/CR-4550 analysis. nis
I which is an Indicator of the a(nsitivity of the risk model level of effort is beyond the scope of this project,

to the increase in component failure probability. After the
sensitivity analysis was performed for each component Table 4.12 gives the results for each component from tl.e
selected, a sensitivity analysis was run with all sensitivity runs made with all selweted commnents failure
components listed above. Table 4.11 gives the basle probabilities increased by factors of 3 and 10.
event unavailabilities used in the analysis.

Table 4.11

Sensitivity Analysis Basic Esent Unavailabilities

,-

IFall BASE BASE BASE
ESW COMPONENT MODE UNAVAIL X3 X 10

Check Valve CB 3.0E 03 9.0E-03 3.0E 02
IIW l.0E44 3.0E-04 1.0E 03|

!

Air-Operated Valve CC 1.0E 03 3.0E-03 1.0E42
MA 2.0E44 6.0E44 2.0E-03

Manual Valve PO 4.0E-05 1.2E44 4.0E-04
i

Motor-Driven Pump FR 1.2E 03 3.6E 03 1.2E-02
MA 2.0E-03 6.0E-03 2.0E 02

,

!

Table 4.12

Sensitivity Analysis Results in Tenns of CDF

CDP ACDF' CDF ACDF'
COMPONENT BASE X 3 INCREASE BASE X 10 INCREASE

Check Valve 5.54E 06 8.70E-07 8.56E-06 3.89E 06
i

Manual Valve 4.68E 06 1.00E-08 4.70E46 3.00E-08

Air-Operated Valve 5.14E-06 4.70E-07 - 6.85 E-06 2.18E-06

Motor-Driven Pump 5.00E46 3.30E 07 6.43E-0U l 76E-06

All 6.52E46 - 1.85E 06 1.63E 05 1.16E-05

'ACDF caladated based on a base case CDF equal to 4.67E-06.

'

NUREG/CR-5910 -4-28
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5.0 INTEGRATED VALUE-lMPACT ANALYSIS I

in this section the quantitttive value analysis and the ACDFO) = CDP CD101,
impact analpis are combined to form an integrated 5 alue-
impact analpis. De methodology for the value-impact
analysis is presented in Appendix L of NUREG-CR- w here:
4767." In order to implement the value impact analysis
and illustrate the steps performed, the methodology will
be reviewed briefly prior to sumnarir.ing the pilot plant CDF = base case core damage frequency, andsw ws.

5.1 Methodology CDro) - core damage frequency of the jth
alternative.

5.1.1 Yalue and Irnpact Analysis Variables
Rese values, as der.ived from Table 4.10, are given in

Fxh of the variables to be used as input in the value- able 5.2.

impnt armlysis is defined in Table 5.1 and chrameterized

in several ways. First, the costs and values may be 5.1.2 Value Itupact Analysis Measuns
incurred one time or on an annual basis. All recurring
costs or coats which might occur at any time during the Imrinet biteaun Impacts la and I, (refer to Table 5.1)
renaining plant lifetime are valued in 1992 dollars by must be multiplied by the present worth factor, whlch is

.

using a present worth factor. De present worth factor 10.8 for the pilot plant assuming 5 percent discount rate,
for the pilot plant based upon 16 years remaining life is ne present worth factor accounts for the reduced worth
10.8 at a 5 percent discount rate. of the payments made or incurred at some future date.

Derefore, the total positive impact 'I1(j), of the jth
alternative is given by:

prescar worth factor - (1.05)''-1 = 10.8
0.05(1.05)ts T10) = l O) + 10.81,0) + 10) + 10.810).i 3

His is the total of all the positive impacts. The negative
impacts sum to the total avottable cost,10), or3

Second, there are positise and negative values and
impacts. De value measures involve the potential
radiation dose incurrrd during the installation or operation I'3(j) = I'dj) + l'ud) + l'u(j).
of an altemative (a negative value) or the dose averted
from a lower core melt probability (a positive value),
impacts are the costs associated with implementation of an where
alternative. He direct material and labor costs of an
altemative represent positive impacts. De power l's:(j) = ACDFO) a Ind)
replacement, cleanup and other costs whleh are averted by
implementation of an attemative are treated as negative I'dj) = ACDFG) x ly0)
impacts. Wird, costs or doses result from either the
proposed modifications or an accident. Fourth, each I'ny) = ACDF(i) x lu(j)
variable may affect the utility, and the NRC, or the
public. Last, the information for each variable comes ne net impact, NIO), of the jtn attemative can ne'V be
from the appendices and/or the value analysis, estimated by subtracting the total avertable costs from the

total impact or:
In addition to the value and impact variables, the change
(reduction) in core damage frequency (ACDP) for each
altemative from the base case core damage frequency NIO) = TI(J)-I's(J).
0 e., without any modifications)is calculated from:

51 NUREG/CR-5910
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Integrated Value Impact Anajpic

Table 5.1. Value and imp 6et Analysis input Variables

Affec ts Source of
Sy_tphej Lhainti"D Results from _,tbt. Information

l Engineering and installation Positive hiodifications Utility i- 4 Engineeri

Cost one time Impact

l Operations and hiaintenance Positive hiodifications Utility Architect 11gineera

Costs / year present worth Impact

1, installation Replacment Positive hiodifications Public Architxt Engineer
Power Costs one time Impact

1 In-service Replacement Positive or 'niodifications Public Not available but
Power Costs per year Negative impact assumed negligible

I, Avertable Onsite Costs - Negative Accident Utility ' lased on previous
one time impact analysis

I,i Replacement Power Costs

in loss of Investment Costs

lo Site Cleanup Costs

I; Other Costs one time Positive hiodifications Utility Not covered in this
impact & NRC analysis

V Averted Onsite Dose Over Positive Accident Utility Based on previousi

Plant Lifetime Value analyses

V', Present Worth of Averted Positive Accident Utility Based on previous
Onsite Done O $1000'p rem Value analyses

V Averted Offsite Dose Positive Accident Public From value antlyses
Over Plant ufetime Value

V ', Present Worth of Avertd Positive Accident Public Prom value analyses
Offsite Dose @ $1000/p tem Value

V Installstion Dose - one time Negative biodifications Utility Accident Engineer3

Value

V ', Present Wonh of Installa- Positive hiodifications Utility Architect Engineer
tion Dose c$1000/p rem Value

V. In-service Operational Dose Positive biodifications Utility Not available
over Plant ufetime or Negative Value

V'. Present Worth of Occupa. Positive hiodifications Utility Not available
tional Dose @ $1000/p-rem or Negative Value

NUREG/CR-5910 5-2
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Table 5.2 Inputs to Value/ Impact Analysis ;

i

a .

Risk (ADose) One Time O&M .

,

Altemative MODS ACDF Person Rem' Reactor Yr. Cost (I,) Costs (I.) i.,

l'

1 3,5,6 4.80E-7 1.07 1805K 50K !
,

2 3,4,6 ' 5.80E-7 1.29 | 3000K 30K t

ta

b
3 2,5,6 - 1.54E4 3.44 1955K 55K ,

|

i 4 1,5,6 1.46E-6 3.25 14.2M 82K
.

;

Ii
'

i 5 7 1.06E4 2.36 20.9M 175K !
2
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Integrated Value impact Analysis

ne disieounted values for the negative impacts due to KW, = 1051E3 KW,
avertable onsite costs, conditional upon an accident, based
on the method in Appendix L of NUREG/CR-4767 are F,, = years oflife remainingftetal plant life u 16/40
given by:

From Appendit L of NURiiG/CR4767:
In = FW,, a FW,, x IF x R

CF, = $1500/KW,
in " KW. x CF, x IF x F, x CF,

C,,, = $ 1.2E9
in = C,, x FW, x IF

Finally, based on the average of the results of applying
where: the methodology of Appendix L of NUREG/CR-4767 to )

six different plants: 1

FW,, a present worth factor for ten years of
replace:nent power. CF, = 4.27

FW,= present worth factor for the pilot plant Using the above values:
remaining life.

In = 7.72 x 10,8 x 1.327 x 1.24E8 = $1.37E10
IF inflation factor from 1985 to 1992.=

In = 1051E3 x 1500 x 1.327 x 16/40 x 4.27 =
R cost of replacement power for one year. $3.57E9=

KW,= Lilowatt electrical output of pilot plant. In = 1.2E9 x 10.8 r,1.327 = $1.72E10

CF, = construction coat per Lilowatt ele:trical all in 1992 dollars.
output.

Value Meamres - ne averted onsite dose (V) for eachiP =p fraction of plant life remaining. attemative is entir:.ated from the onsite dose received
during an accident. For purposes of this analysis, this

CF,= ratio of maximum expected loss to current onsite dose (40,000 person rem) is assumed to le the
value of plant. same for any core damage accident as discussed in

Appendix L of NUREG/CR-4767. De averted onsite
C,, = present worth of plant and site cleanup. dose (40,000 person-rem) is multiplied by ACDP for the

jth alternative and by the number of years of operation
Using a 5 percent discount rate and a remaining plant life remaining. %us:
of 16 years:

V,0)=(40000) x ACDFU) x 16 (p-rem)
FW,, = 7.72 and PW,, = 10.8

ne present worth, V',0), of the above avertable onsite
Based on the consumer price index for the years 1985 to dose, valued at $1000 per person tem is:
1992:

V',0) = (40000) x $1000 x ACDFO) x 10.8 ($)
IF = 1.327

ne averted offsite averted dose (VJ for each alternative'
Using data for the pilot plant from NUREG/CR-4012, and is estimated from the avertable offsite dose per reactor
o 65 percent capacity factor: year multiplied by the remaining years of plant operation.

n us:.

R = $1.24E8

V,0) = (Averted offsite dose) x 16 (p-rem)
; For the pilot plant:
i

! NUREG/CR-5910 5-4'
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Integrated Value impact Analysis I

I
la this case the .iCDP is not required because the core ne net averted dose, NVG), and the present worth of the !

melt probability la inherent in the calculation, net averted costs at $1000/p-tem, NV'0), associated with !

cach alternatise can be calculated by subtracting the !

ne present worth V':(j) of the avertable offsite dose negative values from the positive. nus: |

valued at $1000 per perxm-rem is: {
NV(J) = V,0) + V 0) V,0) V 0)(p rem)4 ;

V',0) = (Averted dose) x $1000 x 10.8 ($) }
NV'0) = V',0) + V'20) V'30) V',0) ($) [

ne totals of the positive values (onsite + offsite) for 7

[averted dose and costs are:
Vahie-Impnet Meamres ne value impact measures can |

V (j) = V,0) + V 0)(p-tem) be constructed frosa the sariables oefined previously. |
u r ;i

|
Each of the value-impact measures is calculated from the

'

V'u(j) = V',(j) + V':(j) ($) cost for the total impact (f1) and the cost for the net
;

impact (NI). He first measure considered is the ratio of

De ratio of the averted offsite dose (V ) to the base case averted costs to impacts. He first, VIR,, considers only j
3

dose ADR,, is given by: the averted offsite costs and the totalimpact. Per the jth |

alternative: j
i

VIR, = V' (j)/TIO) !

VW i
sADR,= ,

(B6e Case Dose x 16) ne second ratio, VIR,, is the net value-impact ratio j

which accounts for the net averted offsite and onsite costs ;

and the net impacts. For the jth alternative: i
tne base case dose is given in Appendin G.

VIR, = NV'(j)/N10) i

Similarly, the ratio of the total averted done (Yu) and the [
totil base case done, ADR,, is given by: Similarly there are two net benefit values. He first, ;

NilV,, considers only averted offsite costs, while the i

second, NilV , includes averted costs and impacts. Dat f
!is, for the jth altemative:
!V@n i

ADR"=
Base Cate Dose x 16 + V(/) NBV, = V' (j)- T10) ($) [i

I
NilV, = NV'(j) N1(j)($) j

!
He negative values considered for the jth attemative he final value impact measures are the estimated cost in

included the dose received during installation (a one time dollars per person rem of dose avette1if the altemative- .;!
'

dose), V 0), and the in-service occupational dose received is implemented. Again, there are two values. He first,
3

over the remaining plant life time, V (j), Rese doses can DPR,, is the ratio of the tot 4 impact to the averted offsite !

be present valued at $1000 per perscu-rem in a manner dose. For the jth attemative: i
!

, enalogous to that used for the positive values, thus, ;

!

f DPR, = TI(j)/V 0)

! V'3(J) = V (j) x $1000 ($) ;
3

|
ne second is DPR,, which is the ratio of the net impact )

| V',0) = (V,(j)/16) x $1000 x 10.8 ($) to the net averted don. For the jth altemative: ;
!

DPR, = N10)/NVO) ;

V'30) does not include the present worth factor (10.8) ,

because it is a one ilme dose, whereas the dose associated A more complete discussion of the reasons for selecting ;

with operations, V.(j)is recurring. It is divided by 16 to these measures is provided in Appendix L of i

secount for the years of plant life remaking. NURI!G/CR-4767. i

l i
i

5-5 NUREG/CR 5910 |
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Integrated Value impact Analysis

El 5.2 Results Table 5.4b Summarius the on.nlite uhtu for each
alternative. De installation dose (V,) results from
radiation exporme to contrativt perm:mel during; the salues, impacts, and value-impact rneasures defined

in the previous section were calculated for the Pilot Plant installation of the mcdifications for any particular'

; us,ing the resula of the intemal analysis and the impact alternative. In-service occupatiorud dose is considered to

analysis. Dese results are tabulated in Tables 5.3,5.4, le negligible at the pilot plant for the alternatives
| and 5.5. He symbols for the values, impacts, and proposed here, la cach came the doses are converted to

measures are given at the heading of each column. It is dollars by multiplying by $1000!p-rem. V, la already a'
'

present worth but V requires application of the in.simportant to note that the offsite population dose is an 4

integrated dose out to a radius of 50 miles from the site present worth factor.

and the conversion from dose to cost is $1000 per person '

rem. All present value estimates are based on a 5 percent he net value of each attemative is the positive valuca Vn

discount rate. Of V'u minus the negstive values for V + V, and V' +
3

V'. respectively. Upper and lower tumds are given for

Table 5.3 summarius the impacts for the pilot plant by NY and NV' which result from the bounds from the
attemative. he four pitive impacts are individually positivn alues only,

tabulated and then totaled to obtain the Total Impact (V)
of modifications associated with each alternathe. One Table 5.5 is a summary of the Value !mpact analysis i

time costs of installing the modifications and replacement which repeats several measures from Tablea $.3, 5.4a,

power during the installation are already in present and 5.4b. hene n.peated measures are TI, N1, V , V's,3

dollars. he in-service operations and mairaenance costs ADR,, and NV'. De value-impact measures derived

and replacement power costs must, however, le fr m theae measures are the Value Impact Ratio (VIR),

multiplied by 10.8 to account for the present worth of the Net Ilenefit Value (NflV), and the Dollars per person-

these impacts. He installation of modifientions at the tem (DPR) based on offsite costs alone and based on
pilot plant can be accomplished during normal outages so offsite and onsite costs combined. Table 5.6 is a further

that there are no replacement power costs. Although condensation of the results which show eight measurra

replacement power costa due to in-service maintenance extracted from Table 5.5. ne costs (Impact) estimated.

were not specifically estimated, these costs probably have f r each alternative could easily be higher or lower for a ,

a negligible impact. different plant. Similarly, the benefits (value) could be
higher by an order of magnitude or more for other plants '

he nerative imonets result from the avcrted onsite costs with greater base case core damage frequencies.
'attributed to a potential accident. %: costs are, of

course, probsbilistie. Thus, the potential costs for I,,, In,
and in in 1992 dollars must all be multiplied by ACDP.
ne net impact (NI) is the positive impacts minus the
negative impacts. De lower the net impact the more
fa.orable the allemative appears.

Table 5.4a presents the positive values for each
alternative. neee are onsite averted dose 'V ) and offsitei
averted dose (V ) due to a potential accident. Rese are2

both probabilistic in nature; however, the calculation of
offsite averted dose (V ) does not explicitly include ACDF2

since it is implicitly included in the analysis to obtain V .
Both averted doses must include a factor to account for
the remaining plant life which is 16 years in 1992.

De total averted dose (Vn) is also given as are the
present 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 5-6

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



, - ,

Table 5.3 Summary of Impacts (Based Upon 5Fe Discount)

IOSTTTVE IMPACTS ASSOCIATED WTTil NEGATTVE NPACTS DLTE TO AVERTABLE
MODIFICATIONS (Presere Woren) ON5ITE COSTS (Presers Wordn)

Utihty Costa Rerimeemem Power
Cests

Cherige in lastelle- Operatum A@ Lessof Total

Altee- Core Meir tion ens & Meieree- mera Invest- Sete Awrt-

* % Erm esce Costa Instab in Service TOTAI. Met mets Cleanup able NET

No. (Cesare! ing Ccete (PW) Intian . (Pu) IMPACT Costs Costs Caws Cm MrACT
veneep 6 ge amte 6mte date Gx16 d x te 6 a 16 (5mte dxse d 30-

i 4. 1 10.8 r, I, 10 8 r. TI r., r, r r, N1 |

8 4.30E-7 t.305 0340 0.0 me1 2345 528 1.73 8 16 15.17 2 33

2 5.80E-7 3.000 0324 0.0 3.Y24 638 2_.09 9.86 18 33 331*

i

l

3 1.54E4 1.955 4594 0.0 2.547 16.94 534 26.18 48 M 230*

4 1.46E4 14.205 0.836 0.0 15.091 16.06 53 24 82 46.14 15.05*

5 1.06E4 20.900 1.890 0.0 22 793 11.M 3.82 18 02 33.30 2237 [*
,

E
5Pkme 1: Not sveilable,3*ebeWy negligiMs. ETI = 1, + 10.8 I, + I, + 10.8 T.

l', = r. + r. + r. <
*

NI = TI - r,
._.
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Table 5.4a Summary of Values (Based on Population Dose to 50 Miles 5% Discount Ra*c) 3

~s

>
:s
i"

ALN' ADD PO57T1VE VALt.TS Y--~

Onnene Offmee Tessi

Chege in Presere Were Presear Wore hAhar- Cere Mek Avened of Averraf Aveced Ave =ed of Averted Avened Averted Werb ofa

native Prekebibty De Dnee g Ikee Does + Doce C Dw Dw+ Aver *cd DameNo. (Centrol (p.,em) 1000/p.nse m Base Cese 1000tp nm (prem) Base Co., a;; lor @mValee) ($ x Ig*) fr % ($ a 19) D ee ($ a It)
j 4. Y V*, V, AUR. V's We M V*ae

1 4.80 & 7 0.307 0207 17.12 0.12 1836 17.43 0.13 11.77

[ 2 5.30&7 0371 0251 20.64 0.15 13.93 21.01 0.15 14.Is
3 1.54 & 6 0.986 0.665 55De 0 40 37.15 56 03 0 40 37s2
4 1.46E4 0.934 0.631 52.16 333 3521 53 09 0.33 35 34

5 1.06FA 0.675 0 45R 37.76 0.27 25 49 38 44 0.28 25.05

V, == 40Lvj0 m Ap. x 16
V", = 40000x Ap.m $1000m10.8
V, = Averted D:ee per Reecsor Year x 16
V", = Avened Dose per Reecew Year x $1000 x 10.8
ADR, = V, + (Besecame Drwe z 16)
V,: = Y, + V,

ADR. = V. + (Beescase Druse x 16 + V,)
V*, = V", + V*,
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Table 5.5 Summary of Value-Impact Analysis (Based on Population Dose to 50 Miles,5% Discount Rate) $
:s
*a._

w

V-1 ANALYSIS BASED ON Of75TTE COSTS V4 ANAI.Ysts BASED ON oft 5TTE AND ON5fTE COST 5

Measures of V4 Meesirns of V4

Present Worth Pe ent %c6
- Change in Aveited Averted cf Averted Ddlers of AW Die

' Net Dm g its10/ V_t Net perAhern- Core Melt Offsde Does + Total Done @ 1000I V-! Nei per
atrve Pmbab@y Dnee Base Case Imrect p-rvra Rete Benefit pm Imrod twer Reen Eerwfit pem

No. (p-rem) Dnee (1 x 10*) ($ x 10 (1 a 10 (1 m IO (1 m IO (1 m 3D ($ x 10") G 10

j op, V, ADR, TI V*, VUt, NBV, DPR, N1 NV' VDt, NEV, DMt.

1 e 80&7 17.12 0.12 2.345 11.56 4.9E-3 -233 137 233 11.77 5.103 -232 U4

2 5.80E-7 20.64 0.15 3.324 13.93 42E-3 -331 161 331 14.18 4.3E-3 -330 ISE

3 .1.54E4 55.04 0.40 2.549 37.15 1.SE-2 -2 51 46 2.50 37.82 1.5E-2 -2 46 45

4 1.46E4 52.16 038 15 071 35.21 2.35-3 -15.06 239 15 05 35 84 2.4E-3 -15.03 283

5 1.06E-6 .37.76 0.27 22.790 25.49 1.15-3 -22.76 604 22.77 25.95 1 IE 3 -2 74 5t

' VUt, = V', + T1 VDt = NV* + NI
NBV, = V', - T1 NBV, = NV'- NI
DMt, = TI + V, DPlt, = N1 + NV

!
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Table 5.6 Summary of Value-Impact Measures t

i f
:
I

4

V-I Analyms of Offsite Costs V-I Analyms Based ce Offste & Ormee Cests

i
Reducake Offeite Averted

~

n Core Averted Dome V-! Net D Aere V-I Net Dotters
8

Ahernserve Mek Dose Rate Rate Berwfit per p4em Fete Benefit per reem
'

($ r 10*) ($ m 10') ($ x IO*) ($ a 10*)
N ? :'_ y piem

Y
C $ 4. V: ADR. VIR. NLV. D% VIR. NEV. DPR.

-

t

I 4.80E-7 17.12 0,13 0.005 -2.33 137 0 005 -232 134
I

I 2 5.80E-7 20.64 0.15 0 004 -3.31 161 0.004 -330 15s (1

*

1

* 3 1. 54E4 55 04 0.40 0.015 -2.51 46 0.015 -2.46 45

+

I
4 1 465-6 .

52.16 0.38 0.002 -15.06 339 0 ott -15.01 283 "

i

5 1.06E4 .N 37.76 0.28 0.001 -22.76 604 0.001 -22.74 592
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6,0 SUMMARY AND CONCLUSIONS

his report documents a scoping study performed by Semitivity analysis were performed for selected pilot plant
Sandia National l2boratories for the U.S. Nuclear ESW components in part to address the effect water
Regulatory Commission (NRC). He main objective of quality problems would have on the NUREG/CR-4550
this scoping study was to evaluate the importance of results. his analysis is discussed in Section 4.7. His
service w ater systems to core damage frequency (CDP), analysis showed that water quality could have a significant
and to perform limited value/ impact and sensitivity studies effect on the SW contribution to CDF as concluded in the
on a selected prototypical (pilot) plant. EPRI report

To evaluate the importance of service water systems to ne service water system dominant failure modes found
CDP, eleven NRC-sponsored PRAs were reviewed to from the review of the NRC-sponsored PRAs tend to have
determine the service water contribution to CDF and to some commonality between the plants even though the
identify the dominant service water system component service water system configurations for each plant are
faults and related failures, e.g., human errors or test and unique. Two common service water faults found were the
maintenance unavailability, contributing to core damsge dependency of the service water system on motor-operated
(see Section 2.0), or air-operated isolation valves to open on demand to

supply cooling water to safety related loads and failure of
ne contribution made to core damage frequency of each the standby service water pumps to start. Two subtle
of the NRC sponsored PRAs reviewed is summarired in failure modes identified in the NURE0/CR-4550"
Table 6.1. Also included in this table is service water program were found to be dominent failure modes for
core damage contribution made by six plants analyred in three of the plants reviewed. %ese subtle failures are (1)
the Electric Power Research Institute (EPRI) report the failure to isolate nonessential cooling water loads; and
NSAC 148." hese six plants are identified by the letters (2) pump discharge check valve back flow failing cross-
A through F. As can be seen from Table 6.1, for plants tied pumps. He failure to isolate nonessential cooling/

characterited as 'old' (i.e., plants with operating loads can result in inadequate cooling of the essential
licensees prior to January 1976) the service water les due to the diversion of water away from the
contribution to CDF is about twice that for 'new' plants es <atial loads and the potential for pump runout and
(i.e., plants receiving operating lieeraees after January 1, failure.
1976). Also from Table 6.1 the contribution made by
service water to the CDP for BWRs is two to three times he pump discharge check valve failure deals with the
that made for PWRs. Mlure (fail to reclose) of the discharge check valve in one

pump train of a multiple pump system where the pumps
As shown in Table 6.1, the service water contribution to are all cross-tied. He failure of the check valve to
CDP varies by plant. He reasons for the variation are reclose occurs when one of the operating pumps is shut
the degree of dependency a plant has on service water, down. nis allows flow from the other pump (s) to
the reliability of the service water systeras themselves, recirculate back through the idle pump resulting in
and, to some extent, the differences in the NRC- functional failure of the system.
sporaored PRAs in terms of modeling assumptions and
scope of each PRA program. Rese are the name basic A review of operational history was performed in an
conclusions as found in EPRI report NSAC-148" except attempt to establish typical service water system
that the EPRI report also concluded that water qua:lty was vulnerabilities that should be addressed in this analysis
a major influence. Water quality problems would not be (see Section 2.0). De events found were highly plant
expected to be a major finding in the NRC sponsored specific and represented a large variety of root causes,
PRAs since these studies typically used generic data to indicating no obvious pattern in terms of hardware of
quantify the system models instead of plant specific data, operator errors that are not generally covered by PRA
%erefore, water quality problems, e.g., above average methods.
maintenance outage times for the service water system
and higher component falhtres rates, would not typically To provide an example of the type of analysis that can be
be accounted for, performed using PRA methods to address service water

vulnerabilities, a pilot plant was selected (see Section

6-1 NUREG/CR-5910
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$ Table 6.1 it ig. n i
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Service Water Contribution to Internal CDF By Reactor Type g-
r. r
C
5'

PWRs B%%S

*Old' *New"- "Old" "New*
I

q
~

!
t

'

i A 18 % B 9% C' 57 % F 25 %i

D 18 % E 5% Peach Bottom 22 % Grand Gulf 14 % i

T e

N' Oconee 16 % St.Imcie 13 % Quad Cities 30 % LaSalle 7% *

I

Calvert Cliffs 11% Sequoyah2 <1% Cooper 65 %

i

ANO-1 12 % Millstone 1 7%
-

|

Point Beach 19 %

.

Turkey Point 5% !

Surry <1% ;2

i
I " Average * 12 % 7% 36 % 15 %

!

1

% complete recovery. i
*

eMay not be accurate although both plants have umque service water systems.
'

i

!

I
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Summary and Conclusions

3.0). Als selection was based on the availability and he change in core damage frequency is the change from
quality of NRC-sponsored PRAs, the contribution of a base case core damage frequency of 4.67E46/R yr (ref
service water failure to core damage, the dominance of Table 4.9).
common failure modes, and the plant being representative
of a large group of vendor types. Tiene results were used in an integrated value-impact

analysis. Detailed results are tabulated and presented in
Based on the identified failure modes in the pilot plant Section 5.0. Table 6.2 provides a summary of the inputs

PRA and the common failure modes found between to the value-impact analysis and Table 6.3 compares the
plants, a number of modifications were suggested for the pilot plant value/ impact analysis results with the TAP A-
most significant service water system vulnerabilities (see 45 plants. None of the attematives are attractive from the

Section 4.0). Rene modifications were combined in dollars per person REM resulta. External events were not
various ways to define five possible attematives. he included in this analysis. A discussion of external events
total core damage frequency was then reevetuated for the contribution to CDP is presented in Section 4.3. If
pilot plant assuming the alternatives were in place (see external events had been considered, the value/ impact
Section 4.0) with the following results: analysis might have been more favorable. Ilowever, the

costs to implement modifications to address external event
Probability of SW related vulnerabilities might affect some of the

Core Damage per Omnge in Core improvement in dollars per person REM resulting from an
Altemstive Reactor Year Damare expected larget ACDP,

1 4.19E46 4.80E47
2 4.09E46 5.80E-07
3 3.13E-06 1.55E46
4 ' 21E-06 1.46E46
5 .l.61E 06 1.06E46
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; Inputs to and Results from the 2.
3

C
Value/ Impact Analysis 5-

,

|
5 ,

,

Results for
Risk MDose),

Offsite and
Person REM / One Time O&M thdte costsAlternative Modifications ACDF R yr. Cost l Cost I, $,7,em RF31

,

'i

: 1 3,5,6 4.80E-07 1.07 1805K SOK 134K i

i

;

i.
_

3,4,6 5.80E-07 1.29 3000K 30K 158K
2

i3 2.5,6 1.54E416 3.44 1955K 55K 45K {
;

l4 1,5,6 1A6EM 3.26 14.2M 82K 283K {
!5 7 1.06E4 2.36 20.9M 175K 529K '

', .

b

I
!

i

'
!

f.

!
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i
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Table 6.3
t

i

Comparison of Dollars / Person REM For TAP A-45 Plants
-

,

!
and the Pilot Plant Selected Alternatives (Offsite and Onsite Costs)

'

v

< .

i Point 'ntrkey Quad Pilot

fAlternative Beach Point ANO-1 St. Imcie Cities Cooper Plant
.

i

1 3233 1166 37000 0 4486 6894 134000 I
i

| $ 2 9183 39363 140000 190759 48718 0 158000

- - - 0 45000 f3 17676 -

!

0 283000 |4 82325 - - - -

i

5 - - - - - 24993 592000

!

Table 6.3 Notes:
,

I

1. Zero values imply negative NI, i.e. modi 5 cation in alternative very cost beneficial.
y

'
3

2. Alternative numbers are for reference only and do not relate between plants.
d i

3. Some plant analyses proposed snore alternatives than others dependmr on the possible meanmgful combmations. O ;

!
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28. nut EG/CR-4674, Volumes 5 and 6, 38. NUREG/CR 4710, SAND 861797, ' Shutdown *

' Precursors to Potential Severe Core Damage Decay Heat Removal Analysis of a Combustion
Accidents: 1986, A Status Report,' Oak Ridge 'ngineering 2-leop Pres.urized Water Reactor
National Laboratory, May 1988. ae Study,' Sandia National Laboratories, July

1987.
29. NUREG/CR-4674, Volumes 7 and 8,

"Procursors to Potential Severe Core Damage 39. NUREG/CR-3511/l of 2, SAND 83-2086/l of 2,
Accidents: 1987, A Status Report,' Oak Ridge ' Interim Reliability Evaluation Prcy r a:
National laboratory, July 1989 Analysis of the Calvert Cliffs Unit N . ar
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30. NUREG/CR E74, Volumes 9 and 10, National Laboratories, September 1983.
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Wilcox Pressurized Water Reactor Case Study,"
31. NUREG/CR-4674, ORNi>NOAC-232, Volumes Sandia National Laboratories, March 1987.

11 and 12, " Precursors to Potential Severe Core

Damage Accidents: 1989, A Status Report " 41. NUREG/CR-4458, SAND 86-2496, " Shutdown
>
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Sandi. National Laboratories, March 1987.
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Tame A.1
MPPs Sorted By Oyerstmug Ucemme Date

OPERATING SYSTEM

PLANT NSSS REACTOR TYPE MWE LICENSE ASEP SOURCE NRC GI-130

DATE STATUS * PLANT BOOK PRA PLANT
i

I
YANKEE-ROWE W PWR 4-loop 167 07/19/60 C Y'

BIG ROCK POINT GE BWR 1 69 05/01/64 0 Y

SAN ONOFRE I W PWR Jhp 436 03/27/67 O

IIADDAM NECK W PWR 4-ioop 569 06/30/67 O Y

LA CROSSE AC BWR 50 07/03/67 C -

OYSTER CREEK GE BWR 2 620 08/01/69 O Y

NINE MILE POINT 1 GE BWR 2 610 08/22/69 0 Y

GINNA W PWR 2hp 470 09/19169 O

DRESDEN 2 GE BWR 3 772 12/22/69 0 Y Y

MO 4TICELLO GE BWR 3 536 09/08/70 0 Y Y

ROBINSON 2 W PWR 3-loop 665 09/23/70 0 Y Y

POINT BEACil I W PWR 2-kep 485 10/05/70 0 Y

MILLSTONE 1 GE BWR 3 654 10/07/70 0 Y Y Y

DRESDEN 3 GE BWR 3 773 03/01/71 O Y Y

y SURRY1 W PWR 3-loop 781 05/25n2 O Y Yy

POINT BEACil 2 W PWR 2-loop 485 05/25/72 O

TURKEY POINT 3 W PWR 3-kwp 666 07/1902 O

PILGRIM GE BWR 3 670 09/15n2 O

PALISADES CE PWR 2-loop 730 10.. 7 0

QUAD CITIE51 GE BWR 3 769 12/14&. O Y Y Y

QUAD CITIES 2 GE BWR 3 769 11./14n2 O Y Y

SURRY 2 W PWR 3-loop 781 01/29n3 O Y

OCONEEI B&W PWR l loop 846 02/06n3 O Y

VERMONT YANKEE GE BWR 4 504 02/2803 O

TURKEY POLNT 4 W PWR 3-loop 666 04/10n3 O

MAINE YANKEE CE PWR 3-Ioop 810 06/29n3 0 Y Y

PEAC11 BOTTOM 2 GE BWR 4 1051 08/08n3 0 Y Y Y

PRAIRIE ISLAND 1 W PWR 2-Ioop 503 08/09/73 O Y

FORT CALilOUN CE PWR 2-loop 478 08/09n3 0 Y Y

Z INDIAN POINT 2 W PWR 4-loop 847 09/28/73 0

h OCONEE 2 B&W PWR Irioop 846 10/0603 O Y

tt ZION 1 W PWR 4-loop 1040 10/19n3 O Y Y y

9 ZION 2 W PWR 4-loop 1040 11/14n3 0 Y Y 3

h BROWNS FERRY 1 GE BWR 4 1065 12/2003 0 Y Y

wa
- 3$ *O = Operating

C C = Closed
S = Shutdown

_

_ -
- - -
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dZ TeMe A.1 (Codimmed) 2C

h NPPs Sorted By Opershug License DJe $
9 OPERATING SW t.M M

PLANT NSSS REACTOR TYPE MWE LICENSE ASEP SOURCE NRC GI-130 >O

[ DATE STATUS * PLANT BOOK PRA 1-LANT

g
o

KEWAUNEE W PWR 2-loop 503 12/21/73 O

COOPER GE BWR 4 764 01/18/74 0 Y Y Y

DUANE ARNOLD GE BWR 4 515 02/22nd O

THREE MILE ISLAND 1 B&W PWR I loop 776 04/1934 0 Y Y

ANO1 B&W PWR I Ioop 836 05/2 tad O Y

PEACil BOTTOM 3 GE BWR 4 1035 07/02/74 0 Y Y

OCONEE 3 B&W PWR I Ioop 846 07/89/74 0 Y Y

CALVERT CLIFFS 1 CE PWR 2Joop 825 07/31n4 O Y Y

BROWNS FERRY 2 GE BWR 4 1965 08/02nd O Y Y

RANCIIO SECO B&W SWR I loop 873 08/16/14 C Y

IIATCil 1 GE BWR 4 756 10/13/74 0 Y Y

FITZPATRICK GE BWR 4 778 10/17/74 0 Y Y

D.C. COOK 1 W PWR 4-loop 1020 10/25n4 0 Y

PRAIRIE ISLAND 2 W PWR 2-loop 503 10/29/74 0 Y

BRUNSWICK 2 GE BWR 4 790 12/27/74 0 Y Y

MILLSTONE 2 CE PWR 2-loop 863 09/30/75 0 Y

TROJAN W PWR 4-loop 1095 11/21/75 0 Y

. ST, LUCIE I CE PWR 2-loop 839 03/01n6 0 Y Y Y
'[

INDIAN POINT 3 W PWR 4-loop 965 0445n6 0 Y

BEAVER VALLEY 1 W PWR 3-loop 810 07M2/16 0 Y Y

BROWNS FERRY 3 GE BWR 4 1065 08/18/76 0 Y Y

BRUNSWICK 1 GE BWR 4 790 It/12/16 0 Y Y

CALVERT CLIFFS 2 CE PWR 2-Ioop 825 11/30/76 0 Y

SALEMI W PWR 4-loop 1106 12/01/76 O

CRYSTAL RIVER 3 B&W PWR I loop 821 01/28/T7 0 Y Y

DAVIS-BESSE B&W PWR R-loop 860 04/22/77 0 Y Y

FARLEY1 W PWR 3-Icop 813 06/25n7 O

D.C. COOK 2 W PWR 4-loop IM 12/23/77 0 Y Y

NORTII ANNA 1 W PWR 34oop ?IJ 04/Oln3 0 Y

IIATCII 2 GE BWR 4 768 06/I3 /78 0 Y Y

ANO 2 CE PWR 2-loop $58 12/14/78 O

NORTil ANNA 2 W PWR 3-loop 915 08/21/80 0 Y

SEQUOYAIII W PWR 4-loop 1148 09/17/80 0 Y Y

*O = Operating
C = Closed
S = Shutdown

- - - -



Table A.1 heed)
NFPs Sorted By Operahng IJoense Date

OPERATING SYSTEM
PLANT NSSS REACTOR TYPE MWE LICENSE ASEP SOURCE NRC GI-130

DATE STATUS * PLOT BOOK PRA PLANT

FARLEY 2 W PWR 34oop $23 03/31/81 0
SALEM 2 W PWR Wp 1106 05/20/31 O
MCGUIRE I W PWR Wp 1129 07/08/51 O Y Y
SEQUOYAll 2 W PWR hp 1I48 09/15/31 O Y
LASALLE CGLTTY I GE BER 5 1036 08/13/82 O Y Y
SAN ONOFRE 2 CE PWR 24aop 1970 09/07/82 O
SUSQUEllANNA 1 GE BWR 4 1032 11H2/82 O Y
SUMMER W PWR 34oop 815 II(12/82 O
MCGUIRE 2 W PWR hp 1129 05/27/53 O Y
ST. LUCIE 2 CE PWR 2-kep 839 06/10/53 0 Y Y
SAN ONOFRE 3 CE PWR 2-Ioop 1080 09/16/13 O
LASALLE COUNTY 2 GE BWR 5 1036 03/23/84 O Y
WNP-2 GE BWR S 1095 04/13/34 0 Y Y
SUSQUE!IANNA 2 GE BWR 4 1032 06/27/84 0 Y
CALLAWAY W PWR 44aop 1145 10/18/54 O Yy

4 GRAND GULF GE BWR 6 1142 11/01/34 O Y Y Y
DIABLO CANYON I W PWR 4-loop 1073 11/02/34 0 Y Y
CATAWBA I W PWR 4-kep 1129 01/17/85 0 Y Y Y
BYRON 1 W PWR 44oop 1105 02/14/35 0 Y Y
WATERFORD 3 CE PWR 2-loop 1075 03/16!55 O Y Y
PALO VERDE I CE PWR 2-loop 122I 06/01/35 0 Y
WOLF CREEK W PWR 4-loop 1128 06/04/85 O Y
SilOREllAM GE BWR 4 820 07/03/55 C Y
FERMI 2 GE BWR 4 1093, 07/15/15 0 Y
LIMERICK I GE BWR 4 1055 08/08/35 O Y Y
DIABLO CANYON 2 W PWR 4-loop 1C87 08/26155 O Y Y
RIVER BEND GE BWR- 6 936 !!/20/85 0 Y Y
MILLSTONE 3 W PWR 44oop 1142 01/31/86 0 Y Y
PALO YERDE 2 CE PWR 24oop 1221 04/24/36 0 Y
CATAWBA 2 W PWR 44oop 1129 05/15/86 0 Y Y Y

7
C IIOPE CREEK 'GE BWR 4 1067 07/25.14 0 Y Y
:D SEABROOK W PWR 44oop 1150 10/17/86 O Y Y

$ PERRYI GE BWR 6 1205 11/13/56 0 Y Y @
8 SIIEARON IIARRIS W PWR .Wp 360 01/12/37 0 Y Y ]
? 8.
$ *O = Opersdng E'

5 C = Closed >
S = Shutdown

_ J
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L. h - Tame A.1 FN

25 nrPn S.re.4 sy oper=ei=u la o Dune

OPERATING SYSTEM

PLANT NSSS REACTOR TYPE MWE LICENSE ASEP.. SOURCE NRC GI-130
DATE STATUS * PLANT BOOK PRA PLANT

:

- [

| BYRON 2 W PWR 4-loop 1105 010047 0 Y Y ;

VOGTLE 1 W .. PWR 4-loop 1979 03/1647 0 Y ,#

' CLINTON GE BWR 6 930 04/17!87 0 Y Y !

HRAIDWOOD 1 W PWR 4-loop 1120 0742/87 0 Y Y i

' NINE MILE POINT 2 GE BWR- '5 1000 0742/87 O Y Y t

BIAVER VALEY 2 W .PWR 3-loop 833 08/14/87 0 Y Y |
!

PALO VERDE 3 CE PWR 2-loop 1221 11/25/87 0 Y
4

' SOUTH TEXAS PROJECT 1. W - PWR' 4-loop 1250 03/22/88 0 Y
BRAIDWOOD 2 .W i PWR 4-loop 1120 05/20/38 0 Y Y .[

"
'

SOUTH TEXAS PROJECT 2 W PWR 44eop 1250 12/16/88 . O Y
PERRY 2 GE- .BWR 6 1205 :/ / S Y Y ,

VOCTLE 2 'W PWR 4-loop 1979 / / O Y ,

LIME. RICK 2 GE BWR 4 1965 / / O Y Y

WATTS BAR 1 W 'PWR 4-loop 1165 / / S Y :

{WATIS BAR 2 'W . PWR ' 44 sop 1165 / / S Y
BELLEFONTE1 B&W PWR R-loop 1213 // S Y ;

BELLEFONTE 2 ' B&W PWR R-loop 1213 / / S Y |

COMANCHE PEAK 1 ' W- PWR 44eop 1150 / / O Y Y Y Jj
COMANCHE PEAK 2 W PWR 44eop 1150 / / S Y Y Y y

. WNP-1 BAW PWR 1266 '/ / S Y ,

WNP-3 -CE PWR 1242 /-/ S Y
t
i

*O - Operatina
C = Closed

-

S = Shutdown ;>

,

-
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Tame A.2i
NPPt Sereed ?";' " ^~ -

OPERATING SYSTEMPLANT NSSS REACTOR TYPE MWE LICENSE ASEP SOURCE NRC GI-130
,

DATE STATUS * PLANT BOOK PRA PLANT
,

'

tANO I B&W PWR I loop 836 05/21nd O Y- ANO 2 CE PWR 2-loop 858 12/14nt 0 ,

. BEAVER VALLEY 1 W PWR 34 sop 310 0742/76 0 Y Y
-

' BEAVER VALLEY 2 W-
.

PWR 3-loop 133 08/1447 0 Y YBELLEFONTE1 B&W PWR R-loop 1213 / / S Y
:

BELLEFONTE 2 . :B&W PWR R-loop 1213 / / 5' YBIG ROCK POINT GE . B WR 1 69 05MI/64 0 Y'

BRAIDWOOD 1 'W PWR 44aop 1I20 07M2/87 0 Y YBRAIDWOOD 2 W PWR 4-loop 1120 05/20/58 0 Y YBROWNS FERRY 1 GE BWR 4 1965 12/20n3 0 Y Y ~

j

BROWNS FERRY 2 GE 'BWR 4 1965 08M2/74 0 Y YBROWNS FERRY 3 GE BWR 4 -1965 08/18/76 O Y Y~ BRUNSWICK 1 GE~ BWR 4 790 11/12/76 O Y Y' BRUNSWICK 2 GE- BWR 4' 790 12/27 # 4 O Y Y.> BYRON 1 W . PWR 4-loop '1105 02/14/85 0 Y Y '
,

& . BYRON 2 W PWM 4-loop 1105 01/30/57 0 Y YCALLAWAY - W PWR 4-ioop 1145 10/18!S4 O YCALVERT CLIFFS I CE PWR 24aop 825 07/31/74 0 Y Y ;
;

CALVERT CLIFFS 2 CE PWR 24aop 325 II/30n6 O YCATAWBA 1 W. PWR 44aop 1129 01/17/85 0 Y Y Y '
,

CATAWBA 2 W PWR 44eop 1129 ' 05/15/56 0 'Y Y YCLINTON GE BWR 6 930- 04/17/37 O Y YCOMANCHE PEAK 1 W PWR 44aop 1150 I. / - O Y Y Y |
'

COMANCHE PEAK 2 .W PWR 44oop 1150 / / 5 Y Y Y
.

COOPER GE BWR '4 764 01/18/74 O Y Y Y tCRYSTAL RIVER 3 B&W PWR I loop 821 01/28n7 O Y Y
[D.C. COOK 1 .W: PWR~ 44oop 1020 10/25/74 O YD.C. COOK 2 ' W. PWR 44 sop 1960 12/23n7 0 Y- Y tDAVIS-BESSE ' B&W PWR R-loop - 360 04/22n7 O Y Y
fDIABLO CANYON 1 W~ PWR 44aop 1973 1142/84 O- Y Y '7

c DIABLO CANTON 2 W PWR- 4-loop 1987 08/26/85 0 Y YDU DRESDEN 2 GE BWR 3 772' 12/22/69 O Y Y$ DRESDEN 3 GE BWR 3 773 03/02/71 O Y Y [

'

8 DUANE ARNOLD GE BWR 4 515 02/22/74 0 3
'? g;

.$ 0=cm= g
3 C = Closed e-

*S = Shutdown >
' j

_ _ _ _ _ _ _ _ _ . .
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h Table A.2 (r.-ei cen 3
NITS Sorted Alphshdiemh

#

dn OPERATING SYSTEM

$ PLANT NSSS REACTOR TYPE MWE LICENSE ASEP SOURCE NRC GI-130
C DATE STATUS * PLANT BOOK PRA PLANT

FARLEYI W PWR 3hp 813 06/25n7 O
FARLEY 2 W PWR 3-loop 823 03/31/81 O

FERMI 2 GE BWR 4 1093 07/15/85 O Y
FITZPATRICK GE BWR 4 778 10/1704 0 Y Y

FORT CALilOUN CE PWR 2-loop 478 08/09n3 0 Y Y
GINNA W PWR 2-loop 470 09/19/69 O

GRAND GULF GE BWR 6 1142 11/01/84 0 Y Y Y

llADDAM NECK W PWR 4-Inop 569 06/30/67 0 Y
llATCHI GE BWR 4 756 10/13n4 0 Y Y
llATCll 2 GE BWR 4 768 06/13/78 0 Y Y
llOPE CREEK GE BWR 4 1067 07/25/86 0 Y Y
INDIAN POINT 2 W PWR 4-loop 849 09/28n3 0

Y INDIAN POINT 3 W PWR 4-luop 965 04/05n6 0 Y
" KEWAUNEE W PWR 2-loop 503 12/2tn3 O

LA CROSSE AC BWR 50 07/03/67 C
LASALLE COUNTY I GE BWR 5 1036 08/13/82 O Y Y
LASALLE COUNTY 2 GE BWR 5 1036 03/23,14 0 Y
LIMERICK 1 GE BWR 4 1955 08/09/85 0 Y Y
LIMERICK 2 GE BWR 4 1065 // O Y Y
MAINE YANKEE CE PWR 34oop 810 06/29n3 0 Y Y
MCGUIRE 1 W PWR 4-loop 1129 07/08/81 O Y Y
MCGUIRE 2 W PWR 4-loop 1129 05/27/83 0 Y
MILLSTONE 1 GE BWR 3 654 10/0700 0 Y Y Y
MILLSTONE 2 CE PWR 2-loop 863 09/3005 0 Y
MILLSTONE 3 W PWR 44oop 1142 0l!31/86 0 Y Y
MONTICELLO CE BWR 3 536 09/08/'O O Y Y
NINE MILE POINT 1 GE BWR 2 610 08/22/69 0 Y
NINE MILE POINT 2 GE BWR .5 1080 07M2/87 0 Y Y
NORTII ANNA 1 W PWR 3-loop 915 04/OlnB O Y
NORTil ANNA 2 W PWR 34oop 915 08/21/80 0 Y
OYSTER CREEK GE BWR 2 620 08/01/69 0 Y

*O = Operating
C = Ckned
S = Shutdown

__ - _ _ _ _ _
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Tame A.2 f ~ 7
NFPs Sorted AW !

OPERATING SYSTEM !

PLANT NSSS REACTOR TYPE MWE LICENSE ASEP SOURCE NRC GI-130 [
DATE STATUS * PLANT BOOK PRA- PLANT

PALISADES CE 'PWR 2-loop 730 10/16n2 O !

PALO VERDE 1 CE PWR 2-luop 1121 06/01/B5 0 Y
' PALO VERDE 2 - CE PWR. 2-loop 1221 04/24/56 0 Y ,

PALO VERDE 3 CE PWR 24aop -1221 11/2547 0 Y :
'

| PEACH BOTTOM 2 GE . ' BWR 4 1951 ' 08/08n3 0 Y Y .Y
PEACH BOTTOM 3 GE BWR' 4 1035 07/02nd O Y Y +

'

PERRYI GE BWR 6 1205' 11/13/56 0 Y Y .

PERRY 2 -GE BWR- 6 1205 // S Y Y I
I

PILGRIM - GE' BWR 3 670 09/1502 O
' POINT BEACH I W PWR 2-loop ~485 10/0500 0 Y !

POINT BEACil .2 W PWR 2-loop 485 05/25n2 'O ;

PRAIRIE ISLAND 1 - W . PWR 24aop ' 503 08/99/73 L0 Y
,

PRAIRIE ISLAND 2 W PWR 24oop- 503 . 10/29/74 0 Y -

: QUAD CITIES I GE BWR. 3- 769 - 12/14f72 O Y Y Yy ,.

de QUAD CITIES 2 GE BWR- 3 769 12/14'72 O Y Y (
RANCHO SECO B&W SWR- L-loop 873 08/16/74 C Y !

RIVER BEND GE BWR' 6 936 11/20/R5 0 Y Y !
ROBINSON 2 W 'PWR 3-loop 665 09/23n0 0 Y Y !

SALEMI W PWR' 44oop 1136 12/01/76 0 [
tSALEM 2 W PWR 4-inop 1106 05/20/51 0-

SAN ONOFRE 1 W PWR 3-loop 436 03/27/67 0 i
" SAN ONOFRE 2 CE- -PWR -2430p. -1870 0947/E2 O t

SAN ONOFRE 3 CE PWR 24eop -1984 09/16/33 0 ;

SEABROOK W PWR 4-loop 1150 10/1746 O Y Y- |
'

SEQUOYAH1 W PWR L 44aop '1148 09/17/30 0 Y Y
' SEQUOYAH 2 - W -PWR 44oop 1148 09/15/31 - O Y ;..

SHEARON HARRIS W PWR 3-loop 360 01/1227 O Y Y j
SHOREHAM-

. .

GE BWR= 4- 820 0743/85 C Y
SOUTH TEXAS PROJECT 1 W PWR 44aop 1250 03/22/88' O Y .;

2: , SOUTH TEXAS PROJECT 2 .W PWR. 44 sop 1250 12/16/38 0 Y |C STJ LUCIE 1 CE PWR
- 2-luop 839 06/10/E3 0 Y Y , i

2-loop 839 03/01/76 0 Y 'Y Y
b ST. LUCIE 2 ' 'CE PWR

' @ SUMMER ,W PWR 34oop ' 385 11/12/32 0 y ;

.Q SURRY1 W PWR 34oop 781 05/25n2 O' |Y Y '@
a e- !

- s 0 - Operadng .; ;

eo C = Closed '

, S = Shutdown
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OPERATING Shi t.M

PLANT NSSS REACTOR TYPE .MWE LICENSE ASEP SOURCE NRC GI-130

DATE STATUS * PLANT BOOK PRA PIANT

| ' SURRY 2 W PWR 3-loop 781 01/29/73 0 Y

SUSQUEllANNA 1 GE BWR .4 1032 11/12/22 O Y j

SUSQUEHANNA 2 GE BWR 4 1932 M/27/84 O Y

THREE MILE ISLAND 1 B&W PWR_ IAsop 776 04/19/74 O Y Y I

TROJAN W . PWR 44 mop 1995 11/21/75 O Y

TURKEY POINT 3 - 'W PWR- 3-loop 666 07/19n2 O

TURKEY POINT 4 W PWR 3-loop .666 04/10/73 0

Y VERMONT YANKEE GE BWR '4 504 02/28/73 0

VOGTLE1. W PWR- 44 sop 1979 03/16/87 O Y
*

VOGTLE 2 - W PWR 44oop 1079 // O Y

WATERFORD 3 CE _PWR - 24 sop 1975 03/16/R5 0 Y Y

WATTS BAR 1 W PWR 44 pop II65 // S Y

WATTS BAR 2. W
.

PWR 44eop 1165 // S Y

WNP-1 B&W PWR 1266 // S Y

WNP-2 GE 'BWR 5 1995 04/13/84 0 Y- Y

WNP-3 'CE PWR 1242 // S Y

- WOLF CREEK W PWR 44 mop 1128 ' M/04/85 O Y

YANKEE-ROWE , W PWR' 44 sop .167 87/19/60 .'C Y

ZION I 'W < PWR ' 44 pop 1940 10/19/73 0 Y Y

ZION 2 W_ PWR- 44 sop 1940 11114n3 O :Y Y

. *0 - Operating
C = Closed

'

S = Shetdown

- - -
- - _ - _

-



m

TaHe A.3 (Castiewed)
NPPs Sorted by Vender

OPERATING SYSTEM
Pt. ANT NSSS REACTOR TYPE MWE LICENSE ASEP SOURCE NRC GI-130

DATE STATUS * iLANT BOOK PRA PLANT

LA CROSSE AC BWR 50 07/03/67 C
ANO I B&W PWR l loop 836 05/21/74 0 Y j

BELLEFONTEI B&W PWR R4mp 1213 // S Y
BELLEFONTE 2 B&W PWR R-kep 1213 // S Y
CRYSTAL RIVER 3 B&W PW*t L-loop 821 01/28/77 0 Y Y
DAVIS-BESSE B&W PWt R4mp 860 04/22n7 0 Y Y
OCONEEI B&W PWR l loop 846 02/06/73 0 Y
OCONEE 2 B&W PWR l loop 846 10/06n3 0 Y
OCONEE 3 B&W PWR l loop 846 07/19/74 0 Y Y
RANCllO SECO B&W SWR l loop 8 73 08/16U4 C Y
TIIREE MILE ISLAND 1 B&W PWR l loop 776 04/19/74 0 Y Y
WNP-1 B&W PWR 1266 // S Y
ANO2 CE PWR 2-Ioop 858 12/14n8 O

> CALVERT CLIFFS 1 CE PWR 24mp 825 07/31/74 0 Y Y
g CALVERT CLIFFS 2 CE PWR 2-loop 825 11/30/76 0 Y ,

FORT CALIIOUN CE PWR 2-loop 478 08/09/73 0 Y Y |
MAINE YANKEE CE PWR 3-loop 810 06/29n3 0 Y Y l

IMILLSTONE 2 CE PWR Np 863 09/30/75 0 Y
PALISADES CE PWR 2-loop 730 10!!6n2 O
PALO VERDE I CE PWR 24mp 1221 06/01/85 0 Y
PALO VFRDE 2 CE PWR 24mp 1221 04/24/86 0 Y
PALO VERDE 3 CE PWR 2-loop 1221 11/25!87 0 Y
SAN ONOFRE 2 CE PWR 2-loop 1070 09/07/32 O
SAN ONOFRE 3 CE PWR 2-loop 1080 09/16/13 O
ST. LUCIE I CE PWR 2-ioop 83, 03/0106 0 Y Y Y
ST. LUCIE 2 CE PWR 24mp 839 06/10/13 0 Y Y
WATERFORD 3 CE PWR 2-kep 1075 03/16/8' O Y Y
WNP-3 CE PWR 1242 // S Y
BIG ROCK POlhT GE BWR 1 69 05/01/64 0 Y7

C BROWNS FERRY I GE BWR 4 1065 12/20/73 0 Y Y
N BROWNS FERRY 2 GE BWR 4 1065 08/02n4 0 Y Y

GE BWR 4 1065 08/18/76 0 Y Y d$ BROWNS FERRY 3
8 BRUNSWICK I GE BWR 4 790 11/12/76 0 Y Y }
:C E
@ *O = Operating F

5 C = Closed >
S = Shutdown

__-_.
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h Tame A.3 (f'M d
y NFPs Sorted By Vander ]
O o.

E8 OPERATING SYSTEM
.

? . PLANT NSSS REACTOR TYPE MWE LICENSE ASEP SOURCE NRC GI-130 >
$ DATE STA1US* PLANT BOOK PRA PLANT

5

BRUNSWICK 2 GE BWR 4 790 12/27/74 0 Y Y
CLINTON ' GE BWR 6 930 04/17/87 0 Y Y
COOPER GE BWR 4 764 01/18/74 0 Y Y Y
DRESDEN 2 GE BWR 3 772 12/22/69 0 Y Y
DRESDEN 3 GE BWR 3 773 03/02/71 O Y Y
DUANE ARNOLD GE 3WR 4- 515 02/22nd O
FERMI 2 GE BWR 4 1993 07/15/35 0 Y
FITZPATRICK GE BWR 4 778 - 10/17/74 0 Y Y
GRAND GULF GE BWR 6 1142 11/01/84- O Y Y- Y
HATCHI GE BWR 4 756 It'13/74 0 Y Y
IIATCH 2 . GE BWR 4 768 06/13/75 0 Y Y
HOPE CREEK . GE BWR 4 1067 07/25/86 O Y Y i

'

LASALLE COUNTY 1 GE BWR S 10 % 08/13/82 O Y Y '

I. LASALLE COUNTY 2 GE BWR- 5 10 % 03/23/84 0 Y
LIMERICK 1 GE BWR ' 4 1955 'J8/08/55 O Y Y >-

LIMERICK 2. GE BWR 4 1065 // O Y Y !

"'
MILLSTONE 1 GE BWR 3 654 '10/07/70 0 Y Y Y
MONTICELLO GE BWR 3 SM 09/0800 0 Y Y
NINE MILE POINT I GE BWR 2 610 08/22169' O Y
NINE MILE POINT 2 GE BWR' 5 1980 07/02/87 O Y Y
OYSTER CREEK GE BWR 2 620 08/01/69 O Y
PEACll EOTTOM 2 GE BWR. 4 1951 08/08/73 O Y Y Y
PEACH BOTTOM 3 GE_ BWR 4 1035 07/02/74 0 Y Y
PERRY 1 GE BWR 6 1205 11/13!56 0 Y Y
PERRY 2 GE BWR- 6 1205 // S Y 'Y

i
PILGRIM GE- BWR- 3 670. 09/15n2 O

QUAD CITIES I GE BWR- 3 769- 12/14n2 O Y Y Y ,

QUAD CITIES 2 GE BWR 3 769 12/14n2 O Y Y ;

RIVER BEND . GE BWR 6 9% 11/20!B5 O Y Y |
SHOREHAM GE BWR 4 820 07/03/15- C Y
SUSQUEHANNA1 GE- BWR 4 1032 11/12/52 O Y

SUSQUEHANNA 2 GE BWR. 4- 1032 06/27/54 0 Y
VERMONT YANKEE GE BWR 4 504 02/28n3 0

.

'O = Operating
C = Closed

- S = Shutdown

,
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Table A.3 (Centawaf) |

NITS Sorted By Vender

OPERATING SYSTEM
PLANT NSSS REACTOR TYPE MWE LICENSE ASEP SOURCE NRC GI-130

DATE STATUS * PLANT BOOK PRA PLANT

WNP-2 GE BWR 5 1095 04/13/84 O Y Y
BEAVER VALLEY I W PWR hp slo 07/02n6 O Y Y
BEAVER VALLEY 2 W PWR Np 833 08/14/57 0 Y Y
BRAIDWOOD I W PWR hp 1120 07/02/57 0 Y Y
BRAIDWOOD 2 W PWR Np 1120 05/20/88 0 Y Y
BYRON 1 W PWR mp 1105 02/14/I5 0 Y Y'

BYRON 2 W PWR mp 1105 01/30/87 0 Y Y
CALLAWAY W PWR Np 1145 10/1844 0 Y
CATAWBA 1 W PWR mp 1129 01/17/85 0 Y Y Y
CATAWBA 2 W PWR Np 1129 05/15/86 0 Y Y Y

COMANCllE PEAK I W PWR mp 1150 // O Y Y Y

COMANCIIE PEAK 2 W PWR 4-loop 1150 // S Y Y Y
D.C. COOK 1 W PWR mp 1920 10/25/74 0 Y

Y D.C. COOK 2 W PWR Np 1060 12/23/77 0 Y Y

G DIABLO CANYON 1 W PWR 4-loop 1073 11/02/84 0 Y Y
DIABLO CANYON 2 W PWR Np 1087 08/26/85 0 Y Y
FARLEYI W PWR hp 813 06/25/77 O
FARLEY 2 W PWR 3-loop 823 03/31/31 0
GINNA W PWR hp 470 09/19169 O
IIADDAM NECK W PWR 4-loop 569 06/30/67 0 Y

' INDIAN POINT 2 W PWR hp 849 09/28/73 0
INDI AN POINT 3 W PWR 4-loop 965 04/05/76 O Y
KEWAUNEE W PWR hp 503- 12/21/73 O
MCCUlRE 1 W PWR 4-loop 1129 07/08/31 O Y Y

. MCGUIRE 2 W PWR Np 1129 05/27/83 0 Y

.. MILLSTONE 3 W PWR 4-loop 1I42 01/31/56 0 Y Y
NORTil ANNA 1 W 'PWR hp 915 04/01/78 0 Y
NORTil ANNA 2 W PWR hp 915 08/21/50 0 Y

Z POINT BEACII I W PWR 2-loop 485 10/05/70 0 Y
C POINT BEACII 2 W PWR 2-loop 485 05/25/72 0

$ PRAIRIE !SLAND 1 W PWR 2-loop 503 08/09/73 0 Y y
O PRAIRIE ISLAND 2 W PWR 2-loop 503 10/29/74 0 Y g
8 ROBINSON 2 W PWR 3-loop 665 09/23770 0 Y Y o

Y b
*$ *O = Operating >5 C = Closed

S = Shutdown
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OPERATING SYSTEM

PLANT NSSS REACTOR TYPE MWE LICENSE ASEP SOURCE NRC' GI-130

DATE STATUS * PLANT BOOK PRA PIANT

SALEM I W PWR 4-loop 1106 124106 O

SALEM 2 W PWR 4-loop 1106 05/2041 0

SAN ONOFRE 1 W ,PWR- 3-inop 436 03/27/67 O

SEABROOK W PWR 4-loop 1150 10/17/86 0 Y Y

.W PWR 44aop 1148 09/17/30 0 Y Y
SEQUOYAHI '

W PWR 4-loop 1848 09/15!51 O Y
SEQUOYAH 2
SHEARON HARRIS W PWR 34aop 860 01/12/B7 0 Y. Y

SOUTH TEXAS PROJECT I W PWR 44 sop 1250 03/22/88 0 Y

/- SOUTH TEXAS PROJECT 2 W PWR 44eop 1250 1246/88 0 Y>
SUMMER W. PWR 34aop 88S 11/12/82 O'"

I SURRYI W PWR 34aop 751 05/25/72 O Y Y

SURRY 2 W PWR 3-loop 781 01/29/73 O Y

TROJAN W PWR- 44 pop 1995 11/21n5 0 Y

TURKEY POINT 3 W PWR 34eop 666 07/19n2 O

TURKEY POINT 4. W PWR 34eop 666 04/1053 0

VOGTLE1 W PWR 44eop .1979 43/16/87 0 Y

VOGTLE 2 W._ PWR 44eop 1979' // O 'Y

WATTS BAR I W PWR 44aop ~l165 // S Y

WA1TS BAR 2' W PWR 44eop 1165 // S Y

WOLF CREEK ' W PWR 44 sop I125 064445 0 Y

YANKEE-ROWE - W- PWR. 44eop 167 47/19/60 C Y

ZION I W PWR- 44 sop 1940 _10/19n3 0 Y Y

ZION 2 W- PWR 44eop 1948 II/14n3 O Y Y

=0 - Operson
C = Closed
S = Shutdown
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Appendix B
Review of the Accident Sequence Precursor Program

Published Reports
for Service Water Related Events

%e Accident Sequence Precursor Program at Oak Ridge Of the 58 precursors identified in this report, six involve
National Laboratory reviews Licensee Event Reports the service water or component cooling water systems.
(LERs) of operational events that have occurred at LWRs Rey are as follows:
to identify and categorize precursors to potential severe
core damage accidents. Accident sequences considered in 1. Totalloss of saltwater cocling (SWCJ system at
this program are those associated with inadequate core

San orufre l (IER 206/80-006). All tW SWCcooling. As a result of this work, a series of status
trains failed. The screen wash pumps were

.reports have been published that describe the those events
manually started and manually aligned to !that have occurred. His appendix documents the review,

i of these published reports for service water related events.
discharge to the bottom component cooling water
heat exchanger, which established CCW cooling.

.

j J. W. Minarick, C, A. Kukielka, Precursors to He conditional probability of subsequent severe |

core damage given the failures observed in thisj P9tsn.itial Severe Core Damare Accidents: 1969-1979. event was estimated to be 1.6E-05.1

A Status Renort, NUREG/CR-2497, ORNL/NSIC l82,
;- Volume 1, June 1982.
' 2. CCWloss to reactor coolant pump (RCP) seals,

loss ofRCPs and top head bubble incident at St.
his report describes 1%9 operational events, reported in

Lucie 1 (ZER 335/80-029). A short induced
,

- Licensee Event Reports (LERs), which occurred at
closure of the containment isolation valves in theI

commercial light water reactors during 1%9 through 1979
; that are considered to be precursors to potential severe

CCW system caused loss of CCW cooling to all

core dainage. Rese are described along with associated RCPs. The conditional probability of subsequent
severe core damage given the failures observed

significance estimates, categorization, and subsequent in this event was estimated to be 1.lE 03,
.

j analyses.

3. Failure ofservice water system plus subsequent
of the 1(9 precursors identitled in this repost, one

autiliary feedwater system unawilability ati involves the service water system (LER 321/60-103). At
Hatch 1, both divisions I and Il service water strainers . Calvert Chgs 1 (LER 317/60027). Complete<

failure of an instrument air compresscplugged, thus reducing the plant service water to the
turbine wd Reactor building. He strainer drive motors aftercooler tubes allowed compressed air to enter!

the SWS. Both SW pumps lost suction. The; had failed. He conditional probability of subsequent plant was manually tripped. Due to a valve
severe core damage given the failures observed in this-,

i event was estimated to be 9.1244. realignment error during shutdown, the auxiliary
' feedwater system was also unavailable. He

W. B. Cottrell, J. W. Minarick, P. N. Austin, E W. conditional probability of subsequent severe core
_

i

llagen, J. D. Ilarris, Prttursors to Potential Severe damage given the failures observed in this event

was estimated to be 7.0E-05.| Core Damage Aggidents: 1980 1981. A Status Report,
i NUREG/CR-3591, ORNL/NSIC-217, Volumes 1 and 2, 4. Component cooling water inoperable or Pilgrim! July 1984.
i 1 (LER 293/80070). lxop B of the reactor
; This report describes 58 operational events, reported in

building closed cooling water system (RBCCWS)
was unavailable due to maintenance when a 480

'

Licensee Event Reports (LERs), which occurred at

>

commercial light water reactors during 1980 and 1981 V breaker tripped disabling loop A. leop A
was immediately restored, he conditionalthat are considered to be precursors to potential severe

core damage. These are described along with associated probability of subsequent severe core damage;

given the failures observed in this event was!~ significance estimates, categorization, and subsequent estimated to be 4.2E 09.: analyses.
i

! NUREG/CR-5910 B-2

!
I



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

.__ . . _ .

Appendix B

5, Loss of service auter cooling to the diesel both trains of IIPSI while operating at 100%
generators at Salem 1 (IER 272/SO-060). With power constitutes operation outside Limiting
the reae or in cold shutdown, service water Condition for Operation. De conditional
header train llSW was out of service for probability of subsequent severe core damage
repairs. The diesels were found to be given the failures observed in this event was
overheating. Train 12SW flow valve was found estimated to be 1.5E-07.
to be indicating open when it was actually
closed, resulting in loss of all SW to the DGs. 2. Component cooling wuter isolatedfrom charging
We conditional probability of subsequent severe pumps at Surry 1 (IER 2SO/S4411).
core damage given the failures observed in this Charging /SI pump CCW was found isolated
event was estimaal to be 1.4E-07. from the intermediate seal cooler 1-SW-E-1 B and

SW was isolated from the intermediate seal
6. Unamilability cfdiesel generator and component cooler 1-SW-E-l A. %is nlignment isolated the

cooling water at Kewaunee (IER 305/81-033). charging system's intended heat sink. he
With the reactor at full power, the IB diesel conditional probability of subsequent severe core
generator was removed from service for damage given the failures observed in this event
maintenance. He 1 A component cooling water was estimated to be 1.1E.05,

heat exchanger was isolated and the supply MOV
breaker opened. His resulted in unavailability J. W. Minarick, J. D. liarris, P. N. Austin, J. W.
of both component cooling water trains in the Cletcher, E. W. llagen, Precursors to httatial Severe
event of a LOOP he conditional probability of Core Damage Accidents: 19R5. A Status Reoort,
subsequent severe core damage given the failures NUREG/CR-4674, ORNL/NOAC 232, Volumes 1 and6

observed in this event was estimated to be 1.lE. 2, Decernher 1986.
08.

His report describes 63 operational events, reported in
J. W. Minatick, J. D. Ilarris, P. N. Austin, J. W. Licensee Event Reports (LERs), which occurred at
Cletcher, E. W.11agen, Precursors to Potential Severe commercial light water reactors during 1985 that are
Core Dam _ pre Accidents: 1984. A Status Reoort, considered to be precursors to potential core damage.
NUREG/CR-4674, ORNL/NOAC-232, Volumes 3 and hese are described along with associated significance
4. May 1987, estimates, categorization, and subsequent analyses.

His report describes 48 operational events, reported in Of the 63 precursors identified in this report, three
Licensee Event Reports (LERs), which occurred at involved service water or component cooling water. They
commercial light water reactors during 1984 that are are the following:
consideied to be precursors to potential severe core
damage. Rese are described along with associated 1. Component cooling wuter (CCW) system
significance estimates, categorization, and rnbsequent unavaitable at Salcm 2 (LER 311/85-018).
analyses. While one CCW heat exchanger was unavailable

due to maintenance, the outlet valve for tne
Of the 48 precursors identified in this report, two involve redundant CCW heat exchanger transferred
the component cooling water (CCW) system. ney are as closed. Attempts to manua'ly open the valve
follows: failed. Plant was shutdown to hot standby. he

CCW heat exchanger that was undergoing
1. All HPSI pumps unamilable at San Onofre 3 mnintenance was restored to an operable status

(IER 362/84-035). Train B CCW heat and the shutdown was terminated. We
exchanger was removed from service ' for conditional probability of subsequent severe core
cleaning. Train B ESF components cooled by damage given the failures observed in this event
CCW, including the Train B HPSI pump, were was estimated to be 7.lE46.
therefore inoperable. Later the Train A HPSI
bypass valves were opened in accordance with 2. Loss of circulating wuter and nonsafety service
the approved surveillance procedure for wuser due to expansionJointfailure at ExSalle 1
conducting Train A subgroup relay testing. (IER 373/85-045). Flooding caused by failure
Opening the Train A HPSI bypass valves of the IB circulating water pump discharge valve
rendered Train A HPSI inoperable. The loss of expansion joint rendered the circulation water

B-3 NUREG/CR-5910
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Appendix B

pumps and plant service water pumps 2. Saltwater and CCW systems are unmuitaNe at
unavailable. He conditional probability of Sa1 Onofre 3 (IER 362/S6-Oll). Saltwater
subsequent sesere core damsge given the failures cooling flow through the train A CCW heat
observed in this event was estimated to be exchanger decreased as a trault of fouling with
7.18E-05. marine growth. He flow rate was below the

j
design basis flow rate required for removal of

!
3. Potentia! simultaneous emergemy service uater CCW beat loads, and therefore the heat

(ESW) and RCIC unamilabilkies at Susquehanna exchanger u as declared inoperabte. At the same
2 (IERs JSS/85-014, 015). One ESW system time, train H was operating with reverse salt
train failed in testing. Three days prior, the water cooling flow to remove aimilar fouling.
RCIC system inboard steam isolation valve had Both trains of the saltwater cooling system were
failed. RCIC and the ESW system train could considered inoperable until realignment was
have failed at the same time. De conditional complete. %e conditional probability of
probability of subsequent severe core damage subsequent severe core damage given the failures
given the failures observed in this event was observed in this event was estimated to be 2.6E-
estimated to be 7.29E-08. 07.

J. W. Minarick, J. D. Harris, P. N. Austin, J. W. J. W. Minarick, J. D. Harris, J. W. Cletcher, P. N.
Cletcher, E. W. Hagen, Precursors to Potential Severe Austin, A. A. Blake, lhursors to Potential Severe
Core Damagt.Mcidents: 1986. A Status Reoort, fore Damare Accidents: 1987. A Status Resort,
NUREG/CR-4674, Volumes 5 and 6, May 1988. NUREG/CR-4674, Volumes 7 and 8, July 1989.

His report describes 34 operational events, reported in his report describes 48 operational events. reported in
Ucensee Event Reports (LERs), which occurred at IJeensee Event Reports (LERs), which occurre. at
commercial light water reactors during 1986 that are commercial light water reactors during 1987 that are
considered to be precursors to potential severe core considered to be piecursors to potential severe core
damage. Rese are described along with associated damage. Each of tfiese events has e conditional
significance estimates, categorization, and subsequent probability of subsequent severe core damage of 1.0E-06
analyses, or higher. Rese are described along with associated

significacce estimates, categorization, and subsequent
Of the 34 precursors identified in this report, two involve analyses,
the service water and component cooling water system.
%ey are as follows: Of the 48 precursors identified in this report, one involves

the service watc< system.
1. Charging pump service nuter pumps are

unmailaNe at Sarry 1 LIER 230/86-029). All 1. Trip with service unter train and PORVs
service water flow to the charging pump service unamilable at McGuire 2 (IER 370/87-016, -
water subsystem was lost because the pump 017). Service water train 2A was taken out of
became air bound. His abnormal condition service for cleaning after a test where it falle1 to
affected the heat sink for the charging pump provide adequate circulation to- the train 2A
lubrication air coolers and the inte-mediate heat CCW 2A heat exchanger, contaimnent spray heat
sink for the charging pump mechanical seals. exchanger, and RHR pump air handling smit.

Maintenance activities on Service Water Pump A During this period the reactor tripped, and the-
resulted in actuation of a smoke detector, which precursor powe -operated relief valves (PORVs)
automatically closed a service water fire isolation failed to open on high pressure due to loss of
valve. Due to a leak on a strainer blowdown power to the PORVs. All SG PORVs opened
line in the service water supply line, the valve and closed late. After recovery from the trip,
closure allowed air in-leakage, which caused the unit was placed in hot standby.
Service Water Pump B to become_ air bound.
he conditional probability of subsequent severe ne trip required that the solid state protection
core damage given the failures observed in this system train 2B be tested prior to returning to
event was estimated to be 1.0E-08. power. Operations supervision permitted the test

NUREG/CR-5910 B-4
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even though it would render both SW trains component cooling water heat exchangers, which
inoperable. He conditional probability of faulta the heat removal capability of this system.
subsequent severe core damage given the failures he conditional probability of seve'e core
observed in this event was estimated to be 70E- damage estimated for this event is 1.6E 06.
06.

His report also listed 28 potentially significant events that
J. W. Minarick, J, W. Cletcher, A. A. Blake, were impractical to analyze. Rese events are believed
Precursors to Poter11bl Severe Core Damare Accidents: capable of significantly impacting core damage sequences.
198. A Status Report, NUREG/CR-4674, Volumes 9 However, they involve component degradations where the
and 10, February 1990. extent of the degradation could not be determined or

where the impact of the degradation on plant response
his report describes 32 operational events, n ported in could not be ascertained. Here were two service water
Licensee Event Reports (LERs), which occurred at events in this list. %ey are as follows:
commemial light water reactors during 1988 that are
considered to be precursors to potential severe core 1. Both eme gency chilled water system (ECWS)
damage. Each of these events b:s a conditionnl trains inoperable at San Onofre (IER 361/88-
probability of subsequent severe con damage of 1.0E-06 010 R1). The ECWS was unavailable for
or higher. These are described along with associated approximately four days r.s a result of low freon
significance estimates, categorization, and subsequent level in tne system chillers, combined with low
analyses. CCW temperature which caused the chillers to

trip when starting. less of the ECWS could
Of the 32 precursors i ~ Ttified in this report, three result in the unavailability of emergency room
involve service water or cooling water. hey am as cooling for the high and low pressure injection
follows: and contamment spray pumps.

1. Potential loss of service auter pumps at 2. Postulatedfire can result in loss ofservice suter
Palisades (LER 235/88-021). Spurious service at Farley 1 and 2 (LER 348,SS-018 RJ). After
water pump trips led to the discovery of an evaluation, it was determined that a fire in a
incorrectly set relays that could have resulted in single fire area could cause the loss of both
a loss of service water during high heat load trains of the service water system in the plant.
situations. he conditional probability of severe he fire could result in damage to circuitry for
core damage estimated for this event is 2.7E-05, two valves that allow ncirculation of service

water back to the service water pond.
2, Potensialfor AFW and CCW pump failure to

autostart during LOOP duc to anti-pump hreaker J. W. Minarick, J. W. Cletcher, D. A. Copinger, B.
design deficiency at Zion 1 (ZER/88-019). He W. Dolan, Precurson to Potential Severe Core

|
auxiliary feedwater (AFW) pumps (motor driven Damare Accidents: 1989. A - Status Report,

| only) and component cooling water (CCW) NUREG/CR-4674, ORNL/NOAC-232, Volumes 11 and
I pumps might not start during a loss of offsite 12, August 1990.

power, and the service water pumps would lock

,
out in the case of a ' degraded grid voltage' His report describes 30 operational events, reported in

| condition. A design deficiency of the anti-pump Licensee Event Reports (LERs), which occurred at
feature of the AFW and CCW breaker control commercial light water nactors during 1989 that are
circuits would lock out the breakers in the considered to be precursors to potential neven core
" tripped" condition if an actual LOOP occurred. damage. Each of these events has a conditional
The conditional probabi?ity of severe core probability of subsequent severe core damage of 1.0E-06 -

. damage estimated for this event is 1.0E-04, or higher. These are described along with associated
| significance estimates, categwzation, and subsequent

3. Component cooling mlves drrft closed on loss of annlyses.

air at -Davis Besse (LER 346/88-007 R1).
During maintenance, it was discovered that a Of the ':0 precursors identified in this report, one involves
prolonged lon of instrument air would cause service water. At Arkansas Nuclear One, Unit 1 (LER
three service water valves to close his closure 313/89428), an unknown contact was discovered in the
resulted in isolation of service water to the control circuits for two of the three service water pumps.

B-5 NUREG/CR-5910
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in situations involving a safety actuation signe without 3. Break in nonsafety ciraelation wuter line avuld
t

previous main generatot lockout (spurious safety actuation render senice water pumps inoperable at Dasis-
signal or large break LOCA), this contact would prevent Besse 1 (LER 346/89-004). A flood path was
service water pump restart, %e conditional core damage identified between the condenser pit and the }probability was estimated at 2.8E44

service water tunnel. Flooding in the condenser
pit area could propagate to the service water

his report also listed twenty seven potential significant pump area and cause the loss of all service water
events that were impractical to analyze. Rese events are pumps.
believed capable of significantly impacting core damage
sequences. However, they involve component 4.
degradations w here the extent of the degradation could not

Potentialfor service nuser and emergency core
cooling system (ECCS) pump room flooding at

be determined or where the impact of the degradation on Nine Mile Point 2 (LER 410/89402), Floods
plant response could not be ascertained. Here were five

from turbine building could propagate to service
service water events in this list. ney are as follows: water and ECCS pump rooms.

1. Emergency senire suter and high pressure 5. Senice suter leakflooded auriliary building at
senice water systerns may notfunction correctly River Bend (LER 438/89 420) A freeze plug
at Peach Bottom 2 (LER 277/89402). failed in a standby service water line in the
Instrumentation and control problems resulted in auxiliary building. About 15,000 gallons of
unacceptable test performance under low flow

,
conditions, wster were released, which impaired various

electrical control and power systems.~

2. Potentialfor pipe rupture in nonsafety senice
auzer system topil both safety-related senice
uuter trains at Calwrt Cisfs I (LER 317/89423
RI), Rupture of service water piping in the
turbine building could rapidly drain both safety-
related service water subsystems supplying the
auxiliary building.

P
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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 fur.damental 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
information contained in this appendix was obtained from each plant's respective NRC sponsored PRA
ts well as NRC-sponsored system source books where available. Note that the systems reviewed are
those systems that were modeled in the PRA reviewed.

I

l

|

|
|
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Table C.1

Plants Reviewed

Plant Cooling Water system Reviewed

'

Cooper Nuclear Station Service Water S,ntem
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

i
Grand Gulf Standby Service Water System

St. Lucie Component Cooling Water System
Intake Cooling Water System

Calvert Cliff Salt Water System
Component Cooling Water System
Service Water System

ANO-1 Service Water system

Point Beach Service Water System
Component Cooling Water System

.

Turkey Point Service Water System
Component Cooling Water System

Surry Service Water System
Component Cooling Water System

Sequoyah Service Water Systs.m
Componeet Cooling Water System

..

NUREG/CR-59.10 - C-6
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i 2.0 COOPER NUCLEAR STATION COOLING WATER SYSTEM SUMMARIES
;

PLANT. COOPER TYPE: BWR VINTAGE: QLQ NO. UNITS: 1'

i

I

| SYSTEM: SEi OPEM OR CLOSED LOOP: OPEN SOURCE: RIVER

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

| PRA: NUREG/CR-4767 TAP A-45

SUCCESS CRITERIA:

) Any one of four SWS pumpt u assumed to supply sufficient cooling water flow during an accident
; when the non-critical header hss 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.I.,

CROSS-TIES:

f Four SW pumps discharge to a common header from which independent piping supplies to safety related
; cooling water loops and the Turbine Building Closed Cooling Water (TBCCW) heat exchangers which -

are not safety related.
:

SYSTEM VULNERABILITIES:

; Failure of non-critical header to isolate (i.e.,.MOV-Moll 7 to close) following an accident thereby

| divening flow away fmm safety-related loads.

POTENnAL SYSTEM RECOVERY ACTIONS:
:

| Manually close non-critical supply MOV (MOV117).
:

!

|
4

4

1

i

.

]
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!

PLANT: COOPER TYPE: J1WB VINTAGE: QLQ NO. UNITS: 1 |

SYSTEht: RHCCW OPEN OR C1 OSED LOOP: .CLOSEQ SOURCE: N/A

|
NUh1BER OF TkAliiS: 2 NUbiBER OF PUhfPS/ TRAIN: 2 ;

i
PRA: MUREGICE-4767 TAP A-45 :

!
SUCCESS CIUTERIA: !

Fo!!owing a design hasis accident, the following success criteria applies:

- One out of four RBCCW operate successfully,
Non-critical header isolates, i

- The appropriate RBCCW heat exchanger is available, and
- The appropriate train vithe service water system is successful.

,

i

Note that the service water system is a redundant cooling water source for mo;t 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-critical header did not isolate, four RBCCW pumps were mquired E
for success. Sec Figure C.2. I

,

CROSS-TidS:

!

The sen' ice 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 conditions.

:
,

SYCTEh! VULNERABILITIES: !

!

If the non-critical h - r fails to isolate during an accident then some flow will be diverted away from i

safety related loads. P A-45 assumed that if the non-critical header fails to isolate, four RBCCW
.

pumps are required i uccess.

.

Failure of RBCCW supply hf0Vs to ECCS room coolers and pump coolers to open following an
.
-

accident.
.

L
The RBCCW consists of two cross tied supply headers. Each header is supplied with a nonnally ;
closed h!OV. Common-mode failure of these two valves to open fails RBCCW.

!

f

WUREG/CR 5910 C-8 i
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POTENTIAL SYSTEh! RECOVERY ACTIONS:
!

TAP A-45 recovery actions considered:

- hianually isolate non-critical header h!OV (h10V700). |

- Recovery of the RBCCW system by manually opening 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 I A and failure of RBCCW valve 714 to open. Based on the RBCCW flowpath |
arrangement, water from heat exchanger IB could be routed through valve 711 to the safety loads if |
heat exchanger I A is isolatec. Isolation of heat exchanger I A rtquires closure of hf 0V 70 and manual (
valve 18. ;

,

BIBLIOGRAPIIY: .

!
| 1. Steven W. llatch, et al., Shutdown Decav Heat Removal Analysis of a General Electric |

BWR4/ Mark 1 Case Study, NUREG/CR-4767, SAND 86-2419, July 1987. L

2. U. S. Nuclear Regulatory Commission, Nuclear Power Plant System Sourcbook Cooter j

50-298, SAIC 88/1994. |
t

L

i

,

t

i

>

t

!

| i

! :

!

1
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PLANT: COOPFJ1 TYPE: llWE VINTAGE: QLD NO. UNITS: 1

SYSTEht: RIIRSW OPEN OR CLOSED LOOP: RitN SOURCE: SEs

NUh1BER OF TRAINS: 2 NUh!BER OF PUhtPS/ TRAIN: 2

PRA: NUREG/CR-4776 TAP A-45

SUCCESS CRITERIA:

For RIIRSW to be successful:

- One pump per RIIRSW train must be available to supply the RHR loop HX selected for CSS,
SPC, or SDC.

- SW must be successful supplying the appropriate RHRSW pump train,

The RHRIIX placed in senice for CSS, SPC, or SDC, RIIRSW outlet h10V must open.

See Figure C.I.

CROSS TIES:

The two RIIRSW headers are cross-tied with normally Locked Closed manual valves.

SYSTEM VULNERABILITIES:

The RHRIIX service water outlet MOV, for the selected IIX, must open for RHRSW success. Failure
defeats one loop of RIIR for SPC, SDC, and CSS.

RIIRSW is supplied by the SW system. Failure of the SW system defeats RHRSW.

POTENTIAL SYSTEM RECOVERY ACTIONS:

Manually open RIIRHX RHRSW outlet hiOV.

Open cross-tic meaual valves to feed failed RHRSW train.

REFERENCES:

1. Steven W. Hatch, et al., Shutdown Decay _Ileat Removal Analysis of a General Electric
BWR4/ Mark 1 Case Study, NUREG/CR-4767, SAND 86-2419, July 1987.

2. U. S. Nuclear Regulatory Commission, Nuclear Power Plant System Sourcebook Ceper
50-298, SAIC 88/1994.
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3.0 QUAD CITIES NUCLEAR STATION UNIT 1 COOLING WATER SYSTIGI
SUMMARIES

IPLANT: OUAD CITIES TYPE: RER VINTAGE: QLD NO. UNITS: 2

SYSTEht: RHRSW OPEN OR CLOSED LOOP: DEFE SOURCE: RIVER

*

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

PRA: NHREG/CR-4448 TAP A-45
b

SUCCESS CRI*IT1.RIA:

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

CROSS TIES:

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

SYSTEM VULNERABILITIES:

Failure of RHRHX RHRSW outlet MOV to open in the selected loop will fall HX cooling, thus failing
one loop of RIIR 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:

l'
1. S. W. Hatch, et . al., Shutdown Decay Heat Removal Analysis of a General Electric.

BWR3/ Mark 1 Case Studv, NUREG/CR-4448, SAND 85-2373, March 1987.,

!

2. U. S. Nuclear Regulatory Commission, Nuclear Power Plant System Soure-book Ouad Citics -
1 and 2 50-254 and 50-265, SAIC 89/1537.

_ _ _ _ _ _

,
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PLANT: QUAll.CIEES TYPE: llWE VINTAGE: QLD NO. UNITS: 2

SYSTEht: DEC3Y OpEN OR C1.OSED LOOP: DJHiN SOURCIL: RLYEB

NUhiBER OF TRAINS: 1 NUhiBER OF PUhiPS/ TRAIN: 1

PRA: NUREG/CR-4448 TAP A-45

SUCCESS CRITliRIA:

The success criteria for Died Ocnerator Cooling Water (DGCW) System is that, for each operating
diesel genemtcr, tne associated DGCW pump can provide adequate cooling water. See Figure C.4.

If emergency room cooling is necessary, the Unit 1 emergency room air coolers can be supplied with
adequate room cooling by either, (a) DGCW train 1, (b) cross-tie to DGCW train 1/2, or (c) the low
pressure service water systern, if available.

Comparable options exists for Unit 2..

CROSS-TIES:

Units 1 and 2 Room cooling supply headers are cach cross-tied to swing DG 1/2 cooling water header
through a manual valve.

SYSTEh! VULNERABILITIES:

Each of the three diesels has its own independent DGCW pump to provide jacket water and lube oil
cooling. Therefore, single faihires in the DGCW would defeat the diesel being cooled;

POTENTIAL SYSTEhi RECOVERY ACTIONS:

Recovery actions incorporated into the TAP A-45 analysis were:

- recovery of a system subtrain or component from a maintenance outage within 24 hours
- recovery of pump comme mtxie failures within 24 hours

recovery of pump common mode failures within 4 hours

BIBLIOGRAPIIY:

1. S. W. Hatch, et al., Shutdown Decay __llcat Rem _ oval Analysis of a General Electric
BWR3/hfark 1 Case Study, NUREG/CR-4448, SAND 85-2373, hiarch 1987,

2. -U. S. Nuclear Regulatory Commisslor., Nurkar Power Plant. System Sourretxxik Ouad Cities
1 and 2 50-254 and 50-265, SAIC 89/1537.

NUREG/CR-5910 C-14
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Appendix C

4.0 PEACll BOTTOh! NUCLEAR STATION UNIT 2 COOLING WATER SYSTEh!
SUh151 ARIES

PLANT: PEACH BOTTOh! UNIT _2 TYPE: BER VINTAGE: QLD NO. UNITS: 2

SYSTEht: ESE OPEN OR CLOSED LOOP: OPEN/ CLOSED SOURCE: EIYEB

NUhiBER OF TRAINS: 2 NUh1BER OF PUMPS / TRAIN: 1

PRA: NUREG/CR-4550

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, (b) _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 path includes the gravity feed line fmm the cooling tower
reservoir back to the suction wells. If the emergency cooling pump is used, the closed loop flow path
includes the line fmm this pump to the two ESW supply headers.

.

NUREG/CR-ll50 success criteria:

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

See Figure C.S.

CROSS TIES:

The ESW system consists of two pumps opentting in parallel. Both pumps are cmss 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 nonnal 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 pmvide adequate cooling. The emergency cooling water pump
takes suction from the emergency cooling tower reservoir and delivers water to the two ESW supply
headers thmugh a motor-operated valve. Units 2 and 3 share the ESW system.

1

C-17 NUREG/CR 5910
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SYSTEM VULNERABILITIES:

Dependency on the operator to initiate the emergency heat sink following loss of the ESW pumps.

Failure of the operating ESW pump due to back leakage of the standby ESW discharge check valve.

POTENTIAL SYSTEM RECOVERY ACTIONS:

The significant recovery action to consider is to align the emergency heat sink following loss of cooling
water flow from the ESW pumps.

MISCELLANEOUS:
'

Pumps are self cooled. ESW room cooling was not modeled in 1150 analysis.

BIBLIOGRAPIIY:

1.
A. M. Kolaczkowski, et al, Analysis of Core Damage Fmauency: Peach Bottom. Unit 2 Internal
Events, NUREG/CR-4550, SAND 86-2084, Volume 4, Rev.1, Part 1, August 1989.

2.
U. S. Nuclear Regulatory Commission, Nuclear Power Plant System Sourcebook. Peach Bojlqtn
2 and 3,50-277 and 50-278, SAIC 89/1020.

s
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PLANT: PEAC11 BOTTOh! TYPE: Il\YR VINTAGE: QLD NO UNITS: 2

SYSS Eht: HP1W OPEN OR CLOSED LOOP: OPEN SOURCE: RLVJ:J1

NUhtBER OF TRAINS: 2 NUhfBER OF PUhiPS/ TRAIN: 2

PRA: EUREG/CR-4550

SUCCESS CRITERIA:

One liigh Pressure Service Water (11PSW) pump is required for each RIIR heat exchanger that is in
service. The llPSW pumps are normally aligned to speel0c Rl!R heat exchangers but all pump trains
are cross-connected. See Figure C.6.

CROSS-TIES:

Both Units have two trains of IIPSW with each tuin consisting of two pumps. The two trains are
cross-connected through a motor-operated valve.

Units 2 and 3 IIPSW systems are also cross-connected through manual valves.

SYSTEh! VULNERABILITIES:

IIPSW system failures do not appear in any of the 4550 analysis dominant cutsets.

The IIPSW is susceptible to common mode failure of the RHR heat exchanger air operated valves,
which have to open for IIPSW success.

POTENTIAL SYSTEh! RECOVERY ACTIONS:

The amount of redundancy provided in the IIPSW system allows multiple opponunities for recovery
of system component failures.

hilSCELLANEOUS:

Room cooling not required per 4550 analysis.

BIBLIOGRAPIIY:

1. A. hi. Kolaczkowski, et al, Analysis of Core Damage Preauency: Peach Bottom. Unit 2 Internal
Events, NUREG/CR-4550, SAND 86-2084, Volume 4, Rev.1, Part 1, August 1989,

2. U. S. Nuclear Regulatory Commission, N11 clear Power Plant System Sourcebook. Peach Bottom
2 and 3,50-277 and 50 278, SAIC 89/1020.
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| Appendix C
:

5.0 GRAND GULF NUCLEAR STATION COOLING WATER SYSTEN! SUS 151 ARIES'

j PLANT: GRAND GULF TYPE: B2G VINTAGE: NFM NO. UNITS: 1
'

,

| SYSTEht: SSlVS OPEN OR CLOSED LOOP: CLOSED SOURCE: COOLING TOWEll
;

i

| NUhfBER OF TRAINS: 3 NUhiBER OF PUh1PS/ TRAIN: 1
!

| PRA: NUREG/CR-4550

I
. SUCCESS CRITERIA:
!

The Standby Service Water System (SSWS)is made up of three sepamte trains. Therefore the success
criteria for the SSWS is defined on a per train basis. For each train of SSWS, the SSWS pump must

,

mte, the intertie between the SSWS and the Plant Service Water System (PSWS) must isolate (PSWS
-or

is the normal cooling water source for ESF toom coolers), and the flow path to the various heat loads*

must be open. Sec Figure C.7.
i

CROSS-TIES:
,

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

SYSTEh! 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 mn and DG 13 fails to start.

POTENTIAL SYSTEh! RECOVERY ACTIONS:

No SSWS recovery actions were incorporated hJo the 4550 analysis.

| BIBLIOGRAPIIY:

1. hi. T. Drouin, et al, Analysis of Core Damage. Frequency: Grand Gulf. Unit 1 Intemal Events,
NUREG/CR-4550, SAND 86-2084, Volume 6. Rev.1, Part 1, September 1989.

2. U. S. Nuclear Regulatory Commission, Nuclear Power Plant System Sourcebook Grand Gulf
150-416, SAIC 89/1007.
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Appendix C

6.0
St. LUCIE NUCLEAR STATION UNIT 1 COOLING WATER SYSTEh! SUMhiARIES

PLANT: St. LUCill TYPE: PER VINTAGE: EliE NO. UNITS: 2

SYSTEht: CCWS OPEN OR CLOSED LOOP: CLOSEQ SOURCE: SilBOILTANK

NUhtBER OF TRAINS: 2 NUMBER OF pUhtPS/ TRAIN: 1

PRA: NUREGICR-4710 TAP A 41

SUCCESS CRITERIA:

The success criteria is given on a per loop basis. The success criteria per loop is:

- 1 of 2 CCW pumps per loop must operate (i.e., I A or IC in loop A, IB or IC in loop B)
- The CCW heat exchanger must be available as a heat sink.

Note that pump IC can only be aligned to one CCW l. cop, A or B. Sec Figure C.8.

CROSS-TIES: i

There are two CCW loops supplying separate loads. Each CCW cooling loop has one dedicated pump.
A third pump is available to provide cooling water to Oither loop should one of these pumps fall.

SYSTEM VULNERABILITIES:

Common mode failure of the CCW pump would result in overheating of the IIPI pumps and the LPI
pumps and emergency core coolant injection failure after a small LOCA or transient induced LOCA.
In addition, the containment spray injection pumps, fan coolers, and shutdown heat exchangers require
CCW for successful operation.

No mention is made in TAP A-45 or the System Source Book as to whether the non-critical header
supplied by CCW during normal operation i: a diversion path should it fail to isolate following a SIAS.

POTENTIAL SYSTEM RECOVERY ACTIONS:

Failure of one CCW pump can be recovered by starting the standby pump and aligning to the failed
pumps discharge header,

hilSCELLANEOUS:

The Unit I and Unit 2 CCWSs are independent systems.

NUREG/CR-5910 C 26
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1. W. R. Cntmond, et al, Shutdown Decay IIcat Removal Ana'ysis of a Combustion Engineerng
2 Imp Pressufized Water Reactor Case Study, NUREG/CR-4710, S AND86-1797, July 1987.

|

2. U. S. Nuclear Regulatory Commission. Nuclear Power Plant System Sourrebook. St. I.ucle.1
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Appendix C

PLANT: St. LUCIE TYPE: PWR VINTAGE: H13W NO. UNITS: 2

SYSTEht: jf.WS OPEN OR CLOSED LOOP: OPEN SOURCE: QCFAN

NUhiBER OF TRAINS: 2 NUhiBER OF PUhtPS/ TRAIN: 1

pRA: NUREG/CR-4710 TAP A-45

SUCCESS CRITERIA:

The success criteria for the Intake Cooling Water System (ICWS) is given on a per loop basis. The
success criteria per loop is:

1 of 2 CCW pumps per loop must operate (i.e., l A or IC in loop A, IB or IC in loop B)-

- The CCW heat exchanger must be available as a heat sink.

Note that pump IC can only be aligned to one CCW loop, A or B. See Figure C.9.

CROSS-TIES *

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

SYSTEAi VULNERABILITIES: -

Common mode failure of the ICWS pumps prevents adequate heat removal via the CCW heat
exchangers. There is no mention in TAP A-45 or the System Source Book as to whether the non-critical
header supplied by ICWS during normal operation is a diversion path should it fall to isolate following
a SIAS.

POTENTIAL SYSTEh! RECOVERY ACTIONS:
,

Failure of either ICWS pump can be arcovered by starting the standby pump and aligning to the failed
pumps discharge header,

htISCELLANEOUS:

The Unit I and Unit 2 ICWS are independent systems.

NUREG/CR-5910 C-28
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Appendix C

7.0 CALVERT CLIFFS NUCLEAR STATION UNIT 1 COOLING WATER SYSTI31
SUnih! ARIES

PLANT: CALVERT CLIFFS TYPE: PWR VINTAGE: QLQ NO. UNITS: 2

SYSTEht: SES OPEN OR CLOSED LOOP: QPEN SOURCE: QCFAN

NUMBER OF TRAINS: 2 NUMBER OF PUhfPS/ TRAIN: 1

PRA: NUREGICR-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:

- 1 of 2 SWS pumps per loop must openite (i.e., pump 11 or 13 in loop 11, pump 12 or 13
in loop 12)

- The SWS heat 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 fall.

SYSTEM VULNERABILITIES:
'

The Calven 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.
Ilowever, in the Calvert Cliffs IREP analysis there appears to be no modeling of common mode failures
which leaves in doubt the amount of contribution. made by the SWS to the total CDP.

POTENTIAL SYSTEM RECOVERY ACTIONS:

The only recovery modeled in the PRA was failure of the operator to manually open SWS ' pneumatic i

valves following their failure to automatically open. '

.

BIBLIOGRAPHY:!

1. Anhur C. Payne, Jr., Interim Reliability Evaluation Program: Analysis of the Calven Cliffs
Unit 1 Nuclear Power Plant Volume 1. Main Report, NUREG/CR-3511/1 of 2, S AND83 2086/1
of 2, September 1983.
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Appendix C

PLANT: CALVERT_CLIEES TYPE: }MB VINTAGE: DLQ NO. UNITS: 2

SYSTEht: FCWS OPEN OR CLOSED LOOP: CLQ. SED SOURCE: N/A

|

NUhfBER OF TRAINS: 2 NUhtBER OF PUMPS / TRAIN: 1

PRA: NURJiG/CR-3511 IRiiE

SUCCESS CRITERIA:

Success for the Component Cooling Water (CCW) System was considered to be one CCW pump and
one CCW heat exchanger availabic to rernove heat from the CCW loads during accident conditions.
See Figure C.ll.

CROSS TIES: l

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

SYSTEh! VULNERABIIJTIES:

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

.

POTENTIAL SYSTEhi RECOVERY ACTIONS:
,

No recovery modeled for CCW in IREP PRA.
.

BIBLIOGRAPIIY:

1. Arthur C. Payne, Jr., Interim Reliability Evaluation Prugram: Analysis of tlae Calvert Cliffs ,

Unit 1 Nuclear Power Plant Volume 1. hiain Repo.rt, NUREG/CR-3511/1 of 2, SAND 83-2086/1
of 2, September 1983.
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Appendix C

PLANT: CALVfRIEEES TYPE: P3XE VINTAGE: QLD NO. UNITS: 2

SYSTB1: SluyS OPEN OR CLOSED UX;P; CLOSED SOURCE: /N.A

N131BER OF TRAINS: 2 NUMBER OF PUMPS / TRAIN: 1

ERAdHRE.G/CR-3511 IRI!E

SUCCESS CRITERIA:

The success criteria for the Service Water System (SRWS) System it, given on a subsystem basis. The
success criteria is as follows:

1 of 2 SRWS purnps per loop must operate (i.e., pump 11 or 13 in loop 11, pump 12 or-

13 in loop 12)
_

The SWS heat exchanger must be available as a heat sink.-

Note that pump 13 can only be aligned to one SWS toop,11 or 12, See Figure C.12,

CROSS-TLES:

Three SRWS pumps discharge to a common header which feeds two separate cross-tied distribution'

headers.
1

SYSTEM VULNERABILITIES:

As with SWS, there was no common mode failute of the pumps considered in the analysis. This
appears to be a significant oversight,

POTENTIAL SYSTai RECOVERY ACTIONS:

No recovery modeled for CCW in IREP PRA,

BIBLIOGRAPHY:

1. Arthur C. Payne, Jr., laterim Reliability Evaluation Program: Analysis of the Calvert Cliffs
.Unil 1 Nuclear Power Plant Volume 1. hh10A'Ixin, NUREGICR-3511/1 of 2, SAND 83 2086/1
of 2, Septunber 1983.
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Appendix C

8.0
ARKANSAS NUCLEAR ONE COOLING WATER SYSTEM SUMMARIES

PLANT: ANO-1 TYPE: EWB VINTAGE: QLD NO. UNITS: 1

SYSTEM: SWS OPEN OR CLOSED LOOP: REFE SOURCE: LAKE

NUMBER OF TRAINS: 2 NUMBER OF PUMPS / TRAIN: 1

PRA: NUREGICR-4713 TAP A-45

SUCCESS CRITERIA:

As defined in the TAP A-45 analysis, the success criteria for the SWS is as follows:

-

With an ESAS signal, no credit is given for one loop backing up the other. That is, the
loops are designed to isolate on an ESAS, and if they do not, the operator is trained to'
isolate them. Aay diversion from a loop subsequent to the ESAS sign 4 is assumed to
fail the loop.

-

For the case without an ESAS condition, credit is given for one loop backing up the
other, and diversions to normal plant loads do not fail the SWS because the pre-ESASi
loads are not as large.

'

!3.

.ar three SWS pumps. During normal operation, two of them are in use with the third pump in ;
i ,_o

standby. All of the crossover valves in the common-pump-discharge headers am open, but they close
upon USAS actuation. No valve realignment occurs unless an ESAS signal is present.

SYSTEM VULNERABILITIES:

Due to the redundancy provided, common mode failures dominate SWS failure. - However, a single
valve failure (i.e., plug) can obstmet the common SWS discharge line back to the lake.

POTENTIAL SYSTEM RECOVERY ACTIONS:

No recovery actions were found in the TAP A-45 cutsets that applied directly to the SWS. This is not
surprising since all of the SWS events found were common mode failures of valves or pumps.
BIBLIOGr,APHY:

1.
W. R. Cramond, et al, Shutdown Decay Heat Removal Analysis of a Babcock and Wilcox
Eressurized Water Reactor Case Sludy, NUREG/CR-4713, SAND 86-1832, March 1987.
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Appendix C

9.0 POINT BEACII NUCLEAR STATION UNIT 1 COOLING WATER SYSTEM
SUMMARIES

PLANT: POINT BEACH TYPE: EWE VINTAGE: QLD NO. UNITS: 2

SYSTEht: S_WS OPEN OR CLOSED LOOP: OPEN SOURCE: LAKE

NUMBER OF TRAINS: 2 NUMBER OF PUMPS / TRAIN: 3

PRA: NUREG/CR-4458 TAP A-45

SUCCESS CRITERIA:

Three of the six Service Water System (SWS) pumps are required for successful cooling of all loads
during accident conditions. See Figure C.14.

CRCSS-TIES:

Six SWS pumps are shared between units 1 and 2. Two sets of three pumps are provided. Each set
of three pumps discharge to a common header. The two SWS supply headers are cross-tied and are
redundant to each other.

s

SYSTEM VULNERABILITIES:

Due to the redundancy provided, the SWS only shows up in the dominant cutsets due to pump common
mode failures.

BIBLIOGRAPHY:

1. W. R. Cramond, et al, Shutdown Decay Heat Ren' oval Analysis of a Westinchouse 2-Loop
Pressurized Water Reactor Case Study, NUREG/CR-4458, SAND 86-2496, March 1987.

4

$
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Appendix C

PLANT: POINT BEACII TYPE: 11WR VINT. .G E: QLD NO. UNITS: 2

i SYSTEM: FEM OPEN OR CLOSED LOOP: CLOSED SOURCE: CCW TANK

| NUMBER OF TRAINS: 1 NUMBER OF PUMPS / TRAIN: 2

PRA: NUREG/CR-4458 TAILA-41

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 Figum 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:

;

I - 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
j the high pressure recirculation and the low pressum recirculation modes of operation.
i

Failure of ECC injection due to CCW system failum caused t y loss of cooling fmm the SWS-

through the CCW heat exchanger. This event consist of SWS flow blockage to the CCW>

; heat exchanger in service or failum of any of the manual valves used to isolate the heat
exchanger due to plugging.1

- Failum of CCW pumps. Fails cooling to the ECC system pumps.

3

; 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.
;

I
. |
4

f

4

C-41 NUREG/CR-5910
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POTENTIAL SYSTEM RECOVERY ACTIONS:

No recovery actions were found in the TAP A-45 analysis for the CCW system.

Ilowever, an obvious recovery action is to align the standby pump or standby CCW heat exchanger for
operation should the normally operating pump or heat exchanger fail.

BIBLIOGRAPHY:

1. W. R. Cramond, et al, Shutdown Decay Heat Removal Analysis of a Westinchouse 2-Loop
Pressuri7ed Water Reactor Case Study, NUREG/CR-4458, SAND 86-2496, March 1987.

3
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10.0 TURKEY POINT NUCLEAR STATION UNIT 1 COOLING WATER SYSTEM
'

SUMMARIES
'

!

PLANT: TURKEY 1321NT TYPE: PWB VINTAGE: OLD NO. UNITS: 2
.

SYSTEM: SlV.S OPEN OR CLOSED LOOP: OPEN SOURCE: OCEAN

NUMBER OF TRAINS: a NUMBER OF PUMPS / TRAIN: 1'

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 isch.ted. See Figure C.16.'

CROSS-TIES:
,

During normal opemtion, 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 mmoval 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.

I

Pneumatic-hydraulic valve CV-2201 is normally open to allow service . water to flow to non-safety
systems. Following LOCAs, this valve mceives a signal to close from safety injection signal tmin
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: 1

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

BIBLIOGRATHY:
;

1. G. A. Sanders, et al, Shutdown Decay Heat Removal Analysis of a Westinghouse 3-Loop
- -

,

Pressurized Water Reactor Case Study, NUREG/CR-4762, SAND 86-2377, March 1987.'

,

C-45 NUREG/CR-5910
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PLANT: TURKEY POINT TYPE: P1VR VINTAGE: QLD NO, UNIT 3: 2

SYSTEM: CCW OPEN OR CLOSED LOOP: CLOSED SOURCE: N/A.

NUMBER OF TRAINS: 3 NUMBER OF PUMPS / TRAIN: 1

PRA: NUREG/CR-4762 TAP A-45

SUCCESS CRITERIA:

The success criteria fc,r 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 identined 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 Heat Removal Analysis of a Westinghouse 3-Irop
Pressurized Water Reactor Case Study, NUREG/CR-4762, SAND 86-2377, March 1987.

NUREG/CR-5910 C-46
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j 11.0 SURRY NUCLEAR STATION UNIT 1 COOLING WATER SYSTEM SUMMARIES
i

| PLANT: SURRYl TYPE: PWR VINTAGE: OLD NO. UNITS: 2
i

i SYSTEM: SES OPEN OR CLOSED LOOP: OPEN SOURCE: CANAL
i

! NUMBER OF TRAINS: 2 NUMBER OF PUMPS: 0

j PRA: NUIGG/CR-4550
}
i

SUCCESS CRITERIA:

i 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.
i

! 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.
i
; SYSTEM VULNERABILITIES:
;
t

Common mode failure of the service water valves due to corrosion from exposure to brackish water.

POTENTIAL SYSTEM RECOVERY ACTIONS:
2

i The only components required to change state are the service water intake mota-operated valves.
: These valves can be recovered by manually opening them.
;
1 BIBLIOGRAPHY:
i

i 1. R. C. Bertucio and J. A. Julius, Analysis of Core Damare Frequency: Surry. Unit 1 Intern _al
; Events, NUREG/CR-4550, SAND 86-2084, Volume 3, Rev.1, Part 1, April 1990.
|

i
3

k
i

<

l

i
4

|
1
.
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Appendix C

PLANT: fiURRY l TYPE: EWR VINTAGE: .QLD NO. UNITS: 2

SYSTEM: CCW OPEN OR CLOSED LOOP: CLOSED SOURCE: N/A

NUMBER OF TRAINS: 1 NUMBER OF PUMPS: 2

PRA: NUREG/CR-4550

SUCCESS CRITERIA:

The success criterion for Surry Unit 1 CCW system is that continued CCW flow is provided to the RCP
pump thennal barriers, RHR pumps, and RHR heat exchangers following reactor shutdown.

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

Both CCW pumps and heat exchangers are required for success. See Figure C 19.

CROSS-TIES:

The Unit I 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 Core Damaee Frequency: Surry. Unit 1 Intemal
Ere_cis, NUREG/CR-4550, SAND 86-2084, Volume 3, Rcy.1, Part 1, April 1990.-

:
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Appendix C

12,0 SEQUOYAII NUCLEAR STATION UNIT 1 COOLING WATER SYSTEM SUMMAIUES
.

PLANT: SEOUOYAH 1 TYPE: P_WE VINTAGE: NEW NO. UNITS: 2,

SYSTEM: SES OPEN OR CLOSED LOOP: OPEN SOURCE: RIVER

S 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 operate4

j 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
j 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:
d

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, Analysis of Core Damace Frequencyl Sequoyah. Unit 1
Internal Events, NUREG/CR-4550, SAND 86-2084, Volume 5, Rev.1, Part 1, April 1990.

,

4

j
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Appendix C

; PLANT: SEOUOYAH 1 TYPE: PWR VINTAGE: NH NO. UNITS: 2
i.

| SYSTEM: CCW OPEN OR CLOSED LOOP: CLOSED SOURCE: N/A

i NUMBER OF TRAINS: - 1 NUMBER OF PUMPS / TRAIN: 1L
$

j PRA: NUREG/CR-4550
i

j SUCCESS CRITERIA:
.

:

; The success criteria, in terms of the number of Component Cooling Water (CCW) pumps needed for
; Unit I and ti.e status of the spent fuel heat exchangers are different, depending on whether ESFs are
!' in the injection mode or in the recirculation mode. If the RHR HX are not required, one.CCW pump.
j will pmvide sufficient flow to train I A arid the RCP thermal barrien, regartiless of whether or not spent
j fuel pool heat exchangers have been transferred to Unit 2. - After activation of the RHR HXs, in the
} recirculation mode, one CCW pump will pmvide sufficient cooling only if the spent fuel pool HXs have -
| been transferred to Unit 2, but both CCW pumps tA-A and IB-B are required if the spent fuel pit HXs
i have not been transferred. See Figure C.21. -

'

'

f

I' CROSS-TIES:-
.

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

_

,

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

_ SYSTEM VULNERABILITIES:

! Valve failures that result the loss of the RHR heat' exchangers dominate during the recirculation.
i

; POTENTIAL SYSTEM RECOVERY ACTIONS:

Recovery action taken credit for in the P9A 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. '

i
.

1

$

I
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BIBLIOGRAPHY:

1. R. C. Bertucio and S.R. Brown, Analysis of Core Damage Frequency: Sequoyah. Unit 1
Intemal Events, NUREG/CR-4550, SAND 86-2084, Volume 5, Rev.1, Part 1, April 1990.
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| Appendix D
;
I

: Dependency diagsams in terms 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.

.

I
; The acronyms used are defined below.
i

AINV auxiliary feedwater;

!

| CCP centrifugal charging pump
; CCW component cooling water

CSS containment spray system

DG diesel generator
DGCW diesel generator cooling water

I
j IIPCI high pressure core injection
; IIPCS high pressure core spray
| IIPIS high pressure injection system
! IIPSW high pressure service water
; ilX heat exchanger
i

LPCS low pressure core spray' '

j LPIS low pressure injection system
'

-

) RCIC reactor core isolation cooling
i RIIR residual heat removal

RIIRSW residual heat removal service water

SRW service water (Calvert Cliffs)
'

SWS salt water system (Calvert Cliffs)
SWS service water system

,

1

i

* r

.

l

,

h
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Figure D.1 Cooper Service Water Dependency Diagram
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1igure D.2 Quad Cities Service Water Dependency Diagram
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Figure D.3 Peach Bottom Service Water Dependency Diagram
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Appendix E

1.0 INTRODUCTION

This appendix documents the review of thore NRC sponsored PRAs listed in Table C.1 to detennine
the contribution cooling water systems (e.g., service water, component cooling water, etc.) make to the
total cose damage frequency found for each respective PRA.

, Table E.1

,

NRC Sponsored PRAs Reviewed

Plant Study
4

--

__

Cooper TAP A-45
Quad Cities 1 TAP A-45
Peach Bottom 2 NUREG/CR-4550

) Grand Gull NUREG/CR-4550
St. Lucie 1 TAP A 45
Calvert Cliffs 1 1 REP
ANO1 TAP A 45
Po' int Beach 1 TAP A-45,

| Turkey Point 1 TAP A-45
Sorry 1 NUREG/CR-4550
Sequoyah 1 NUREG/CR-4550

ne following sections give for each plant and associated PRA listed a summary of the PRA results in
terms of the dominant cooling water events contributing to the core damage frequency and a discussion
of the accident sequences in which the events contribute to core damage and the contribution made.

,

$'
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Appendix E

2.0 COOPER NI' CLEAR STATION: TAF 4 45 STUDY

2.1 COOFER NUCLEAR STATION: TAF A-45 SUMhlARY OF RESULTS

The basic esents for those cooling water systems (i.e., Service Water Syste..,(bWS) and kestr "w'. ding Closed Cooling
Water (BBCCW) Sptem) which were found to le major contributors to the total core damage frequency (CDF) at the
Cooper Nuclear Station are listed below along w:.h the contribution each basie event rnakes to the total CDF and the numler
of cutsets in v.hich the basic eveat appears. A description of each basic event is also included.

I

Internst Events: .

Basic Event Contribution to CDP # Cutsets

SWS-LOOF 2 UThl 1,40E45 1

SWS117 VOO-LF 4.81E-06 2

SWSil7-VOO LF*SWSID PMS-LF*RAllil 2.90E 06 4

SWS653 VCC LP*SWS652 VCC LP 1.59E46 8

SWS152-XOC-LP 1.20E47 1

SWS72-XOC-LP 1.20E47 1

SWS653 VCC-LP 2.38E-Of. 2

SWS652-Vcc-LP 2.38E-08 2

SWS117 VOO-LP*SWSIC FMS-1F*RAI1B 1.70E-08 1 i

SWS653 VCC-LF*JWS145 XOC-LF 1.30E-08 i
SWS653 V 'C-LF*SWS71-XOC-LF 6.80E-09 2

RBC700-VCC-LP 4.34E45 6

RBC714-VCC-LP 2 90E45 2 -

RBC711 VCC-LF*RBC714 VCC-LP 2.42E45 7

RBC-LOOF 2-UTM 2.14E-05 4

L RBC700-VOO-LF*RBCID-FMS-LP 1.86E-05 4

RBC700 VOO-LP*RBC LOOPI-UTM 1.06E-05 4

RBC700-VOO-LF*RBC-LOOF 2 UTM 1.06E-05 4

RBC700-VOO-LF*RBCIC-FMS-LP 2.92E-06 2

RBC700-VOO-1J*RBC1B FMS-LP 2.92E-06 2

RBC413-XOC LP 1.20E47 1

Total SWS Contribution 1.8'E44

Internal Events Total CDF 2.90E44
External Events Total CDF 1.48E-04

Total CDP 4.38E44

E-5 NUREG/CR-5910
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Cooper Eient Descriptions:

RAllH - The probability that RBsw sabe 117 is not manually isolated within four hours. /

RBC-LOOPI-UTM - Reactor Building Closed Cooting Water system loop 1 unavailable due to maintenance outage.

RBC LCOP2 UTM - Reactor 11ullding Closed Cooling Water system loop 2 unavailable due to maintenance outage.
1

RDCIB PMS-LP - local fault of Reactor Building Closed Cooiing Water system pump 1D.

R11CICD PMS 15 - lee:J fault of Resetor 11uilding Closed Cooling Water system pump IC.
-

RBCID PMS-LP - local fault of Reactor Duilding Closed Cooling Water system pump ID.

RilC413-XOC-lh - local fault of Reactor fluilding Closed Cooliag Water system manual valve 413.

RBC700 VCC LP - local fault of Reactce Building Closed Cooling Water system valve 700 to isolate nonsafety ;oads.

RBC711 VCC-LP - local fault of Resetor Building Closed Cooling Water system valve 'ill to open.

RBC714 VCC-LP - local fault of Reactor Building Closed Cooling Water system valve 714 to open.

SWS-LOOP 2-UTM - Reactor Building Service Water system loop 2 unavailable due to a maintenance outage.

SWSIC-PMS-LP - local fault of Reactor Building Service Water system pump IC.

SWSID-PMS-LP - local fault of Reactor Building Service Water system pump ID.

SWS117-VOO-lf - local fault of Reactor Building Service Water system valve 117 to isolate nonsafety loads.

SWS145-XOC-LP - local fault of Reactor flullding Se:vice Water system valve 145.

SWS152 XOC-LP - local fault of service water inlet valve for RIIR heat exchanger ID.
'

SWS652 VCC-LP - local fault of acrvice water outlet v61ve for RHR heat exchanger l A.

SWS653 VCC-LP - Loe.1 fa it of service water outlet valve for RHR heat exclumger ID.

SWS71 XOC-LP - Imcal fault of Reactor Building Service Water system valve 71.,

SWS72 XOC LP - local fault nf service water header outlet manual valve 72.

NUREGICR 5910 E6
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i

Appendix E

2.2 COOPI:R ACCIDENT SEQUENCES WITil SWS CONTRillVTIONSt TAP A 45 ANALYSIS

ne following presents the TAP A-45 accident sequences in w hich Service Water System (SWS) and Reactor fluilding Closed
Cooling Water (RitCCW) System events appear along with the contribution SW and RBCCW makes to the total CDF for

'

the given accident sequence. Note that the dominant cutsets listed in the TAP A 45 report for each accident sequence
typically represente less th:n 50% of the total sequence frequency.

Sequence TlYZ

nis sequence is initiated by a loss +f offsite power transient (TI) and is fohowed by loss of the main condenser as a heat
sink (Y) and failure of all suppression pool cooling (Z). Feedwater injection and the condenser are assumed to be lost
following the LOSP.

1.4E 06 hiean CDF < l % of the Total CDP

SSW 11asic Events:

SWS653 VCC LF*SWS652-VCC LP 5.5E-07
5WS653 VCC-LF*LPCI LOOIl-UThi 5.8E-08
SWS652 VCC-LF*LPCI LOO"2-UThi 5.8848

Rese basle events represent failures of the SWS to cool the RHR heat exchangers, i.e., loss of suppression pool cooling.

CDF Contribution = 6.7E47 which is <l4 of the total CDF (2.9E-04)

Sequence T2YZ
r

his sequence is initiated by a loss of feedwater transient (T.) and is followed by 1 >ss of the main condenser as a heat sink
(Y) and failure of all suppression ecol cooling (Z).

2.6E-06 hican CDF 1% of he Total CDPt
4

SWS Basic Events:

SWS653-VCC-LF*SWS652-VCC-LP 5.2E 07
SWS653-VCC LF*LPCJ-LOOPI-UThi 1.5E-07
SWS652-VCC-LP*LPCI LOOP 2 UThi 1.5 E-07
SWS653-VCC-LF*SWS145 XOC-LP 1.3E 08

nese failures represent loss of SPC due to RHR service water valve faults and maintenance outages of LPCI. i

CDP Contribution = 8.3E-07 which is < 1% of the total CDP (2.9E-04).

Sequence T3YZ

His sequence is initiated by some miscellaneous transient that does not cause feedwater to trip or otherwise affect any safety
systems (T3) and is followed by loss of the main condenser as a heat sink (Y) and failure of all suppression pool cooling
(Z).

/

5.0E-07 hican CDF <l% of tue Total CDP

SWS Baric Everits:

E-7 NUREGICR 5910
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SWS653 VCC LF*SWS652-VCC.LF 2.l E47
*

a SWS653-VCC.LF*LPCI. LOOF 1 UTM 2.2E48
| SWS652 VCC LP*11CI LOOF 2-UTM 2.2E48
i SWS653 VCC IPSWS71-XOC-LP 5.2 E-09
i
'

These failures represent loss of SPC due to RilR service water valve faults mad maintenance outages of LPCI.

CDP Contribution = 2.6E47 which is < 1% of the total CDP ('h9E-04).
t

Sequence TlYZE

i 1his sequence is initiated by a loss of-offsite power transient (TI) and la followed by loss of the main condenser as a heat
sink (Y) and failure of all suppression pool cooling (Z) and long term failure of all emergency core cooling (E). Feedwater;

j in.iection and the condenser are assumed to be lost following the LOSP.
)

j 4.6E45 Mean CDF 16% of the Total CDF

j' SWS liasic E.ents:
1

) R11C711-VCC IPRDC714 VCC-LP 3.01146
RBC700-VOO-LP*RBC1C PMS-LP 2.9E46
RBC700 VOO*RilCill-PMS-LP 2.9846

|
| '!hese failures represent loss of ECCS room cooling due to RBCCW faults resulting in loss of all ECCS.
1

i CDF Contribution = 9.lE46 which is 3% of the total CDF (2.98-04).
!
;

i Sequence TlWZE
!

j 1his sequence is initiated by a loss-of offsite power transient (TI) followed by a relief valve sticking open (F) and loss of
1 the main condenser as a heat sink (Y) and failure of all suppression pool cooling (Z) and long-term failure of all en.vgency
! core cooling (E). Feedwater injection and the condenser are assumed to be lost following the LOSP.
4

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

| SWS Basic Events:

(
RBC711 VCC-1.F*RBC714 VCC-LP 2.6E-08

'

RPC700-VOO IPRBC?C PMS-LP 2.3 E-08
RBC700 VOO-LF*RBC1B-PMS-LP 2.3E-08-

.

These failures represent loss of ECCS room cooling and/or RilR pump seal cooling due to RBCCW feults resulting in
loss of all ECCS.

; CDP Contributien = 7.2E-08 whleh is < 1 % of the total CDF (2.9E-04).

NURECm R-5910 E8i
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.

1 Sequence T2YZE
i

j nis aequence is initiated by a loss of feedwater transient (T2) and is fobowed by less of the main condenser as a heat sink
(Y) failure of all suppression pool cooling (Z) and long term failure of all emergency core cooling (E).

4

i

7.9E45 Mean CDP 27% of the Total CDP

!

j SWS 11asic Events:

RBC711 VCC-LF*RBC714 VCC LF 1.9E-05

RBC700 VOO-11*RBCID-FMS 15 1.7E45
|

j RBC700 VOO-II*RBC-LOOF 2-UTM 9.7E46

RBC700 VOO-15*RBC IDOF1 UTM 9.7E 06
4

i SWSil7 VOO-IJ*SWSID-FMS-LF*RAllu 2.8E46

hese failures iepresent loss of ECCS room cooling and/or RilR pump seal cooling due to SWS and RBCCW faults resulting
in loss of all ECCS. Recovery action RAltli represents failure of the operators to manually isolate the SWS non critiedj

I header (F = 0.1),

t
1 CDF Contribution = 4.8E45 which is 20% of the total CDF (2.9E44).
;

! Sequence T2FY7E
!

nis sequence is initiated by a loss of feedwater transient (T2) and is followed by a relief valve sticking open (F), loss of
the main condenser as a heat sink (Y) failure of all suppression pool cooling (Z)long-term failure of all emergency core

cooling (E).
y,

6.4E47 Mean CDP <1% of the Total CDF

[ SWS Basic Events:
1

RBC711 VCC LF*RBC714-VCC-LP 1.6E 07
4

RBC700-VOO 1J*RBC1D-PMS LF 1.4B 07

RBC700-VOO-LF*RBC LOOF 2-UTM 7.8E48
;

RBC700-VOO-IJ*RBC-LOOF 1 UTM 7.BE-08

S WS 117.V OO- LF *SW S I D-FM S-LF *RA l l B 2.3 E-08

nese failures represent loss of ECCS room cooling -.nd/or RilR pump seal cooling due to RBCCW and SWS faults resultingi

in loss of all ECCS . Recovery action RAIIB represents failure of the operators to a nually isolate the SWS non-criticrJ
,

header (F = 0.1).
'

f CDF Contribution = 4.BE47 which is <1% of the total CDF (2.9E-04).
a

'

Sequence T3YZE

! nis sequence is initiated by some miscellaneous transient that does not cause feedwater te trip or otherwise affect any safety
systems (T3) and is followed by loss of the main condenser as a heat sink (Y) failure of all suppression pool cooling (Z),
and long-term failure of all emergency core cooling (E).

i

6.3E46 Mean CDP 2% of the Total CDP
.

i

SWS Basic Events.i

! RBC711-VCC-1f*RBC714 VCC-LP 1.2E-06 |

E-9 NUREG/CR-5910
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I

j RitCMO VOO Ll4R11ClD PMS-LP 1.1E-06
P.BC700 VOO LF*RitC-LOOP 2 UTM - 6.2E47

| RilC700-VOO LF*RBC-LOOPl UTM 6 7E47
i

nese failures represent loss of !!CCS toom cooling due to RBCCW faults resulting in loss of all ECCS.

i CDF Contribution = 4.5E46 which is 2% of the total CDP (2.9E44).
I
i

) Sequence SZ
<

nis sequence is initiated by a smallloss of coolant accident (S) and is followed ty failure of all supprenion pool cooling
(Z). It was anumed that the main condenser was not available for heat removal following r. small LOCA.

.

1.5E47 Mean CDF < 1% of the Total CDF

SWS Basic Events:

j SWS653-VCC-If*SWS652 VCC-LF 6.3 E-08

1 SWS653-VCC-1J*LPCI-LOOPI-UTM 6.8E49
i SWS652 VCC-LF*LPCI IDOP2-UTM 6.8E-09

j SWS653-VCC LF*SWS71 XOC-LP 1.6E49
i
j nese failures represent loss of SPC due to failures of RHR service water valvec snd maintenance octages of LPCI.
:

j CDP Contribution = 7.7E48 which is < 1% of the total CDP (2.9E-04).
i

! Sequence SZE
:

) Ris sequence is initiated by a small loss of coolant accident (S) and is followed by failure of all suppression p~.>l cooling

i (Z) and long-term failure of all emergency core cooling (E).
;
'

l.5E 06 Mean CDP < 1% of the Total CDP
i

| SWS Basic Events:

$

) RBC711 VCC-LF*RBC714 VCC-LP- 3.7E-07

j RBC700 VOO-LF*kBC1D PMS-LP 3.3E47
RBC700 VOO-LF*RBC LOOP 241TM 1.9E-07

{ RBC700-VOO-LP*RRC-lh0PI UTM - 1.9E47
j SWSil7 VOO LF*SWSID-PMS-LP*RAllB 5.6E-08 .

i
nese failures represent loss of ECCS room cooling, RilR pump seal cooling, or RHR heat exchanger cooling due to SWS
and RBCCW faults resulting in loss of all ECCS. Recovery action RAllB represents failure of the operators to manually-

! isolate the SWS non-critical header (p = 0.1).-
1

{
CDF Contribution = 1.lE-06 which 1: < 1% of the total CDP (2.9E-04).

Sequence T AC-YZ4

f 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 cooliag (Z). Feedwater injection and the main condenser are assumed to be lost*

j- following the initiator

1

i NUREG/CR-5910 E-10
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1.7E46 Mean CDP 14 of the Total CDF

SWS Basic Events:

SWS152 XOC LP 1.2E-07

SWS72 XOC-LP 1.2E47

RBC413 XOC LP 1.2E47

nese failures represent loss of suppression pooi cooling due to failures in the SWS and RBCCW system.

CDP Contribution = 3.6E 07 which is <1% of the total CDP (2.9E-04).

Sequence T AC-YZE

This sequence is initiated by a loss of 4160 VAC bus IF (T AC) and is followed by loss of the main corMenser as a heat
cink (Y), failure of all suppression pool cooling (Z) and long-term emergency core cooling @). Feedwater injection and
the main condenser are assumed to be lost following the initiator

9.5FM Mean CDP 33% of the Total CDP
I

SWS Basic Events:

RCC714-VCC-LP 2.9E45

RBC700-VOO-LP 2.9E45

SWS LOOP 2-UTM 1.4E-05

RBC-LOOP 2-UTM 1.4E-05

SWS117 VOO-LF*RA11B 4.8E-06

neae failures represent loss of ECCS room cooling. RIIR pump seal cooling, or RiiR heat exchanger cooling due to SWS
and RBCCW faults resulting in loss of all ECCS. Recovery action RAllB represents failure of the operators to manually
isolate the SWS non-critical header (p = 0.1).

CDP Contribu'.lon = 9.lE45 which is 31% of the total CDP (2.9E-04).

Sequence T AC D
.,

This sequence is initiateu by a loss of 4160 VAC bus IF (T AC) and is follow ed by immediate failure of all emergency core
cooling (D). Feedwater injection was assumed to be lost fo!!owing this initiator.

2.3E47 Mean CDP <!% of the Total CDP

SWS Basic Events:

SWS117 VOO.LF 1.2E48

RBC714 VCC-LP 2.2 E-08

RBC700-VOO-LP 2.2E-08 ,

1

nese failures represent loss of FilR pump seal cooling due to SWS and RBCCW faults.

CDP Contribution = 5.6E48 which is < l% of the total CDP (2.9E-04).

|

|
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Segence T DC.YZ

nis sequence is initiated by a loss of 125 VDC Battery Bus I A (T-DC) and is followed by loss of the main condenser as
a heat sink (Y) and failure of all suppression pool cooling (Z).

1.2E47 hican CDP <1% of the Total CDP

SWS Buie Events:

SWS653 VCC lf*SWS652 VCC LP 1.9E-08

SWS653-VCC-1J*1ritCD FMS-11 1.7E-08
SWS632 VCC LF*1rilD11-FMS LP 1.7E-08

nese basic events are failures of Ri{R heat exchangers, i.e. loss of suppression pool cooling due to SWS faults.

CDF Contribution = 5.3E48 which is < !% of the total CDP (2.91144).

Sequence T DC YZE

This sequence is initiated by a loss of 125 VDC Battery Bus I A (T DC) and is followed by loss of the main condenser an
a heat sink (Y), failure c! all supptension pool cooling (Z), and long-term emergency core cooling (E). Feedwater injection
and the condenser are assumed to be lost following the initiator. ,

2.2E45 Mean CDP 8% of the Total CDP

SWS Basic Events:

RBC711 VCC 1J'RBC714-V.111 1.2E-07
RBC700 VOO-1 " 1.4E 05
RilC LOOP 2-UTM 7.2E-06
SWS117-VOO LF*SWS1C PMS-lf*RA11B 1.7E48
SWS117 VOO-LF*SWS1D PMS-LF*RA11B 1.7E 08

nese failures represent loss of ECCS room cooling am. 'or pump cooling resulting in loss of all ECCS. Recovery action
RAIIB represents failure of the operators to manually isolate the SWS non-critical header (P = 0.1).

CDP Contribution = 2.lE45 which is 7% of the total CDP (2.9E-04).

Stquence T DC D

uis sequence is initiated by a loss of 125 VDC Batte:y Bus l A (T DC) and is followed by immediate failure of all
emergency core cooling. Feedwater injection is assumed to be lost following the initiator.

9.8E47 Mean CDP <!% of the Total CDF

SWS Basic Events:

RBC700-VOO-LP - 3.6E47
RBC-LOOF 2-UTM 1.SE47

nese failures represent loss of RilR pump lube oil cooling resulting in loss of RilR.

CDP Contribution = 5.4E47 which is < 1% of the total CDP (2.9E-04).

NUREG/CR-5910 E-12
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Appendix E

3.0 QUAD CITIES: TAP A,45 STUDY

3.1 QUAD CITIES: TAP A 45 SUMMARY OF RESULTS

The basic events for those cooling water systems (i.e., Residual llent Removal Service Water System (SWS) and Diesel
Generator Cooling Water (DGCW) System) which were found to be major contributors to the total core damage frequency
(CDP) at the Quad Cities nuclear station are listed below along with the contribution each basic event me.kes to the total CDP
and the number of cutsets in whid the basic event appears. A description of each basic event is also included.

Internal Events:

Basic Event Contribution to CDP # Cutsets

RSW LOOP 1 UTM 1.00E45 3

DSW39031 PMS-LP 2.31E46 3

RSW PUMP-CM 2. I1E-06 2

DSW39035-PMS-LP 1.91E-06 3 ,

DSW PUMP-CM*RAl2B 1.86E46 3

R$W182BX-XOC LP 9.60E47 i

RSW182AX XOC-LP 9.60E-07 i

RSW-PUMP-CM*DSW39031 PMS LP*RA12B 5.00E47 1

RSW-PUMP-CM *RA12C 2.68E-07 3

RSW PUMP-CM*DSW DGN1 UTM*RAl2B 8.50E-08 1

DSW DGN1 UTM 8.50E48 1

RSW.lDOP2-UTM 3.60E-08 1

RSW LOOP 2-UTM*RA3C 2.64U43 2

RSWl82DX XOC LP 1.80E49 1 i

RSW lh0P2-UTM*DSW3903S-PMS-LP 4.40E49 i

RSW LOOP 2-UTM*PSW182AX-XOC LP 6.50E49 1

.

Total 3.01E 05
,

i
!
'

laternal Events CDP 9.90E45
'

External Events CDP 9.74E 05

Total 1.%E-04

!

!

!

:
r

>

t
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Quad Cities F.ient Descriptiom:

DSW-DGN1-UThi - Diesel Generaio Service Water System loop 1 unavailable due te maintenance outage.

DSW PUhtP-Chi Common mode failure of all Diesel Generator Service Water pumps.-

DSW39035 Phts-LP - local fault of Diesel Generator 1/2 Service Water pump.

DSW30031-PMS LP - 1xcal fault of Diesel Generator Service Water pump 1.

RA3C - The probability of not recovering a system subtrain or a component from a maintenance outage
within 24 hours.

RAl2B - 'ihe probability that a pump common mode failure is not recovertxi within four hcurs.

RAl2C - The probability that a pump common mode failure is not recovered within twenty four hours.

RSW 1.OOPI-UThi - RHR Senice Water System loop 1 unavailable due to maintenance outage.

RSW-LOOP 2-UTM - RHR Service Water System loop 2 unavailable due to maintenance outage.

RSW-PUMP-Chi - Common mode failure of all RHR Service Water pumps.

RSW182AX XOC-LP - local fault of RHR Service Water System seal cooling inlet valve 1001 182A.

RSW182BX-XOC-LP - local fault of RHR Servlee Water System seal cooling outlet valve 1001 182B.

RSW182DX XOC-LP - local fault of RHR Servi:e Weter System seal cooling outlet valve 1001 182D.

NUREG/CR-5910 E-14
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Appendix E

3.2 QUAD CITIES ACCIDENT SEQUENCCS WITil SWS CONTRfilUr10NSt TAP A-45 ANALYSIS

W.s following presents the TAP A-45 accident sequetas in w hich Residual Heat Rermval Service Water (RHEW ) System
and Diesel Generator Service Water (DG;W) Syr. tem events appear along with the contribution RHRSW and 1%3W makes
to the total CDF for the given accident sequesce. Note that the dominant cutsets listed in the TAP A-45 report for esch
eccident sequence typically representa less thsn 50% of the total sequeue frequency.

Sequence TtVZ

nis sequence is initiated by a loss-of offalte power transient (T!) and is followed by loss of the snain condenser as a heat
sink (Y) and failure of all suppression pool cooling (Z).

1.lE-06 Mean CDP 1% of the Total CDP

SWS Basic Events:

RSW PUMP-CM 5.lE 07
RSW-LOOP 2-UTM*RA3C 2.4E-03

RSW LOOP 2-UTM*DSW39035 PMS-LP 4.4E49

nese basie events are failures of RHR service water pumps, i.e., loss of suppression pool cooling. Recovery action P.A3C
represents failure of the operator to restoring RSW loop 2 from maintenance within 24 hous.

CDP Contribution = 5.4E47 which is <l% of the total CDP (9.9E-05).

Sequence T2YZ

This sequence is initiated by a loss of feedwater transient (T2) and is followed by loss of the main condenser as a heat sink
(Y) and failure of all suppression pool cooling (Z).

3.4E-06 Mean CDF 3% of the Total CDF

SWS Basic Events:

RSW-PUMP-CM 1.6E46
RSW LOOPI-UTM 1.3 E-08

RSW LOOP 2-UTM*RSW182AX-XOC-LP 6.5E-09

nese failures represent loss of SPC due to common mode failure of the RilR service water pumps and failures of RHR
service water and LPCI valve faults and maintenance outages of an RHR service water loop.

CDF Contribution = 1.6E-06 which is 2% of the total CDF (9.9E-05).

Sequence T3YZ

nis sequence is initiated by some miscellaneous transient that does not cause feedwater to trip or otherwise affect any safety
systems (T3) and is followed by loss of the main condenser as a heat sink (Y) and failure of all suppression pool cooling

(Z).

4.lE-07 Mean CDP < 1 % of the Total CDP

E-15 NUREG/CR-5910
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SWS Basic Events:

RSW PUMP-CM*RAl2C 1.9E-07
RSW LOOP 2 UTM*RA3C 4.4 E49

These failures represent loss of SPC due to common cause failure of RilR service water pueps and maintenance outages
of one loop of RHR service water aiong witii diesci g:neaator faults. Recovery action RA3C represu.ts failure of the
operator to restoring RSW loop 2 from maintenance within 24 hours. Recovery action RAl2C represents failure to recover
common mode failure of the pumps within twenty four hours.

CDF Contribution = 1.9E-07 which is < t % of the total CDP (9.95-05).

Sequence TIYZE

Ris sequence in initiated by a loss-of offsite power transient (TI) and is follo., H by losa of the main condenwr as a heat
sink (Y) and failure of all suppression pool cooling (Z) and long term failure of all emergency core cooling (E). Feedwater
injection and the condenser are asetmed to be lost following tne LOSP.

2.3E45 Mean CDP 't3% of the Tctal CDr2

SWS Basic Events:
.

DSW39035 PMS-LF 1.8E46
DSW39031 PMS-LF 1.0E46
DSW PUMP-CM*RAl2B 1.2E-06

%ene failures represent faults of the diesel generator service water system. Recovery action RAl.$.B represents failure of
the operator to recover common mode failure of tha DSW pumps within 4 hours.

| CDF Contribution = 4.8E-06 which is 5% of the total CDP (9.9E 05),

{ Sequence TIPYZE
:
1 This sequence is initiated by a loswf-offsite power t;ansient (TI) followed try a relief valve rtleking open (P) and lest of
! the main condenser as a heat sink (Y) and failure of 3il auppression pc: 1 ecd.ing (Z' ) and long-tenn failure of all emergency
i core cooling (E). Feedwater injection and the condenser are assumed to be lost fo'llowing the LOSP.
:

'
l 9E-07 Mean CDP <!% of the Total CDP

f SWS Basic Events:
:

DSW3903S-PMS-LP 1.5E48
'

DSW39031-PMS-LF 1.5E-08 ,

! DSW PUMP-CM*RAl2B 1.0E48

4 hese failures represent faults of the diesel generator service water system. Failure of the diesel cooling water pump fails
'

ECCS room cooling Recovery action RAl2B represents failure of the operator to recover comrnon mode failure of the,

DSW pumps within 4 hours.i
,

1

CDF ConMbution = 4.0E48 which is < 1% of the total CDP (9.9E-05).

I

t

!

,
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Sequence T2Yif i

Als sequence !s initiated by a loss cf feedwater transient (T2) and is followed by loss of the main condenser as a heat sink
(Y) failure of all suppression pool cooling (Z) and long-term failure of all emergency core cooling (E).

1.3E46 Mean CDP 1% of the Total CDP

SWS Basic ther.ts.
.
k a

RS W-PUM P-CM * D5W39031 -PM S-l F *RA l 2 B 5.0E-07
*

i DSW30031-PMS if 5.0E-07

| RSW PUMP-CM*DSW.DGN1 UTM*RAl2B 8.5E-08
d DSW DGNI-tnM 8.5 E43
j
1

.

*

j nese failures represent faults of the diext genrrator service water system and common mode failure of the RIIR service
water pumps. Failure of the diesci cooling water pump falls ECCS toom coollog. Recovery action RA12B represents failure;

j to recover common mode failure e' the pumps within four hours.

]
; CDP Contribution = 1.2E-06 which is 1% of the total CDF (9.9E05).
5

i Sequence T3YZE
i
" nls sequence is initiated b) some miscellaneous transient that does not cause feedwater to trip or otherwise affect any safety

systems (T3) and is followed by loss of the main condenser as a hu sink (Y) failure of all supprinion pool cooling (Z),
and long tum fallure of all emerge. icy core cooling (t ).

l 1.lE 06 Mean CDP 1% of the Total CDP

1

i SWS Basic Events:
i
i DSW PUMP CM*RAl2B 6.5E47
i DSW30031 PMS-If 9.9E-08
f DSW3903S PMS LF 9.9E 03

!
j Reso failures rt.present diesel generator failures due to diesel generator service water faults and common mode DSW pump

faults. Recoveiy action RAl2B represents failure of the operator to recovct common nxv!J failure of the DSW pumps within
4 hours.

;-
'

CDP Contribution = 8.5E47 which is 1% of the trital CDF (9.9E-05).
.

Sequence SZ

i .

! Din sequence is initiated by a small loss of coolant accident (S) and in followed by failure of all suppres4 ion pool cooling

|
(Z). It was assumed that the main condenser was not available for heat removal following a small LOCr..

i

; i.3E-07 Mean CDP < 1% of the Tc4al CDP

| SWS B.wie Events:

; RSW PUMP {M*RAl2C 6.0E-08

nis failure represents loss of SPC due to common . node f,ilure of RHR service water pumps. Recovery action RAl2C
i 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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CDF Contribution = 6.0E-08 which is < 1% of the total CDP (9.93-05). g

Sequence T AC-YZE
,

His sequence is initiated by a loss of 4160 Vr: bus 14-1 (T-AC) and is followed by loss of the rnain condenser as a heat 3
sink (Y), failure of all suppression pool cooling (Z) and long-term emergency com cool;ng (E). Fe4dwater injection and
the main condenser are assumed to be het following the initiator.

*

3.7E45 Mean CDF 37% of the Total CDP

S%T Fasic Events:

RSW-LOOPI UTM 1.9E-05

RSW182AX-XOC-IJ 9.6E 07
RSW182BX-XOC-LP 9.6E47

nese failures represent loss of a service water loop due to maintenance outage or %p valve faults which fail one-half of
SPC. One-half of SPC is lost by the initiator.

CDF Contribution = 2.1545 which is 21% of the total CDF (9.9E-05).

Sequence T-DC-YZ

Ris sequence is initiated by a loss of 125 VDC Battery Bu: 1 (T-DC) and is Yollowed by loss of the main condenser as a -f
heat sink (Y) and failure of all suppression pool cooling (Z).

#

1.lE47 Mean CDF < 1 % of the Total CDP

* SWS Basic Events:

RSW-LOOP 2-UTM 3.6E48
RSW-PUMP-CM*RA12C 1.8E48
RSW182DX-XOC-LP 1.8E49

These basic events represent RHR Service Water unavailabilities which fall SPC.

CDF Contribution = 5.6E-03 which is < !% of the total CDP (9.9E-05).

,

I
e
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| Appendin E
1

4.0 PEACil BOTTOM: NUREG/CR-4.tSO
.

4.1 PEACil BOTTOM UNIT 2 : 4550 AN EYSIS SUMMARY OF RESULTS'

7ht basic events for those cooling water systems (i.e., Emergency Service Water (ESW) System) found te be major
contributors to the total core damage frequency (CDF) at the Peach Bottom Unit 2 nuclear power station are listed below

5 along with the contribution each basic event makes to the total CDF and the number of cutsets in which the basic event

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

i
.NIn) Ev%ip:

|
-:

Basic Event Contribution to CDP # Cutsets

;
'

ESW XHE-FO-EHS 6.20E-07 795

ESW-CKV-CB-C515 A 9.84E 08 175

ESW-CKV-CB-C515B 9.84E-08 175

! ESW-AOV-CC-CCF 9.75E48 35
: ESW-MDP-FS-MDPA 8.29E-09 75

! ESW-h'DP-PS-MDPB 8.29E 09 75
1 ESW PTF-RE-DGC 7.88E-09 40

ESW-PTF-RE-DGB 7.88E-09 40
,

i ESW-PTF-RE-MDPA 4.62E-09 35

ESW l'FF-RE-MDPB 4.62E-09 35
ESW-MDP-MA-MDPA 4.39E 09 65

' ESW MDP-MA-MDPB 4.39E49 65

ESW-CK%HW CV513 4.25 E-0, 2

| ESW-MDP FS-CCF* BETA-2SWPS 2.0VA9 35

; ESW XVM-PG-XV502 1.58E49 1

! ESW-AOV-CC-0241B 1.26E49 95

i ESW-AOV-CC-0241C 1.26E-09 95

| ESW-MDP-FR-MDPA 9.17E-10 85
f ESW-MDP-FR-MDPD 9.17E-10 85

! ESW-MDP-FS-ECW 5.51 E-1 10
'

NSW-SYS-FO-NSW-1 3.00E-10 1

i E.3W MDP-MA ECW 2.50E-10 5

ESW-AOV-MA-0241B 3.56E-11 10
'

ESW-AOV-MA 0241C 3.56E-Il 10

ESW-XVM Ni-XV505B 1.41E-11 5
' ESW-XVM PG-XV505C 1.41E-11 5

ESW-CKV-HW-C515A - 1.11E-11 10
'

ESW-CKV-HW-C515B L1IE-11 10*

; ESW-XVM-PG-XV510 1.01E-12 5

ESW-XVM-PG-XV509 1.01E-12 5

| ESW-XVM-PG-XV507A 1.01E-12 5
GSW-XVM-PG-XV507B 1.01E-12 5

i

Total 9.78E-07
4

Internal Events CDP 4.50E46
External Events CDF 9.70E45

'

Total 1.02E44

1,

- E-19 NUREG/CR-5910
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Peach Bottom Event Descriptionst

ESW-AOV-CC-CCF - Common cause failure of air operated vsF.es (various valves) to open.

ESW-AOV-CC-0241B - Air operated valve 0241B falls to open.

ESW AOV-CC-0241C - Air operated valve 0241C falls to open.

ESW-AOV-M A-0241B - Valve 0241B out for maintenance.

ESW-AOV-MA424 tC - Valve 0241C out for maintenance.

ESW-CKV-CB-C515 A - Check valve $15A fails due te back leakage.

>

ESW-CKV-CB-C515B - Check valve 5158 fails due to back leakage.
,

ESW-CKV-HW-CV513 - Check valve 513 fails to open.

ESW CKV IIW C515 A - Check valve 515A fails to open.

ESW-CKV-HW-CSISB - Check valve 515b fails to open.

ESW-MDP-FR-MDPA - ESW pump A fails to run.

ESW-MDP-FR-MDPB - ESW pump B fails to run.

ESW MDP-PS-CCF - Common mode failure of ESW pumps to start. ,

ESW-MDP-FS-ECW - Emergency cooling water pump fails to start.

ESW-MDP-FS-MDPA - ESW pump A fails to start.

ESW-MDP-FS-MDPB - ESW pump B fails to start.

ESW-MDP-MA-ECW - Emergency cooling wr.ter pump out for maintenance.

ESW-MDP-MA-MDPA - ESW pump A out for maintenance.

ESW-MDP-MA-MDPB - ESW pump B out for maintenance.

ESW-PTF RE-DGC - Failure to restore DGN C cooling components after maintenance.

ESW-PTF RE-DGB - Failure to restore DGN B cooling components after maintenance.

ESW-I'TF-RE-MDPA - Failure to restore ESW pump A trains after maintenance.

ESW-FTF-RE-MDPB - Failure to restore ESW pump B trains after maintenance.-

ESW-XHE-FO-EHS - Failure of operator to initiate emergency heat sink.

ESW-XVM-PG-XV502 - Manual valve 502 fails due to plugging.
|

i

I
|

t
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Peach Bottom Event Descriptions (Contintal):

ESW XVM PG XV505B -
Manual valve 505B fails due to plugging.

Manual valve 505C fails due to plugging.
ESW XVM-PG-XV505C -

Manual valve 507A fails due to plugging.
ESW-XVM-PG-XV507A -

Manual valve 5078 fails due to plugging.
ESW-XVM PG-XV507B -

Manual valve 509 fails due to plugging.
ESW-XVM-PG-XV509 -

<

Manual valve 510 fails due to plugging.
ESW-XVM-PG-XV510 -

Normal Service Water fails to operate given PCS failed or isolated.
NSW-SYS-FO-NSW 1 -

NUREG/CR-5910 :
E-21

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



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

Appendix E
t

4.2 PEACli BOTTO51 ACCIDENT SEQUENCES WITII SWS CONTRIBUTIONS NUREG/CR-4550 ANALYSIS

The following presents the NUREG/CR-4550 accident sequences in which Emergency Service Water (ESW) System events
I appear along with the contribution ESW makes to the total CDF for the given accident sequence.

SEQUENCE TI BNUll

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

1.64E-06 hiean CDF 36.4% of the Total CDF

SWS Basic Events:

ESW-XHE-FO EHS 5.36E47
ESW-CKV-CB-C515 A 8.53E-08
ESW CKV-CB-C515B 8.57E OS
ESW-AOV-CC-CCF 8.18E48
ESWWIT-RE-DGB 7 20E-09
ESW-l'IT-RE-DGC 7.20E-09
ESW-h1DP-FS-hiDPA 7.10E-09
ESW-hf DI -FS-htDPB 7.10E 04 -
ESW-PTF-RE-h1DPA 4.20E49
ESWfrF-RE-h1DPB 4.20E49
ESW-htDP-h1A hiDPA 3.80E-09
ESW-h1DP-h1A-h1DPB 3.80E49
ESW-h1DP-PS CCF* BETA 2SWPS 2.07E-09
ESW-AOV-CC-0241B 1.10E49
ESW-AOV-CC-0241C 1.10E-09
ESW-htDP-FR-h1DPA 9.00E-10
ESW-h1DP-FR-h1DPB 9.00E-10
ESW-AOV hiA-0241B 4.00E-11
ESW-AOV-h1A 0241C 4.00E-11
ESW-CKV-HW-C5ISA 1.00E-11
ESW-CEV-HW-C515B 1.00E-11

Rese 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 pump room cooler, thus
resulting in the loss of onsite power and long term failure of HPCI.

CDF Contribution = 8.39E47 which is 19% of the total CDF (4.5E-06).

|

SEQUENCE TI P1BNUI1

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

1.31E47 hiean CDF 2.9% of the Total CDF

NUREG/CR-5910 E-22 -
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i

Basic Events:

ESW-XHE-FO-Elis 4.51 E48

ESW-AOV CC-CCF 7.85E49
;

ESW-CKV-CB-C515 A 7.75E49
j

ESW-CKV-CB-C515B 7.75E49

ESW-PTF RE-DGB 7.00E-10

ESW-I'TF RE-DGC 7.00E-10

| ESW MDP-FS-MDPA 6.50E 10,

j ESW-MDP-FS-MDPB 6.50E-10

ESW-l'rF-RE-MDPA 4.00E-10
:

ESW-PTF-RE-MDPB 4.00E-10

i ESW-MDP-MA-MDPA 3.50E-10
,

ESW-MDP-MA MDPB 3.50E-10'

ESW-AOV-CC-0241B 1 10E-10
i

ESW-AOV-CC-0241C 1.10E-10'

i ESW MDP-l'R-MDPA 8.00E-11

E'W MDP-FR-MDPB 8.00E-11

i
These basic events represent failure of the operator to initiate the emergency heat sink and ESW faults which prevent the

i 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 HPCI.i

t

CDF Contribution = 7.34E48 which is 2% of the total CDF (4.5E-06).

$
d

TI-BUllNU21

This sequence is initiated by a loss of offsite power (TI), followed by loss of all diesels (B) which r-sults in a stationj
blackout.i

!

1.25E-07 Mean CDF 2.7% of tb Total CDP

j Basic Events:

i

j ESW-XHE-FO-EHS 3.89E-08

ESW-AOV-CC-CCF 7.85E-09

ESW-CKV-CB-C515 A 5.18E-09

ESW-CKV-CB-C515B 5.18E-09

f 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-IrrF-RE-MDPA 2.00E-12
-

EW-frlT-RE-MDPB 2.00E-12

,

'Ibese 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 RCIC room coo'iers, thus resulting
'in the loss of onsite power and long term failure of RCIC.

~I

CDF Contribution = 5.88E43 which is 1% of the total CDP (4.5E46).

E-23 NUREG/CR-5910
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TI-P2V234NUllB

nis is a loss of offsite power transient (TI) not leading to a station blackout.

8.73E-08 Mean CDF 1.9% of the Total CDP;

! Basic Events:

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

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

CDF Contribution = 5.5E 09 which is < 1 % of the total CDF (4.5E-06).

!

.

9
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!

5.0 GRAND GULF: NUREG/CR-4550.

2

.
5.1 GRAND GULF UNIT 11 1150 ANALYSIS SUMMARY OF RESULTS

!

4 The basic events for those cooling w.ser systems (i.e., Standby Service Water (SSW) System) femd to be nujor contributors to the total core damage
frcluency (CDF) at the Orand Oulf nuclear power station are listed below along with the contribu.;on each basic event makes to the total CDF and thed

number of cutsets in which the basic event appears A description of each basi _ event is also included.
,

1 internal Events:
Basic Event Contrun. tion to CDF # Cutacta

BETA 3SSW'SSW-MDP-FS-CM 1.68 LO7 52

SS # MDP-FS-MDP2C 6.00001 292
,

} SSW-MOV-CC MVil 6 00E48 290

j 5SW MOV CC-MV1 A 3.50LOS 234

SSW-MDP-FS-MDPI A 3.50E OS 232
,

d SSW-MOV-CC-MV5A 3.50005 232

SSW-MOVCC-MV5B 3.40E48 231

SSW-MOV-CC+fV18B 3.49E48 23I

( SSW-MDP-FS-MDPIB 3.49E08 231

| SSW-MOV-CC48V1B 3.49E 08 23i
SSW-MOV-CC bV18 A 3.49E-08 231

.

SSW-MDP-MA-MDP2C 3.37E48 183

} SSW-XilLRETAB2 1.97E-08 184

g SSW-XHE-RETAB4 1.97E-08 183

i 3SW-MDP-MA-MDPI A 1.85E48 148

i SSW MDP-MA-MDPIB 1.83008 142

i SSW-MDP-FR-MDP2C 9.35E49 87

i SSW-MOV MA-MVil 8.17E 09 31

j SSW MDP-FR-MDPI A 4.84E-09 72

SSW MDP-FR-MDPIB 4.84E 09 69
'

SSW-XHLRE-SSWC 4.21E49 34

SSW-MOV-MA41V1 A 3.45 FAN ?3'

SSW-MOV-MA4(VSA 3.45E49 2a

i SSW MOV-MA4fV5B 3.44E49 20

j SSW MOV-M A4fV18A 3.44E-09 20

SSW-MOV-MA MVlB 3,44009 20

SSW-MOV MA4(VI8B 3.4/LO9 20

I.
SSW-XHERESSWA 1.08 E-09 19

SSW-XHERE-SSWB 1.08E 09 19

SSW-CKV-HW-CV12 8.05E-10 15'

SSW41TX-PO-HX1 6 70L10 15

SSW4rFX-PO-HX01 6.70010 - 15

l SSW-HTX PO4fXIC 4.59L10 1

] SSW4rrX-PO4tX4A 3.05L10 10

i SSW4rFX-PO-HX4B 3.05 & 10 10

i SSW-itTX-PO HXl A 3.05 E-10 10

j SSW41TX-PO4fX1B 3.0$E-10 10

SSW-CKV-HWCV8A 2.16E-10 9*

| SSW-CKV41W-CV8B 2.16E-10 9

i SSW-XVM-PO-XV13 1.36L10 3

SSW-XVM-PO-XV60 1.31E 10 i
,

s SS'%XVM-PO-XV54B 1,31E-10 1

. SSW-XVM-PO-V186A 5.02E-12 2--

SSW-XYM PO V186B 5.02L12 2

SSW-XVM-PO-VI85 A 5.02L12 2

SSW-XVM- PO-V185B 5.02E 12 2

; SSW-XVM-PG XV23 A 2.21E-12 1

j. SSW-XVM-PO XV23B 2.21E-12 - 1

SSW-XVM-PG-Vl99A 2.21612 1'

t
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!

4

: SSW-X\%i4Vl99B 2.21E 12 1

;

$ Total 5.6E47

! CDF INTEP.NAL EVEtGS 4.05E46
:

i

.

1
i

:!

i

1
i
:

i
t

;
!

,

!

i

;

!

i.
i
e

:
j

s

,

e

d

4

1

*

k
,

i
.

!
i
4

1

i

E
2

!
1

i
j
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s

j Grand Gulf Event Descriptions:

BETA-3SSW - Common cause beta factor for three motor driven pumps to start.

i
SSW-CKV-HW-CV8 A - SSW pump 1 A discharge check valve SA fails to open.

f SSW-CKV-HW CV8B - SSW pump IB discharge check valve 8B fails to open,
t

l SSW-CKV-HW-CV12 - SSW pumps 2C discharge check valve 12 fails to open.

!
SSW-HTX-PG-HXI - Heat exchanger HXI fails due to plugging.

f SSW-HTX-PG-HX01 - Heat exchanger HX01 fails due to plugging.
t

! SSW-HTX-PG-HX1 A - Heat exchanger HX1 A fails due to plugging.
t

!

| SSW.HTX-PG-HX 1 B - Heat exchanger HX1B fails due to plugging.

4
i SSW-HTX-PG-HXIC - Heat exchanger HXIC fails due to plugging.

'

SSW HTX-PG HX4A - Heat exchanger HX4A fails due to plugging.

SSW-HTX-PG HX4B - Heat exchanger HX4B fails due to plugging.

4

SSW-MDP-FR-MDPl A - Motor-driven pump 1 A fails to mn.

| SSW-MDP-FR-MDPIB - Motor-driven pump IB fails to run.
4

SSW-MDP-FR-MDP2C - Motor-driven pump 2C fails to run.

SSW-MDP-FS-CM - Common cause failure of motor driven pumps to start.

i

! SSW-MDP-FS-MDPI A - Motor-driven pump 1 A fails to start.
!

! SSW-MDP-PS-MDPIB - Motor driven pump IB fails to start.
;

! SSW-MDP-FS-MDP2C - Motor-driven pump 2C fails to start.
!

SSW-MDP-MA-MDPI A - Motor-driven pump 1 A unavailable due to maintenance.

!' . .

I SSW-MDP-MA MDPIB - Motor-driven pump IB unavailable due to maintenance-
:-

I SSW-MDP-MA-MDP2C - Motor-driven pump 2C unavailable due to maintenance.

!
i! SSW MOV-CC-MVI A - Motor-operated valve 1 A fails to open.
.

; .

Motor-operated valve IB fails to open.
. .

.

; SSW-MOV-CC-MVIB --
i

SSW-MOV-CC-_MVil - Motor-operated valve 11 fails to open.

SSW-MOV-CC.MVSA - Motor-operated valve SA fails to open.

| E-27 NUREG/CR-5910 -
;

I

|

{
1 - t

- _ ._ . -



__ _ . _ _ . _ . .._ __ _ _ .

2

}
4

j Appendix E

Grand Gulf Event Descriptions (Continued)t

SSW-MOV-CC-MVSB - Motor-operated valve 3B fails to open,

if SSW MOV-CC-MVISA - Motor-operated valve 18A fails :o open.

SSW-MOV-CC-MV18B - Motor-operated valve 18B fails to open.;

SSW-MOV-MA-MVI A - Motor-operated valve 1 A unavailable due to maintenance.y

]

SSW MOV MA-MVIB - Motor-operated valve IB unavailable due to maintenance.
'

:

i SSW-MOV-M A-MVSA - Me'or-operated valve SA unavailable due to maintenance.

SSW-MOV-M A-MV5B - Motor-operated valve 5B unavailable due to maintenacce.
:

SSW-MOV-MA-MV11 - Motor-operated valve 11 unavailable due to maintenance.

SSW-MOV-M A-MV18 A - Motor-operated vdve 18A unavailable due to maintenance.

SSW-MOV-MA-MV18B - Motc.-operated valve 18B unavailable due to maintenance.

SSW-XHE-RE-SSWA - Human error: failure to restore SSW train A after maintenance.

I SSW XHE-RE-SSWB - Human error: failure to restore SSW train B after maintenance.

SSW-XHE-RE-SSWC - Human error: failure to restore SSW train C after maintenance.
1

I SSW XHE RE ~1 AB2 - Failure to restore SSW train A after maintenance.

SSW-XHE-RE-TAB 4 - Failure to restore SSW train B after maintenance,
3

i SSW-XVM-PG-XV13 - Manual valve 13 fails due to plugging.
,

SSW-XVM-PG-XV23 A - Manual valve 23A fails due to plugging,

SSW-XVM PG-XV23B - Manual valve 23B fails due to plugging.
,

!

SSW-XVM-PG-XV54B - Manual valve 54B fails due to plugging.'

SSW-XVM-PG-XV60 - Manual valve 60 fails due to piogging.

SSW-XVM-PG-VIBSA - Manual valve 185A fails due to plugging.*

1

SSW-XVM-PG-V185B - Manual valve 185B fails due to plugging.'

I SSW-XVM-PG-V186A - Manual valve 186A fails due to plugging.

i SSW XVM-PG-V186B - Manus! valve 186B fails due to plugging.

4
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SSW XVM PG-Vl99A - Manual valve 199A fails due to plugging,
,

$
SSW XVM-PG V199B - Mannal valve 199B fails due to plugging.

i.
a

4

4

4

i
4

1

i

b '

i

;
;

}

$

4

$

i

!

i

)

,

J
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52 GRAND GULF ACCIDENT SEQUENCES WITli SWS CONTRIBUTIONS: NUREG/CR il50 ANALYSISj

i he 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.

t Sequence TBSEQl6
:
j This sequence is initiated by loss of offsite power (TI) followed by loss of all three diesel gecerators and failure of RCIC.

3.6E-06 Mean CDF 89% of the Total CDF4

Basic Events:
BETA 3SSW'SSW-MDP-PS-CM 1.56 E-07
SSW-MDP-FS-MDP2C 4.60E-08
SSW-MOV-CC-MVi l 4.60E-08-

j SSW-MOV-CC-MV1 A 3.19E-08
' SSW-MDP-FS-MDPI A 3.19E-08

SSW-MOV-CC-MV5A 3.19E-08,

SSW-MOV-CC-MV5B 3.19E-08
SSW-MOV-CC-MV18B 3.19E-08

) SSW-MDP-FS-MDPIB 3.19E-08
i SSW-MOV-CC-MVIB 3.19E-08
j SSW-MOV-CC-MV18A 3.19E-08
* SSW-MDP-MA MDP2C 2.48E-08

SSW-XHE-RE-TAB 2 1.80E-08
, SSW-XHE-RE-TAB 4 1.80E-08
' SSW-MDP-M A-MDP1 A 1.68E-08

SSW-MDP-M A-MDPIB 1.67E-08

i SSW-MDP-FR MDP2C 6.27E49
; SSW-MOV-M A-MVi 1 4.98E49

SSW-MDP-FR-MDP! A 4.33 E-09'

SSW-MDP-FR-MDPIB 4.33 E-09

f SSW-XHE RE-SSWC 2.72E49
SSW-MOV-M A-MVI A 3.09E-09

j SSW-MOV-MA-MVSA 3.09E-09
SSW-MOV-MA-MV5B 3.09E-09,

SSW-MOV-M A-MV18 A 3.03 E-09
SSW-MOV-M A-MVIB 3.09E49
SSW MOV-MA MV18B 3.09E49,

'
SSW-XHE-RE-SSWA 9.64 E-10
SSW-XHE-RE-SSWB 9.64E-10,

) SSW-CKV-HW-CV12 4.23E-10
; SSW-HTX-PG-HX1 5.92E-10
i SSW-HTX-PG-HX01 5.92E-10

SSW-HTX-PG-HX4A 2.61E-10 -
SSW-HTX-PG-HX4B 2.61E-10
SSW-HTX-PG-HX1 A 2.61E-10
SSW-HTX-PG-HX1 B 2.61E-10
SSW-CKV-HW-CV8A 1.87E-10
SSW-CKV-HW-CV8B 1.87 E-10

These basic events represent SWS cooling nater frults that defeat the diesel g.nerators which leads to station biackout.*

-

,
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CDF Contribution = 4.8E# which is 12% of the total CDF (4.0$E46).

Sequence TBSEQ21

This sequence is initiated by loss of offsite pow:r (TI) foHowed by loss of rIl three diesel generators and failure of one SRV
to reclose. t

1.6E-07 Mean CDF 4% of the Total CDF

Basic Events:
BETA-3SSW*SSW-MDP-FS-CM 6.23E49
SSW-MDP-FS-MDP2C 1.84 E-09

SSW-MOV-CC-MV11 1.83 E-09

SSW-MOV-CC-MVIA 1.28E-09

SSW-MD"-FS-MDPI A 1.28E49
SSW-MOV-CC-MVSA 1.28E 09

SSW-MOV-CC-MV5B 1.23E-09

SSW-MOV-CC-MVISB 1.28E-04

SSW-MDP-FS-MDPIB i.28E49
SSW-MOV-CC-MVIB 1.28E-09

SSW-MOV-CC-MV18A 1.28E-09

SSW-MDP-MA-MDP2C 9.93E-10

SSW-XHE-RE-TAB 2 7.19E-10

SSW-XHE-RE-TAD 4 7.19E-10

SSW-MDP-MA-MDPIA 6.73E-10

SSW-MDP-MA-MDPIB 6.58E-10

SSW-MDP-FR-MDP2C 2.51E 10

SSW-MOV-M A-MVi1 1.99E-10

SS"'-MDP-FR-MDPI A 1.73E-10

SSW-MDP-FR-MDPIB 1.73E-10

SSW XilE-RE-SSWC 1.09E-10

SSW-MOV-MA MV1 A 1.23E-10

SSW-MOV-MA-MVSA 1.23E-10

SSW-MOV-MA-MV5B 1.23E-10

SSW-MOV-MA-MV18A 1.23E-10

SSW-MOV-M A-MV1B L23E-10
SSW-MOV-MA MV18B 1.23E-lG

SSW-XHE-R' iSWA 3.86E-11

SSW XHE-Rh-SSWB 3.86E-11

SSW-CKY.HW-CV12 1.69E-11

SSW-HTX-PG .HX1 2.37E-11
~ SSW-HTX-PG-HX01 2.37E-11

SSW-HTX-PG-HX4A 1.05E-11

SSW-HTX-PG-HX48 1.05E-11

SSW-HTX 1<3-HX1 A 1.05E-11

SSW41TX-PG-HX1'8 1.05E-11

SSW-CKV-HW-CV8A 7.46E-12

SSW-CKV-HW-CV8B 7.46E-12

These basic events represent SWS cooling water fehs that defeat die diesel generato s which leads to station ~olackout.

CDP Contribution = s.8E-08 which is <1'5 of the toul CDP (4.05E46).
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| kquence TC74
:

| 7his sequence is an ATWS, followed by a subsequent closure of the main steam line valves (Q),

1.lE-07 Mean CDF 3% of the To'al CDF

f Ba. sic Ever.ts:

i SSW MDP FS.MDP2C 9.84E-09
SSW-MOV-CC-MVi1 9.84E-09.

{ SSW-MDP-MA-MDP2C 6.56E49
i SSW MDP-FR-MDP2C 2.36E49
| SSW-MOV-M A-MVil 2.62E-09

SSW-XHE-RE-SSWC 1.21E-09.

; SSW-IITX-PG-HX IC 4.59E-10
i
4

j 'Ihese basic events represent SWS cooling water faults that result in long term failure of the HPCS system due to loss of
j . room ecoling.

CDF Contribution - 3.2E-08 which is 1% of the toul CDP (4.05E-06)..

!

Sequence TREEQ13

f This sequence is mitiated by loss of offsPe power (TI) followed by loss of all three diesel generators

6.6E-08 Mean CDF 2% of the Total CDF

! Basic Events:

$
BETA-3SSW-SSW-MDP-FS-CM 2.58E49

f SSW-MDP-FS-MDP2C 1.15E49
SSW-MOV-CC-MVil 1.18E49,

| SSW-MOV-CC-MV1 A 8.88E40
'

SSW-MDP74MDPIA 8.8SE-10
i_ SSW-MGV4 ' MVSA B.88E-10-

SSW-M 3V-Ct slV5B 8.88E-10
i SSW-MOV-CC-MV18B 8.88E-10
! SSW-MDi' FS-MDPIB 8.88E-10
| SSW-MOV-CC-MVIB 8.88E40 |

SSW-MOV-CC-MV18 A - 8.88E-10 '1

SSW-MDP-MA MDP2C 6.37E-10j
; SSW-XHF-RE-TAB 2 5.13E-10
j SSW-XHE-RE-TAB 4 _5.17 E-10

SSW MDP-MA-MDPI A 4.57E-10 '

{ SSW-MDP-M A-MDPIB 4.57E.10
SSW-MDP-FR-MDP2C - 2.53 E-104

I
SSW-MOV-MA-MVil 1.69E-10 1.

'
SSW MDP-FR-MDP1 A 1.86E-10.

j SSW-MDF-FRAIDPI B 1.86E-20
i SSW-XHE-RE-SSWC 1.12E-10

SSW-MOV-M A-MV1 A Lo4E-10

', NBREGICR-5910 E-32 1
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SSW MOV-MA-MVSA 1.04E-10
SSW MOV-MA MVSB 1.04E-10
SSW MOV-MA-MV18A 1.04E-10 j

SSW-MOV-M A-MV1B 1.04E40 |
SSW-MOV-MA-MVISB 1.04 E-10 j

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

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

Sequence TBSEQ17

This sequence is initiated by loss of offsite power (TI) followed by loss of all three diesel generators and two SRVs fail to
reclose.

3.7E-03 Mean CDF 1 % of the Total CDP

Basic Events: 1

EETA-3SSW*SSW MDP-FirCM 1.05 E-09

SSW-M DP.FS-MDP2C 4.94Ecl0
*SSW-MOV-CC-MVil 4.94E 10

SSW-MOV-CC-MVI A 3.73E-10
SSW-MDP-PS-MDPI A 3.73'l-10
SSW-MOV-CC-MV5A 3.74E4D
SSW-MOV CC-MV5B 3.73E-10 :

SSW-MOV-CC-MV18B 3.73 E-10
SSW-MDP-FS-MDP1B 3.73E-10
SSW-MOV-CC-MV1B 3.72E-10
SSW MOV CC-MV18 A 3,72E-10
SSW-MDP-MA-MDP2C 3.13E-10
SSW-XHE-RE-TAB 2 2.19E-10
SSW XHE-kE-TAB 4 2.19Er (O
SSW-MDP-MA-MDPI A 2.32E 10
SSW-MDP-M A-MDPIB 2.32E-10 ,

SSW41DP-F:'cMDP2C 1.04E-10
SSW-MOV-M A-MVil 1.01E-10
SSW-MDP-FR-MDPI A 7.84E-11
SSW-MDP-FR-MDPIB 7.84E-Il
SSW-XHE-RE-SSWC - 5.06E-11
SSW-MOV-M A-MVI A 7.34E-11
SSW.MOV MA-MV5A 7.34E-11
SSW-MOV-MA-MV5B 7 34E-11
SSW-MOV-MA-MVl8A 7.34E-11
SSW-MOV-MA-MV1B 7.34E 11
SSW-MOV-M A-Mvl8B 7.34E-11
SSW-XHE-RE-SSWA 2.53E-11
SSW-XHE-RE-SSWB .153E-11

: "Dtese basic events represent SWS cooling water faults that defeat the diesei generators, which leads to station Wckout.

||

CDP Contribution = 7.3E-0- which is < l% of the total CDF (4.05E-06).
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Sequence TBSEQ14
;

This sequence is initiated by loss of olfsite power (TI) followed by loss of all three diesel generatt,rs and loss of ad coolant;

; injection.

i
4 4.4E49 Mean CDF 1% of the Total CDP
?

i
| Basic Events:
:
1
i BETA-3SSW4SSW MDV 1 S-CM 1,92E49

i SSW-MDP FS-MDP7C 8.6AE 10

; SSW-MOV-CC-MV M 8.66E49
j SSW-MOV-CC.MVI A 6.50E-10

SSW-MDP FS-MDPI A 6.50E-10.

| SSW-MOV-CC-MVSA 6.50E-10

j SSW MOV-CC-MV5B 6.50E-10

i SSW-MDV-CC41VISB 6.50E-10
i SSW-MDP-frS-MDPIB 5.50E-10
i SSW-M OWCC-MV1E 6.50E-10 .;

j SSW-htO% CC-MVid A 6.!.'E- 10 |
SSW-MDP-MA-MDP2C 3.76E-10'

] SSW-XHE RE-TAB 2 4.66E 10 ;

'

SS'%XHE-RE-TAB 4 3.79E-d
i SSW-MDP-MA-MDPI A 3.35E-IC
1 SS% -MDP-M A41DPIB 3.35E3 >

SSW MDP FR MDP2C 1.85E-104

{ SSU4.10V-M A-MV11 1.24E 10 ,

SS U-MDP FWMDPIA 1.3dE-10 >

- SSW-MDP-PR-MDPIB 1.36E 10

| SSW-XHE-RE-SSWC 8.22E-11
SSW-MOV-MA-MVIA 7.62E-Il ,

i SSW MOV-MA MV5A 7.62E-11 |

] SSW-MOV-MA-MV5B 7.62E-11 ' |

'

SSW-MOF-MA-MV18A 7.62E-11
'

S56-MOV-MA-MV1B 7.62E-11
i SSW-MOV-MA MVl8B /.62E-11

';
These basic events represent SWS cooling, unter fcdus that defeat the diesel generator * (i.e., lass of jacket w ter cooling),

!

which leads to station blackcut.
,

l
'

1 CDF Contribution = 1.3E48 which is <1% v the total CDF (4.05E-06).

! Sequence TSEQ56 -

:
1 nis sequence is initiated by a loss of the PCS (T2). Offsite power is available and su high pressee coolsat ivicetion '')

'
systetns fait r.o inject.

,

1.3E48 Mean CDF < 15e of(he Total CDP
< a

!

$ i

"

NUREG/CR-5910 E-34
i
J

$

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



.-.

Appendix E

thsic Events:

SSW-MDP-FS-MDP2C 4.22E-11

SSW MOV-CC-MV11 4 03E Il
SSW-MOV-CC-MV5A 3.25 E-Il
SSW-MOV CC MV1 A 3.25E-11

SSV!-MDP-FS-MDPI A 3.2$E-ll
SSW-MDP MA-MDP2C 2.68E-11
SSW-MDP-MA MDPI A 2.17E-Il ,

SSW-XHE-RE-TAB 2 1.95E-11

SSW-XIIE-RE-TABI 1.08E-Il
SSW-MOV MA-MV5A 9.19E-12
SSW-MOV-MA MVI A 9.19E-12
SSW MOV-MA MVil 9.01E-12
SSW-MDP-FR-MDP2C 7.79E-12
SSW-MDP-I%MDFl A 7.95E-12
SSW-XI{E RU-SSWA 2.71E-12
SSW-X11E-RE-SSWC 4.01E-12
SSW41TX PO liX1C 1.61E-12

SSW-HU-PG-HX1 A 1.16 b-12

i SSW HTX-PG }{X6 1.09E-12

Tlese basie eveurs represen. ET.'' 6mits that result in loss of HPCS and RCIC room cooling, i.e., loss of high pressure
;

injection systems. ,.,

CDF Contribution = 3.11410 which is < 1 % of the total CDP (4.0$E-06).
1 .

i

L!
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6.0 ST. LUCIEt TAP A 15

6.1 ST. LUCIE: TAP A 45 SUMMARY OF RESULTS

%e basic events for those cooling water nyttems (i.e.. Component Cooling Water (CCW) System and intake Cooling Water
(ICW) System) found to be major contributors to the total core damage freque cy (CDP) at the St. Lucie nuclear power
station are listed below along with the contribution each basi: event makes t< we total CDF and the number of cutsets in
which the basic event appears. A description of each basic eye t is also c:oded.

Internal Events:

Basic Event contributior to CDF # Cutsets

CCW-PUMP-CM 1.4E46 2

ICW-PUMP-CM 0.5E-07 2

__

Total 1.8E 06
s

Internal Events CDP 1.4E-05
Evernal Events CDF 5.0E-05

Total 7.4E-05
s

ST, LUCIE Event Dacriptions:

CCW-PUMP-CM - Common mode failure of component coouog water pumps.

ICW PUMP-C54 - Common mode failure of intake cooling water pumps.

NUREG/CR-5910 E-36.
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Appendix E

6.2- St. LUCIE ACCIDENT SEQUENCES WITII SWS CONTRIBUTIONS: TAP A-15 ANALYSIS

The following presents the TAP A-45 accident sequences in which Component Cooling Water (CCW) and Intake Cooling
Water GCW) events appear along with the contribution SSW makes to the total CDP for the given accident sequence. Note
that the dominant cutsets listed in the TAP A 45 report for each accident sequence typically represents less than 50% of the

total sequence frequency.

Sequence S2MD,D3

This sequence is initiated by a small LOCA (S ) with subsequent failure of both high pressure and low pressure injection2

eystems, HPIS (D,) and LPIS (D ) which leads to an early core rnef t.2

1.9E-06 Mean CDP 14% of the Total CDF

SSW Basic Events:

CCW-PUMP-CM 8.0E-07

1CW-PUMP-CM 2.0E 07

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

Sequence T QD D3 3 3

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

i

1.25E-06 Mean CDP 9% of the Total CDP
,

SWS Basic Events:

' CCW-PUMP-CM -6.0E 37

[ ICW-PUMP-CM 1.5E-07

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.
1

CDF Contribution = 7.5E-07 which is 5% of the total CDP (1.4E45).

!

.

?
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Appendix E

7.0 CALVERT CLIFFS: IREP

7.1 CALVERT CLIFFS: IREP SUMMARY OF RESULTS

The basic events for the Service Water System (SRWS), Salt Water System (SWS), and Component Cooling Water System
(CCW) found to be mayor contributors to the total core damage frequency (CDF) at the Calvert Cliffs nuclear power station
are listed below along with the contribution each L.sie 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

5% $5170A-NCC-LF 1.77E 06 14

SWS3171 A NCC-LP 1.46E46 11

SWS5173B-NCC.LF 9.63 E47 6
CCWO258X-XoC L = 7.60E-07 1

CCW3826N-t4CC-OE'SWS$206A NCC LF 630E-07 i
CCW3826N-NCC-OE*SWS5160A NCC-LF ;30E47 1

CCW3826N-NCC-OE*CCW3823N-hTO-LP 630E47 i
SWS$206A-NCC-LF'SWS$208B-NCC-LF 1.90E47 i
SWS5203A-NCC-LF'SWS5163B-NCC-LF 1.90E47 1

SWS52064-NCC-LF'SWS$162 B-NCC-LF 1.00E-07 1

SWS5206A NCC-LF'CCW3826N-14CC-LF l .90E47 i
SWS$206A-NCC LF*CCW3825N-NTO-LF l .90E47 i
SWS5160A-NCC'LF'SWS$208&NCC-LP 1.90E47 1

SWS5160A NCC-LF'SWS5163B-NCC-LF 1.90E47 i
SWS5160A-NCC-LF'SWS$162B-NCC-LF 1.90E47 1

CCW3826N-NCC-LF'SWS5160' NCC-LF l.90E47 1

CCW3825N-hTO-LF*SWS$160eNCC-LF 1.90E47 1

CCW3823N-NTO-LF*SWS$2088-NCC-LF 1.90E47 i
CCW3823NETO-LF'SWS5163B-NCC-LF 1.90E47 1

CCW3823NETO-LF'SWS51623-NCC-LF 1.90E47 I
CCW3823 N-hTO-LF'CC W3826N-i .CC-LF 1.90LO7 i

CCW3823N-hTO-LF'CCW3825NETO-LF 1.90E47 1

SWS$173B-NCC-LF'SWS$171 A-NCC-L.F 1.90E47 1

SWS5172B-NCC-LF'SWS$1'7A NCC.LF 1.90E-07 i
SRW1587A NCC LF 1.06E-07 5
5RW AO11 A-BOO-LF 1.70E-07 7
SWS$210AETC CC 130E41 4
SWSI10$A-BOO-LF l .70E-07 7
SWS5150A-NOC-CC 7.70E-08 3
SW5019fX XOC-LF 5.00E48 1

SWS5210A-NOC CC 530E48 i
CCW3826N-NCC OE'SWS$206A NCC CC'RA18 5.30E 08 1

CCW3826N-NCC OE*SWS5160A-NCC-CC'RAlt 530E-08 i
SWS5170A NCC-CC'RAI8 3.50E48 1

SWS5171 A-NCC-CC'RAI& 3.50E-08 i
SWS5173B NCC-CC'RA18 3.50E-08 1

SWS5174B-NOC-CC'RA18 3.50E-08 1

SWS5175B-NOC-CC'RAll 3.50E48 i
SRW1588B-NCC-LF 2.90E-08 i
SWS1405B-BOO-LF 2.90E-08 i
SWS5153B-NOC C,2 2.40E48 1

SWS$212BETC-CC 2.40E-08 1

SWSTD13 LF'CCW3826N-NCC OE 230E48 1

Total 1.17E415

Internal Events CDF 130E-04

NUREG/CR-5910 E-38
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}

Calvert Cliffs Event Descriptions:

!

1

CCWO258X-XOC-LP - local fault of CCW valve resulting in common mode failure of all LPSR and HPSR pump seal*

cooling and pump failure.>

CCW3823N-NTO-LF - lo:4 fsult of bypass valve on CCW HTX #11 results in failure of heat removal, falls 1/* CCW.
3

CCW3825N-NTO-LF - local fault of CCW HTX #12 bypass valve results in failure to remove heat, fails 1/2 of CCW.
:

CCW3826N-NCC-If - local fault of outlet valve on CCW HTX #12 fails 1/2 of CCW.

CCW3826N NCC-OE - Failure of the operator to open CCW HTX #12 outlet valve resulting in failure of CCW HTX #12
fai'ing 1/2 of CCW.

!

RA18- Probability of c,-~ . ialling to manually open SWS pneumatic valves (p = 0.1).
j

SRWA011 A-BOO-LP - local fault of power breaker on SRW pump #11, fails DG #11 cooling and train A of AC power.

I
4 SRWA012B-EOO-LP - local fault of SRW pump #12 power breaker, fails DG #12 cooling and train B of AC power.

SRW1587A-NCC-LP - Local fault of DG #11 cooling outlet valve, fails DG #11 and train A of AC power,

1

SRW1587A-111C; " P - local fault of outlet valve from DG #11 coolers, fails DG #11 and Train A of AC power.

SRW1588B-NCC-LP - Local fault of inlet valve to DG #12 coolers, fails DG #12 and train B of AC power.-

SWSTD13-LP - Short in one-second time delay salt water pump #13 results in failure of salt water pump #11 fails

1GCCW.'

|
SWS01%X-XOC-LP - Local fault of SWS ESP and CCW HTX outlet valve failing heat removal from all ESF pump

room coolers and both CCW HTXs. 'this fails all HPSR, LPSR, and CSSR pumps and both'

shutdown heat exchangers.'

| SWS1105 A-BOO-LP - Local fault of power breaker on SWS pump #11, fails DG #11 cooling and train A of AC power.
.

SWS1405B-BOO-LF - Imcal fault of SWS pump #12 power breaker, fails DG #12 cooling and train B of AC power.'

t
.

i
; SWS5150A-NOC-CC - Control circuit fault of service water heat exchanger #11 inlet valve, fails DG #11 and train A of
' AC power.

SWS5153B NOC-CC - Control circuit fault of service water heat exchanger outlet valve, fails DG #12 cooling and train
B of AC power.

SWS5160AfCC-CC - Control fault of salt water valve fails CCW HTX #1I cooling resulting in failure of 1/2 CCW. 3
-i

SWS$160A-NCC-LP - local fault of salt water valve fails CCW HTX #11 cooling resulting in failure of 1/2 CCW.

! SWS5162B-NCC-LF - Failure of salt water valve fails cooling to CCW HTX #12 failing 1/2 of CCW.

i
s
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Calvert Cli!Ts Event Descripdons (Continued):

SWS5;53B-NCC-LP - Failure of salt water valve fails cooling to CCW HTX #12 failing 1/2 of CCW.

SWS$173A-NCC-CC - Control fault of ESF pump room cooler #11 inlet valve, fails HPSR pumps #11 and #12 and
CSSR pump #11.

SWS$170A-NCC LP - Failure of salt water valve results in failure of ESP pump room cooling and fails HPSR pump #11
and #12 and CSSR pump #11.

SWS$171 A-NCC-CC - Control fault of ESF pump room cooler #11 outlet valve, fails HPSR pumps #11 and #12 and
CSSR pump #11.

SWS5171 A-NCC-LF - Fai'ure of salt water valve results in failure of ESF pump room cooling and fails llPSR pump #11
and #12 and CSSR pump #11.

; SWS51738-NCC-CC - Control fault of ESF pump room cooler #12 inlet valve, fails HPSR pump #13 and CSSR pump
#12.

SWS$173B-NCC-LF - local fault of SWS valve, fail; ESF pump room cooler #12 failing IIPSR pump #13 and CSSR
pump #12.

SWS5174B-NOC-CC - Control fault of ESP pump room cooler #12 outlet valve, fails HPSR pump #13 and CSSR pump
#12.

SWS5175B-NOC-CC - Control fault of ESF pump room cover #12 outlet valve, fails HPSR pump #13 and CSSR pump -
#12.

SWS5206A-NCC-CC - Control fault of salt water valve fails CCW HTX #11 cooling resulting in failure of 1/2 CCW.

SWSS206A-NCC-LP - Local faul' of salt water valve fails CCW HTX #11 cooling resulting in failure of 1/2 CCW.

SWS5208B-NCC-LP - Failur. of salt water valve fails cooling to CCW HTX #12 failing 1/2 of CCW.

SWS5210A-NTC-CC - Controi circuit fault of service water heat exchanger #11 outlet valve, fails DG #11 and train A -
of AC power.

SWS5212B-NTC-CC - Control circuit fault of service water heat exchanger outlet valve, fails DG #12 cooling and train
B of AC power.

NUREG/CR-5910 E-40
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Appendix E

! 7.2 CALVERT CLIFTS ACCIDENT SEQUENCES WITH SWS CONTRIBUTIONS: IREP ANALYSIS
i

he following presents the IREP accident sequences in which Component Cooling Water (CCW), Service Water (SRWS),,

'

and Salt Water (SWS) events appear along with the contribution SSW makes to the total CDP for the given accident
sequence.a

l

j Sequence S lli

l his sequence is initiated by a Small-small LOCA followed by loss of primary makeup (High Pressure Safety Recirculation
3 system fails (H)) in the long term which results in the core uncovering and core melt.

; 1.5E-05 Mean CDF 11 % of the Total CDP

Basic Events:

SWS5170A-NCC-LF 8.07E-07

{ SWS$171 A-NCC-LF 8.07E-07
? CCWO258X-XOC-LF 7.60E47

CCW3826N-NCC-OE*SWS$206A-NCC-LF 6.30E-071

CCW3826N-NCC-OE*SWS5160A-NCC-LP 6.30E-07
1 CCW3826N-NCC-OE*CCW3823N-NTO-LP 6.30E-07
i SWS4144 A-VCC-LP 3.80E-07
i SWS5206A-NCC-LF*SWSS208B-NCC-LP 1.90E-07
'

SWS5206A-NCC-LF*SWS5163B-NCC-LF 1.90E-07

i SWS5706 A-NCC-LF*SWS5162B-NCC-LF 1.90E-07
SWS5206A-NCC-LF*CCW3826N-NCC-LF 1.90E-07

'
SWS5206A-NCC-LF*CCW3825N-NTO-LF 1.90E 07

'
SWS5160A-NCC-LF*SWS5208B-NCC-LF 1.90E-07

: SWS$160A-NCC-LF*SWS$ 163B-NCC-LF 1.90E-07

| SWS5160A-NCC-LF*SWS5162B-NCC-LP 1.90E-07
; CCW3826N-NCC-LF*SWS5160A-NCC-LF 1.90E-07

CCW3825N-N'IV-LF*SWS5160A NCC-LF 1.90E-074

CCW3823N-NTO-LF*SWS5208B-NCC-LF 1.90E-07
CCW3823N-NTO-LF*SWS5163B-NCC-LP 1.90E47.

CCW3823N-NTO-LF*SWS$ 162B-NCC-LF 1.90E 07.

CCW3823N-NTO-LF*CCW3826N-NCC-LF 1.90E 07+

CCW3823N-NTO-LF*CCW3825N-NTO-LF 1.90E-07
'

CCW3826N-NCC-OE*SWS5206A-N' C-CC*RA18 5.30E-08J
CCW3826N-NCC-OE*SWS5160A-NCC-CC*RA18 5.30E48-

| SWSTD13-LF*CCW3826N-NCC-OE 2.30E-08

i
i 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).

CDP Contribution = 7.6E46 which is 6% of the total CDF (1.35E 04).

Sequence S FII2

'

His 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 results in the core uncovering

| and core melt.

i
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i 1.lE-05 Mean CDF 5,. a the Total CDF

i Basic Events:

SWS$170A-NCC If 9.63E-07
SWS517i A-NCC-LP 6.49E-07

: SWS5173B-NCC-LF 9.63 E-07

i SWS4144 A VCC-LF 3.90E-08
SWS5173B-NCC-LF'SWS$171 A NCC-LP 1.90E-07
SWS5173B-NCC-LF*SWS5170A-NCC-If 1.90E-07
SWS0196X-XOC-LP 5.00E48
SWS5170A-NCC-CC*RA 18 3.50E-08*

SWS5171 A-NCC-CC*RA 18 3.50E48
SWS5173B-NCC-CC*RA 18 3.50E-08
SWS5174B-NOC-CC*RA 18 3.50E-08'

SWS5175B-NOC-CC*RA-18 3.50E-08

I Dese basic events represent SWS faults that result in the loss of ESF pump room coolers. His fails the HPSR and CSSR
pumps. Recovery action RA 18 is the failure of the operator to manually open SWS pneumatie 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 TgQ-D"CC'

his sequence is initiated by a loss of offsite power (T) followed by a transient induced LOCA (Q). HPSI (D*), CSSI (C')i

and CARCS (C) subsequently fail following the initiator which results in loss of primary system makeup uncovering the core.

5.3E-06 Mean CDF 4% of the Total CDP'

Basic Events:

SRW1587A-NCC-LP 9.30E-08
SWS1105A-BOO-LP 9,30E 08
SRWA011 A-BOO-LP 9,30E48
SWSS210A-NTC-CC 7,700-0-
SWS5210A-NOC-CC 5.30E-08
SRW1588B-NCC-LP 2.90E-08
SWS1405B-BOO-LP 2.90E-08
SWS5150A-NOC-CC 2.40E-08
SWS$153B-NOC-CC 2.40E48
SWS5212B-NTC-CC 2.40E48

These basic events represent SWS and SRW faults that result in the loss of diesel generator cooling and diesel generator
room coolers. This fails the diesel generators which in turn fail the ESF systems.

CDF Contribution = 5,4E-07 which is <!% of the total CDF (1.3E44).

NUREG/CR-5910 E-42
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Sequence T L

This sequence is initiated by a loss of offsite power (T ) followed by failure of AFW (L),i

4.9E-06 hiean CDF 4% of the Total CDP

Basic Event <.:

SWS1105A-BOO-LP 6.40E48

SRWA0ll A-BOO-LF 6.40E-08

SWS$210A-NTC-CC 5.30E48

SWS5150A-NOC-CC 5.30E48

nese basic events represent SWS and SRW faults that result in the loss of diesel generator #11 cooling, his fails diesel
generator #11 which in torn fails AFW.
CDF Contribution = 2.3E47 which is < 1% of the total CDF (1.3E44).

Segura.ce T.LCC'

nk .equence is initiated by a loss of offsite power (T ) followed by failure of AFW (L), CSSI (C), and CARCS (C').i

1.0E-06 hiean CDF 1% of the Total CDF

Basic Events:

SRW1587 A-NCC-I P 1.33E-08

SWS110* A-BOO-LP 1.33E-08

SRWM1ia BOO-LP 1.33E48

nese basic events represent SWS and SRW faults that result in the loss of diesel generator #11 cooling. His fails diesel
generator #11 which in turn fails 1/2 of all ESP systems and motor-driven AFW pump.

CDF Contribution = 4.0E48 which is < 1% of the total CDF (1.3E44).

.
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i.

8.0 ANO-1: TAP-45

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

The basic events for those cooling water systems (i.e., Service Water System (SWS)) found to be major contributors to the
;

total core damage frequency (CDP) at the ANO-1 nuclear power station are listed below along with the contribution each
i. basic event makes to the total CDF and the number of cutsets in which the basic event appears. A description of each basic -
| cvent is also included.

| Internal Events:
!

! Basic Event Contribution to CDP # Cutsets

SWSV-02-03-CM 4.85E-06 4
SWSV-40-41-CM 3.34E-06 3,

SWSV-40-51-CM 1.51E46 1

SWSP-CM 7.59E-07 6
-

'

SWSV-06-07-CM 2.02E47 2
; SWS3824-VOC-LF 4.92E-08 2
i SWSV 08-10-CM 4.55E-03 2
.

Total 1.08E-05

,

Internal Events CDP 8.80E-05
External Events CDF 9.10E45

4

i

. Total 1.79E-04
i

ANO-1 Event Descriptions:,

.

SWSP-CM - Iml fault common meje faite between 2 PMD normally running and 1 PMD on standby.

SWSV-02-03-CM - Common mode failure of MOVs 02 and 03 - failure to open..

SWSV46-07-CM - Common mode failure of MOVs 06 and 07 - failure to open.;

SWSV-08-10-CM - Common mode failure of MOVs 08 and 10 - failure to open.
'

SWSV-40-41-CM - Common mode failure of MOVs 40 and 41 - failure to open.

SWSV-40-51-CM - Conuron mode failure of MOVs 40 and 51 - failure to open.

SWS3824-VOC-LP - Normally open valve 3824 fails closed.
I
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8.2 ANO-1 ACCIDENT SEQUENCES WITil SWS CONTRIBUTIONS: TAP A-45 ANALYSIS

ne following presents the TAf r-45 accident sequences in which Service Water System (SWS) events appear along with
the contribution SWS makes to tne total CDF for the given accident sequence. Note that the dominant cutsets listed in the
TAP A-45 report for each accident sequence typically represents less than 50% of the total sequence frequency.

Sequence S Mil ll3 i 3

His sequence is initiated by a Small LOCA followed by loss of main feedwater (M) and primary makeup (High Pressure
Recirculation system fails (H ) and low Pressure Recirculation system (H )) in the long term which results in the corei 2

uncovering and core melt, g

2.34E45 Mean CDP 27% of the Total CDF

Basic Eventi:

SWSV-40-41-CM 3.04E-06
SWSV 0243-CM 3.04E-06

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

CDF Contribution = 6.0E-06 which is 7% of the total CDP (8.8E45).

Sequence S MED,3

his sequence is initiated by a Small LOCA followed by loss of main feedwater (M), failure of feed and bleed mode of HPSI
(E), and failure of LPSI (D). which results in early core melt.

6.6E-06 Mean CDP 7% of the Total CDF

Basic Events:

SWSP-CM 1.9E47

his basic event results in failure of both the HPSI and LPSI pumps due to loss of pump cooling.

CDF Contribution = 1.9E-07 which is < l% of the total CDF (8.8E-05).

Sequence S MXE3

%is sequence is initiated by a Small LOCA followed by loss of main feedwater (M), failta of feed and bleed mode of HPSI
(E), and failure to depressurize (X) which results in early core melt.

2.33E-06 Mean CDF 3% of the Total CDP

Basic Events:

SWSP-CM 2.57E-09

E-45 NUREG/CR-5910
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!
ni: basic event results in failure of the llP.cl due to loss of pump cooling.

s

CDF Contribution = 2.57E49 whlch is < | % of the total CDF (8.8E45).

,

'
Sequence T MLEi

. r,cquence is initiated by a bis of offsite power and followed by %s of main feedwater (M), failure of emergency
feedwater (L), and failure of feed and bleed mode of flPSI (E), which results in core melt.

2.13E 05 Mean CDF 21% of the Total CDP

Basic Events:

SWSV-0647.CM 1.93E47
,

' ins basic event results in failure of the llPSI.

CDF Contribution = 1.93E47 which is < 1% of the total CDF (8.3E45).

Sequence T,MLE

This sequence is a loss of feedwater transient (T ) cwed by loss of the power conversion system followed by failure of the
emergency feedwater system (L) and failure of feed and '>leed mode of IIPSI (E), which results in core melt. .

2.38E46 Mean CDF 3% of the Total CDP

Basic Events:

SWSP-CM 3 09E47
SWS3824.VOC LP 3.33E-08

Rese basic events result in failure of the llPSI due to loss of pump cooling.

CDP Contribution = 6.4E47 which is 1% of the total CDP (8.8E45).

Sequence T,MLE

This sequence is a tratulent with the power conversion system (PCS) initially evallable. He PCS subsequer.tly fails (M) .
followed by loss cf emergency feedwatei system (L) and failure of feed and bleed mode ofIIPSI (E), which results in core
nwlt.

1.14E 06 Mean CDP 1% of the Total CDP

'

llanic Events:

SWSP-CM 1,47 E47

SWS3824-VOC-LP ' l.59E-08

NUREG/CR-5910 E-46
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This basic event results in failure of the llPSI due to loss of pump cooling.

CDP Cc.atribution = 1.6E47 shich is < 1% of the total CDP (8.8E45).

.

Sequence T,MQLD,

'this sequence is initiated by a !sn of+ffsite power and followed by loss of main feedwater (M), failure of the pressurizer
safety relief valves to reclose (Q) which results in a transient induced l#.z., failure of emergency feedwater (L), and failure
of IIPS1 (D,), which results in core melt.

|

7.8511-07 Mean CDP < 1% of the Total CDP

Basic Events:

5WSV4641 CM 9.3311-09

" Ibis basie even results in failure of the ilPSI.

CDP Contribution = 9.33E49 which is < 1% of th total CDP (8.8E45).

Sequence TA1Qll ll',i .

This sequence is a loss of fvdwater transient (Ts) caused by loss of the power conversion system (M) followed by failure
of the pressurlier anfety relief valves to reciose (Q) whici, results in a transient induced LOCA, and bo ? .Se high pressure
recirculation system (11,) and the low pressure recirculation system (11',) fail leading to corS melt.

1.7tE-06 Mean CDP 2% of the Total CDP

Basic Events:

I- SWSV-40-41-CM 2.13E 07

SWSV42 03-CM t'.13E 07 -i-
i

! These basic events represent SWS faults that result in the loss of the low pressure pump room coolers and low pressure pump

j lube oil coole t
!

f CDP Contribution = 4.2E47 which is < 1% of the total CDP (8.8E-05).
!

| Sequence T,MQD D.
p

| This sequence is a loss of feedwater transient (Ty caused by loss of the power conversion system (M) followed by failure

i- of the pressurizer safety reilef valves to reclose (Q) which results in a transtect L2duced LOCA, and both IIPSI (D ) and3

i LIYi (D) fait leading to core melt.
}

!> 6.66E-07 Mean CDP <l% of the Total CDP

Basic Events:

! SWSP-CM 1.40E48
;

!

! E-47 NUREG/CR 5910
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his basle event results in loss of the LPSI and IIPSI pumps due to loss uf cooling.

CDP Contribution = 1.EE 08 which is < !% of the ;otal CM (8.8E45).

Sequence T htQll ll',i

his sequence is a transient with the power conversion .ystem (PCS) leitially available. He l'CS subsequently fails (ht)
followed by failure of the pressunzer safety relief valves to reclose (Q) which results in a transient induced LOCA, and both
the high pressure recirculation system (11) and the low pressure recirculation system (ll's) fail leading to core melt.

7.31E-07 hican CDF 1% of the Total CDP

i

f liasic E"ents:
*

SWSV-40-41 Chi 9.12E-08
SWSV.0243 Chi 9.12E48

,

j nese basic events represent SWS faults that result in the loss of the low pressure pump room coolers and low pressere pump

[ lube oil coolers.
I
t

! CDF Contribution = 1.8E-07 which 1: < 1% of the total CDI- (8.8845).

|
t
| Sequence T Qll ll',3 i
|

| nis sequence is a transient with the power conversion system (PCS)init: ally available, followed by failure of the pressurirer

!- anfety relief valves to reclose (Q) which results in a transient induced LOCA, and both the high pressure recirculation system

| (l{i) and the low pressure recirculation system (11'3) fau leading to core melt.
.

1.21E-05 hican CDP 14% of the Total CDP
3

|

| Ilasic Events: ,

( SWSV-40-41-Chi 1.51E46
! SWSV4243-Cht 1.51E-06

i
| Reae basic events represent SWS faults that result in the loss of the low pressure pump room coolers and low pressure pump

lube oil coolers.j
;

!

j CDF Contribution = 3.0E46 which is 3% of the total CDP (8.8E-05).

!
i

| Sequence T QD,D3 2

i
nis aequence is a transient in which the power conversion system is initially available, followed by failure of the pressurizeri

! safety relief valves to reclose (Q) which results in a transient induced LOCA, and both IIPSI (D ) and LPSt (D ) fait leading3 2

| to core Inelt.

!

NUREG/CR-5910 E-48
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4.57E46 hiran CDP 5% of the Total CDF

Basic Events:

SWSP-Chi 9.6E48

nis basic event result in loss of the LPSI and llPSI pumps due to loss of cooling.

CDP Contribution = 9.6E-08 whleh is < 1% of the total CDP (8.8E45).

Sequence TJfLE

his sequence is initiated by a loss of an AC bus followed by failure of the power conversion system, felure of the
emergency feedwater system (L) and failure of feed and bleed mode of IIPSI (E), which results in core melt.

4.08E46 hican CDP 5% of the Total CDP

Basic Events:

SWSV-08-10-CM 3.05E48

%ese bs. sic events result la failure of the IIPSI due to loss of pump cooling.

CDP Contribution = 3.0$E48 which is < 1% of the total CDP (8.8E-05).

Sequence T,MLE

%1s sequence is initiated by a loss of an DC bus followed by failure of the power conversion system, fa;)ure of the
emergency feedwater system (L) and failure of feed and bleed mode of HPSI (E), which results in core melt.

:
2.46E46 hican CDP 3% of the Total CDP

Basic Events:

SWSV-08 10-CM 1.50E48

Rese basic events result in failure of the HPSI dua to loss of pump cooling.

CDP Contribution = 1.50E48 which is <!% of the total CDP (8.8E45).

E-49 NUREO/CR 5910
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9.0 POINT BEACil: TAP A-45

9.1 ICINT BEAC11: TAP A 45 SUMMARY OF RESULTS

*Re basic events for those cooling water systems (i.e., Service Water System (SWS) and Component Cooling Water (CCW)
System) found to te major contributors to the total core damage frequency (CDP) at the Point Beach nuclear power station
are listed below along with the contribution each basic event malea to the total CDF and the number of cutset:in which the
basic event appears. A description of each buie event is also included.

Internal Events:

Basic Event Contribution to CDP # C utsets

CCWXV30-XOC-UTM 1.19E45 3

CCWMP PMD-CM 6.30Eo6 4

CCWXV30-XOC-LP 3.13E46 3

CCWMDPA-PMD LF*CCWMDPB-PMD-LF+ 1.86E-06 2

CCWMDPA PMD-LF*CCWMDPD PMD-UTM
CCWlIXA-lITX-FB 1.04 E-06 3

SWSP-CM 2.15E46 4

Toad 2.64E-05

Internal Events CDP 1.40F 04
External Evei.ts CDP 1.70E44

Totai 3.10E44

Point Beach Event Descriptions:

CCWilX A-l{TX-FB - Component Cooling Water heat enchanger fails due to flow blockage.

CCWMP PMD-CM - Common mode failure of bth Component Coo'ing Water pumps to operate._

CCWMDPA PMD-LP - Normally runt.ing Component Cooling Water pump A fails to restart following LOSP.

CCWMDPB PMD-LP - Normally running Component Cooling Water rump B fails to restart following LOSP.

CCWMDPD-PMD-UTM - Component Coolitig Water pump B unavailable due to maintenance outage.

CCWXV30-XOC-LP - Normally open Component Cooling Water manual valve 30. RilR pump coolers return
valve, fails closed.

CCWXV30-XOC-UTM - Component Cooling Water manual valve 30, RilR pump coolers return valve, unavailable
due to maintenance.

SWSP-CM - Common mode failure of all six Service Water pumps to operate.

NUREG/CR-5910 E 50'
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9.2 POINT BEACil ACCIDENT SF,QUENCES Willi SWS CONTRillUTIDNS: TAP A 45 ANAINSIS

%e following presents the TAP A45 accident acquences in which Service Water Syetern (SWS) and Compot.ent Cooling
Water (CCW) system events appear along with the contribution SSW and CCW makes to the total CDP for the given
occident sequence. Note that the dominant cutwts listed in the TAP A-45 report for each accident sequence typically
represents less than 50% cf the total sequence frequency.

Sequence S,Mit'ill',

his sequence is initiated by a Small thCA followed by main feedwater trip due from a safety injection eignal (M) and
primary makeup Oligh Pressure Recirculation system fails Ol',) and low Pressure Recirculation system Ol's))in the long
wm which results in the core uncoveiing and core melt.

5.96E415 Mean CDP 42% of the Total CDP

Basic Events:

CCWXV30 XOC Uni 7.6E 06
CCWXV30-XOC LP 2.0E46

Rese basie events represent CCW faute that result in the loss of the low pressure pumps due to loss of pump cooling, w hich
in tum fails the low pressure recirculation and high pressure recirculation modes of operation.

CDP Contribution = 9.6E46 which is 7% of the total CDP (1.4E44).

Sequence S,MD D,
i

his sequence is initiated by a Small LOCA followed by main feedwater trip due to a safety injection signal (M), failure of
the high pr mre injection system (D,), and failure of the low pressure injection system (D,) following successful
deppressurization which resul4 in early core melt.

8.98E46 Mean CDP 6% of the Total CDP

Basic Events:

CCWMP-PMD-CM 4.0E46
CCW ilTX*ASSO XOC 3.8E-07
CCWMPA-PMD LF*CCWMPB-PMD-LP+
CCWMPA-PMD LF*CCWMDB-PMD-UTM 1.23E46
SWSP{M 6.0847

nese basic events represent CCW and SWS faults that result in loss of pump cooling to the low pressure injection and high
pres <. e injection system. ,

i
CDF Contribution = 6.21E46 woich is 4% of the total CDP (1.4E-04).

'

5)quence S,MXD,

his sequence is initiated by ", ama? LOCA followed by main feedwater trip due to a safety injectio, signal (M), failure of
the high pressure injection syst m (D,), and failure to pressurize (X) where low pressure injection could be used which
esults in early core melt.

E 51 NUREGICR-5910 '
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6,5tE47 Mean CDP < l % of the Total CDP

Basic Events:4

CCW PMD-CM 6.0E48

his basic event results in failure of the HPSI due to loss of pump cooling.

CDP Contribution = 6.0E48 which is < 1% of the total CDP (1.4E44).

Sequence T MLE

nis sequence is a loss of the feedwater system transient (T ) caused by loss of the power conversion system (M) followed -2

by failure of the mutillary feedwater system (L) and failure of feed and bleed naie ofIIPSI (E), which results in core melt.

.

6.61E46 Mean CDP 5'% of the Total CIV

Basic Events:<

SWSP-CM 1,215-06

His basic event results in failure of the high pressure injection system and the APW motor driven pumps due to loss of
pump cooling.

5

CDF Contribution = 1.21E46 which is 1% of the total CDP (1,4E44).

Sequence T MQIt'ill's [

his sequence is a loss of feedwster transient (T ) caused by loss of the power conversion system (M) followed by failure2

of the pressuriter safety relief valves to reelose (Q) which results in a transient induced LOCA, and both the high pressure
recirculation system (it's) and the low pressure recirculation system (11') fait leading to core melt.

4.17E 06 Mean CDP 3% of the Total CDF-

liasic Events:

CCWXV30-XOC-UTM 5.32E47
CCWXV30-XOC LP 1,4E47

Rese basic evcats repisnt 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.

CDP Contribution = 6,72E47 which is < 1% of the total CDP (1.4E44),

- Sequence T MQD.D,

This sequence is a loss of feedwater transient (TJ caused by loss of the power conversion system (M) followed by failure
of the pressurizer safety relief valves to neclose (Q) which results in a transient induced LOCA, and both HPSI (D,) and

- LPSI (D,) fail leading to core melt,

i

NUREG/CR 5910 E-52
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-

6.86E47 Meri CDP <1% of the Total CDF
i

r

Basic !! vents:
t

CCWMP-PMD-CM 2.80E-07 :

SWSP-CM 4.20E-08 |

CCWilXA-IITX-FB* ASSOC XOC 8.26E48

Rese buie events represent CCW and SWS faults thtt result in loss of pump cooling to the low pressure injection and high!

preasure injection system.
I

CDF Contribution = 4.04E-07 which is <1% of the total CDt< (1.4E44). ;

Sequence T,Qll'ill's

his sequence is a transient with the power convercion system O'CS) initially available, followed by failure of the pressurlar
-

:
safety relief valves to reclose (Q) which results in a transient induced LOCA, and both the high pressure recirculatiou syster t'

Ol'i) and the low pressure recirculation system Ol',) fall leading to core melt.'
!
i

2.95E45 Mean CDP 21% of the Total CDF r,
-

Basic Events: ;

i

CCWXV30-XOC UTM 3.76E46 ;

CCWXV30-XOC LP 9.90E47 ,

:

Rose basic events represent CCW faults that result in the loss of the low pressure pumps due to loss of pump cooling, which [
i

in turn fails the low pressure recirculation and high pressure recirculation modes of operation.

CDP Contribution = 4.75E-06 which is 3% of the total CDP (1.4E44).

Sequence T,QD D,i

His sequence is a transient in which the power conversion system is initially available, followed by failure of the pressuriur .

!
safety relief valves to reclose (Q) which results in a transieut induced LOCA, and both IIPSI (D,) and LPSI (D) fait leading
to core melt.

:

4.80E-06 Mean CDP 3% of the Total CDP |
J

?

Buie Events:
r

.

CCWMP-PMD-CM 1.%E46
i

SWSP-CM 2.94E-07

CCWMPA-PMD-LF*CCWMPB-PMD-LF+
CCWMPA-PMD-LF*CCWMPB PMD-UTM 6.03E47 .

CCWIiXA ItTX FB*ASSOS XOC 5.78E-07 ,

,

%ese basic events represent CCW and SWS faults that result in loss of pump cooling to the low pressure injection and high !

pressure injection system.
i

CDF Contribution = 3.44E46 which is 2% of the total CDF (1.4E-04).
| i
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10.0 TURKEY POINT: TAP A 45

*

10.1 TURKEY POINT: TAP A-45 SUMMARY OF RESULTS

He bule events for those cooling water systems (i.e., Service Water System (SWS) and Component Cooling Water (CCW)
System) found to be major contributors to the total core damage frequency (CDF) at the Turkey Point nuclear power station
are listed below along with the contribution each buie event makes to the total CDP and the number of cutsets in whleh the

*

basie event appears. A description of each baie event is also included.

Internal Events:

Basic Event Contribution to CDP # Cutsets

CCMDP-CM 1.13Eu 5

SWNV2201 NOO-lJ' l.13E4 5

SWSMP CM 1.13E4 5

Total 3.39EM

Internal Events CDP 7.10E45
Eaternal Events CDP 1.60E-04

$

Total 2.31E44

Turkey Point Event Descriptions:

CCMDP-CM - Common mode failure of Component Cooling Water pumps to operate.

SWNV2201-NOO-LP - Normally open Service Water pneumatic valve 2201 fails to isolate non-enential systems.

SWSMP-CM - Common mode failure of all three Servlee Water pumps to operate.

NUREGICR-5910 E-54
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10.2 TURKEY N)lNT ACCIDENT SEQUENCES WITil SWS CONTRIBUTIONS: TAP A-45 ANALYSIS

!
Re following presents the TAP A-45 accident sequences in which Service Water System (SWS) and Component Cooling
Water (CCW) system events appear along with the contribution SSW and CCW make to the total CDP for the given accident )

|
sequence. Note that the dominant cutsets listed in the TAP A-45 report for each accident sequwe typically represent less

|than 50% of the total sequence frequency.

1

Sequence S MD,D,

his sequence is initiated by a small LOCA followed by main feedwater trip due to a safety injection signal (M), failure of
the high pressure injection system (D,), and NI,re of the low pressure injection system (D ) following successful2

deppressurization which results in early core meat.
,

1.4E45 Mean CDP 20% of the Total CDP .

|
t

Basic Events:
,

,

CCMDP-CM 6.0E47
SWSMP-CM 6.0E-07

SWNV2201-NOO-1} 6.0547 t

Rene buie events represent CCW and SWS faults that result in loss of pump cooling to the low pressure injection and high .

pressure injection pumps.
'

CDP Contribution = 1.8E 06 which is 2% of the total CDP (7.1E45).
,

.

Sequence S MXD
1

t

his sequence is initiated by a Small IECA followed by main feedwater trip due to a safety injection signal (M), failure of }
the high pressure injection system (D,), and failure to pressurire (X) where low pressure injection could be used which |

i

results in early 5we velt. ;

!
8.42E-07 Mean CDP 1% of the Total CDP ,

!
Basic Events:

!

CCMDP CM 9.6E-09
i

SWSMP-CM 9.6E49
|SWNV2201-NOO-LP 9.6E-09

' !

nis basic event results in failure of the HPSI due to loss of pump cooling. !

|!CDP Contribution = 2.88E48 which is G% of the wtal CDP (7.1E-05).
!

Sequence T MQD D.

His sequence is a loss of feedwater transient (T) caused by loss of the power convenion system (M) followed by failure |

of the pressurizer safety relief valves to reclose (Q) which results in a transient induced LOCA, and both HPSI (D,) and I

1. PSI (D ) fail leading to core rnelt. |
>
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1.23E-06 Mean CDP 24 of the Total CDP

Basic Events:

CCMDP CM 6.3E-08
SWSMF-CM 6.3 E48
SWNV2201-NOO-l_F 6.3E48

These basic events represent CCW and SWS faults that result in loss of purr.p cooling to the low pressure injection and high
pressure injection system.

CDP Contribution = 1.894E47 which is < 1% of the total CDP (7.1E 05).

Sequence T,QD,D,

%is sequence is a transient in which the power conversion system is initially available, followed by failure of the pressurizer
safety relief valves to rxlose (Q) w hich results in a transient induced LOCA, and both HPSI (D,) and LPS! (D) fait leading ;

to core melt.

J8,70E46 Mean CDP 12% of $3 Total CDP
;

j Basic Eve 's:

}
CCMDP-CM 4.5E 07

| SWSMP-CM 4.5E 07

: SWNV2201 NOO-LP 4.5E 07
i

! nese basic events represent CCW and SWS faults that result in loss of pump cooling to the low pressure injection and high
*

j pressure i sjection system.

CDP Contribution = 1.35E-06 which is < 1% of the total CDF (7.lE45).

4

Sequence T QXD,3

;

- his sequence h a transient 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) ?cading to core melt.

6.0F48 Mean CDF <!% of the Total CDP

Basic Events:

CCMDP-CM 7.2 E-09
SWSMP-CM 7 2E-09

' SWNV2201 NOO LP 7.2E49

Rese basic events represent CCW and SWS faults that result b loss of pump cooling to the high pressure injection' system.

' CDF Contribution = 2.16E-08 which is < 1% of the total CDF (1,4E41).

;
^

NUREG/CR 5910 E-56
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[
i

ll.C SURRY: NUREG/CR 4550 !

11.1 SURRY UNIT 1: 1150 ANALYSIS SUhfMARY OF RESULTS
:
.

%e basic events for those cooling water systems (i.e. Service Water System (SWS)) found to te contributors to the total
core damage frequency (CDF) at the Surry nelear power station are listed below along wit'a the contribution each basic event;

makes to the total CDP and the number of cursets in which the basic event appears. A description of each basic event is also

included.
i-

Internal Events:
,

i

fBasic Event Contribution to CDF # Cutsets

SWS-CC5 LIT-3ABCD 7.56E-09 3

SWS-XHE-FO-OPEN 7.56E49 3 [
i

}Total 1.51E 08

!

Internal Events CDF 4. ole 45 f
Extemal Events CDP 1.30E 04 |

I[
Total I.70E44

!

i
'
.

tSurry, Unit 1 Evee*, Descriptions: i

!
*

SWS CCF FT-3ABCD Common cause failure of SW3 isolation MOVs 103A, D, C and D (SWS410V-FT * BITFA-
[SWMOV).
I

SWS-XHE-FO-OPEN Operator fails to open spray huat exchanger MOV. ;
,

I
;

v

i1.2 SURRY, UNIT 1 ACCIDENT SEQUENCES %TTil SWS CONTRIBUTIONS: NUREGICR 4550 AN ALYSIS f
I

#

ne events listed above appear in the Surry " Total Core Damage Model" cutset listing and not in any specific accident curset
'

listing. Herefore no specific accident sequence is associated with the listed events. }
i
!

r

&
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j 12.0 SEQUOYAll: NUREGICR-4550

; 12.1 SEQUOYAli, UNIT 1: 1150 ANALYSIS SUMMARY OF RFSULTS

The basie events for thow cooling water sys' m (i.e., Service Water System (SWS) and Component Cooling Water (CCW)

j System) found to be major contributors to the total core damage frequency (CDP) at the Sequoyah nuclear pow er station are

j listed below along with the contribution each basic event makes to the total CDP and the number of cutsets in whlch the basic
1 event appears. A description of each basie event is also includx!.
1

j internal Events:
.
.

Basic Event Contribution to CDP # Cutsets

;

:

i CCW MOV-CC-Il53*RA8 5.28E43 26

| CCW-MOV-CC-1156*RAB 5.28E48 26

] CCW-MOV-CC-1153 2.48E48 9

CCW-MOV CC 1156 2.48E-08 9
2 CCW MOV-CC Il53*CCW MOV-CC-1156 1.80E-08 1

j CCW-MOV-CC 1153*CCW-MOV-CC-1156*RA8 1.32E48 4 i

.: CCW-XVM-RE-RilRI A 2.25E49 3 I

| CCW-XVM-RE-RilR1B 2.25E49 3

CCW-XVM RE-RilRX1 A 1.12 E-09 2,

CCW XVM-RE-RilRX1B 1.12E49 2
.

i SWS-SMPG-Al2111 8.19E-09 6

i SWS STR PG-A22111 8.19E49 6

j SViS-STR-10-B121H 8.19E49 6

; SWS-SMIG-B2211{ 8.19E-09 6

j SWS-XVM PR 1603A 1.75E49 3

SWS-XVM PR 1603B 1.75E-09 3

: SWS-XVM PR 1606A 1.75E-09 3

4 SWS-XVM-PR-1606B 1.75E-09 3

i SWS-XVM-PR 1613A 1.75E49 3

i SWS-XVM-PR-1613B 1.75E-09 3

2

| Total 2.35 E-07
4

:
.

Internal Events CDP 5.70E45 >

,

I
i
;

?

!
!

!
4

i
'

;
4

:

i
!

NUREG/CR-5910 E-58 -#

:
I

-

4

a

, _ _ - , .,vr- , s -., - , - ,ew - - - - - .,-~e,m -,,n, m-, , r. .,m,, ,w-- , - - - - - - -v-



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

Apperutix E -(

' .

Sequoysh, Unit 1. Dent Deariptions:

CCW-h10V-CC ll53 - Component Cooling Water flow control valve I 153 ft.ils to cpen.

CCW MOV-CC-Il56 - Com;ent Coving Water floiv control valve 1 156 fails to open.

*

CCW-XVht-RE-RHRI A - Failure to .estore valve to RMR acal water heat exchanges IA A-;'

CCW XVM RE-RHRIB - Failure to restore valve to RitR seal water beat exchanger ID B.

CCW XVht-RE RHRXia - Failure to restoca valve to RHR heat exchanger I A A. <.

CCW-XVht RE-RilRXIB - Fai!vre to restore valve to RilR heat exchtager Ill-B.

RA8- Probability of ope <ator failing to locally open the RHR CCW outlet valves (p = U/24). .

SWS-STR PG-Al2111 - SWS strainer A 1 (uggsd for 21 hours.

SWS STR PG-A22111 - SWS strainer A 2 plegpd for 21 hours.

SWS STR-PG-B121H - SWS shiner B-a plugged for 21 hours. j

SWS-STRM-B221H - SWS strainer B-2 plugged 'or 21 hours.

SWS-XVM-PR-160J A - SWS manual valve 1603A plugged or rnispontioned. 7

SWS-XVM PR 1603B - SWS manual valve IfAMD plugged or mispositioned.

SWS-XVM PR-1606A - SWS manual valve 1606A plugged or mispoitioned.
t

SWS XVM PR 1606B - SWS manual valve 1606D pluggal or mispositioned.-

SWS-XVM-PR 1613 A - SWS cuanual valve 1613 A plugged or mispositioned.

SWS-XVM-PR 1613B - SWE manual valve 1613B plaged or mispolitioned.
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12.2 SF.QUOYAll, UNIT I ACCIDENT SEQULNCES WITil SWS CONTRiltUTIONS: NURF.G/CR 4550'

ANALYS1S

De following presents tim NUPfG 4550 accident sequences in which Service Water System (SWS) and Component Cooling
Wster (CCW) rjstem events anwar along with. the contribution SSW ari CCW makes to the total CDF for the given
accident seque;,ce.

Sequence 5,0cil,

His sequence is initiased fr/ a very Srnall LOCA followed by the operators inability to control centslament vrays rud
subsequent failure of the ligh pressure in,}ection system in the ruircuistion mode. Coutinued heat up and boil off of primary
coolant leads to core uneuvery.

1.4E45 Mean CDF 25% of the Total CDP

f Aie Events:

CCW-hlOV-CC .156*RA8 4.27E-10
; CCW-MOV-CC-1153*RA8 4.27E 10

These basic events result in failure of the CCW system to proWde cooling to the RIIR heat exchangers, failing LPR which
fails $lt'i.. Recovery ution RAB is the failure to locally open these valves (p = .24).<

i CDP Contrilution = 8.54E-10 which is < 1% of the total CDP (4.0E45).
i

Sequeace S,0cil.

Thi. eequence in irdtisted by . very Small lACA followed by the operators inability to control containment sprays and
'

subsequ:nt failure of the low pressure recirculation systern.

5.0E46 Mean CDF 8.8% of the Total CDP

Buie Events:
_

CCW-MOV CC-1153*RA8 2.40E-08
CCW MOV C 1156'RA8 2.40E-08g
CCW-MOV CC ;153*CN-MOV-CC-1156*RA8 6.74E-09

,

CCW-XYM RE-RHRI A 2.20U49
i CCW XVM RE-RilRID 2.20E49

CCW XVM-RE RHRX1 A 1.12E-09
CCW XVM-RE RHRX1B 1.12E 09

- SWS-XVM-PR 1603A 1.84E-09 ,

SWS-XVM-PR-1603B 1.84E49
SWS-XVM PR-lO6A 1.84E49
SWS-XVM-PR-lU)6B 1.84E49

6 - 5% S-XVM-PR-!613 A 1.84E-09
SWS-XVM PR4613B 1.84E-094

P .

%ese basic events result in failure of the CCW systera to provide cooling to the RilR heat exchangers, failing LPR and

NUREG/CR 5910 E-60
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failure of tl e SWS to provide cooling to the RilR room coolers. Reemery action RA8 is the failure to locally open :he
RHR CCW outlet vadves (p = .24).

CDF Contribution = 7.24E6 whicis is < 14 et he total CDF (4.0E45).t

Sequence S 11

"Ihis sequence is initiated by a medium LOCA which is followed by successful operatica of the high preemre injection
-

e
'

system, but the low pressure system falls in either the anniflow mode during the injection phase or in the recirculation mcde.

l.9E46 hiean CDF 3.3% of the Total CDP
,

Bas.c Eventa:
A

CCW4 TOV CC-Il53'P38 6.60E49
CCW410V-CC !!$6*RAR 6.60E N s

CCW4 TOV-CC-1153*CCW-hiO%CC Il56*RA8 2.46E49
SWS-S'fR PG-Al21H S.27E49
SWS-STR PG A221H 8.27E49*

SWS.SfR PG B121H 8.27 E-N
SWS-STR-PG B221H A37E49

~

Thew tesic events result in (41ure of the CCW r.ystem to provide cooling to the RilR heat exchangers, failing LPR and
failure of the SWS to provide coolirag to the RHR reem coolers. Accovery action RAS is the failure to locally open tha
RHR CCW outlet valves (p = .21).

CDF Contribution = 4.65G08 which h <!% of the total CDF (4.0E45).

Sequence S ll,i

This sequence is initiated by a small LOCA which is followed failure of the high pressurt reciretdation :) stem due to failure
of the low pressure recirculation system. 3

i.7E4X. Mean CDP 3.0% of the Total CDP

Basic Events:

CCW4 TOV CC 1153*RA8 7.72E49 4

CCW410V-CC-1156*RAB 7.72E-09
CCW410V-CC-1153*CCW410V-CC,1156*RA8 2.t6E49

4

:-

Rese basic events result in feiture of the CCW 95 tem to pnvide cooling to the RHR heat exchangers, failing LPR which
5 turn fails HPR. Recovery action RA8 la the failure to locally optn the RHR CCW outht valves @ = .24).

CDF Contribution = 1.76Edd whith is < 1% of the total CDP (4.0E05).

Sequence All,

,P

E-61- NUREG/CR-5910
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This sequence is initiated by a luge LOCA which is !91U d anilvre of the low pressure recirculatiuo optem.

9.97E47 Mean CID 2.0% of the Total CDF

Basic Events:

CCW-MQV-CC-1153 2.43E48 .
CCW MDV-CC 1156 2.48E-08
CCW.MOV CC Il53'CC'e MOV-CC-Il56 1.80548

e

These k.asic esents result in failure of the CCW system to provide cooling W the R11R beat exchangers, failing LPR.

t CDP Centribution = 6.750-08 whieb is < 1 % of the total CDF (4.0E45).

Sequence S W ll,3 i

This sequence is initiated by a very small LOCA which is followed failure of the RHR system in the:.hutds 4a cooling node
and failure of low pressure recirculation.

6.34E47 Mean CDP 1.1% of the Total CDP

& r,ih R"ents:

4 CCW-taOV-CC l!53*RA8 4.14E-09'
CCW-MOV CC 115f.'RA8 4.14E-09
CCW4fG*6CC Il5FCCW410V-CC-1156*RA8 2.13E49,

,

These basie events nsuhs it; %ilure of the CCW system to provide cooling to the RHR heat exchangers, falling RHR and
LPR. Recovery action RAo . the failure to locally open the RilR CCW outlet valves (p = .24).

,

CDP Centribution = 1.04E OR which is < 1 % of the total CDP (4.0245).

1

p

r

b '

C

4

1
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Appendix F

This Appendix presents the base case dominant accident sequence cut sets used in the pilot plant
analysis. The base case cut sets are the result of updating the Peach Bottom NUREG/CR 4550
dominant accident sequence cut sets made available on IRRAS as discussed in Section 4.5 of the main
report. These cut sets prov. 4 the bases for the dy of the service water modifications discussed in
Section 4 of the main report and also the sensitivity study descritxxl in Section 4.7 of the main report.
The values shown in the Prob./Freq. column of the tables are point estimates.
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SEQUENCE CUT SETS (QUANTIFICATION) REPORT
Family: PEACHBOT Event Tree: T1

Sequence: T1-BNU11 Init. Event: IE-T1
Mincut Upper Bound 1.830E-006

Accum
Cut t % Cut Prob /

ALTERNATE CUT SETS
No. Total Set Freq.......... ......................................................... ..... .....

1 .'4.7 4.7 8.6E-008 ACP-DGN-LP-CCF, BAT-DEP-3HR, BETA.-4DGNS,
DGCCFNR3HR, LOSPNR5HR

2 9.0 4.3 8.OE-008 ACP-DGN-LP-CCF, BETA-4DGNS, DGCCFNR12HR, INJ-FAILS,
LOSPNR13HR

3 12.8 3.7' 6.88-008 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, DGHWNR12HR,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

4 16.5 '3.7 6.8E-008 ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, DGHWNR12HR,
ESW-XHE-FO-EHS. INJ-FAILS, LOSPNR18HR

BAT-DEP-3HR,
5 19.4 2.8 5.2E-008 ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC,

DGHWNR3HR, ESW-XHE-FO-EHS, LOSPNR9HR
BAT-DEP-3HR,

M 6 22.2 2.8 5.2E-008 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB,
DGHWNR3HR, ESW-XHB-FO-EHS, LOSPNR9HR

7 25.1 2.8 5.2E-008 ACP-DGN-LP-CCF, BAT-DEP-9HR, BETA-4DGNS,
'"

DGCCFNR9HR, LOSPNR12HR

8 27.8 2.6 4.9E-008 ACP-DGN-LP-CCF, BAT-DEP-SHR, BETA-4DGNS,
DGCCFNR5HR, LOSPNR7HR

9 30.0 2.1 4.0E-008 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-9HR,
DGHWNR9HR, ESW-XHE-FO-EHS, LOSPNR17HR

4.OE-008 ACP-DGN-FR-EDGB,..ACP-DGN-LP-EDGC, BAT-DEP-9HR,10 32.2 2.1 DGHWNR9HR, ESW-XHE-FO-EHS, LOEPNR17HR

11 34.2 2.0- 3.6E-008 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, DGhM2HR,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

BAT-DEP-5HR,
12 35.8 1.6 2.9E-008 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB,

DGHWNRSHR, ESW-XHE-FO-EHS, LOSPIE12HR

13 37.4 1.6 2.9E-008 ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP-5HR,
,

DGHWNR5HR, ESW-XHE-FO-EMS, LOSPNR12IIR

C 14 39.0 1.6 2.9E-008 ACP-DGN-LP-CCF, BAT-DEP-7HR, BETA-4DGNS,.z dDGCCFNR7HR, LOSPNR9HR
$ 2.8E-008 BETA-3AOVS, ESW-AOV-CC-CCF, INJ-FAILS, LOSPNR13HR

y
C 15 40.6 1.5 =

&
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:: 16 42.1 1.5 2.7E-008 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-3HR, 3 {
$ DGHWNR3HR, ESW-XHE-FO-EHS, LOSPNR9HR $ !

i 3 17 43.5 1.3 2.5E-008 ACP-DGN-LP-EDGC, DGHWNR12HR, ESW-CKV-CB-C515B, ;T .l
:c INJ-FAILS, LOSPNR13HR [y$ 18 44.9 1.3 2.5E-008 ACP-DGN-LP-EDGB, DGHWNR12HR, ESW-CKV-CB-C515A, i* INJ-FAILS, LOS"NR13HR (*- 19 46.1 1.2 2.2E-008 ACP-DGN-LP-EDGC, BAT-DEP-3HR, DGHWNR3HR, t

ESW-CKV-CB-C515B, LOSPNRSHR [
20 47.4 1.2 2.2E-008 ACP-DGN-LP-EDGB, BAT-DEP-3HR, DGHWNR3HR, j

ESW-CKV-CB-C515A, LOSPNRSHR '

21 48.5 1.1 2.1E-008 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-9HR, f
DGHWNR9HR, ESW-XHE-FO-EHS, LOSPNR17HR |

' '22 49.7 1.1 2.0E-008 ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP-7HR,
DGHWNR7HR, ESW-XHE-FO-EHS, LOSPNR14HR

23 50.8 1.1 2.0E-008 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-7HR, [
DGHWNR7HR, ESW-XHE-FO-EHS, LOSPNR14HR !

24 51.8 1.0 1.88-008 BETA-6AOVS, EHV-AOV-CC-CCF, INJ-FAILS, LOSPNR13HR f
25 52.7 .9 1.7E-008 BAT-DEP-3HR, BETA-3AOVS, ESW-AOV-CC-CCF, LOSPNR5HR !

26. 53.6 .8 1.6E-008 BAT-DEP-9HR, BETA-3AOVS, ESE-AOV-CC-CCF, !_
I LOSP2R12HR l" ~ '

27 54.5 .8 1.5E-008 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC; BAT-DEP-5HR, !
DGHWNRSHR, ESW-XHE-FO-EHS,-LOSPNR12HR i

28 55.3 .8 1.5E-008 ACP-DGN-LP-EDGB, BAT-DEP-9HR, DGHW ESHR, |
ESW-CKV-CB-C515A, LOSPNR12HR -

29 56.2 .8 1.5E-008 ACP-DGN-LP-EDGC, BAT-DEP-9HR, DGHWNR9HR, I
ESW-CKV-CB-C515B, LOSPNR12HR |

[ .. 30 56.9 .7 1.3E-008 ACP-DGN-LP-EDGB, BAT-DEP-SHR, DGHWNRSHR, |
ESW-CKV-CB-C515A, LOSPNR7HR

31 57.6 .7 1.3E-008 ACP-DGN-LP-EDGC, BAT-DEP-SHR, DGHWrE5HR,4

ESW-CKV-CB-C515B, LOSPNR7HR [32 58.3 .6 1.1E-008 BAT-DEP-SHR, BETA-3AOVS, ESW-AOV-CC-CCF, LOSPNR.7HR i
33 58.9 .6 1.1E-008 BAT-DEP-3HR, BETA-6AOVS, EHV-AOV-CC-CCF, LOSPNR5HR |
34 59.5 .6 1.0E-008 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-7HR, p

,! DGHWNR7HR> ESW-XHE-FO-EHS, LOSPNR14HR
35' 60.1 .5 1.0E-008 BAT-DEP-9HR, BETA-6AOVS, EHV-AOV-CC-CCF, .

LOSPNR12HR
36 60.6 .5 9.9E-009 ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, DGMAh"U 2HR,

ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR -

i
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DGMANR12HR,9.9E-009 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB,37 61.2 .5 ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR
BAT-DEP-3HR,

9.1E-009 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB,38 61.7 .5 DGMANR3HR, ESW-XHE-FO-EHS, LOSPNR9HR

39 62.2 .S 9.1E-009 ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-3HR,
DGMANR3HR, ESW-XHE-FO-EHS, LOSPNR9HR

40 62.6 .4 8.3E-009 BAT-DEP-7HR, BETA-3AOVS, ESW-AOV-CC-CC ~". LOSPNR9HR

41 63.1 .4 8.1E-009 ACP-DGN-LP-ELGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-CKV-CB-C515A, LOSPNR9HR-

8.1E-009 ACP-DGN. ~ P-EDGC, BAT-DEP-77.'t, DGHWNR7'riR,
42 63.5 .4 ESW-CKV-CB-C515B, LOSPNR9EY

ESW-AOV-CC-0241C,7.6E-003 ACP-DGN-LP-EDGB, DGHWNR12Hk,43 63.9 .4 ESW-XHB-FO-EHS, INJ-FAILS, LOSPNR13HR
ESW-AOV-CC-0241B,

| 7.6E-009 ACP-DGN-LP-EDGC, DGHWNR12HR,
44 64.3 .4 ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR13HR

ESW-CKV-CB-C515B,7.6E-009 ACP-DGN-FR-EDGC, DGHWNR12HR,45 64.8 .4 INJ-FAILS, LOSPNR18HR

46 65.2 ,4 7.6E-009 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-CKV-CB-C51EA,
INJ-FAILS, LOSPFR18HR

4 47 65.6 .4 7.5E-009 BAT-DEP-SHR, BETA-6AOVS, EHV-AOV-CC-CCF, LOSPNR7HRy

48 66.0 .3'
7.1E-009 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-PTF-RE-DGB,

ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

49 66.4 .3 7.1E-009 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-PTF-RE-DGC,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

50 66.7 .3 6.8E-00? ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-MDP-FS-MDPB,,

ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

51 67.1 .3 6.8E-009 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-MDP-FS-MDPA,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

52 67.5 .3 6.8E-009 ACP-DGN-LP-EDGB, BAT-DEP-3HR, DGHWNR3HR,
ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNRSHR

DGHWNR3HR,6.8E-009 ACP-DGN-LP-EDGC, BAT-DEP-3HR,
53 67.9 .3 ESW-AOV CC-0241B, ESW-XHE-FO-EHS, LOSPNRSHR

54 68.2 .3 6.2E-009 ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-9HR,
DGMANR9HR, ESW-XHE-FO-EHS, LOSPNR17HRBAT-DEP-9HR,

6.2E-009 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB,z >C 55 68.S .3 DGMANR9HR, ESW-XHE-FO-EHS, LOSPNR17HR

2 56 68.9 .3 5.8E-009 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR, @N 2
ESW-CKV-CB-C515A, LOSPNR9HR bo *

#.
ut
tD

5

- _ . . x ,-



_

z >

h 3
m 57 69.2 .3 5.8E-009 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR, 5

ESW-CKV-CB-C515B, LOSPNR9HR 5
{0 58 69.5 .3 5.4E-009 ACP-DGN-FR-EDGB, BAT-DEP-3H% DGHWNR3HR, IT

T ESW-PTP-RE-DGC, ESW-XHE-FO-EHS, LOSPNR9HR y

$ 59 69.8- .3 5.4E-009 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,

E ESW-PTF-RE-DGB, ESW-XHE-FO-EHS, LOSPNR9HR
60 70.1 .3 5.4E-009 BAT-DEP-7HR, BETA-6AOVS, EHV-AOV-CC-CCF, LOSPNR9HR
61 70.4 .2 5.2E-009 ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGB, DGHWNR12HR,

ESW-XHE-FO-EHS, INJ-FAILS, LOSPIm18HR
62 70.6 .2 5.2E-009 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, DGHWNR12HR,

ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR
63 70.9 .2 5.2E-009 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,

ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, LOSPNR9HR
64 71.2 .2 5.2E-009 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHhTT3HR,

ESW-MDP-FS-MDPA, ESW-XHE-FO-EMS, LOSPNR9HR
65 '71.5 .2 5.1E-009 ACP-DGN-LP-EDGB, DGHWNR12HR, ESW-MDP-FR-MDPB,

ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR-
66 71.8 .2 5.1E-009 ACP-DGN-LP-EDGC, DGHWNR12HR, ESW-MDP-FR-MDPA,

ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR
? 67 72.1 .2 5.1E-009 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, 9AT-DEP-5HR,

DGMANR5HR, ESW-XHE-FO-EHS, LOSPNR12HR*

69 72.3 .2 5.1E-009 ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-SHR,
DJMANR5HR, ESW-XHE-FO-EHS, LOSPNR12HR

69 72.6 .2 5.0E-009 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-PTF-RE-MDPB,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

70 72.9 .2 5.0E-009 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-PTF-RE-MDPA,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

71 73.1 .2 4.8E-009 ESW-CKV-CB-C515A, ESW-PTF-RE-DGB, INJ-FAILS,
LOSPNR13HR

72 73.4 .2 4.8E-009 ESW-CKV-CB-C515B, ESW-PTF-RE-DGC, INJ-FAILS,
LOSPNR13HR

73 73.7 .2 4.6E-009 ACP-DGN-LP-EDGB, BAT-DEP-9HR, DGHWNR9HR,
ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNR12HR

74 73.9 .2 4.6E-009 ACP-DGN-LP-EDGC, BAT-DEP-9HR, DGHWNR9HR,
ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR12HR

75 74.2 .2 4.6E-009 ESW-CKV-CB-CSISB, ESW-MDP-FS-MDPB, INJ-FAILS,
LOSPNR13HR

76 74.4 .2 4.6E-009 ESW-CKV-CB-C515A,.ESW-MDP-FS-MDPA,. INJ-FAILS,
LOSPNR13HR



77 74.7 .2 4.5E-009 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-MDP-MA-MDPB,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

78 74.9 .2 4.5E-009 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-MDP-MA-MDPA,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

79 75.2 .2 4.4E-009 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,
ESW-CKV-CD-C515B, LOSPNR17HR

80 75.4 .2 4.4E-009 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,
ESW-CKV-CB-C515A, LOSPNR17HR

81 75.6 .2 4.1E-009 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,
ESW-PTF-RE-DGC, ESW-XHE-FO-EHS, LOSPNR17HR

82 75.9 .2 4.1E-009 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,
ESW-PTF-RE-DGB,.ESW-XHE-FO-EHS, LOSPNR17HR

83 '76.1 .2 4.0E-009 ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGB, BAT-DEP-3HR,
DGHWNR3HR, ESW-XHE-FO-EHS, LOSPNR9HR

84 76.3 .2 4.0E-009 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, BAT-DEP-3HR,
DGHWNR3HR, ESW-XHE-FO-EHS, LOSPNR9HR

85 76.5 .2 4.0E-009 ACP-DGN-FR-EDGB, B'O-DEP-9HR, DGHWNR9HR,
ESW-MDP-FS-MDPB, Et,W-XHE-FO-EHS, LOSPNR17HR

86 76.7 .2 4.0E-009 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,
is ESW-MDP-FS-MDPA,'ESW-XHE-FO-EHS, LOSPNR17HR
* 87 77.0 .2 3.9E-009 ACP-DGN-LP-EDGC, BAT-DEP-SHR, DGHWNRSHR,

ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR7HR
88 77.2 .2 3.9E-009 ACP-DGN-MA-EDGC, BAT-DEP-3HR, DGMANR3HR,

ESW-CKV-CB-C515B, LOSPNRSHR
'89 77.4 .2 3.9E-009 ACP-DGN-MA-EDGB, BAT-DEP-3HR,,DGMATE3HR,

ESW-CKV-CB-C515A, LOSPNR5HR.
90. 77.6 .2 3.9E-009 ACP-DGN-LP-EDGB, BAT-DEP-5HR, DGHWNRSHR,

ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNR7HR
91 77.8 .2 3.9E-009 ACP-DGN-LP-EDGB, BAT-DEP-3HR, DGHWNR3HR,

ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, LOSPNR9HR
92 78.0 .2 3.9E-009 ACP-DGN-LP-EDGC, BAT-DEP-3HR, DGHWNR3HR,

ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, LOSPIE9HR
93 78.2 .2 3.8E-009 ACP-DGN-FR-EDGC, DAT-DEP-3HR, DGHWNR3HR,

ESW-PTF-RE-MDPA, ESW-XHE-FO-EHS, LOSPNR9HR

's 94 78.5 .2 3.8E-009 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,

g ESW-PTF-RE-MDPB, ESW-XHE-FO-EHS, LOSPNR9HR >
a 95 73.7 .2 3.7R-009 ACP-DGN-MA-EDGB, DGMANR12HR, ESW-CKV-CB-C515A, t

3 INJ-FAILS, LOSPNR13HR
= c.
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C $M 96 78.9 .2 3.7E-009 ACP-DGN-MA-EDGC, DGMANR12HR, ESU-CKV-CB-C515B, o
$ INJ-FAILS, LOSPNR13HR S.g 97 79.0 .1 3.4E-009 ACP-DGN-FR-EDGC. BAT-DEP-3HR, DGHWNR3HR, E
x ESW-MDP-MA-MDPA, ESW-XHE-FO-EHS, LOSPNR9HR .n
J. 98 79.2 .1 3.4E-009 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,

i$ ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS, LOSPNR9HR '

99 79.4 .1 3.4E-009 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP-7HR,
DGMANR7HR, ESW-XHE-FO-EHS, LOSPNR14HR

100 79.6 .1 3.42-009 ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-7HR,
DGMANR7HR, ESW-XHE-FO-EHS, LOSPNR14HR

101 .'79.8 .1 3.3E-009 ESW-CKV-CB-C515A, ESW-PTF-RE-MDPA, INJ-FAILS,
LOSPNR13HR

102 80.0 .1 3.3E-009 ESW-CKV-CB-C515B, ESW-PTF-RE-MDPB, INJ-FAILS,
LOSPNR13HR

103 80.2 .1 3.3E-009 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNRSHR,
p ESW-CKV-CB-C515A, LOSPNR12HR

104 80.3 .1 3.3E-009 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNRSHR,
ESW-CKV-CB-CSISB, LOSPNR12HR;

} 105 80.5 .1 3.'.E-009 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNRSHR,7 ESW-PTF-RE-DGB, ESW-XHE-FO-EHS, LOSPNR12HRi

e 106 80.7 .1 3.1E-009 ACP-DGN-FR-EDGB, BAT-DEP-SHR, DGHWNRSHR,
ESW-PTF-RE-DGC, ESW-XHE-FO-EHS, LOSPNR12HR

.
107 80.9 .1 3.0E-009 ESW-CKV-CB-C515B, ESW-MDP-MA-MDFB, INJ-FAILS,'

LOSPNR13HR
108 81.0 .1 3.0E-009 ESW-CKV-CB-C515A, ESW-MDP-MA-MDPA, INJ-FAILS, |

LOSPNR13HR
109 81.2- .1 3.0E-009 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, BAT-DfD oHR,

DGHWNR9HR, ESW-XHE-FO-EHS, LOSPNR17HR
110 81.4 .1

'

3.0E-009 ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGB, BAT-DEP-9HR,;

DGHWNR9HR, ESW-XHE-FO-EHS, LOSPNR17HR
111 81.5 .1 3.0E-009 ACP-DGN-LP-EDGC, BAT-DEP-9HR, DGHWNR9HR,

ESW-MDP-FR-MDPA, ESW-XHE-FO-FHS, LOSPNR17HR
112 81.7 .1 3.0E-009 ACP-DGN-LP-EDGB, BAT-DEP-9HR, DGHWNR9HR,

1 ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, LOSPNR17Hk
113 81.8 .1 2.9E-009 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNRSHR,

ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS, LOSPNR12HR
114 82.0 .1 2.9E-009 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNRSHR,

ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, LOSPNR12HR
|
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j 115 82.2 .1 2.9E-009 BAT-CEP-3HR, ESW-CiM-CD .515 Ei'N- PTF RE -L 3B ,
LOSPNR5HF

115 82.3 .1 2.9E-009 BAT-DEP- YdF . SSW- .IV-CD RSW-PTE RE-DGC,

LOSPNR5HR
.

. ~)HWNF 9 HR ,'.17 82.5 .1 2.9E-009 ACP-DGN-FR-E"GB '
~

ESW-PTF-RE-MDPB iT .J, LOSPicR17"R"

118 82.7 .1 z.'l-009 ACP-DGN-FR-EDO i , DGHWNR9HR,'

ESW-PTF-RE-MbsA, Sd n MIS , LOSPNR17HR

119 82.8 .1 2.8E-009 BAT-DEF-3HR, ESW-CKV ^A C515A, ESW-MDP-FS-MDPA,
LOSPNR5HR

,

120 83.0 .1 2. 8E '99 BAT-DEP-3HR, ESW-CKV-CB C515B, ESW-MDP-FS-MDPB,I

LOSPNRSHR
;

121 83.1 .1 2 . 7. .09 BAT-DEP-9HR, ESW-CKV-CB-C515A, ESW-PTF-RE-DGB,
i

I LOSPNR12HR
122 83.3 .1 2.7E-009 BAT-DED 'HR, ESW-CKV-CB-C515B, ESW-PTF-RE-DGC,

LOSPN' R

123 83.4 .1 2.7E-009 ACP-1; ;R-EDG9, DGHWNR12HR, ESW-MDP- F1 - MDPB,
ESW-XHE-FO-EhS, INJ-FAILS, LOSPNR18HR

124 83.6 .1 2.7E-009 ACP-DGN-FR-EDGC. DGHWNR12HR, ESW-MDP-FR-R "A,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

i

C 125 83.7 .1 2.6E-00? ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGFWIE9HR,
ESW-MDP-MA-MDPB, ESW-XHB-FO-EES, LOSPNR17HR

126 83.9 .1 2.6E-007 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,
ESW-MDP-MA-MDPA, ESW-XHE-FO-EHS, LOSPNR17HR

127 84.0 .1 2.6E-009 BAT-DEP-9HR, ESW-CKV-CP-C515B, ESW-MDP-FS-MDP8,
LOSPhE12HR

128 84.2 .1 2.6E-009 BAT-DEP-9HR, ESW-CKV-CB-CC15A, ESW-MDP-FS-MDPA,
LOTPNR12HR

129 84.3 .1 2.4E-009 ACP-DGN-LP-EDGC, BAT-DEP-7HR, '.AirP/d. ''HR ,
ESW- AOV- CC- 02 41B , ESW-XHE-FO-EH2, ,4PNR9HR'

130 84.4 .1 2. 4E- Ou' AC'r ZGN-LP-EDGB , BAT-DEP-7HR, DGHWNR7HR,
EW AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNR9HR

131 84.6 .1 2.4E-005 'As-OGN-MA-EDGB, BAT-DEP-9Hk, DGMANR9HR,
ESW-CKV-CB-C515A, LOSPNR12HR

132 A4.7 .1 2. 4E-00:' ACP-DCN-MA-EDGC, BAT-DEP-9HR, DGMANR9HR,
z ESW-CKV-CB-C515B, LOSPWR12HR

$ 133 84.9 .1 2.2E-009 ACP-DGN-FR-EDGC, ACD-DGN-TE-EDGB, N.T-DEP-5HR, dC

DGHWNR5HR, ESW-XHE-FO-EHS, LOSPNR12HR t
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'OM 134 84.9 .1 2.2E-009 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, BAT-DEP-SHR, 7$ DGHWNR5HR, ESW-XHE-FO-EHS, LOSPNR12HR g3 1 ~.,5 85.1 .1 2.2E-009 ACP-DGN-LP-EDGC, DGHWNR12HR, EHV-SRV-CC-RV2, ym ESW-XHE-FO-EHS, INJ-FAILS, LGSPNR13HR
Ei 136 85.2 .1 2.2E-009 ACP-DGN-LP-EDGB, DGHWNR12HR, EHV-SRV-CC-RV3, y

S ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR13HR
137 85.3 .1 2.2E-009 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-AOV-CC-0241C,

ESW-XHE-FO-ERS, INJ-FAILS, LOSPNR18HR
138 35.4 .1 2.2E-009 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-AOV-CC-0241B,

ESW-XHE FO-EHS, INJ-F ILS,.LOSPNR18HR
119 85.6 .1 2.28-009 ACP-DGN-FR-EDGC, BAT-DSP-7HR, DGHWNR7HR,

ESW-CKV-CB-C515B, LOSPNR14HR
140 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-C515A, LOSPNR14HR
142 85.9 .1 2.2E-009 ACP-DGN-MA-EDGB, BAT-DEP-5HR, DGMANRSHR,

ESW-CKV-CB-C515A, LOSPNR7HR
143 86.1 .1 2.2E-009 ACP-DGN-LP-EDGB, BAT-DEP-5HR, LGHWNRSHR,

*p ESW-MDP-FR-MDPB, BSW-XHE-FO-EHS, LOSPNR12HR
.C 144 86.2 .1 2.2E-009 ACP-DGN-LP-EDGC, BAT-DFP-5HR,.DGHWNR5HR,

ESW-MDP-FR-MDPA, ESW-XHC-FO-EHS, LOSPNR12HR
145 86.3 .1 2.1E-009 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNRSHR,

ESW-PTF-RE-MDPA, ESW-XHE-FO-EHS, LOSPNR12HR
146 86.4 .1 2.1E-009 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNRSHR,

ESW-PTF-RE-MDPB, ESW-XHE-FO-EHS, LOSPNR1.2HR
147 86.5 .1 2.1E-009 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HRy

-ESW-PTF-RE-DGC, ESW-XHE-FO-EHS, LOSPNR14HR
148 86.6 .1 2.1E-009 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,

ESW-PTF-RE-DGB, ESW-XHE-FO-EHS, LOSPNR14HR
149 86.8 .1 2.0E-009 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,

ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, LOSPNR9HR
150 86.9 .1 2.0E-009.ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,

ESW-MDP-FR-EDPA, ESW-XHE-FO-EHS, LOSPNR9HR
151 87.0 .1 2.0E-009 BAT-DEP-3HR, ESW-CKV-CB-C515A, ESW-PTF-RE-MDPA,

LOSPNRSHR
152 87.1 .1 2.0E-009-BAT-DEP-3HR, ESW-CKV-CB-C515B, ESW-PTF-RE-MDPB,

LOSPNRSHR

-
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153 87.2 .1 2.0E-009 ACP-DGM-LP-EDGB, BAT-DEP-3HR, DGHWMR3HR,
EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPMR5HR ,

*

154 87.3 .1 2.0E-009 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWMR7HR,
ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS, LOSPNR14HR

155 87.4 .1 2.0F 009 ACP-DGN-FR-EDGB, BAT-DEP-7HR, CGHWNR7HR,
ESW-Mise- FS -MDPB, ESW-XHE-FO-EHS, LOSPNR14HR

l'i6 87.5 .1 2. 0E- 0 09 ACP-Io . -LP-EDGC, BAT-DEP-3HR, DGHWNR3HR,
EHV-SRv-CC-RV2, ESW-XHE-FO-EHS, LOSPNRSHR

157 87.7 .1 1.9E-009 ACP-DGN-FR-EDGC, BAT-DEP-5HR, 1>GHWNR5HR,
ESW-MDP-MA-MDPA, ESW-XHE-FO-EHS, LOSPNR12HR

158 87.8 .1 1.9E-009 ACP-DGN-FR-EDGB, BAT-DEP-SHR, DGHWNRSHR,
ESW-MDP-MA-MDPB, ESW-XHE FO-EHS, LOSP?R12HR

159 87.9 .1 1.9E-009 BAT-DEP-5HR, ESW-CKV-CB-C515B, ESW-PTF-RE-DGC,
LOSPNR7HR

160 88.0 .1 1.9E-009 BAT-DEP-SHR, ESW-CKV-CB-C515A, ESW-PTF-RE-DGB,
LOSPNR7HR

161 88.1 .1 1.JtE-009 BAT-DEP-9HR, ESW-CKV-CB-C515A, ESW-PTF-RE-MDPA,
LOSPNR12HR

162 88.2 .1 1.9E.009 BAT-DEP-9HR, ESW-CKV-CB-CSISB, ESW-PTF-RE-MDPB,
7 LOSPNR12HR
C 163 88.3 1.9E-009 BAT-DEP-SHR, ESH-CKV-CB-C515A, ESW-MDP-FS-MDPA,

..

LOSPNR7HR
164 88.4 .1 1.9E-009 BAT-DEP-3HR, ESW-CKV-CB-C515B, ESW-MDP-MA-MDPB,

LOSPNR5HR
165 88.5 .1 1.9E-009 BAT-DEP-5HR, EdW-CKV-CB-C515B, ESW-MDP-FS-MDPB,

LOSPNR7HR
166. 88.6 .1 1.9E-009 BAT-DEP-3HR, ESW-CKV-CB-r5_.;A', ESW-MDP-MA-MDPA,

LOSPNR5HR
167 88.7 .1 1.7E-009 BAT-DEP-9HR, ESW-CKV-CB-C515B, ESW-MDP-MA-MDPB,

LOSPNR12HR
-168 88.8 .1 1.7E-009 BAT-DEP-9HR, ESW-CKV-CB-C515A, ESW-MDP-MA-MDPA,

LOSPNR12HR
369 88.9 .1 1.7E-009 ACP-DGN-FR-EDGE, BAT-DEP-3HR, DGHWNR3HR,

BSW-AOV-CC-0241C,'ESW-XHF CO-EHS, LOSPNR9HR
2
.c 170 89.0 .1 1.72-909 ACP-DGN-FR-EDGC, BAT-DET IR, DGHWNR3HR,

ESW-AOV-CC-0241B, ESW-X. -FO-EHS, LOSPNR9HR
%
o 171 89.1 .0 1.6E-009 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHhWR9HR, .o

ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, LOS PNR1~7HR ]3
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$ 172 89.2 .0 1.6E-009 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR, 'g
O ESN-MDP-FR-MDPA, ESW-XHE-FO-EHS, LOSPNR17HR g
o 173 ,89.3 .0 1.5E-009 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, BAT-DEP-7HR, p-
W DGHWNR7HR, ESW-XHE-FO-EHS, LOSPNR14HR

h 174 89.3 .0 1.5E-009 ACP-DGN-FR-EDGC, ACP-D(?N-TE- EDGB , BAT-DEP-7HR.,
,

g DGHWNR7HR, ESW-XHE-FO-EHS, LOSPNR14HR
175 89.4 .0 1.5E-009 ESW-AOV-CC-0241C, ESW-CKV-CB-C515B, INJ .%ILS,

LOSPNR13HR
176 89.5 .0 1.5E-009 ESW-AOV-CC-0241B, ESW-CKV-CB-C515A, INJ-FAILS,

LOSPNR13HR
177 89.6 .0 1.5E-009 ACP-DGN-LP-EDGC, BAT-DEP-7HR, DGHWNR7HR,

ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, LOSPNR14HR
178 89.7 .0 1.5E-009 ACP-DGN-LP-EDGB, BAT-DEP-7HR, DGHWNR7HR,

ESW-MDP-FR-MDPB, ESW-XHB-FO-EHS, LOSPNR14HR
'179 89.8 .0 1.5E-009 ACP-DGN-TE-EDGC, BAT-DEP-3HR, DGMANR3HR,

ESW-CKV-CB-C515B, LOSPNRSHR
180 89.8 .0 1.5E-009 ACP-DGN-TE-EDGB, BAT-DEP-3HR, DGMANR3HR,

ESW-CKV-CB-C515A, LOSPNRSHR
181 89.9 .0 1.4E-009 ACP-DGN-FR-EDGC, BAT-DEP '7HR, DGHWNR7HR,

7 ESW-PTF-RE-MDPA, ESW-XHE-FO-EHS, LOSPNR14HR
% 182 90.0 .0 1.4E-009 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,

ESW-PTF-RE-MDPB, ESW-XHE-FO-EHS, LOSPNR14HR
183 90.1 .0 1.4E-009 ESW-AOV-CC-0241C. ESW-PTF-RE-DGB, ESW-XHE-FO-EHS,

INJ-FAILS, LOSPNR13HR
184 90.2 .0 1.4E-009 ESW-AOV-CC-0241B, ESW-PTF-RE-DGC, ESW-XHE-FO-EHS,

INJ-FAILR, LOSPNR13HR
185 90.2 .0 1.4E-009 BAT-DEP-7HR, ESM-CKV-CD-C515B, ESW-PTF-RE-DGC,

IOSPNR9HR
186 90.3 .0 1.4E-009 LAT-DEP-7HR, ESW-CKV-CB-C515A, ESW-PTF-RE-DGB,

1OSPNR9HR
187 90.4 .0 1.4E-009 A''P-DGN-TE-EDGC, DGMANR12HR, ESW-CKV-CB-C515B,

INJ-FAILS, LOSPNR13HR
188 90.5 .G 1.4E-009 AC&-DGN-TE-EDGB, DGMANR12HR, ESW-CKV-CB-C515A, *

INJ-FAILS, LOSPNR13HR
189 90.6 .0 1.3E-009 ACP-DGN-LP-EDGB, BAT-DEP-9hT, DGHW?m9HR,

EHVeSRV-CC-RV3, ESW-XHB-FO-EHS, LOSPNR12HR"

190 90.6 .0 1.3E-009 ACP-DGN-LP-EDGC, BAT-DEP-9HR, DGHWNR9HR,
EHV-SRV-CC-RV2, GW-XHE-FO-EHS, LOSFNR12HR
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191 90.7 .0 _1.3E-009 ESW-AOV-CC-0241C, ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS, '

IVJ-FAILS, LOSPNR13HR '

192 90.8 .0 1.3E-009 ESM-AOV-CC-0241B, ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS,
INJ-FAILS, LOSPNR13HR

193 90.9 .0 1.3E-009 BAT-DEP-5HR, ESW-CKV-CB-C515B, ESW-PTF-RE-MDPB,
LOSPNR7HR

194 90.9 .0 1.3E-009 BAT-DEP-5HR, ESW-CKV-CP-C515A, ESW-PTF-RE-MDPA,
LOSPNR7HR

195 91.0 .0 1.3B-009 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS, LOSPNR14HR

196 91 1 .0 1.3E-009 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-MDP-MA-MDPA, ESW-XHE-FO-EHS, LOSPNR14HR.

197 91.2 .0 1.3E-009 BAT-DEP-7HR, ESW-CKV-CB-C515A, ESW-MDP-FS-MDPA,
LOSPNR9HR

198 S1.2 .0 1.3E-009 BAT-DEP-7HR, ESW-CKV-CB-C515B, ESW-MDP-FS-MDPB,
LOSPNR9HR

199 91.3 .0 '1.3E-009 ACP-DGN-MA-EDGB, BAT-DEP-7HR, DGMANR7HR,
ESW-CKV-CB-C515A, LOSPNR9HR

200 91.4 .0 1.3E-009 ACP-DGN-MA-EDGC, BAT-DEP-7HR, DGMANR7HR,
ESW-CKV-CB-CSISB, LOSFNR9HR

'F
G 201 91.5 .0 1.3E-009 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,

"SW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR17HR

202 91.5 .0 1.3E-009 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,
ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNR17HR

203 91.f .0- 1.3E-009 ACP-DGN-FR-EDGB, ACP-DGN-RE-EDGC, DGMANR12HR,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

204 91.7 .0 1.3E-009 ACP-DGN-FR-EDGC, ACP-DGN-RE-EDGB, DGMANR12HR,
ESW-XHB-FO-EHS, INJ-FAILS, LOSPNR18HR

205 91.7 .0 1.2E-009 BAT-DEP-SHR, ESW-CKV-CB-C515A, ESW-MDP-MTrMDPA,
LOSPNR7HR

206 91.8 .0 1.2B-009 BAT-DEP-5HR, ESW-CKV-CD-C515B, ESW-MDP-MA-MDPB,
LOSPNP7HR'

207 91.9 .0 1.2E-009 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, ACP-DGN-LP-EDGC,
DGHWNR12HR,-INJ-FAILS, LOSPNRIEHR

208 91.9 .0 1.2E-009 ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, ACP-DGN-LP-EDGB, z
DGhWNR12HR, INJ-FAILS, LOSPNR18HR j

|

'o 209 92.0 _ .0 1.2E-009 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGD, my
O

3 DGHWNR12HR, INJ-FAILS, LOSPNR16HR
c>
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h 210 92.1 .0 1.2E-009 ACP-DGN-FR-EDGB, ACP-DGN-RE-EDGC, BAT-DEP-3HR, 3
$ DGMANR3HR, ESW-XHB-FO-EHS, LOSPNR9HR E

211 92.1 .0 1.2E-009 ACP-DGN-FR-EDGC, ACP-DGN-RE-EDGB, BAT-DEP-3HR, E~

O DGMANR3HR, ESW-XHE-FO-EHS, LOSPNR9HR m
f, 212 92.2 .0 1.1E-009 ACP-DGN-LP-EDGB, RAT-DEP-5HR, DGHWNRSHR.
$ EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNR7HR
o 213 92.3 .0 1 1E-009 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNR5HR,

ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, LOSPNR72HR
214 92.3 .0 1.1E-009 ACP-DGN-LP-EDGC, BAT-DEP-5HR, DGHWNR5HR,

EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, LOSPNR7HR
215 92.4 .0 1.1E-009 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNR5HR,

ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, LOSPNR12HR
216 92.5 .0 1.1E-009 ACP-DGN-MA-EDGB, BAT-DEP-3HR, DGMANR3HR,

ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNRSHR
217 92.5 .0 1.1E-009 ACP-DGN-MA-EDGC, BAT-DEP-3HR, DGMANR3HR,

ESW-AOV-CC-0241B, ESW-XHE-FO-EMS, LOSPNR5HR
218 92.6 .0 1.1E-009 ACP-DGN-MA-EDGC, DGMANR12HR, ESW-AOV-CC-0241B,

ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR13HR
219 92.7 .0 1.1E-009 ACP-DGN-MA-EDGB, DGMANR12HR, ESW-AOV-CC-0241C,

7 ESW-XHE-FO-EHS, INJ-FAILS,' LOSPNR13HR
E 220 92.7 .0 1.0E-009 ESW-CKV-CB-C515A, ESW-MDP-FR-MDPA, INJ-FAILS,

LOSPNR18HR
221 92.8 .0 1.0E-009 ESW-CKV-CB-C515B, ESW-MDP-FR-MDPB, INJ-FAILS,

LOSPNR18HR
222' 92.8 .0 1.0E-009 ESW-AOV-CC-0241B, ESW-PTF-RE-MDPB, ESW-XHE-FO-EHS,

INJ-FAILS, LOSPNR13HR
223 92.9 .0 1.0E-009 ESW-AOV-CC-0241C,'ESW-PTF-RE-MDPA, ESW-XHE-FO-EHS,

INJ-FAILS, LOSPNR13HR
,

224 92.9 .0 9.9E-010 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNRSHR,
ESW-AOV-CC-0241C,_ESW-XHE-FO-EHS, LOSPNR12HF

'225 93.0 .0 9.9E-010 ACP-OGN-FR-EDGC, BAT-DEP-SHR, DGHWNRSHR,
ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR12h2

226 93.0 .0 9.9E-010 BAT-DEP-7HR,'ESW-CKV-CB-C515A, ESW-PTF-RE-MDPA,
LOSPNR9HR

227 93.1 .0 9.9E-010 3AT-DEP-7HR, ESW-CKV-CB-C515B, ESW-PTF-RE-MDPB,
.LOSPNR9HR

.228- 93.1 .0 9.7E-010 ESW-MDP-FR-MDPA, ESW-PTF-RE-DGC, ESW-XHE-FO-EHS,
INJ-FAILS, LOSPNR18HR

__-
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229 93.2 .0 9.7E-010 ESW-MDP-FR-MDPB, ESY,-PTF-RE-DGB, ESW-XHE-FO-EHS,
INJ-FAILS, LOSPNR18HR

230 93.3 .0 9.43-010 BAT-DEP-3HR, ESW-AOV-CC-0241B, ESW-CKV-CB-C515A,
LOSPNREIN

231 93.3 .0 9.411-010 BAT-DEP-3HR, ESW-AOV-CC-0241C, ESW-CKV-CB-C515B, (
LOSPNR5HR j

232 93.4 .0 9.3E- 010 ESW-MD~r - FR-MDPB, ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS, ,
a

INJ-FAILS, LOSPNR18HR
233 93.4 .0 9.3E-010 ESW-MDP ~2R-MDPA, ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS,

INJ-FAlb, LOSPNR18HR
234 93.5 .0 9.3E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGD,

BI.T-DEP-3HR, DGHWNR3HR, LOSPNR9HR j

235 93.5 .0 9.3E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, ACP-DGN-LP-EDGC, .

HAT-DEP-3HR, DGHWNR3HR, LOSPNR9HR I

236 93.6 .0 9.3E-010 'eCF-DGN-FR-EDGC, ACP-DGN-FR-EDGD, ACP-DGN-LP-EDGB, [
BAr-DEP-3HR, DGHWNR3HR, LOSPNR9HR

237 93.6 .0 9.2E-010 ESW-AOV-CC-0241C, ESW-MDP-MA-MCPA, ESW-XHE-FO-EHS,
,

INJ-FAILS, LOSPNR13HR-

238 93.7 .0 9.2E-010 ESW-AOV-CC-0241B, ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS, r

INJ-FAILS, LOSPNR13HRi
BAT-DEP-9HR, DGMANR9HR,U '739 93.7 .0 9.2E-010 ACP-DGN-TE-EDGB,_

LOSPNR12HRESW-CKV-CB-C51SA,

240 93.8 .0 9.2E-010 ACP-DGN-TE-EDGC,' BAT-DEP-9HR, DGMANR9HR, f
ESW-CKV-CB-C53SB, LOSPNR12HR

241 93.8 .0 9.0E-010 BAT-DEP-7HR, ESW-CKV-CB-C515B, ESW-MDP-MA-MDPB,
LOSPNR9HR.

242 93.9 .0 9.0E-010 BAT-DEP-7HR, ESW-CKV-CB-C515A, ESW-MDP-MA-MDPA,
LOSPNR9HR

243 93.9 .0 8.9E-010 BAT-DEP-3HR, ESW-AO%-CC-0241C, ESW-PTF-RE-DGB, ,

ESW-XHE-FO-EHS,'LOSPNRSHR
244 94.0 .0 8.9E-010 BAT-DEP-3HR,.ESW-AOV-CC-0241B, ESW-PTF-RE-DGC,

ESN-XHE-FO-EHS, LOSPNRSHR
245 94.0 .0 8.8E-010 BAT-DEP-9HR, EGW-AOV-CC-0241B, ESW-CKV-CB-C515A,

2: LOSPNF12HR
j 24G 94.1 .0 8.8E-010 BAT-DEP-9HR, ESW-AOV-CC-0241C, ESW-CKV-CB-C515B,,

LOSPNR12HR Im
S 247 91.1 .0 8.7E-010 ACP-DGN-TE-EDGC, BAT-DEP-5HR, DGMANRSHR,

*SO ESW-CKV-CB-C515B, LOSPNR7HR =
:c 3S *
e
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$- 248 94.1 .0 8.7E-010 ACP-DGN-TE-EDGB, LAT-DEP-5HR, DGMANRSHR, 3
$ ESW-CIN-CB-C515A, LOSPNR7HR $
g 249 94.2 .0 8.5E-010 BAT-DEP-3HR, ESW-AOV-CC-0241C, ESW-MDP-FS-MDPA, E '

w ESW-XHE-FO-EHS, LOSPNRSHR m
. J. 250 94.2 .0 8.5E-010 BAT-DEP-3HR, ESW-AOV-CC-0241B, ESW-MDP-FS-MDPB,
S ESW-XHE-FO-EHS, LOSPNRSHR

251 94.3 .0 8.3E-010 BAT-DEP-9HR, ESW-AOV-CC-0241C, LSW-PTF-RE-DGB,
EFW-XHE-FO-EhS, LOSPNR12HR

252 94.3 .0 8.3E-010 LAT-DEP-9HR, ESW-AOV-CC-0241B, ESW-PTF-RE-DGC,
ESW-XHE-FO-EHS, LOSPNR12HR

253 94.4 .0 ' . 2 E - 010 ACP-DGN - FR- EDGC, ACP-DGN-RE-EDGB, BAT-DEP-9HR,
DGMANR9HR, ESW-XHE-FO-EHS, LOSPNR17HR

254 94.4 .0 8.2E-010 ACP-DGN-FR-EDGB, ACP-DGN-RE-EDGC, BAT-DEP-9HR,
DGMANR9HR, ESW-XHE-FO-EHS. LOSPNR17HR

255 94.5 .0 8.1E-010 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-MDP-FR-MDPB, ESW-XHE-FO EHS, LOSPNR14HR

256 94.5 .G 8.1E-010 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-MDP-FR-MDPA, ESW~XHE-FO-EHS, LOSPNR14HR ,

257 94.6 .0 8.0E-010 BAT-DEP-9HR, ESW-AOV-CC-0241C, ESW-MDP-FS-MDPA,
7 ESW-XHE-FO-EHS, LOSPNR12HR
5 '258 94.6 .0 8.0E-010 BAT-DEP-9HR, ESW-AOV-CC-0241B, ESW-MDP-FS-MDPB,

ESW-XHE-FO-EHS, LOSPNR12HR
259 94.6 .0 7.4E-010 ACP-DGN-MA-EDGC, DGMANR12HR, ESW-MDP-FR-MDPA,

ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR
260 94.7 .0 7.4E-010 ACP-DGN-MA-EDGB, DGMANR12HR, ESW-MDP-FR-MDPB,

ESW-XHB-FO-EHS, INJ-FAILS, LOSPNR18HR
261 94.7 .0 7.3E-010 ACP-DGN-LP-EDGC, BAT-DEP ''HR, DGHWNR7FR,

EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, LOSPNR9HR
262 94.8 .0 7.3E-010 ACP-DGN-LP-EDGB, BAT-DEP-7HR, DGHWNR7HR,

EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNR9HR
263 94.8 .0 7.2E-010'ACP-DGN-MA-EDGC, BAT-DEP-9HR, DGMAtR9HR,

ESW-AOV-CC-0241B,' ESW-XHE-FO-EHS, LOSPNR12HR
264 94.8 .0 7.2E-010 ACP-DGN-MA-EDGB, BAT-DEP-9HR, DGMANR9HR,

ESW-AOV-CC-0241C, ESW-XIIE- FO- EHS , LOSPNR12HR
265 94.9 .0 7.1E-010 ACP-DGN-FR-EDGB,.ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGD,

. BAT-DEP-9HR, DGHWNR9HR, IOSPNR17HR
266 94.9 .0 7.1E-010 ACP-DGN-FR-EDGC, ACP-DGN fR-EDGD, ACP-DGN-LP-EDGB,

' BAT-DEP-9HR, DGHWNR9HR, LUSPNR17HR
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267 95.0 .0 7.1E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, ACP-DGN-LP-EDGC,
BAT-DEP-9HR, DGHWNR9HR, LOSPNR17HR

268 95.0 .0 6.8E-010 ACP-DGN-MA-EDGB, BAT-DEP-3HR, DGMANR3HR,
ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, LOSPNR9HR

269 95.0 .0 6.8E-010 ACP-DGN-MA-EDGC, BAT-DEP-3HR, DGMANR3HR,
ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, LOSPNR9HR

270 95.1 .0 6.8E-010 ACP-DGN-FR-EDGC, DGHWNR12HR, EHV-SRV-CC-RV2,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

271 95.3 .0 6.8E-010 ACP-DGN-FR-EDGB, DGHWNR12HR, EHV-SRV-CC- RV3,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

272 95.1 .0 6.8E-010 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNR14HR

273 95.2 .0 6.8E-010 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNP14HR

274 95.2 .0 6.8E-010 ACP-DGN-MA-EDGC, BAT-DEP-SHR, DGMANRSHR,
ESW-AOV-CC-0241B, ESW-XHE-FO-EUS, LOSPNR7PR

275 95.3 .0 6.8E-010 ACP-DGN-MA-EDGB, BAT-DEP-5HR, DGM3NRSHR,
ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNR7HR

276 95.3 .0 6.8E-010 ESW-MDP-FR-MDPA, ESW-PTF-RE-MDPB, ESW-XHE-FO-EHS,
l' INJ-FAILS, LOSPNR18HR
G 277 95.3 .0 6.8E-010 ESW-MDP-FR-MDPB, ESW-PTF-RE-MDPA, ESW-XHE-FO-EHS,

INJ-FAILS, LOSPNR18HR
278 95.4 .0 6.8E-010 ACP-DGN-FR-EDGC, ACP-DGN-RE-EDGB, BAT-DEP-5HR,

DGMANRSHR, ESW-XHE-FO-EHS, LOSPNR12HR
279 95.4 .0 6.8E-010 ACP-DGN-FR-EDGB, ACP-DGN-RE-EDGC, BAT-DEP-SHR,

DGMANRSHR, ESW-XHS-FO-EHS, LOSPNR12HR
280 95.4 .0 6.6E-010 ACP-DGN-LP-BDGD, BETA-2SWPS, DGHWNR12HR,

ESW-MDP-FS-CCF, INJ-FAILS, LOSPNR13HR
281 95.5 .0 6.5E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-PGN-FR-EDGD,

DGHWNR12HR, INJ-FAILS, LOSPNR18HR
282 95.5 .0 6.3E-010 BAT-DEP-5HR, ESW-AOV-CC-0241C, ESW-CKV-CB-C515B,

LOSPNR7HR
283 95.5 .0 6.3E-010 BAT-DEP-5HR, ESW-AOV-CC-0241B, ESW-CKV-CB-C515A,

LOSPNR7HR'
Z 284 95.6 .0 6.2E-010 ESW-MDP-FR-MDPA, ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS,
c .INJ-FAILS, LOSPNR18HR
$ 285 95.6 .0 6.2E-010 ESW-MDP-FR-MDPB, ESW-MDP-MA-MDPA, ESW-XHE-FO-EHS, d
@ INJ-FAILS, LOSPNR18HR- *g
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$ 286 95.6 .0 6.2E-010 BAT-DEP-3HR, ESW-AOV-CC-0241B, USW-PTF-RE-MDPB, 'E
O ESW-XHE-FO-EHS, LOSPNRSMR $
o 287 95.7 .0 6.2E-010 BAT-DEP-3HR, ESW-AOV-CC-0241C, ESW-PTF-RE-MDPA, E
7 ESW- XHI'- FO - EHS , LOSPNR5HR m
g 288 95.7 .0 5.9E-010 BAT-DEP-SHR, ESW-AOV-CC-0241B, ESM-PTF-RE-DGC,

ESW-XHE-F0-EHS, LOSPNR7HR~
e

289 95.7 .0 5.9E-010 BAT-DEP-5HR, ESW-AOV-CC-0241C, ESW-PTF-RE-DGB,
ESW-XHE-FO-EHS, LOSPNR?HR

290 95.8 .0 5 9E-010 ACP-DGN-LP-EDGD, BAT-DEP-3HR, BETA-2SWPS,
DGHWNR3HR, ESW-MDP-FS-CCF, LOSPhT5HR

291 95.8 .0 5.8E-010 BAT-DEP-9HR, ESW-AOV-CC-0241B, ESW-PTF-RE-MDPB, "

ESW-XHE-FO-EHS, LOSPNR12HR
292 95.8 0 5.8E-010 BAT-DEP-9HR, ESW-AOV-CC-0241C, ESW-PTF-RE-MDPA,

ESW-XHE-FO-EHS, LOSPNR12HR
293 95.9 .0 9.7E-010 BAT-DEP-9HR, ESW-CKV-CB-C515B, ESW-MDP-FR-MDPB,

LOSPNR17HR
294 95.9 .0 5.7E-010 BAT-DEP-9HR, ESW-CKV-CB-C515A, ESh-MDP-FR-MDPA,

LOSPNR17HR
295 95.9 .0 5.6E-010 BAT-DEP-3HR, ESW-AOV-CC-0241C, ESW-MDP-MA-MDPA,m

4: ESW-XEE-FO-EHS, LOSPNRSHR
o 296 96.0 .0 5.6E-010 BAT-DEP-5HR, ESW-AOV-CC-0241B, ESW- MDP- FS -MDPB , ,

ESW-XHE-FO-EHS, LOSPNR7HR-
297 96.0 .0 5.6E-010 BAT-DEP-5HR, ESW-AOV-CC-0241C, ESW-MDP-PS-MDPA,

ESW-XEE-FO-EHS, LOSPNR7HR
298 96.0 .0 5.6E-010 BAT-DEP-3HR, ESW-AOV-CC-0241B, ESW-MDP-MA-MDPB,

ESW-XHE-FO-EHS, LOSPNR5HR' ;

299 96.1 .0 5.4E-010 BAT-DEP-3HR, ESW-CKV-CB-C515A, ESW-MDP-FR-MDPA, '

LOSPNR9HR
300 96.1 .0 5.4E-010 BAT PEP-3HR, ESW-CKV-CB-C515B, ESW-MDP-FR-MDPB,

LOSPNR9HR
301 96.1 .0 5.4E-010 BAT-DEP-9HR, ESW-MDP-FR-MDPB, ESW-PTF-RE-DGB,

ESW-XHE-FO-EHS, LOSPNR17HR
302 96.1 .0 5.4E-010 BAT-?EP-9HR, ESW-MDP-FR-MDPA, ESW-PTF-RE-DGC,

ESW-MlB-FO-EHS, LOSPNR17HR
303 96.2 .0 5.3E-010 BAT-DEP-9HR, BSW-AOV-CC-0241B, ESW-MDP-MA-MDPB,

ESW-XHE-FO-EHS, LOSPNR12HR
304 96.2 .0 5.3E-010 BAT-DEP-9HR, ESW-7.OV-CC-0241C, ESW-MDP-MA-MDPA,

ESW-XHE-FO-EHS, LOSPNR12HR
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305 96.2 .0 5.3E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, ACP-DGN-LP-EDGC,
BAT-DEP-5HR, DGHWNRSHR, LOSPNR12HR

306 96.3 .0 5.3E-010 ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, ACP-DGN-LP-EDGB,
BAT-DEP-5HR, DGHWNRSHR, LOSPNR12HR |

307 96.3 .0 5.3E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGD,
BAT-DEP-5HR, DGHWNRSHR, LOSPNR12HR ,

308 96.3 .0 5.2E-010 ACP-DGN-RE-EDGC, BAT-DEP-3HR, DGMANR3HR,
ESW-CKV-CB-C5158, LOSPNRSHR

309 96.4 .0 5.2E-010 ACP-DGN-RE EDGB, BAT-DEP-3HR, DGMANR3HR,
ESW-CKV-CB-CSISA, LOSPNRSHR

310 96.4 .0 5.2E-010 ACF-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, LOSPNR9HR f

'

311 96.4 .0 5.2E-010 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,
EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNR9HR

312 96.4 .0 5.28-010 ACP-DGN-TE-EDGC, BAT-DEP-7HP, DGMANR7HR,
ESW-CKV-CB-C515B, LOSPNR9PR

313 96.5 .0 .5.2E-010 ACP-DGN-TE-EDGB, BAT-DEP-7HR, DGMANR7HR,
ESW-CKV-CB-C515A, LOSPNR9HR ,

314 96.5 .0 '5.1E-010 BAT-DEP-9HR, ESW-MDP-FR-MDPB, ESW-MDP-FS-MDPA, .

7 ESW-XHE-FO-EHS, LOSPNR17HR l
iU 315 96.5 .0 5.1E-010 BAT-DEP-9HR, ESW-MDP-FR-MDPA, RSW-MDP-FS-MDPB,

ESh-XHE-FO-EHS, LOSPNR17HR
316 95.6 .0 5.1E-010 BAT-DEP-3HR, ESW-MDP-FR-MDPA, ESW-PTF-RE-DGC, ,

BSW-XHE-FO-EHS, LOSPNR9HR
317 96.6 .0 5.1E-010 BAT-D P-3HR, ESW-MDP-FR-MDPB, ESW-PTF-RE-DGB,

ESW-XHE-F7-EHS, LOSPNR9HR
'

'

318 96.6 .0 '4.9E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD,
BAT-DEP-3HR, DGHWNR3HR, LOSPNR93R

319 96.6 .0 4.9E-010 ACP-DGN-RE-EDGC, DGMANR32HR, ESW-CKV-CB-C515B,
INJ-FAILS, LOSPNR13HR

320 96.7 .0 14.9E-010 ACP-DGN-RE-EDGB, DGMANR12HR, ESW-CKV-CB-C515A,
INJ-FAILS,.LOSPNR1?HR

321 96.7 .0 4.9F-010 BAT-DEP-3HR, ESW-MDP-FR-MDPB, ESW-i.JP-FS-MDPA,
ESW-XHE-FO-EHS, LOSPNR9HRz

C 322 96.7 .0 4.9E-010 BAT-DEP-3HR, ESW-MDP-FR-MDPA, SSW-MDP-FS-MDPB,
s ESW-XHE-FO-EHS, LOSPNR9HR
C- 323 96.7 .0 4.6E-010 ACF-DGN-MA-EDGB, BAT-LEP-9HR, DGMANR9HR, d
o ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, LOSPNR17HR *c
M S
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$ 324 96.8 4.6E-010 ACP-DGN-MA-EDGC. BAT-DEP-9HR, DGMANR9HR, 3

''J.s
C

ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, LOSPNR17HR
5.o 325 96.8 .0 4.6E-010 EHV-SRV-CC-RV2, ESW-CKV-CB-C515A, INJ-FAILS, Ey LOSPNR13HRg 326 96.8 .0 4.6E-010 ESW-AOV-CC-0241B, ESW-AOV-CC-0241C, ESW-XHE-FO-ERS, m ;

3 II!J- FAILS , LOSPNR13HR t

327 96.8 .0 4.6E-010 EHV-SRV-CC-RV3, ESW-CKV-Cb-C515B, INJ-FAILS,
LOSPNR13HR328 96.9 .0 4.5E-010 ACP-DGN-TE-EDGC, BAT-DEP-3HR, DGMANR3HR,
SSW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNRSHR329 96.9 .0 4.5E-G10 ACP-DGN-TE-EDGB, BAT-DEP-3HR, DGMANR3HR, '

ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNRSHR330 96.9 .0 4.5E-010 ACP-DGN-FR-EDGC, DGHWNR12HR,. ESW-AOV-MA-0241B,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR331 16.9 .0 4.5E-010 ACP-DGN-FR-EDGB, DGHWNR12FR, ESW-AOV-MA-0241C,
ESW-XHE-FO-EHS, INJ-FAILS. LOSPNR18HR332 97.0 .0 4.5E-010 BAT-DEP-7HR, ESW-AOV-CC-0241C, ESW-CKV-CB-C515B,
LOSPNR9HR

333 97.0 .0 4.5E-010 BAT-DEP-7HR, ESW-AOV-CC-0241B, ESW- CKV-CB- CSISA,i
LOSPNR9HRU 334 97.0 .0 4.5E-010 ACP-DGN-FR-EDGB, ACP-DGN-RE-EDGC, BAT-DEP-7HR,
DGMANR7HR, ESW-XHE-FO-EHS, LOSPNR14HR

335 '97.0 .0 4.5E-010 ACP-DGN-FR-EDGC, ACP-DGN-RE-EDGB, BAT-DEP-7HR,
DGMAUR7HR, ESW-XHE-FO-EHS, LOSPNR14HR336 97.1 .0 4.28-010- BAT-DEP-7HR, ESW-AOV-CC-0241B, ESW-PTF-RE-DGC,
ESW-XHE-FO-EHS, LOSPNd9HR

337 97.1 .0 4.3E-010 BAT-DEP-7HR, ESW-AOV-CC-0241C, ESW-PTF-RE-DGB, '

. .ESN-XHB-FO-BHS, LOSPNR9HR
338 97.1 .0

1.2E-010 ACP-DGN-TE-EDGC,.DGMANR12HR, ESW-AOV-CC-0241B, .i

ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR13HR339 97.1 .0 4.2E-010 ACP-DGN-TE-EDGB, DGMANR12HR, ESW-AOV-CC-0241C,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR13HR340 97.2 .0 4.1E-010:EHV-SRV-CC-RV2, ESW-MDP- FS '~DPB, ESW-XHE-FO-EHS,<INJ-FAILS, LOSPNR13HR

341 97.2 .0 4~1E-010 EHV-SRV-CC-RV3, ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS,.

INJ-FAILS, LOSPNR13HR'

342 97.2- .0 4.1E-010 BAT-DEP-5HR, ESW-AOV-CC-0241C, ESW-PTF-RE-MDPA,
ESW-XHB-FO-SHS, LOSPNR7HR i

,
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343 97.2 .0 4.1E-010 BAT-DEP-5HR, ESW-AOV-CC-C241B, ESW-PTF-RE-NDPB,
ESW-XHE-FO-EHS, LOSINR7HR

344 97.2 .0 4.0E-010 ACP-DGN-MA-EDGB, BAT-DEP-7HR, DGMANR7HR,
ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNR9HR

345 97.3 .0 4.0E-010 BAT-DEP-7HR, ESW-AOV-CC n141B, ESW-MDP-FS-MDPB,
ESW-XHE-FO-EHS, LOSPNR9His

346 97 3 .0 4.0E-01C DAT-DEP-7HR, ESW-AOV-CC-0241C, ESW-MDP-FS-MDPA,
ESW-XHE-FO-EHS, LOSPNR9HR

347 97.3 .0 4.0E-010 ACP-DGN-MA-EDGC, BAT-DEP-7HR, DGMANR7HR,
ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR9HR

340 97.3 .0 4.0E-010 ACP-DGN-LP-EDGD, BAT-DEP-9HR, BETA-2SWPS,
DGHWNR9HR, ESW-MDP-FS-CCF, LOSPNR12HR

349 97.4 .0 4.0E-010 ACP DGN-FR-EDGC, B'T-DEP-9HR, DGHWNR9HR,
EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, LOSPNR17HR

350 97.4 .0 4.0E-010 ACP-DGN-FR-EDGB, B.T-DEP-9HR, DGHWNR9hR,
,

'

EHV-SRV-CC-RV3, ESb XHE-FO-EHS, LOSPNR17HR
351 97.4 .0 3.8E-010 ACP-DGN-MA-EDGB, BAf-DEP-5HR, DGMANRSHR,

ESW-MDP-FR-MDPB, ESW-XHE-FO-EMS, LOSPNkl.2HR
.352 97.4 .6 3.8E-010 ACP-DGN-MA-EDGC, BAT-DEP-5HR, DGMANR5f!R,

y
4 ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, LOSPNR12HR
w 353 97.4 .0 3.8E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC,.ACP-DGN-FR-EDGD,

BAT-DEP-9HR, DGHWNR9HR, LOSPNR17HR
354 97.5 .0 3.7E-010 BAT-DEP-SHR,.BSW-AOV-CC-0241C, ESW-MDP-MA-MDPA,

" SSW-XHE-FO-EHS, LOSPNR7HR
355 97.5 .0 3.7E-010 BAT-DEP SHR, ESW-AOV-CC-0241B, BSW-MDP-MA-MDPB,

ESW-XHE-FO-EHS, LOSPNR7HR
356 97.5 .0 3.7E-010 BAT-DEP-9HR, ESW-MDP-FR-MDPA, ESW-PTF-RE-MDPB,

ESW-XHE-FO-EHS, LOSPNR17HR
357 97.5 .0 3.7E-010 BAT-DEP-9HR, ESW-MDP-FR-MDPB, ESW-PTF-RE-MDPA,

ESW-XHE-FO-EHS, LOSPNR17HR
358 97.5 .0 3.7E-010 ESW-MDP-FR-MDPA, ESW-MDP-FR-MDPB, ESW-XHB-FO-EHS,

INJ-FAILS, LOSPFR18HR
359 97.6 .0 3.6E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGD,

EAT-DEP-7HR, DGHWNR7HR, LOSPNA14HR
$ 360 97.6 .0 3.6E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, ACP-DGN-LP-EDGC,
::e DAT-DEP-7HR, DGHWNR7HR, LOSPNR14UR
$ 361 97.6 .0 3.6E-010 ACP-DGN-FR-EDGC,.ACP-DGN-FR-EDGD, ACP-DGN-LP-EDGB, g

BAT-DEP-7HR, DGHWNR7HR, LOSPNR14HR ts'
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$ 362 97.6 .0 3.5E-010 ACP-DGN-MA-EDGC, BAT-DEP-3HR, DGMANx3HR, 3

v
O EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, LOSPNRSHR

{o 363 97.6 .0 3.5E-010 ACP-DGN-MA-EDGB, BAT-DEP-3HR DGMANR3HR, p
Y EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNRSHR

,

'

g 364 97.7 .0 3.5E-010 BAT-DEP-3HR, ESW-MDP-FR-MDPA, ESW-PTF-RE-MDPB, y

g ESW-XHE-FO-EHS, LOSPNR9HR
365 97.7 .0 3.5E-010 BAT-DEP-3HR, ESW-MDP-FR-MDPB, ESW-PTF-RE-MDPA,

|

,

ESW-XHE-FO-EUS, LOSPNR9HR j366 97.7 .0 3.5E-010 BAT-DEP-5HR, ESW-CKV-CB-C515B, ESW-MDP-FR-MDPB,
LOSPNR, 7

367 97.7 .0 3.5E-010 BAT-DEP-oHP, ESW-CKV-CB-C515A, ESW-MDP- FR- MDPA,
LOSPNR12HR

368 97.7 .0 3.4E-010 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
ESW-AOV-MA-0241B, ESW-DIS- FO- EHS , LOSPNR9HR

369 97.8 .0 3.4E-010 ACP-DGN-FR-EDGB, BAT-DEP- 3HR, DGHWNR3HR,
ESW-AOV-MA-0241C, ESW-XHE-FO-EHS, LOSPNR9HR

370 97.0 .0 3.4E-010 BAT-DEP-9HR, ESW-MDP- FR -MDPA, ESW-MDP-MA-MDPB,
ESW-XHE-FO-EES, LOSPNR17HR

m 371 97.8 .0 3.4E-010 BAT-DEP-9HR, ESW-MDP-FR-MDPB, ESW-MDP-MA-MDPA,
A ESW-XHE-FO-EHS, LOSPNR17HR
^ 372 97.8 .0 3.4E-010 ACP-DGN-LP-EDGD, BAT-DEP-5HR, BETA-2SWPS. j

DGHWNRSHR, ESW-MDP-FS-CCF, LOSPNR7HR
373 97.8 .0 3.3E-010 BAT-DEP-5HR, ESW-MDP-FR-MDPB, ESW-PTF-RE-DGB,

ESW-XHE-FO-EHS, LOSPNR12HR
374 97.9- .0 3.3E 310 BAT-DEP-5HR, ESW-MDP-FR-MDPA, ESW-PTF-RE-DGC,

ESW-XHE-FO-EHS, LOSPNR12HR
375 97.9 .0 3.3E-010 P.CP-DGN-MA-LDGB, DGMANR12HR, EHV-SRV-CC-RV3,

ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR13HR
376 97.9 .0 3.3E-010 ACP-DGN-MA-EDGC, DGMANR12HR, EHV-SRV-CC-RV2,

'ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR13HR
377 97.9 .0 3.2E-010 BAT-DEP-3HR, ESW-MDP-FR-MDPA, ESW-MDP-MA-MDPB,

ESW-XHE-FO-EHS, LOSPNR9HR
378 97.9 .0 3.2E-010 BAT-DEP-3HR, F3W-MDP-FR-MDPB, ESW-MDP-MA-MDPA,

ESW-XHE-FO-EHS, LOSPNR9HR
379 97.9 .0 3.2E-010 BAT-DEP-5HR, ESW-MDP- FR-MDPA.- ESW-MDP-FS-MDPB,

ESW-XHE-FO-EHS, LOSPNR12HR
380 98.0 .0 3.2E-010 BAT-DEP-5HR, ESW-MDP-FR-MDPB,.ESW-MDP-FS-MDPA, .'

ESW-XHE-FO-EHS, LOSPNR12HR
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381 98.0 .0 3.1E- 010 AC P-DGN-RE-EDGB, BAT-DEP-9HR, DGMAIM9IM,
ESW-CKV-CB-C515A, LOSPNR12HR

382 98.0 .0 3.1E-010 ACP-DGN-RE-EDGC, BAT-DEP-9HR, DGMANR9HR,
ESW-CEV-CB-C515B, ',OSPNR12HR

383 98.0 .0 3.1E-010 ESW-AOV-CC-0241C, ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS,
INJ-FAILS, LOSPNR18HR

384 98.0 .0 3.1E-010 ESU-AOV-CC-0241B, ESW-MDP-FR-MDPB, ESW-XHB-FO-EHS,
i

fINJ-FAILS, LOSPNR19HR
385 98.0 .0 3.0E-010 ESW-AOV-MA-0241C, ESW-CKV-CB-C5158, INJ-FAILS,

LOSPNR13HR

386 98.1 .0 3.0E-010 BSW-AOV-MA-0241B, ESW-CKV-CB-C515A, INJ-FAILS,
LOSPNR13HR

387 98.1 .0 3.0E-010 ACP-DGN-RS-EDGB, BAT- LEP- 5 W , DGMANRSHR,
ESW-CKV-CB-C515A, LOSPNR7HR

398 98.1 .0 3.0E-010 ACP-DGN-RB-EDGC, BAT-DEP-5HR, DGMANR5HR,
fESW-CKV-CB-C515B, LOSPNR7HR

389 98.1 .0 2.9E-010 ACP-DGN-FR-EDGC, BAT-DEP-SHR, DGHWNRSHR,
EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, LOSPNR12HR

390 98.1 .0 2.53-010 ACP-DGN-FR EDGB, BAT-DEP-5HR, DGHWNRSHR,
EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNR12H27

Di 391 98.1 .0 2.9E-010 BAT-DEP-7HR, ESW-AOV-CC-0241B, ESW-PTF-RE-MDPB,
ESW-XHE-FO-EHS, LOSPNR9HR

392- 98.2 .0 2.9E-010 BAT-DEP-7HR, ESW-AOV-CC-0241C, ESW-PTF-RE-MDPA,
ESW-XHE-FO-EHS, LOSPNR9?IR

393 98.2 .0 2.8E-010'ACP-DGN-TE-EDGC, DGMANR12HR, ESW-MDP-FR-MDPA,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

' 394 98.2' .0 2.8E-010 ACP-DCN-Tis-EDGD, DCMANR12HR, ESW~MDP-FR-MDPB,e

'ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR
'

395 98.2 .0 2.8E-010" BAT-EEP-3HR, EFV-SRV-CC-RV3, ESW-CKV-CB-0515B,_

LOSPNR5HR 5

396 98.2 .0 2.8E-010 BAT-DEP-7HP, ESW-CKV-CB-C515A, ESW-MDP-FR-MDPA,-
LOSPNR14HR-

397 98.2 .0 2.8E-010 BAT-DEP-7HR, ESW-CKV-CB-C515B, ESW-MDP-FR-MDPE,
LOSPNR14HR

C 398 98.3 .0 2.8E-010 BAT-DTP-3HR, EHV-SRV-CC-RV2, ESW-CKV-CB-C515A,z d
LOSPNRSHR$

O 399 98.3 .0 2.8E-010 BAT-DEP-3HR, ESW-AOV-CC-0241B, ESW-AOV-CC-0241C, 3
m

ESW-XHE-FO-EHS, LOS?NRSHR &o *
W m-a
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$ 400 98.3 .0 2.8E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD,
O BAT-DEP-5ER, DGHWNRSHR, LOSPNR12HR c. -

o 401 98.3 .0 2.7E-010 EHV-SRV-CC-RV2, ESW-MDP-MA-?1DPB, ESW-XHE-FO-EHS, x

| y INJ-FAILS, LOSPNR13HR m
g 402 98.3 .0 2.7E-010 EHV-SRV-CC-RV3, ESW-MDP-MA-I4 PA, ESW-XHE-FO-EHS,
g- INJ-FAILS, LOSPNR13HR

403 98.3 .0 2.7E-010 ACP-DGN-TE-EDGC, BAT-DEP-9HR, DGMArm9HR,
ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR12HR

404 98.3' .0 2.7E 010 ACP-DGN-TE-EDGB, BAT-DEP-9HR, DGMANR9HR,
ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNR12HR

405 98.4 .0 2.7E-010 BAT-DEP-7HR, ESW-AOV-CC-0241B, ESW-MDP-MA-MDPB,
,

lESW-XHE-FO EHS, LOSPNR9HR
406 98.4 .0 2.7E-010 BAT-DEP-7HR, ESW-AOV-CC-0241C, ESW-MDP-MA-MDPA,

ESW-XHE-FO-EHS, LOSPNR9HR
407 98.4 .0 2.6E-010 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWim9HR,

ESW-AOV-MA-0241B, ESW-XHF-FO-EHS, LOSPNR17HR
408 98.4 .0 2. 6E-010 ACP- 9GN-FR-BDGB, BAT-DEP-9HR, DGHWNR9HR,

ESW-iOV-MA-0241C, ESW-XHE-FO-EHS, LOSPNR17HR
409 98.4 .0 2. 6E- 010 BAT-D it)-7HR, ESW-MDP-FR-MDPB, ESW- m -RE-DGB,

? ESW-XHE-FO-EHa, LOSPNR14HR
E 410 90.4 .0 2.6E-010 BAT-DEP-7HR, ESW-MDP-FR-MDPA, ESW-PTF-RE-DGC,

ESh-XHE-FO-EIdi, LOSPNR14HR
411 98.4 .0 2.6E-010 BAT-DEP-9h2 1HV-SRV-CC-RV3, ESW-CKV-CB-CSISB,

LOSPNR12HR
412 98.5 .0 2.6E-010 BAT-DEP-9HR, '3W-AOV-CC-0241B, ESW- AOV-CC- 024 :.C, 4

ESW-XHE-FO-EHf LOSPNR12HR .

413 '98.5 .0 2.6E-010 BAT-DEP-9HR, EHV-SRV-CC-RV2, ESw-CKV-CB-C515A,
'

LOSPNR12HR
414 98.5 .0 2.6E-010 ACP-DGN-TE-EDGB, BAT-CEP-3HR, DGMANR3HR,

ESW-MDP-FR-MDPB, ESU-XHE-FO-EHS, LOSPNk9HR
415 96.5 .0 2.6E-010 ACP-DGN-TE-EDGC, BAT-DEP-3HR, DGMANR3HR,

ESW-MDP-FR-MDPA, ESW-XHS-FO-EHS, LOSPIE9HR
416 98.5 .0 2.6E-010 ACP-DGN-TE-EDGC, BAT-DEP-5HR, DGMA?R5HR,

ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR7HR
417 .98.5 .'O ?. 6E-010 ACP-DGN-TE-EDGB, BAT-DEP45HR, DGMANRSHR,

ESW-AOV-CC-0241C,'ESW-XHE-FO-EHS, LOSTNR7HR
418 98.5 .0 2.5E-010 ACP-DGN-MA-EDGC, BAT-DEP-7HR, DGMANR7HR,

ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, LOSPNR14HR
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419 98.6 .0 2.55-010 BAT-DEP-3HR, EHV-SRV-CC-RV2, ESM-MDP-FS-MDPB,
ESW-XHE-FO-EHS, LOSPNRSHR

420 98.6 .0 2.58-010 BAT-DEP-3HR, BHV-SRV-CC-RV3, ESW-MDP-FS-MDPA,
ESW-XHE-FO-EHS, LOSPNR5HR

421 98.6' .0 2.5E-010 BAT-DEP-7HR, ESW-MDP-FR-MDFB, ESW-MDP-FS-MDPA,
ESW-hHE-FO-EHS, LOSPNR14HR

422 98.6 .0 2.5E-010 ACP-DGN-MA-EDGB, BAT-DEP-7HR, DGMAFR7HR,
ESW-MDP-FR-MDPD, ESU-XHE-FO-EHC, LOSPNR14HR

423 98.6 .0 2.5E-010 BAT-DEP-7HR, ESW-MDP-FR-MDPA, ESW-MDP-FS-MDPE,
ESW-XHE-FO-EHS, LOSPNR14HR

f
424 98.6 .0 2.4E-010 ACP-DGN-FR-EDGB, ACF T GN- FR-EDGD, ACP-DGN-MA-EDGC,

DGHWNR12HR, INJ- FAILS , LOSPNR18HR

425 98.6 .0 2.4E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGD,
DGHWNR12HR, INJ-FAILS, LOSPNR18HR

426 98.7 .0 2.4E-010 ACP-DGN-FR-EDGC, Ar"-LGN-FR-EDF,D, ACP-DGN-MA-EDGB,
DGHWNR12HR, INJ-FA' J, LOSPNR18HR

427 98.7 .0 2.4E-010 BAT-DEP-9HR, EHV-SRV-CC-RV2, ESW-MDP-PS-MDPB,
E5H-XHE-FO-EHS, LOSPNR12HR

428 98.7. .0 2.4E-010 BAT-DEP-9HR, EHV-SAV-CC-RV3, ESW-MDP-FS-MDPA,
*P

ESW-XHE-FO-EHS, LOSPFR'.2HR

$ 429 98.7 .0 2.3E-010 BAT-DEP-5HR, ESW-MDP- FR-MDPB, ESW-PTF-RE-MDPA.
ESW-XHB-FO-EHS, LOSPIM12HR

430 98.7 .0 2.3E-010 BAT-DEP-5HR, ESE-MDP-F2-MDPA, ESW-PTF-RE-MDPB,
ESH-XHE-FO-EHS, LOSPNR12HR

431 98.7 .0 2.2B-010 ACP-DGN-FR-PDGB, DGHWNR12HR, ESW-CKV-HW-C515B,
ESW-XHE-FO-ERS, INJ-FAILS, LOSPNR10HR-

432 98.7 .0 2.2E-010 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-CKV-HW-C515A,
ESW-XHE-FG-EHS, INJ-PAILS, LOSPNR1EHR

433 98.7 .0 2.1E-010 ACP-DGN-MA-EDGB, BAT-DEF'-9HR, CGMANR9HR,
EhV-SRV-CC-RV3, ESW-XHE-FO CHS, LOSPNR12K2

434 98.8 .0 2.1E-010 ACP-DGN-MA-EDGC, BAT-DEP-9HR, DGMANR9HR,
EHV-S~1V-CC-RVE,'ESW-XHE-FO-EHS, LO$PNR12HR

435 98.8 .0 2.1E-010 BAT-DEP-5HR, EEN-MDP-FR-MDPB, ESW-MDP-MA-MDPA, 4

|ESW-XHE-FO-EHS, LOSPNR12HR

$ 436 98 8- .0 2.1E-010 BAT-DEP-GHR, REW-MDP FR-MDPA, ES2f-MDP-MA-MDPB , i

EW-XHE- FO- EHS , LOSPNR12HR >

$ 437 98.8 .0 2.1E-010 ACP-DGN-LP-EDGD BAT-DEP-7H1, BETA-2SWPS, y:o

DGEWNR7HR, ESW-MDP-Fa-CCF, LOSPNR9HR _g
g a-
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$ 438 98.8 .0 2.0E-010 BAT-DEP-9HR, RSW-MDP- FR-MDPA, ESW-MDP-FR-MDPB, 3
o ESW-XHE-FO-EHL, LOSPNR171r> E :

3 439 98.8 .0 2.0E-010 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR, y
:c FHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNR14HR y
g 440 98.8 .0 2.0E-010 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGm;NR7HR,

,

g EHV-SRV-CC-RV2, ESW-XHE-FO-PHS, LOSPNR14HR
441 98 8 .0 2.0E-010 ACD-DGN-MA-EDGC, BAT-DEP-SHR, DGMANR5HR,

EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, LOSPNR7HR
442 98.9 .0 2.0E-010 ACP-DGN-MA-EDGB, BAT-DEP-5HR, DGMA14R5HR,

_ t
'

EHV-SRV-CC-RV3, BSW-XHB-FO-EHS, LOSFNR7HR
443 98.9 .0 1.9E-010 ACD-DGN-FR-EDGC, BAT-DEP-53R, DGHWNR5HR,

ESW-AOV-MA-0241B, ESW-XHE-FO-CHS, LOSPNk12HR
444 98.9 .0 1.9E-010 ACP-DGN-FR-EDGB, BAT-DEP-SHR, DGHWhRSER,

ESW-AOV-MA-0241C, ESW-XHE-FO-EHS, LOSPNR12HR
445 98.9 .0 1.9E-010 ACP-DGN-FR-EDGD, BETA-2SWPS, DGHWNR12HR,

ESW-MDP-PS-CCF, INJ-FAILS, LOSPNR18HR ;

446 98.9 .0 1 'E-010 BAT-DEP-3HR, ESW-MDP-FR-MDPA, ESW-MDP-FR-MDPB, '

ESW-XHE-FO-EHS, LOSPNR9HR
447- 98.9 .0 1 ^E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN- FR- EIX;D,

7 BAT-DEP-7HR, DGHWNR7HR, LCSPNR14HR
M 448 98.9 .0 1.9E-0~a BAT-DEP-SHR, ESW-AOV-CC-0241B, ESW-AOV-CC-02410, ,

ESW-XHE - FO- EHS , LOSPNR7HR
449 98.9 .0 1.9E-010 BAT-DEP-5HR, EHV-SRV-CC-RY3, ESh CKV-CB-C515B,

LOSPNR7HR
450 98.9 .0 1.9E-010 BAT-DFP-5HR, EHV-SRV-CC-RV2, ESW-CKV-CB-C515A, a

LOSPNRJHR
451 98.9 .0 1.9E-010 BAT-DEP-3HR, ESW- A W -MA- 0241C, ESW-CKV-CB-C515B,

LOSPNR5HR <

452 99.0 .0 1.9E-010 BAT-DEP-3HR, ESW-AOV-MA-0241B, ESW-CKV-CB-C515A,
LOSPNRSHR '

...453 99.0 .0 1.8E-010 BAT-D3P 'HR, ESW-MDP-FR-MDPA, ESW-PTF-RE-MDPB,
ESW-XHE-FO-EHS, LOSPNR14HR

454 99.0 .0 1.8E-010 BAT-DEP-7HR, ESW-MDP-FR-MDPB, ESW-PTF-RE-MDPA,
ESH-XHE-FO-EHS, LOSPNR14HR

455 99.0 .0 1.8E-010.ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, ACP-DGN-MA-EDGB,
BAT-DEP-3HR, DGHWNR3HL, LOSPNR9HR

.

456 99.9 .0 1.8E-010 AC9-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGD,
BAT-DEP-3HR, DGHWNR3HR, LOSPNR9HR

!
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457 99.0 .0 1.8E-010 ACP-DGN-FF-EDGB, ACP-DGN-FR-EDGD, ACP 'X3N-MA-EDGC,
BAT-DEP-3HR, DGHWNR3HR, LOSPNR9HR

458 99.0 .0 1.8E-010 ACP-DGN-RE-EDGB, BAT-DEP-7HR, DGMANR7HR,
ESW-CKV-CB-C515A, LOSPIm9HR

459 99.0 .0 1.8E-010 ACP-DGN-RE-EDGC, BAT-DEP-7HR, DGMANR7HR,
ESW-CKV-CD-C515B, LOSPIR9HR

460' 99.0 .0 1.7E-010 ACP-DGN 'IE-EDGC, BAT-DEP-9HR, N 9HR,
ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, LOSPNR17HR

461 99.0 .0 1.7E-010 ACP-DGN-TE-EDGB, BAT-DEP-9HR, DGMAIIR9HR,
ESW-MDP-FR-MDPB, ESW-XHB-FO-EHS, LOSPNR17HR

462 99.1 .0 1.7E-010 BAT-DEP-9HR, ESW-AOV-MA-0241B, ESW-CKV-CB-C515A,
LOSPNR12HR

463 99.1 .0 1.7E-010' BAT-DEP-9HR, ESW-AOV-MA-0241C, ESW-CKV-CB-C515B,
LOSPNR12HR

464 99.1 .0 1.7E-010 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,
ESW-CKV-HW-C515B, ESW-XHE-FO-EHS, LOSPNR9HR

465 99.1 .0 1.7E-010 ACP-DGN-FR-EDGC, BAT-DEP-3RR, DGHWNR3HR,
ESW-CKV-HW-C515A, ESW-XHE-FO-EHS, LOSPNR9HR

466 99.1 .0 1.7E-010 BAT-DEP-9HR, ESW-AOV-CC-0241B, ESW-MDP-FR-MDPB,
7 ESW-XHR-FO-EHS, LOSPliR17HR

E 467 99.1 .0 1.7E-010 BAT-DEP-9HR, ESW-AOV-CC-0241C, ESW-MDP-FR-MDPA,
ESW-XHE-FO-EHS, LOSPNR17HR

468 99.1 .0 1.7E-010 BAT-DEP-7HR, ESW-MDP-FR-MDPA, ESW-MDP-MA-MDPB,
ESW-XHE-FO-EHS, LOSPNR14HR

469 99.1 .O 1.7E-010 BAT-DEP-3FR, EHV-SRV-CC-RV3, ESW-MDP-MA-MDPA,
ESW-XHE-FO-EHS, LOSPNRSHR

470 99.1 .0 1.7E-010 BAT-DEP-5HR, EHV-SRV-CC-RV2, ESW-MDP-FS-MDPB,
ESW-XHE-FO-EHS, LOSPNR7HR

471 99.1 .0 1.7E-010 BAT-DEP-5HR, EHV-SRV-CC-RV3, ESW-MDP-FS-MDPA,
ESW-XHE-FO-EHS, LOSPNR7HR

472 99.1 .0 1.7E-010 BAT-DEP-3HR, EHV-SRV-CC-RV2, ESW-MDP-MA-MDPB,
ESW-XHE-FO-EES, LOSPNRSHR

473 99.2 .0 1.7E-010 BAT-DEP-7HR, BSW-MDP-FR-MDPB, ESW-MDP-MA-MDPA,
ESW-XHE-FO-EHE. LOSPNR14HR2:

j 474 99.2 0 1.6E-010 BAT-DEP-3HR, EbW-AOV-CC-0241C, ESW-MDP-FR-MDPA,
ESW-XHE-FO-3HS, LOSPNR9HR

S 475 99.2 .0 1.6E-010 BAT-DEP-3HR, ESW-AOV-CC-0241B, ESW-MDP-FR-MDPB, dm
5

ESW-XHE-FO-EHS, LOSPNR9HR $o
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E3 476' 99.2. 0 1.6E-030 BAT-DEP-9HR,'EHV-SRV-CC-RV2, ESW-MDP-MA-MDPB, 3 !.

o 477 99.2 0
.

~ 5,
'

$ . .

1.6E-010 BAT-DEP-9HR, EHV-SRV-CC-RV3, ESW-MDP-MA-MDPA, E i

ESW-XHE-FO-EHS, LOSPNR12HR
.

?- ESW-XHE-FO-EHS, LOSPNR12Hk y
$_ 478 99.2 0 1.SE-010 ACT-DGN-TE-EDGC, BAT-DEP-7HR,.DGMANR7HR, ;.

5 ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNPSHR :

479 99.2 0 1.5E-010 ACPLDGN-TE-EDGB, BAT-DEP-7HR, DGMANR7HR, |.

ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNR9HR ~

r

480 '99.2 0 1.5F-010"ACP-DGN-FR-EDGD, BAT-DEP - 3 HR, BETA-2SWPS,.

. .

DGHWNR3HR, ESW-MDP-FS-CCF, LOSPNR9HR
481 99.2 0 . 3.4E-010 ACP-DGN-TE-EDGB, BAT-DEP-5HR, DGMANRSHR, *

.

ESW-MDP-FR-MDPB,'ESN-XHE-FO-EHS, LOSPNR12HR |

48? 99.2 0 1.4E-010 ACP-DGN-TE-EDGC, BAT-DEP-5HR, DGMANR5HR, ;.

BSiT-MDP- FR-MDPA, ESW-XRE-FO-EHS, LOSPNR12HR '

483- 99.2 0 1.4E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, ACP-DGN-MA-EDGC, .j.
,

BAT-DEP-9HR,-DGHWNR9HR, LOSPNR17HR $

'484 .99.3 .. 0 1.4E-010 ACP-DGIJ-FR-ED'.JC, ACP-DGN-FR-EDGD, ACP-DGN-MA-EDGB, _;
. BAT-DEP-9HR, DGHWNR9HR, LOSPNR17H'O ;

. 485 -99.3 0 1.4E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC,.ACP-DGN-MA-EDGD, '[. -

7~ BAT-DEP-9HR, DGHWNR9HR, LOSPNR17HR
|| 486 ~ 99.3 ' 0' 1.3E-010'ACP-DGN-TE-EDGC, BAT-DEP-3HR, DGMANR3HR,

'

.

EHV-SRV-CC-RV2, ESW-XHE-FO-EHS,'LOSPNRSHR
,

487 99.3 0 1.3E-010 ACP-DGN-TE-EDGB, BAT-DEP-3HR, DGMANR3HR,.

.

EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNR5HR
i 488 99.3' 0.-1.3E-010 ACP-DGN-FR-EDGC,~ BAT-DEP-7HR, DGHWNR7HR,.

. .
ESW-AOV-MA-0241B. ESW-XHE-FO-EHS, LOSPNR14HR-

;

489 99.3 0 1.3E-010'ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR, !.."
'ESM-AOV-MA-0241C,.ESW-XHE-FO-EHS,'LOSPNR14HR

; 490 9 9 .' 3 ' . 0 1.3E-010 BAT-DEP-/HR,.ESW'AOV-CC-0241B, ESW-AOV-CC-0241C, |.

.

ESW-XHE-FO-EHS, LOSI-NR9HR -
,

491 9 9 .' $ - . 1.3E-010' BAT-DEP-7HR, EHV-SRV-CC-RV3, MSW-CKV-CB-CSISB, .|0 -

'LOSPNR9HR '

492- 99.3. ) 1.3E-010 BAT-DEP-7HR, EHV-SRV-CC-RV2, ESW- CK' r il. - C515A, 'f
~

e .LOSPNR9HR-,

'49.3 99.3 0 1.3E-010 ACP-DGN-FR-EDGC,~DGACTB,- DGACTNR12HR, !.

ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR- ';
| 494-.99.3 0 1.'3E-010 ACP-DGN-FR-EDGB, DGACTC,'DGACTNR12HR, i.

ESW-XHE-FO-EHS9 'INJ-FAILS,.LOSPNR18HR
i

_.
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1.3E-010 ACP-DGN-FR-EDGC,' BAT-DEP-9HR, DGHWNR9HR,495 99.3 .0 ESW-CKV-HW-C515A, ESW-XHE-FO-EHS, LOSPNR17HR

496 99.3 .0 1.3E-010 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,
ESW-CKV-HW-C515B, ESW-XHE-FO-EHS, LOSPNr17HR

497 99.3 .0 1.2E-01.0 BAT-DEP-5HR, ESW-MDP-FR-MDPA, ESW-MDP-FR-MDPB,
ESW-XHB-FO-EHS, LOSPNR12HR-

498 .99.4' .0 1.28-010 ACP-DGN-TE-EDGB, DGMANR12HR, EHV-SRV-CC-RV3,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR13HR

1.2E-010 ACP-DGN-TE-EDGC, DGMANR12HR, EHV-SRV-CC-RV2,493 99.4 .0 ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR13HR

500 99.4 .0 1.2E-010 BAT-DEP-5HR, ESW-AOV-MA-0241B, ESW-CKV-CB-C515A,
LOSPNR7HR

501 99.4 .0 1.2E-010 BAT-DEP-5HR, BSW-AOV-MA-0241C, ESW-CKV-CB-C515B,
LOSPNR7HR

1.2E-010 ACP-DGN-MA-EDGB,. BAT-DEP-7HR, DGMANR7HR,502 99.4 .0 EHV-SRV-CC-RV3, ESW-XHB-FO-EHS, LOSPNR9HR

503 99.4 .0 1.2E-010 BAT-DEP-7HR, EHV-SRV-CC-RV2, ESW-W P-FS-MDPB,
ESW-XHE-FO-EHS, LOSPNR9HR

1.2E-010 ACP-DGN-MA-EDGC, BAT-DEP-7HR, DGMANR7HR,504 99.4 .0 EHV-SRV-CC-RV2,-ESW-XHE-FO-EHS, LOSPNR9HR

=$ 505 99.4 .0 1.2E-010 BAT-DEP-7HR, EHV-SRV-CC-RV3,.ESW-MDP-FS-MDPA,7
ESW-XHE-FO-EHS, LOSPNR9HR DGHWNR12HR,1.2E-010 ACP-DGN-FR-EDGB, ACP-DGK-FR-EDGD,506 99.4 .0 ESW-MDP-FS-MDPB, INJ-FAILS, LOSPNR18HR

DGHWNR12HR,
1.2E-010 ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD,507 99.4 .0 ESW-MDP-FS-MDPA,.INJ-FAILS, LOSPNR18HR

508 D.4 .0 1.2E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, DGHWNR12HR,
ESW-MOV-CC-M0841, INJ-FAILS,-LOSPNR18HR

1.2B-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, DGHWNR12HR,
509 99.4 .0 ESW-MDP-FS-ECW, INJ-FAILS,.LOSPNR13HR

510' 99.4 .0 1.2E-010 BETA-2SWPS, ESW-CKV-CB-C515A, ESW-MDP-FS-CCF,
INJ-FAILS, LOSPNR13HR- ESW-MDP-FS-CCF,.1.2E-010 BETA-2SWPS, ESW-CKV-CB-C!,15B,

.511 99.4 .' O INJ-FAILS,.LOSPNR13HR

f @ 512 99.4 .0 '1.2E-010 BETA-2SWPS, ESW-MDP-PS-CCF, 3SW-MOV-CC-M0841,|. 2:
vINJ-FAILS, LOSPNR13HR

S .513 99.5 .0 1.2E-010 BETA-2SWPS, ESW-MDP-PS-CCF, ESW-MDP-FS-ECW, ]to c
INJ-FAILS, LOSPNR13HR &

O *
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$ 514 99.5 .0 1.1E-010 ACP-DGN-MA-EDGC, BAT-DEP-3HR, DGMANR3HR,

ESW-CKV-HW-C515A, ESW-XHE-FO-EMS. LOSPNR5HR $, 3

o 515 99.5 .0 1.1E-010 ACP-DGN-MA-EDGB, BAT-DEP-3HR, DGMANR3HR, EO

ESW-CKV-HW-CSISB, ESW-XHE-FO-3HS, LOSPNR5HR .n

]
g 516 99.5 .0 1.1E-010 ACP-DCN-FR-EDGD, BAT +DEP-9HR, BETA-2SWPS,

DGHWNR9HR, ESW-MDP-FS-CCF, LOSPNR17HR

517 99.5 .0 1.1E-010 BAT-DEP-SHR, EHV-SRV CC-RV3, ESW-MDP-MA-MDPA,g
ESW-XHE-FO-EHS, LOSPNR7HR

518 99.5 .0 1.1E-010 BAT-DEP-SHR, EHV-SRV-CC-RV2, ESW-MDP-MA-MDPB,
ESW-XHE-FO-EHS, LOSPNR7HR

519 99.5 .0 1.1E-010 ACP-DGN-MA-EDGB, DGMANR12HR, ESW-CKV-HW-C515B,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR13HR

520 99.5 .0 1.1E-010 ACP-DGN-MA-EDGC, DGMANR12HR, ESW-01n/-HW-C515A,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR13HR

521 99.5 .0 1.0E-010 BAT-DEP-5HR, ESW-AOV-CC-0241C, ESW-MDP-FR-MDPA,
'

ESW-XHE-FO-EHS, LOSPNR12HR

522 "99.5 .0 1.0E-010 BAT-DEP-5HR, ESW-AOV-CC-0241B, ESW-MDP-FR-NDPB,
ESW-XHE-FO-EHS, LOSPNR12HR

523 99.5 .0 1.0E-010 ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, ACP-DGN-MA-EDGB,

7 BAT-DEP-5HR, DGHWNR5HR, LOSPNR12HR

U 524 99.5 .0 1.0E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGD,
BAT-DEP-5HR, DGHWNRSHR, LOSPNR12HR

525 99.5 .0 1.0E-010 ACP-DGN-FR-EDGB, ACP-DCN-FR-EDGD, ACP-DGN-MA-EDGC,
BAT-DEP-5HR, DGHWNR5HR, LOSPNR12HR

526 99.5 .0 1.0E-010 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGACTB, DGACTNR3HR,
ESW-XHE-FO-EHS, LOSPNR9HR

527 99.5 .0 1.UE-010 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGACTC, DGACTNR2HR,
ESW-XHE-FO-EHS, LOSPNR9HR

528 99.5 .0 1.0E-010 ACP-DGN-MA-EDGD, BAT-DEP-3HR, BETA-2SWPS,
DGMANR3HR, ESW-MDP-FS-CCF, LOSPNR5HR

529 99.6 .0 1.0E-010 BAT-DEP-7HR, ESW-MDP-FR-MDPA, ESW-MDP-FR-MDPB,
ESW-XHE-FO-EHS, LOSPND_14HR

530 99.6 .0 9.9E-011 ACP-DGN-FR-EDGB, BAT-DEP-SHR, DGHWNR5HR,
ESW-CKV-HW-C515B, ESW-XHE-FO-EHS, LOSPNR12HR

531 99.6 .C 9.9E-011 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNRSHR,
ESW-CKV-HW-C515A, ESW-XHE-FO-EHS, LOSPNR12HR

532 99.6 .0 9.8E-011 ACP-DGN-TE-EDGC, BAT-DEP-7HR, DGMArE7HR,
ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, LOSPNR14HR

-

- =



~
.

533 99.6 .0 9.8E-011 ACP-DGN-TE-EDGB, BAT-DEP-7HR, DGMFMR7HR,
ESW-MDP-FR-MDPB, ESW-XHH-FO-EHS, LOSPNR14HR

534 99.6 .0 9.6E-011 ACP-DGN-MA-EDGD, BETA-2SWPS, DGMANR12HR,
ESW-MDP-FS-CCF, INJ-FAILE LOSPNR13HR

535 99.6 .0 9.3E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, BAT-DEP-3HR,
DGHWNR3HR, ESW-MDP-FS-MDPB, LOSPNR9HR

536 99,6 .0 9.3E-011 ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD,. BAT-DEP-3HR,
DGHWNR3HR, ESW-MDP-FS-MDPA, LOSPNR9HR

537 99.6 .0 9.3E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT DEP-3HR,
DGHWNR3HR, ESW-M0V-CC-M0841, LOSPNR9HR

538 99.6 .0 9.3B-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-3HR,
DGHWNR3HR, ESW-MDP-FS-ECW, LOSPNR9HR

539 99.6 .0 9.1E-011 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-XHE-FO-EHS,
ESW-XVM-PG-D505C, INJ-FAILS, LOSPNR18HR

540 S9.6 .0 9.1E-011 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-XHE-FO-EHS,
ESW-XVM-PG-D505B, INJ-FAILS, LOSPNR18HR

541' 99.6 .0 9.1E-011 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-XHE-FO-EHS,
ESW-XVM-PG-XV510, INJ-FAILS, LOSPNR18HR

542 99.6 .0 9.1B-011 ACP-DGN-FR-EDGB, ~ HWNR12HR, ESW-XHE-FO-EHS,
y ESW-XVM-PG-XV509, INJ-FAILS, LOSPNR18HR
d,
'' 543 99.6 .0 9.1E-011 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-XHE-FO-EHS,

ESW-XVM-PG-X507B, INJ-FAILS, LOSPNR18HR
544 99.6 .0 9.1E-011.ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-XHE-FO-EHS,

ESW-XVM-PG-X507A, INJ-FAILS, LOSPNd18HR
545 99.6 .0 9.0E-011 BAT-DSP-7HR, ESW-AOV-MA-0241C, ESW-CKV-CB-C515B,

LOSPNR9HR

546 _99.6 .0 9.0E-011 BAT-DEP-7HR, ESW-AOV-MA-0241B, ESW-CKV-CB-C515A,
LOSPNR9HR

547 99.6 .0 8.9E-011 ACP-DGN-FR-EDGB, DCHWNR18HR, DCP+ BAT-LP-C3,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

548 99.6 .0 8.6E-011 ACP-DGN-FR-EDGD, BAT-DEP-5HR, BETA-2SWPS,
DGHWNRSHR, ESW-MDP-FS-CCF, LOSPNR12HR

549 99.7 .0 8.5E-011 BAT-DEP-7HR, ESW-AOV-CC-0241C, ESW-MDP-FR-MDPA,
ESW-XHB-FO-EHS, LOSPNR14HR

2:

@ 550 99.7 .0 8.5E-011 BAT-DEP-7HR, ESW-AOV-CC-0241B, ESW-MDP-FR-MDPB,
ESW-XHE-FO-EHS, LOSPNR143R dto

S 551 99.7 .0 8.2E-011'ACP-DGN-TB-EDGC, BAT-DEP-9HR, DGMANR9HR,
EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, LOSPNR12HR *@
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$ 552 99.7 .0 8.2E-011 ACP-DGN-TE-EDGB, BAT-DEP-9HR, DGMAhR9HR, 3
O EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNR12HR 5o 553 99.7 .0 8.1E-011 BAT-DEP-7HR, EHV-SRV-CC-RV3, ESW-MDP-MA-MDPA, E
7 ESW-XHE-FO-EHS, LOSPNR9HR mg 554 99.7 .0 8.1E-011' BAT-DEP-7HR, EHV-SRV-CC-RV2, ESW-MDP-MA-MDPB,
g ESW-XHE-FO-EHS, LOSPNR9HR

555 99.7 .0 8.1E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, DGHWNR12HR,
ESW-MDP-MA-ECW, INJ-FAILS, LOSPNR18HR

556 99.7 .0 8.1E-011 ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, DGHWNR12HR,
ESW-MDP-MA-MDPA, INJ-FAILS, LOSPNR18HR

557 99.7 .0 8.1B-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, DGHWNR12HR,
ESW-MDP-MA-MDPB, INJ-FAILS, LOSPNR18HR

558 99.7 .0 7.8E-011 ACP-DGN-TE-EDGC, BAT-DEP-SHR, DGMANR5HR,
EHV-SRV-CC-RV2, ESM-XHE-FO EHS, LOSPNR7HR

559 99.7 .0 7.8E-011 ACP-DGN-TE-EDGB, BAT-DEP-5HR, DGMANRSHR,
EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNR7HR

560 99.7 .0 7.4E-011 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGACTB, DGACTNR9HR,
ESW-XHE-FO-EHS, LOSPNR17HR

561 99.7 .0 7.4E-011 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGACTC, DGACTNR9HR,
'T ESW-XHE-FO-EHS, LOSPNR17HR
% 562 99.7 .0 7.3E-011 BAT-DEP-3HR, BETA-2SWPS, ESW-CKV-CB-C515A,

ESW-MDP-FS-CCF, LOSPNRSHR
563 99.7 .0 7.3E-011 BAT-DEP-3HR, BETA-2SWPS, ESW-MDP-FS-CCF,

ESW-MOV-CC-M0841, LOSPNRSHR
564 99.7 .0 7.3E-011 BAT-DEP-3HR, BETA-2SWPS, ESW-MDP-FS-CCF,

ESW-MDP-PS-ECW, LOSPNRSHR
565 99.7 .0 7.3F-011 BAT-DEP-3HR, BETA-2SWPS, ESW-CKV-CB-C515B,

ESW-MDP-FS-CCF, LOSPNRSHR
566 99.7 .0 7.2E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, ACP-DGN-MA-EDGC,

BAT-DEP-7HR, DGHWNR7HR, LOSPNR14HR
567 99.7 .0 7.2E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGD,

BAT-DEP-7HR, DGHWNR7HR, LOSPNR14HR
568 99.7 .0 7.2E-011 ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, ACP-DGN-MA-EDGB,

BAT-DEP-7HR, DGHWNR7HR, LOSPNR14HR
569 99.7 .0 7.2E-011 ACP-DGN-MA-EDGC, BAT-DEP-9HR, DGMANR9HR,

ESW-CKV-HW-C515A, ESW-XHB-FO-EHS, LOSPNR12HR
570- 99.7 .0 7.2E-011 ACP-DGN-MA-EDGB, BAT-DEP-9HR, DGMANR9HR,

ESW-CKV-HW-C515B, ESW-XHE-FO-EHS, LOSPNR12HR
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571 99.7 .0 7.1E-011 ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, BAT-DEP-9HR,
DGHWNR9HR, ESW-MDP-FS-MDPA, LOSPNR17HR

572 99.7 .0 7.1E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP 9HR,
DGHWNR9HR, ESW-MOV-CC-M0841, LOSPNR17HR

5 ~' 3 99.8 .0 7.1E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-9HR,i

DGHWNR9HR, ESW-MDP-FS-ECW, LOSPNR17HR
5,: 39.8 .0 7.1E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-ZDGD, BAT-DEP-9HR,

DGHWNR9HR, ESW-MDP-FS-MDPB, LOSPNR17FR

575 99.8 .0 7.0E-011 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DCHWNR9HR,
DCP-BAT-LP-C3, ESW XHE-FO-EHS, LOSPNRoHR

576 99.8 .0 6.9E-011 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,
ESW-XHE-FO-EHS, ESW-XVM-PG-D505C, LOSPNR9HR

577 99.8 .0 6.9E-011 ACP-DGN-FR-EDGC, BAT DEP-3HR, Dc'4WNR3 HR,
ESW-XHE-FO-EHS, ESW-XVM-PG-X507A, LOSPNR9HR

578 99.8 .0 6.9E-011 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNP3HR,
ESW-XHE-FO-EHS, ESW-XVM-PG-XV509, LOSPNR9HR

579 99.8 .0 6.9E-011 ACP-DGN-FR-EDGC, BAT-DEP-3HR, D W/NR3HR,
ESW-XHE-T0-EHS, ESW-XVM-PG-XV510, LOSPNR9HR

580 99.8 .0 6.9E-011 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,
ESW-XHE-FO-EHS, ESW-XVM-PG-X507B, LOSPNR9HR

*F
g 581 99.8 .0 6.98-011 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,

ESW-XHE-FO-EHS, ESW '*NM-PG-D505B, LOSPNR9HR

582 99.8 .0 6.9E-011 BAT-E3P-9HR, BETA-2SWPS, ESW-CKV-CB-C515B,
ESW-MDP-FS-CCF, LOSPNR12hR

583 99.8 .0 6.9E-011 BAT-DEP-9HR, BETA-2SWPS, ESW-MDP-FS-CCF,
ESW-MDP-FS-ECW, LOSPNR12HR

Sci 99.8 .0 6.9E-011 BAT-DEP-9HR, BETA-2SWPS, ESW-CKV-CB-C515A,
ESW-MDP-FS-CCF, LOSPNR12HR

585 99.8 .0 6.9E-011 BAT-DEP-9HR, BETA-2SWPS, ESW-MDP-FS-CCF,
ESW-MOV-CC-M0841, LOSPNR12HR

586 99.8 .0 6.8E-011 ACP-DGN-FR-ECGB, BAT-DEP-5HR, DGACTC, DGACTNR5HR,
ESW-XHE-FO-EHS, LOSPNR12HR

587 99.8 .0 6.8E-011 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGACTB, DGACTNRSHR,
ESW -XHE - FO- EHS , LOSPNR'.2HR

C 588 99.8 .0 6.8E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,z
ESW-CKV-HW-C515A, ESW-XHE-FO-EHS, LOSPNR14HR

@
o 589 99.8 .0 6.8E-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR, p

ESW-CKV-HW-C515B, ESW-XHE-FO-EHS, LOSPNR14HR g
3 &
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N
$ 590 99.8 .0 6.8E-011 ACP-DGN-MA-EDGB, BAT-DEP-SHR, DGMANR5HR, g

@ ESW-CKV-HW-C515B, ESW-XHE-FO-EHS, LOSPNR7HR g.

o 591 99.8 .0 6.8E-011 ACP-DGN-MA-EDGC, BAT-DEP-5HR, DGMANRSFR, X

7 ESW-CKV-HW-C515A, ESW-XHE-FO-EHS, LOSPNR7HR m

$ 592 99.8 .0 6.2E-011 ACP-DGN-MA-EDGD, BAT-DEP-9HR, BETA-2SWPS,
E; DGMANR9HR, ESW-MDP-FS-CCF, LOSPNR12HR

593 99.8 .0 6.2E-011 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DCHWNR17HR,
DCP-BAT-LP-C3, ESW-XHE-FO-EHS, LOSPNR17HR

594 99.8 .0 6.2E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, BAT-DEP-3HR,
DGHWNR3HR, ESW-MDP-MA-MDPB, LOSPNR9HR

!

| 595 99.8 .0 6.2E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-3HR,
DGHWNR3P , ESW-MDP-MA-ECW, LOSPNR9HR

596 99.8 .0 6.2E-011 ACP-DGN-Fk-EDGC, ACP-DGN-FR-EDGD, BAT-DEP-3HR,
DGHWNR3HR, ESW-MDP-MA-MDPA, LOSPNR9HR

597 99.8 .0 5.9E-011 ACP-DGN-MA-EDGD, BAT-DEP-5HR, BETA-2SWPS,
DGMANRSHR, ESW-MDP-FS-CCF, LOSPNR7HR

| 598 99.8 .0 5.9E-011 ACP-DGN-FR-EDGD, BAT-DEP-7HR, BETA-2SWPS,
DGHWNR7HR, ESW-MDP-FS-CCF, LOSPNR14HR

599 99.8 .0 5.4E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGACTB, DGACTNR7HR,
7 ESW-XHE-FO-EHS, LOSPNR14HR
5 600 99.9 .0 5.4E-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGACTC, DGACTIR7HR,

ESW-XHE-FO-EHS, LOSPNR14HR
601 99.9 .0 5.3E-011 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWIR9HR,

ESW-XHE-FO-EHS, ESW- XVM-PG-X507B, LOSPNR17HR
602 99.9 .0 5.3E-011 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,

ESW-XHE-FO-EHS, ESW-XVM-PG-XV510, LOSPNR17HR
603 99.9 .0 5.3E-011 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,

ESW-XHE-FO-EHS, ESW-XVM-PG-D505C, LOSPNR17HR
604 99.9 .0 5.3E-011 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,

ESW-XHE-FO-EHS, ESW-XVM-PG-D505B, LOSPNR17HR
605 99.9 .0 5.~7-011 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,

ESW-XHE-FO-FHS, ESW-XVM-PG-X507A, LOSPNR17HR
606 99.9 .0 5.3E-011 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,

ESW-XHE-FO-EHS, ESW-XVM-PG-XV509, LOSPNR17HR
607 99.9 .0 5.3E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, BAT-DEP-5HR,

DGHWNR5HR, ESW-MDP-FS-MDPB, LOSPNR12HR
608 99.9 .0 5.3E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-5HR,

DGHWNR5HR, ESW-MOV-CC-MO841, LOSPNR12HR

<
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609 99.9 .0 5.3E-011 ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, BAT-DEP-SHR,
DGHWNR5HR, ESW-MDP-FS-MDPA, LOSPNR12HR

610 99.9 .0 5.3E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-5HR,
DGHWNR5HR, ESW-MDP-FS-ECW, LOSPNR12HR

611 99.9 .0 4.9E-011 BAT-DEP-5HR, BETA-2SWPS, ESW-CKV-CB-C515B,
ESW-MDP-FS-CCF, LOSPNR7HR

612 99.9 .0 4.9E-011 BAT-DEP-5HR, BETA-2SWPS, ESW-MDP-FS-CCF,
ESW-MDP-FS-ECW, LOSPNR7HR

613 99.9 .0 4.9E-011 BAT-DEP-SHR, BETA-2SWPS, ESW-CKV-CB-C515A,
ESW-MDP-PS-CCF, LOSPNR7HR

614- 99.9 .0 4.9E-011 BAT-DEP-SHR, BETA-2SWPS, ESW-MDP-FS-CCF,
ESW-MOV-CC-M0841, LOSPNR7HR-,

615 99.9 .0 4.7E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, BAT-DEP-9HR,
DGHWNR9HR, ESW-MDP-MA-MDPB, LOSPNR17HR

616 99.9 .0 4.7B-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC,. BAT-DEP 9HR,
DGHWNR9HR, ESW-MDP-MA-ECW, LOSPNR17HR

617 99.9 .0 4.7E-011 ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, BAT-DEP-9HR,
DGHWNR9HR, ESW-MDP-MA-MDPA, LOSPNR17HR

618 99.9 .0 4.7E-011 ACP-DGN-TE-EDGC, BAT-DEP-7HR, DGMANR7HR,,y

a EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, LOSPNR9HR
-3 619 99.9 3 4.7E-011 ACP-DGN-TE-EDGB, BAT-DEP-7HR, DGMANR7HR,

EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNR9HR
620 99.9 .0 4.6E-011 ACP-DGN-FR-EDGB. BAT-DEP-SHR, DCHWNR12HR,

DCP-BAT-LP-C3, BSW-XHE-FO-EHS, LOSPNR12HR
621 99.9 .0 4.0E-011 ACP-DGN-MA-EDGB, BAT-DEP-7HR, DGMANR7HR,

'ESW-CKV-HW-C515B, ESW-XHE-FO-EHS, LOSPNR9HR
622 99.9 .0 4.0E-011 ACP-DGN-MA-EDGC, BAT-DEP-7HR, DGMANR7HR,

ESW-CKV-HW-C515A, ESW-XHE-FO-EHS, LOSPNR9HR
623 99.9 .0 3.9B-011 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNR5HR,

ESW-DIE- FO- EHS , ESW-XVM-PG-XV510, LOSPNR12HR
624 99.9 .0 3.9E-011 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNRSHR,

ESW-XHE-FO-EHS, ESW-XVM-PG-X507B, LOSPNR12HR
625 99.9 .0 3.9E-011 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNRSHR,

2: ESW-XHE-FO-EHS, ESW-XVM-PG-D505B, LOSPNR12HR
j 626 99.9 .0 3.9E-011 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNR5HR,
tn ESW-XHB-FO-EHS, ESW-XVM-PG-X507A, LOSPNR12HR
S 627 99.9 .0 3.9E-011 ACP-DGN-FR-EDGB, BAT-DEP-SHR, DGHWNR5HR, g
g ESW-XHE-FO-EHS, ESW-XVM-PG-XV509, LOSPNR12HR y
a E
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h 628 99.9 .0 3.9E-011 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNR5HR, 3
ESW-XHE-FO-EHS, ESW-XVM-PG-D505C, LOSPNR12HR $g

629 99.9 .0 3.6E-011 ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, BAT-DEP-7HR, p
--

Q
DGHWNR7HR, ESW-MDP-FS-MDPA, LOSPNR14HR yi

i 630 99.9 .0 3.6E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-7HR,
E DGHWNR7HR, ESW-MDP-FS-ECW, LOSPNR14HR
5 631 99.9- .0 3.6E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, BAT-DEP-7HR,

DGHWNR7HR, ESW-MDP-FS-MDP3, LOSPNR14HR
~632 99.9 .0 3.6E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-7HR,

DGHWNR7HR, ESW-MOV-CC-M0841, LOSPNR14HR
633 99.9 .0 3.5E-011 ACP-DGN-MA-EDGD, BAT-DEP-7HR, BETA-2SWPS,

DGMANR7HR, ESW-MDP-FS-CCF, LOSPNR9HR
634 99.9 .0 3.5E-011 BAT-DEP-7HR, BETA-2SWPS, ESW-MDP-FS-CCF,

ESW-MOV-CC-MO841, LOSPNR9HR-
|

635 99.9 .0 3.5E-011 BAT-DEP-7HR, BETA-2SWPS, ESW-CKV-CB-C515B,'

ESW-MDP-PS-CCF, LOSPNR9HR
636 99.9 .0 3.5E-011 BAT-DEP-7HR, BETA-2SWPS, ESW-MDU-FS-CCF,

ESW-MDP-FS-ECW, LOSPNR9HR
|

637 99.9 .0 3.5E-011 BAT-DEP-7HR, BETA-2SWPS, ESW-CKV-CB-C515A,
ESW-MDP-FS-CCF, LOSPNR9HR

*p
g 638 99.9 .0 3.5E-011 ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, BAT-DEP-SHR,

-DGHWNRSHR, ESW-MDP-MA-MDPA, LOSPNR12HR
i

639- 99.9 .0 '3.5E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-SHR,'

DGHWNRSHR, ESW-MDP-MA-ECW, LOSPNR12HR
640 99.9 .0 3.5E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGD, BAT-DEP-5HR,|

DGHWNR5HR, ESW-MDP-MA-MDPB, LOSPNR12HR
641 99.9 .0 3.0E-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DCHWNR14HR,~

DCP-BAT-LP-C3, ESW-XHE-FO-EHS, LOSPNR14HR
642 99.9 .0 2.7E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,

ESW-XHE-FO-EHS,.ESW-XVM-PG-X507A, LOSPNR14HR
643 100.0 .0 2.7E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,

ESW-XHB-FO-EHS, ESW-XVM-PG-XV510, LOSPNR14HR
644-100.0 .0 2.73-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,

ESW-XHE-FO-EHS, ESW-XVM-PG-XV509, LOSPNR14HR
645 100.0 .0 2.7E-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,

ESW-XHE-FO-EHS,-ESW-XVM-PG-X597B, LOSPNR14HR
646 100.0 .0 2.7E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,

ESW-XHE-FO-EHS, ESW-XVM-PG-D505B, LOSPNR14HR

I
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647 100.0 .0 2.7E-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-XHE-FO-EHS, ESW-XVM-PG-D505C, LOSPNR14HR

f 648 100.0 .0 2.4E-011 ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD, BAT-DEP-7HR,
DGHWNR7HR, ESW-MDP-MA-MDPA, LOSPNR1;HR

649 100.0 .0 2.48-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-7HR,
DGHWNR7HR,.ESW-MDP-MA-ECW, LOSPNR14HR

650 100.0 .0 2.4E-011 ACP-DGN-FR-EDGBr ACP-DGN-FR-EDGD, BAT-DEP-7HR,
DGHWNR7HR, ESW-MDP-MA-MDPB, LOSPNR143R
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Appendix F

Table F.2

Accident Sequence T1-BU11NU21 Cut Sets
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SEQUENCE CUT SETS (QUANTIFICATION) REPORT
Family: PEACHBOT Event Tree: T1

Sequence: T1-BU11NU21 Init. Event: IE-T1
Mincut Upper Bound 1.365E-007

Accum
Cut % % Cut Prob /

ALTERNATE CUT SETSNo. . Total Set Freq.
.......................................................... .........

1 3.1 3.1 .4.3E-009 ACP-DGN-LP-CCF, BAT-DEP-3HR, BETA-4DGNS,
.... .....

DGCCFNR3HR, HCI-TDP-FR-20S37, LOSPNR5HR

2 6.0 2.9 4.0E-009 ACP-DGN-LP-CCF, BETA-4DGNS, DGCCFNR12HR,
HCI-TDP-FR-20S37, INJ-FAILS, LOSPNR13HR

3 8.6 2.5 3.'4E-009 ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, DGHWNR12HR,
ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, INJ-FAILS,
LOSPNR18HR

4 11.1 2.5 3.4E-009 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB,,DGHWNR12HR,
ESW-XHE-FO-EHS, HCI-TDP-FR-2OS3*;,.INJ-FAILS,
LOSPNR18HR

7 5 13.0 1.9 2.6E-009 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-3HR,
O

DGHWNR3HR, ESW-XHE-FO-EHS, HCI-TDP-FR-2VS37,
LOSPNR9HR

6 14.9 1.9 2.6E-009,ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP-3HR,-
DGHWNR3HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR9HR

7 16.8 1.9 2.6E-009 ACP-DGN-LP-CCF, C -DEP-9BA BETA-4DGNS,

DGCCFNR9HR, HCI W-FR-20S'37,-LOSPNR12HR

8 18.7 1.9 2.5E-009 ACP-DGN-LP-CCF, eM - DEP- 3 H.R, BETA-4DGNS,
DGCCFNR3HR, HCI-TDP-FS-20S37, LOSPNR5HR

9 20.5 1.8 -2.4E-009 ACP-DGN-LP-CCF,LBAT-DEP-5HR, BETA-4DGNS,
DGCCFNRSHR,.HCI-TDP-FR-2OS37, LOSPNR7HR

10 22.3 1.7- 2.4E-009 ACP-DGN-LP-CCF, BETA-4DGNS, DGCCFNR12HR,
HCI-TDP-FS-20S37, INJ-FAILS, LOSPNR13HR

11 23.8 1.5 2.0E-009 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, .DGHWNR12HR,
z ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, INJ-FAILS,
c

LOSPNR18HR[ 2.0E-009 ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC,.DGHWNR12HR,
o

ESW-XHE-FO-EHS,-HCI-TDP-FS-20S37, INJ-FAILS, 3o 12 25.3 1.5

3 {LOSPNR16HRy- sr
1; m
|E;
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tn
O 13 26.7 1.4 2.0E-009 ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP-9HR, $
$ DGHWNR9HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, &

*
7 LOSPNR17HR
g 14 28.2 1.4 2.0E-009 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-9HR, * " '

g DGHWNR9HR, ESW-XHB-FO-EHS, HCI-TDP-F,1-20S37,
LOSPNR17HR

15 29.6 1.3 1.8E-009 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, DGHWNR12HR,
ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, INJ-FAILS,
LOSPNR18HR

16 30.7 1.1 1.5E-009 ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP-3HR,
DGHWNR3HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, ;

LOSPNR9HR
17 31.9 1.1 1.5E-009 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-3HR,

DGHWNR3HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR9HR

18 33.0 1.1 1.5E-009 ACP-DGN-LP-CCF, BAT-DEP-9HR, BETA-4DGNS,
DGCCFNR9HR, HCI-TDP-FS-20S37, LOSPNR12HR

19 34.1 1.0 1.4E-009 ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP-5HR,
DGHWNRSHR, ESW-XHE-FO-EHS,.HCI-TDP-FR 20S37,

? LOSPNR12HR
0 20 35.2 1.0 1.4E-009 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-5HR,

DGHWNR5HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR12HR

21 36.3 1.0 1.4E-009 ACP-DGN-LP-CCF, BAT-DEP-SHR, BETA-4DGNS,
DGCCFNR5'iR, HCI-TDP-FS-20S37,- LOSPNR7HR

22 37.3 1.0 1.4B-009 ACP-DGN-LP-CCF, BAT-DEP-7HR, BETA-4DGNS,
DGCCFNR7HR, HCI-TDP-FR-20S37, LOSPNR9HR

23 38.4 1.0 1.4E-009' BETA-3AOVS, ESW-AOV CC-CCF, HCI-TDP-FR-20S37, '

INJ-FAILS, LOSPNR13HR
24 39.4 1.0 1.3E-009 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-3HR,

,

DGHWNR3HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, *

LOSPNR9HR
25 40.3 .9 1.2E-009 ACP-DGN-LP-EDGC, DGHWNR12HR, ESW-CKV-CB-C5158, !

*

HCI-TDP-FR-20S37, INJ-FAILS, LOSPNR13HR
26 41.3 .9 1.2E-009 ACP-DGN-LP-EDGB, DGHWNR12HR, ESW-CKV-CB-C515A,

HCI-TDP-FR.-20S37, INJ-FAILS, LOSPNR13HR

[

|
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27 42.1 8 1.2E-009 ACP-DGN FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-9HR,.

DGHWNR9Hk, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR17HR

28 43.0 8 1.2E-009 ACP-DGN-FR-h 7B, ACP-DGN-LP-EDGC, BAT-DEP-9HR,.

DGHWNR9HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR17HR

29 43.9 8 1.1E-009 ACP-DGN-LP-EDGC, BAT-DEP-3HR, DGHWNR3HR,.

ESW-CKV-CB-C515B, HCI-TDP-FR-20S37, LOSPNR5HR
30 44.7 . 8 1.1E-009 ACP-DGN-LP-EDGB, BAT-DEP-3HR, DGHWNR3HR,

ESW-CKV-CB-C515A, HCI-TDP-FR-20S37, LOSPNRSHR
31 45.5 8 1.1E-009 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, DGHWNR12HR,.

ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, INJ-FAILS,
LOSPNR18HR

32 46.3 7 1.0E-009 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-9HR,.

DGHWNR9HR, ESW-XHE-FO-EHS, HCI-TLP-FR-20S37,
LOSPNR17HR

33 47.0 7 1.0E-009 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-7HR,.

DGHWNR7HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR14HR

7 34 47.8 7 1.0E-009 ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP-7HR,.

O DGHWNR7HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR14HR

35 48.5 6 9.2E-010 BETA-6AOVS, EHV-AOV-CC-CCF, HCI-TDP-FR-20P37,.

INJ-FAILS, LO3PNR13HR
36 49.1 6 8.9E-010 ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP-5HR,.

DGHWNR5HR,'ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR12HR

37 49.8 6 8.9E-010 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-5dR,.

DGHWNRSHR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR12HR

38 50.4- 6 8.8E-010 ACP-DGN-LP-CCF, BAT-DEP-7HR, BETA-4DGNS,.

DGCCFFR7HR, HCI-TDP-FS-20S37, LOSPNR9HR
39 51.1 6 8.6E-010 BAT-DEP-3HR, BETA-3AOVS, ESW-AOV-CC-CCF,.

HCI-TDP-FR-20S37, LOSPNR5HRz
c 40. 51.7 6 8.6E-010 ACP-DGN-LP-CCF, BAT-DEP-3HR, BETA-4DGNSr.

$ DGCCFNR3HR, HCI-TDP-MA-20S37, LOSPNRSHR g
C 41 52.3 6 8.4E-010 BETA-3AOVS, ESW-AOV-CC-CCF, HCI-TDP-FS-20S37, o.

d INJ-FAILS, LOSPNR13HR @
x - e.
a x

5
*
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y 42 52.9 .6 8.3E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-3HR, 3
o DGHWMR3HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, [

'

3 LOSPNR9HR R
y '43 53.5 .6 8.1E-010 BAT-DEP-9HR, BETA-3AOVS, ESW-AOV-CC-CCF, y.

HCI-TDP-FR-20S37, LOSPNR12HRm
S 44 54.1 .5 8.0E-010 ACP-DGN-LP-CCF, BETA-4DGNS, DGCCFNR12HR,

HCI-TDP-MA-20S37, INJ-FAILS, LOSPNR13HR
45 54.7 .5 '7.9E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-5HR,

DGHWNR5HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR12HR

46 55.2 .5 7.7E-010 ACP-DGN-LP-EDGB, BAT-DEP-9HR, DGHMNR9HR, .

ESW-CKV-CB-C515A, HCI-TDP-FR-20S37, LOSPNR12HR
47 55.8 .5 7.7E-010 ACP-DGN-LP-EDGC, BAT-DEP-9HR, DGHWNR9HR, ;

ESW-CKV-CB-C515B, HCI-TDP-FR-20S37, LOSPNR12HR !

48 56.4 .5 7.6E-010 ACP-DGN-LP-EDGB, tSUWNR12HR, ESW-CKV-CB-C515A,
'

HCI-TDP-FS-20S37, INJ-FAILS, LOSPNR13HR
49 56.9 .5 7.6E-010 ACP-DGN-LP-EDGC, DGHWNR12HR, ESW-CKV-CB-C515B, "

HCI-TDP-FS-20S37, INJ-FAILS, 4^EPNR13HR
50 57.4 .5 ''.8E-010 ACP-DGN-FR-RDGB, ACP-DGN-LP-EDGC, DGHWNR12HR,

? ESW-XHE-FO-hES, HCI-TDP-MA-20S37, 'r_ N J - F A I L S ,

i LOSPNR18HR
51 57.9 .5 6.8E-010 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDCB, DGHWNR12HR,

ESW-XHE-FO-EHS, HCI-TDP-MA-2P337, INJ-FAILS,
LOSPNR18HR

52 58.4 .5 6.8E-010 ACP-DGN-LP-EDGC, BAT-DEP-3HR, DGHWNR3HR, i

ESW-CKV-CB-C515B,~HCI-TDP-FS-20S37, LOSPNRSHR
53 58.9 .5 6.8E-010 ACP-DGN-LP-EDGB,. BAT-DEP 3HR, DGHWNR3HR,

ESW-CKV-CB-C515A, HCI-TDP-FS-20S37, LOSPNR5HR
54 59.4 .4 6.6E-010 ACP-DGN-LP-EDGC, BAT-DEF-5HR, DGHWNRSHR,

ESW-C V-CB-C515B, HCI-TOP-FR-20S37, LOSPNR7HR
55 59.9 .4 6.6E-010 ACP-DGN-LP-EDGB, BAT-DEF-5HR, DGHWNR5HR,

ESW-CKV-CB-C515A, HCI-TD?-FR-20S37,-LOSPNR7HR
56 60.4 .4 6.4E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-9HR,

DGHWNR9HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
-LOSPNR17HR

57 60.8 .4 6.1E-010 ACP-DGN-FR-EDGB, ACP-DGN-LP- EDGC, .. BAT-DEP-7HR,
DGHWNR7iTR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR14HR

._
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58 61.3 .4 6.1E-010-ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-7HR,
DGHWNR7HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,

'LOSPNR14HR
59 61.7 .4 5.7E-010 BAT-DEP-5HR, BETA-3AOVS, ESW-AOV-CC-CCF,

HCI-TDP-FR-20S37, LOSPNR7HR |

60 62.1 .4 5.6E-010 BAT-DEP-3HR, BETA-6AOVS, EHV-AOV-CC-CCF, ;

HCI-TDP-FR-20S37, LOSPNR5HR
61 62.5 .4 5.5E-010' BETA-6AOVS, EHV-AOV-CC-CCF, HCI-TDP-FS-20S37,

INJ-FAILS, LOSPNR13HR
62 62.9 .4 5.4E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-7HR,' ,

DGHWNR7HR, ESW-XHE-FO-EHF, HCI-TDP-FR-20S37,
LOSPNR14HR

63 63.'3 .3 5.3E-010 BAT-DEP-9HR, BETA-6AOVS,.EHV-AOV-CC-CCF, ,

HCI TDP-FR-20S37,-LOSPNR12HR
64 63.7 .3 5.2E-010 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-3HR, ;

DGHWNR3HR, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,
LOSPNR9HR

65 64.1 .3 5.2E-010'ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP-3HR,
'DGHWNR3HR, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37, .

y '''

LOSPNR9HR1
o' 66 64.5 .3 5.2E-010 BAT-DEP-3HR, BETA-3AOVS, ESW-AOV-CC-CCF,

HCI-TDP-FS-20S37, LOSPNR5HR
67 64.8 _.3 5.2E.010 ACP-DGN-LP-CCF,. BAT-DEP-9HR, BETA-4DGNS,

DGCCFNR9HR, HCI-TDP-MA-20S37, LOSPNR12HR
68 65.2 .3 4.9E-010 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, DGMANR12HR,

ESW-XHE-FO-EHS,'HCI-TDP-FR-20S37, INJ-FAILS, j

LOSPNR18HR j

69- ' 6 5 .' 6 .3 4;9E-010 ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, DGMANR12HR, 7

ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, INJ-FAILS, i

LOSPNR18HR .3

!
70' 65.9 .3 4.9E-010.ACP-DGN-LP-CCF, BAT-DEP-5HR, BETA-4DGNS,

DGCCFNRSHR, HCI-TDP-MA- 20S37, LOSPNR7HR ;

71 66.3 .3 4.8E-010 BAT-DEP-9HR,-BETA-3AOVS, ESW-AOV-CC-CCF,. !
'

HCI-TDP-FS-20S37, LOSPNR12HR

2- 72 66.6 .3 4.7E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-5HR, y

$ DGHWNRSHR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, 4
'

E LOSPNR12HR o !
*o 9 i*
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's 73 67.0 .3 4.6E-010 ACP-DGN-LP-EDGC, BAT-DEP-9HR, DGHWNR9HR, 3
'O io

ESW-CKV-CB-CSISB, HCI-TDP-FS-20S37, LOSPNR12HR 5, [3 74 67.3 .3 4.6E-010 ACP-DGN-LP-EDGB, BAT-DEF-9HR, DGHWNR9HR, E7 ESW-CKV-CB-C515A, HCI-TDP-FS-20S37, LOSPNR12HR
'

g 75 67.7 .3 4.5E-010 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP-3HR, m
g

DGMANR3HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, L
'

LOSPNR9HR
76 68.0 .3 4.5E-010 ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-3HR,

"

'

DGMANR3HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
-|LOSPNR9HR

77 68.3- .3 4.1E-010 BAT-DEP-7HR, BETA-3AOVS, ESW-AOV-CC-CCF, !
iHCI-TDP-FR-20S37, LOSPNR9HR

78 68.6' .3 4.0E-010 ACP-DGN-LP-EDGC, BAT-DEP-7HR, DGHWNR7HR,
'ESW-CKV-CB-C515B, HCI-TDP-FR-20S37, LOSPNR9HR ,

79 68.9 .3 4.0E-010 ACP-DGN-LP-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-CKV-CB-C515A, HCI-TDP-FR-20S37, LOSPNR9HR80 69.2 .2 4.0E-010.ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP-9HR,

,

DGHWNR9HR, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37, ;

LOSPNR17HR? 81 69.5 .2
.

($- 4.0E-010 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-9HR,
t,DGHWNR9HR, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,

LOSPNR17HR
82 69.8 .~ 2 3.9B-010 ACP-DGN-LP-EDGC, BAT-DEP-5HR, DGHWNRSHR,

|

,

ESW-CKV-CB-C515B, HCI-TDP-FS-20S37, LOSPNR7HR83 70.1 .2- 3.9E-010 ACP-DGN-LP-EDGB, BAT-DEP-5HR, DGHWNRSHR,
!

ESW-CKV-CB-C515A, HCI-TDP-FS-2OS37, LOSPNR7HR84 70.3 .2
3.8E-010 ACP-DGN-FR-EDGB, DGHWNR1'HR, ESW-CKV-CB-C51SA,2

HCI-TDP-FR-20S37, INJ-FAILS, LOSPNR18HR85 70.6 .2.
3.8E-010 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-CKV-CB-C515B,

'

'

HCI-TDP-FR-20S37, INJ-FAILS, LOSPNR18HR'86 70.9 .2 .3.7E-010 BAT-DEP-5HR, BETA-6AOVS, EHV-AOV-CC-CCF.
HCI- TDP- 5'R- 20S37, LOSPNR7HR87 '71.2 .2

s3.6E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, DGHWNR12HR,
-

'ESW-XHB-FO-EHS, HCI-TDP-MA-20S37, INJ-FAILS,
LOSPNR18HR -

88 71.4 .2
3.5E-010 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-PTF-RE-DGB,

ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, INJ-FAILS,
LOSPNR18HR

- _ - _
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!
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89 71.7 .2 3.5E-010 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-PTF-RE-DGC,
ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, INJ-FAILS,
LOSPNR18HR

90 71.9 .2 3.4E-010 BAT-DEP-5HR, BETA-3AOVS, ESW-AOV-CC-CCF,
HCI-TDP-FS-20S37, LOSPNR7HR

91 72.2 .2 3.4E-010 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-MDP-FS-MDPB,
ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, INJ-FAILS,
LOSPNR18HR

92 72.5 .2 3.4E-010 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-MDP-FS-MDPA,
ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, INJ-FAILS,
LOSPNR18HR

93 72.7- .2 3.4E-010' BAT-DEP-3HR, BETA-6AOVS, EHV-AOV-CC-CCF, ;

HCI-TDP-FS-20S37, LOSPNRSHR ;

94 72.9 .2 3.2E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-7HR,
DGHWNR7HR, ESW-XHE-FO-EHS,:HCI-TDP-FS-20S37, i

LOSPNR14HR
95 73.2 .2 3.2E-010 BAT-DEP-9HR', BETA-6AOVS, EHV-AOV-CC-CCF,

HCI-TDP-FS-20S37, LOSPNR12HR
-96 ,73.4 .2 3.1E-010'ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-9HR,

y

1 DGMANR9HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
* LOSPNR17HR

97 73.6 .2 3.1E-010 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP-9HR,
' DGMANR9HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,

LOSPNR17HR *

98 73.9 .2 2.9E-010 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, DGMANR12HR,
ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, INJ-FAILS, ;

LOSPNR10HR '

99 74.1 .2 2.9E-010'ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, DGMANR12HR, ;

ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, INJ-FAILS,
LOSPNR18HR

100 74.3 .2 2.9E-010 ACP-DGN-FR-EDGB,-ACP-DGN-LP-EDGC, BAT-DEP-5HR,
DGHWNR5HR, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,
LOSPNR12HR-

$' -101 74.5 .2 2.9E-010 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-SHR,'

:n .DGHWNRSHR, .ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,

@ .LOSPNR12HR >
102 74.7 .2 2.9E-010.ACP-DGN-LP-CCF, BAT-DEP-7HR, BETA ~4DGNS, t~ ,

O DGCCFNR7HR, HCI-TDP-MA-20S37, LOSPNR9HR
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$ 103 74.9 .2 2.9E-010 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR, g
.g ESW-CKV-CB-C515B, HCI-TDP-FR-20S37, LOSPNR9HR e
:e 104 75.1 .2 2.9E-010 AC"-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR, M

J,
.

ESn-CKV-CB-C515A, HCI-TDP-FR-20S37, LOSPNR9HR m
* 105 75.4 .2 2.8E-010 BETA-3AOVS, ESW-AOV-CC-CCF, HCI-TDP-MA-20S37,

INJ-FAILS, LOSPNR13HR
106 75.6 .2 2.7E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-3HR,

DGHWNR3HR, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,
LOSPNR9HR

107 75.8 .2 2.7E-010 ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-3HR,
DGMANR3HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, s

LOSPNR9HR
108 76.0 .2- 2.7E-010 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP-3HR,

DGMANR3HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
I LOSPNR9HR
| 109 76.2 .2 2.7E-010 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,
{ ESW-PTF-RS-DGC, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,

LOSPNR9HR
110 76.4 .2 2.7E-010 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,.

7 ESW-PTF-RE-DGB, ESW-XHE-FO-EHS, HCI-TDP-FR.-20S37,
$- LOSPNR9HR

111 '76.6 .2 2.7E-010 BAT-DEP-7HR, BETA-6AOVS, EHV-AOV-CC-CCF,
HCI-TDP-FR-20S37, LOSPNR9HR

112 76.8 .1 2.6E-010 ACP-DGN-FR-EDGb, BAT-DEP-3HR, DGHWNR3HR,
ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR9HR |

113 76.9 - .1 2,6E-010 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,

i

LOSPNR9HR '

114 77.1 .1 2.5E-010 ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-5HR,
DGMANRSHR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR12HR

| 115 77.3 .1- 2.5E-010 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP-SHR,
| DGMANR5HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,

LOSPNR12HR
|

116 77.5 .1 2.5E-010 ACP-DGN-FR-EDGC, DGHWNR12HR,'ESW-PTF-RE-MDPA,
ESW-X.HE-FO-EHS, HCI-TDP-FR-20S37, INJ-FAILS,
LOSPNR18HR
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117 77.7 .1 2.5E-010 ACP-DGN-FR-EDGB, DGHWNR121TR, ESW-PTF-RE-MDPB,
ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, INJ-FAILS,

'
LQSPNR18HR

118 77.9 .1 2.5E-010 BAT-DEP-7HR, BETA-3AOVS, ESW-AOV-CC-CCF,
HCI-TDP-FS-20S37, LOSPNR9HR ,

119 78.0 .1 2.4E-010 ACP-DGN-LP-ECGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-CKV-CB-C515B, HCI-TDP-FS-20S37, LOSPNR9HR

120 78.2 .1 2.4E-010 ACP-DGN-LP-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-CKV-CB-C515A, HCI-TDP-FS-20S37, LOSPNR9HR

121 78.4' .1 2.4E-010 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-MDP-FR-MDPB,
ESW-XHE-FO-EHS, HCI-TDP-FR-20S37. INJ-FAILS,

'
LOSPNR13HR

122 78.6 .1 2.4E-010.ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-MDP-FR-MDPA,
ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, INJ-FAILS,
LOSPNR13HR

123 78.8 .1 2.4E-010 ACP-DGN-FR-EDGB, DGhWNR12HR, ESW-MDP-MA-MDPB,
ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, INJ-FAILS,
LOSPNR13HR

124 78.9 .1 2.4E-010 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-MDP-MA-MDPA,
? ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, INJ-FAILS,
@. LOSPNR13HR

125 79.1 .1 2.3E-010 ESW-CKV-CB-C515B, ESW-MDP-FS-MDPB,
HCI-TDP-FR-20S37, INJ-FAILS, LOSPNR13HR {

126 79.3- .1 2.3E-010 ESW-CKV-CB-C515A, ESW-MDP-FS-MDPA,
HCI-TDP-FR-20S37, INJ-FAILS, LOSPNR13HR

127 79.4 .1 2.2E-010 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-MDP-MA-MDPA,
ESW-XHE-FO-EHS, HCI-TDP-FR-20S37. INJ-FAILS, <

LOSPNR18HR i

128 79.6 .1 2.2E-010 ACP-DGN-FR-EDGB, DGHWNR12HR,'ESW-MDP-MA-MDPB,
ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, INJ-FAILS, .

LOSPNR18HR
129 79.8 .1 2.2E-010.ACP-DGN-FR-EDGC,'DGHWNR12HR, ESW-CKV-CB-C515B,

HCI-TDP.US-20S37,~INJ-FAILS, LOSPNR18HR
.130 80.0 .1 2.2E-010 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-CKV-CB-C515A,g

c HCI-TDP-FS-20S37, INJ-FAILS, LOSPNR18HR
g 131 80.1 .1 2.2E-010 BAT-DEP-5HR, BETA-6AOVS, EHV-AOV-CC-CCF, > ,

| c HCI-TDP-FS-20S37, LOSPNR7HR 'o !

! 3 132- 80.3 .1 2.2E-010 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR, Y
I :c ESW-CKV-CB-C515B, HCI-TDP-FR-20S37, LOSPNR17HR 5,
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et 133 80.4 .1 2.2E-010 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR, ii

I
g

ESW-CKV-CB-C515A, HCI-TDP-FR-20S37, LOSPNR17HR~

Q 134 80.6 .1 2.1E-010 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR, h
ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,!

! E LOSPNR5HR '

5 1J5 80.8 .1 2.1E-010 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,
ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNRSHR

136 80.9 .1 2.1E-010 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
ESW-MDP-MA-MDPA, ESW-XHB-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR5HR

137 81.1 .1 2.1E-010 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,
ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNRSHR

138 81.2 .1 2 1E-010 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-PTF-RE-DGB,,

'
ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, INJ-FAILS,
LOSPNR18HR

139 81.4 .1 2.1E-010 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-PTF-RE-DGC,
ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, INJ-FAILS,

? LOSPNR18HR
$ 140 81.6 .1 2.JE-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-9HR,

DGHWNR9HR., ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,
LOSPNR17HR

141 81.7 .1. 2.0E-010 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,
ESW-PTF-RE-DGB, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR17HR

142 81.9 .1 2.0E-010 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,
ESW- PTF- RE-DGC, . ESW-XHE- FO- EHS , . HCI '"DP- FR- 2 0S 3 7,

.LOSPNR17HR
143 82.0 .1 2.0E-010 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-MDP-FS-MDPB,

ESW-XHE-FO-EHS, .HCI-TDP-FS-20S37, INJ-FAILS,
LOSPNR18HR

144. 82.2 .1 2.0E-010 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-FDP-FS-MDPA,
ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, INJ-FAILS,
LOSPNR18HR

145-|87.3 .1 2.0E-010 ACP-DGN-FR-EDGB, .ACP-DGN-LP-EDGC, BAT-DEP-7HR,
DGHWNR7HR, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,
LOSPNR14HR'
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146 92.5- .1 2.0E-010'ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-7HR,
DGHWNR7HR, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,
.LOSPNR14HR

147 82.6- .1 2.0E-010 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,
ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR17HR

148 82.8 .1 2.0E-010 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,
ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR17HR

149- 82.9' .1 1.9E-010 ACP-DGN-MA-EDGB, BAT-DEP-3HR, DGMANR3HR,
ESW-CFV-CB-C515A, HCI-TDP-FR-20S37, LOSPNR53R

150 83.0 .1 1.9E-010 ACP-DGN-MA-EDGC, BAT-DEP-3HR, DGMANR3HR,
,

ESW-CKV-CB-C515B, HCI-TDP-FR-20S37, LOSPNR5HR
151 83.2 .1 1.9E-010 ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-3HR,

DGMANR3HR, ESW-XHE-FO-EHS, ECI-TDP-MA-20S37,
LOSPNR5HR

152, 83.3 .1 1.9E-010 ACP-DGN-FR-ED3C, ACP-DGN-MA-EDGB, BAT-DEP-3HR,
DGMANR3HR, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,
LOSPNRSHR ;

3 153 83.5 .1 1.9E-010 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, DGMANR12HR,
ESW-XHE-FO-EHS,-HCI-TDP-FR-20S37, INJ-FAILS,-

LOSPNR18HR ,

154 83.6 .1 1.9E-010 ACP-DGN-FR-EDGC,-ACP-DGN-TE-EDGB, DGMANR12HR,
ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,'INJ-FAILS,
LOSPNR18HR-

155 83.7 .1 1.9E-010 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
ESW-PTF-RE-MDPA, ESW-XHE-FO-E3S, HCI-TDP-FR-20S37,
LOSPNR9HR '

156 '83.9' .1 l'.9E-010 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWhE HR,
ESW-PTF-RE-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR9HR

157 84.0 .1 1.8E-010 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP-9HR,
DGMANR9HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,g

c: LOSPNR17HR
y 158 84.2 .1 1.8E-010 ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-9HR,
o DGMANR9HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, o
3 LOSPNR17HR 'g
:= '159 84.3- .1 1.8E-010 ACP-DGN-MA-EDGB, DGMANR12HR, ESW-CKV-CB-C515A, =
E. HCI-TDP-FR-20S37, INJ-FAILS, LOSPNR13HR E
y x
o -1 >

!'
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$ 160 84.4 .1 1.8E-010 ACP-DGN-MA-EDGC, DGMANR12HR, ESW-CKV-CB-CSISB, 3
E HCI-TDP-FR-20S37, INJ-FAILS, LOSPNR13HR {
@ 161 84.6 .1 1.8E-010 BETA-6AOVS, EHV-AOV-CC-CCF, HCI-TDP-MA-20S37, 7
g INJ-FAILS, LOSPNR13HR y
'T 162 84.7 .1 1.7E-010 ACP DGN-FR-EDGC, ACP-DGN-MA-EDGB, DGMANR12HR,
$ ESW-XHE-FO-EHS, HCI-TDP-MA-20S37, INJ-FAILS,
G LOSPNR13HR

163 84.8 .1 1.7E-010 ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, DGMANR12HR,
ESW-XHE-FO-EHS, HCI-TDP-MA-20S37, INJ-FAILS,
LOSPNR13HR

164 85.0 .1 1.7E-010 ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGB, BAT-DEP-3HR)
DGMANR3HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,,

l LOSPNR9HR
165 85.1 .1 1.?E-010 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, BAT-DEP-3HR,

DGMANR3HR, ESW-XPE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR9HR

166 85.2 .1 1.7E-010 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,
ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR9HR

7 167 85.3 .1 1.7E-010 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
E ESW-MDP-MA-MDPA, ESW-KHE-FO-EHS, HCI-TDP-FR-20S37,

LOSPNR9HR
168 85.5 .1 1.7E-010 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,

ESW-CKV-CB-C515B, HCI TDP-FS-20S37, LOSPNR9HR
169 85.6 .1 1.7E-010 ACP-DGN-FR-EDrB, BAT-DEP-3HR, DGHWNR3HR,

ESW-CKV-CB-C515A, HCI-TDP-FS-20S37, LOSPNR9HR
170 35.7 .1 1.7E-010 BAT-DEP-3HR, BETA-3AOVS, ESW-AOV-CC-CCF,

HCI ''~ ; .!A-20S37, LOSPNRSHR
171 85.8 .1 1.7E-010 ACP-1>GN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-7HR,

DGMANR7HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR14HR

172 86.0 .1 1.7E-010 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP-7HR,
DGMANR7HR, ESW-XHE-FO-EHS, HCI-TOP-FR-20S37,
LOSPNR14HR

173 86.1 .1 1.6E-010 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGE..NRSHR,
ESW-CKV-CB-C515B, HCI-TDP-FR-20S37, LOSPNR12HR

174 86.2 .1 1.6E-010 ACP-DGN-FR-EDGB, BAT-DEP-SHR, DGHWNRSHR,
ESW-CKV-CB-C515A, HCI-TDP-FR-20S37, LOSPNR12HR

l __ __ _ ____ _
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175 86.3 .1 1.6E-010 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR, ,

ESW-PTF-RE-DGC, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, [
LOSPNR9HR

-

,

176- 86.5 .1 1.6E-010 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
| ESW-PTF-RE-DGB, ESW-XHE-FO-EHS,'HCI-TDP-FS-20S37,

LOSPNR9HR
177 86.6 .1 1.6E-010 BAT-DEP-7HR, BETA-6AOVS, EHV-AOV-CC-CCF,

HCI-TDP-FS-20S37, LOSPNR9HR
178 86.7 .1 1.6E-010 BAT-DEP-9HR, BETA-3AOVS, ESW-AOV-CC-CCF, *

iHCI-TDP-MA-20S37, LOSPNR12HR

179 86.8 .1 1.5E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-5HR, t

-DGHWNRSHR,'ESW-XHE-FO-EHS, HCI-TDP-MA-20S37, i

LOSPNR12HR f
180 86.9 .1 - 1.5E- 010 ACP -DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,

ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FS .20S37,
LOSPNR9HR

181 87.0' .1 1.SE-010 ACP-DGN-FR-EDGC,. BAT-DEP-3HR, DGHWNR3HR, ,

ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FS-20B37, |
LOSPNR9HR'

7 182 87.2 .1 1.5E-010.ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNR5HR,
E ESW-PTF-RE-DGC, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,

LOSPNR12HR'
183 87.3 .1 1.5E-C10 ACP-DGN-FR-EDGC, BAT-DEP-5HR,-DGHWNRSHR, f

ESW-PTF-RE-DGB, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, ,

LOSPNR12HR
184 87.4 .1 1.5E-010'ESW-CKV-CB-C515B, ESW-MDP-MA-MDPB,

HCI-TDP-FR-20S37, INJ-FAILS, LOSPNR13HR
185 87.5 .1 1.5E-010 FSW-CKV-CB- 515A, ESW-MDP-MA-MDPA, .

HCI-TDP-FR-20S37, INJ-FAILS, LOSPNR13HR
186 87.6 .1 1.5E-010 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP-5HR,

DGMANRSHR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR12HR 'I

187 87.7 .1 1.5E-010 ACP-DGN-FR-EDGB, ACP- DGN-MA- EDG '', BAT-DEP-SHR,
DGMANRSHR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR12HRz

.1.4E-010 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNRSHR, yC- 188 87.8 .1

$'- ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, @
O LOSPNR12HR- g ,

o e. i
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tri - 189 87.9 .1 'U
O 1.4E-010 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNR5h,t.

@
*

ESW-MDP-FS-MDPA, ESW-XHE-F0-EHS, HCI-TDF-FR-20S37, 9:O
LOSPNR12HR

Y 190 88.0 .1 1.4E-010 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR, M
X

E
ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,E LOSPNR12HR

191 88.2 .1 1.4E-010 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,
ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR12HR

192 88.3 .1 1.4E-010 ACP-DGN-FR-EDGB, BAT-DEP 9HR, DGHWNR9HR,
ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR12HR

193 88.4 .1 1.4E-010 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,
ESW-MDP-MA-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR12HR

194 88.5 .1 1.4E-010 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,
ESW-PTF-RE-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR17HR

195 88.6 .1
7 1.4E-010 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,

ESW-PTF-RE-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,-2 LOSPNR17HR
196 88.7 .1 1.4E-010-BAT-DEP-3HR, ESW-CKV-CB-C515A, ESW-MDP-FS-MDPA,

HCI-TDP-FR-20S37, LOSPNRSHR
197 88.8 .1- 1.4E-010. BAT-DEP-3HR, ESW-CKV-CB-C515B, ESW-MDP-FS-MDPB,

HCI-TDP-FR-20S37, LOSPNRSHR
198 88.9 .1 1.3E-010 ESW-CKV-CB-C515B,'ESW-MDP-FS-MDPB,

HCI-TDP-FS-20S37, INJ-FAILS, LOSPNR13HR199 89.0 .1 1.3E-010 ESW-CKV-CB-C515A, ESW-MDP-FS-MDPA,
HCI-TDP-FS-20S37, INJ-FAILS, LOSPNR13HR200 89.1 .1 1 3E-010 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-CKV-CB-C515A,
HCI-TDP-MA-20S37, INJ-FAILS, LOSPNR13HR201 89.2 .1 1.3E-010 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-CKV-CB-C515B,
HCI-TDP-MA-20S37, INJ-FAILS, LOSPNR13HR202 89.3 .1 - 1.3E-010 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,
E5W-MDP*n3-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR17HR

203 89.4 .1 1.3E-010 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,
ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR17HR

:
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204 89.5 .1 1.3E-010 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGhWNR9HR,
ESW-CKV-CB-C515B, HCI-TDP-FS-20S37, LOSPNR17HR

205 89.6 .1 1.3E-010 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNk9HR,
ESW-CKV-CB-C515A, HCI-TDP-FS-20S37, LOSPNR17HR

206 89.7 .1 1.3E-010 BAT-DEP-9HR, ESW-CKV-CB-C515B, ESW-MDP-FS-MDPB,
HCI-TDP-FR-20S37, LOSPNR12HR

207 89.8 .1 1.3E-010 BAT-DEP-9HR, ESW-CKV-CB-C515A, ESW-MDP-FS-IOPA,
HCI-TDP-FR-2OS37, LOSPNR12HR

208 89.9- .0 1.2E-010 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNRSHR,
ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FR-23S37,
LOSPNR7HR

209 90.0 .0 1.2E-010 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNRSHR,
ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FR-; OS37, 1

:)
LOSPNR7HR J

210 90.1 .0 1.2E-010 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNR5HR, '

ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR7HR

.211 90.2 .0 1.2E-010 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNRSHR,
ESW-MDP-MA-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,

7 LOSPNR7HR

E 212 '90.2 .0 1.2E-010 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,
ESN-PTF-RE-DGB, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR17HR

213 90.3 .0 1.2E-010 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWRR9HR,
ESW-PTF-RE-DGC, ESW-ZHE-FO-EHS, HCI-TDF-FS-20S37,

| LOSPNR17HR

214 90.4 .0 1.2E-010 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,
ESW-CKV-C3-C515A, HCI-TDP-MA-20S37, LOSPNRSHR

' - 215 -90.5 .0' 1.2E-010 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,'

ESW-CKV-CB-C515B, HCI-TDP-MA-20S37, LOSPNRSHR

.216 90.6 .0 1.2E-010 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,
ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR17HR

z 217 "90.7 .0 1.2E-010 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,
ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,c
LOSPNR17HR$

C 218 90.8' .0 1.2E-010 ACP-DGN-MA-EDGC, BAT-DEP-9HR, DGMANR9HR, .c

ESW-CKV-CB-C515B, HCI-TDP-PR-20S37, LOSPNR12HR 3
no a;C *a
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en 219 90.9 . 0 '- 1.2E-010 ACP-DGN-MA-EDGB, BAT-DEP-9HR, DGMANR9HR, @

$ ESW-CKV-CB-C515A, HCI-TDP-FR-20S37, LOSPNR12HR &
"O 220 91.0 .0 1.1E-010 ACP-DGN-MA-EDGB, BAT-DEP-3HR, DGMANR3HR,

7 ESW-CKV-CB-C515A, HCI-TDP-FS-20S37, LOSPNRSHR *4

$ 221 91.0 .0 1.1E-010 ACP-DGN-MA-EDGC, BAT-DEP-2NR, DGMANR3HR,
ESW-CKV-CB-C515B, HCI-TDP-FS-20S37, LOSPNRSHRg

, 1.1E-010 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, BAT-DEP-9HR,222 91.1 .0
DGMANR9HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR17HR

223 91.2 .0 1.1E-010 ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGB, BAT-DEP-9HR,
DGMANR9HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, %
LOSPNR17HR

224 91.3 .0 1.1E-010 BAT-DEP-5HR, BETA-3AOVS, ESW-AOV-CC-CCF,
HCI-TDP-MA-20S37, LOSPNR7HR

225 91.4 .0 1.1E-010 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP-9HR,
DGMANR9HR, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,
LOSPNR12HR

226 91.5 .0 1.1E-010 ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-9HR,
DGMANR9HR, ESW-XHE-FO-ERS, HCI-TDP-MA-20S37,

7 LOSPNR12HR
E 227 91.6 .0 1.1E-010 ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGB, DGMANR12HR,

ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, IITJ- FAILS ,

| LOSPNR18HR
228 91.6 .0 1.1E-010 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, DGMANR12HR,i

ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, INJ-FAILS,
LOSPNR18HR

229 91.7 .0 1.1E-010 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-AOV-CC-0241B,
ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, INJ-FAILS,
LOSPNR18HR

230 91.8 .0 1.1E-010 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-AOV-CC-0241C,
ESW-XHE-FO-EHS, HCI-TDP-FR-20S37. INJ-FAILS,

| LOSPNR18HR
231 91.9 .0 1.1E-010.ACP-DGN-MA-EDGC, BAT-DEP-5HR, DGMANRSHR,

'ESW-CKV-CB-C515B, HCI-TDP-FR-20S37, LOSPNR7HR
232 92.0 .0 1.1E-010 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,

i
ESW-CKV-CB-C515A, HCI-TDP-FR-20S37, LOSPNR14HR

233 92.1 .0 1.1E-010 ACP-DGN-MA-EDGB, BAT-DEP-5HR, DGMANRSHR,'

ESW-CKV-CB-C515A, HCI-TDP-FR-20S37, LOSPNR7HR

I
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234 92.1 .0 1.1E-010 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-CKV-CB-C515B, HCI-TDP-FR-20S37, LOSPNR14HR |

235 92.2 .0 1.1E-010 BAT-DEP-3HR, BETA-6AOVS, EHV-AOV-CC-CCF,
HCI-TDP-MA-20S37, LOSPNRSHR ;

'

236 92.3 .0 1.1E-010 ACP-DGN-MA-EDGC, DGMANR12HR, ESW-CKV-CB-CSISB,
HCI-TDP-FS-20S37, INJ-FAILS, LOSPNR13HR

237 92.4 .0 1.1E-010 ACP-DGN-MA-EDGB, DGMANR12HR, ESW-CKV-CB-C515A,
HCI-TDP-FS-20S37, INJ-FAILS, LOSPNR13HR

238 92.5 .0 1.1E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, DGHWNR12HR,.
ESW-XHE-FO-EHS, HCI-MOV-CC-MV19, INJ-FAILS,

s

LOSPNR18HR
239 92.5 .0 1.1E-010 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, DGHWNR22HR,

ESW-XHE-FO-EHS, HCI-MOV-CC-MV14, INJ-FAILS,
LOSPNR18HR

240 32.6- .0 1.0E-010 W'P-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-7HR,
DGHWNR7HR, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,
LOSPNR14HR

241 92.7 .0 1.0E-010 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP-5HR,
DGMANRSHR, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,

I'
? LOSPNR7HR'

E 242 92.8 .0 1.0E'010 ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-SHR,
DGMANRSHR, ESW-XHE-FO-BHS, HCI-TDP-MA-20S37,
LOSPNR7HR

243 92.9 .0 1.0E-010 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNRSHR,
ESW-PrF-RE-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,

-LOSPNR12HR
244 92.9 .0 1.0E-010 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNRSHR,

ESW-PTF-RE-MDPB, ESW-XHE-FO-2HS, HCI-TDP-FR-20S37,
LOSPNR12HR

| -
245 93.0 .0 1.0E-010 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,

ESW-PTF-RE-DGC, ESW-XHE-FC-EHS, HCI-TDP-FR-20S37,
j LOSPNR14HR

246 93.1 .0 1.0E-010 ACP-DGN-FR-EDGC, BAT-DEP-7HR,.DGHWNR7HR,
ESW-PTF-RE-DGB, ESW-XHB-FO-EHS, HCI-TDP-FR-20S37,

$ LOSPNR14HR
W 247 93.2. .0 i1.0E-010 BAT-DEP-9HR, BETA-6AOVS, EHV-AOV-CC-CCF, d

..

$
HCI-TDP-MA-20S'7, LOSPNR12HR y
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g 248 93.3 .0 >

1.0E-010 ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGB, BAT-DEP-3RR, yto '

DGMANR3HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,3 LOSPNR9HR =
:c 249 93.3 .0 1.0E-010 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, BAT-DEP-3HR, h ,S '

S DGMANR3HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, "'
LOSPNR9HR250 93.4 .0 1.0E-010 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,

iLOSPNR14HR251 93.5 .0 1.0E-010 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,

*

LOSPNR34HR252 93.6 .0
1.0E-010 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP-7HR, r

DGMAN}Pm' ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR

.|

'

253 93.6 .0
1.0E-010 ACP-DG4 52-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-7HR,

DGMANR7HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR14HR254 93.7 .0

[ 9.9E-011 ACP-DGN-FR-EDGB, BAT-DEP-SHR, DGHWNRSHR, ,

ESW-CKV-CB-C515A, HCI-TDP-FS-20S37, LOSPNR12HR.255 93.8 .0
9.9E-011 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNRSHR,

=

ESW-MDP-MA-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR12HR256 93.9 .0

9.9E-011 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNR5HR, i

ESW-MDP-MA-MDPB, ESW-XHB-FO-EHS, HCI-TDP-FR-20S37,LOSPNR12HR257 93.9 .0
9.9E-011 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNR5HR,

ESW-CKV-CB-C515B, HCI-TDP-FS-20S37, LOSPNR12HR258 94.0 .0
9.8E-011 ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGB, BAT-DEP-5HR,

DGMANR5HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR12HR :

259 94.1 .0
9.8E-011 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, BAT-DEP-SHR,

DGMANRSHR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR12HR260- 94.1 .0

9.4E-011 BAT-DEP-3HR, ESW-CKV-CB-C515B, ESW-MDP-MA-MDPB,
HCI-TDP-FR-20S37, LOSPNR5HR261 94.2 .0

9.4E-011 BAT-DEP-5HR, ESW-CKV-CB-C515B, ESW-MDP-FS-MDPB,
HCI-TDP-FR-20S37, LOSPNR7HR

,
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| 262 94.3 .0 9.4B-011 BAT-DEP-5HR, ESW-CKV-CB-C515A, ESW-MDP-FS-MDPA,
| HCI-TDP-FR-20S37, LOSPNR7HR

263 94.4 .0 9.4E-011 BAT-DEP-3HR, ESW-CKV-CB-C515A, ESW-MDP-MA-MDPA,
i HCI-TDP-FR-20S37, LOSPNRSHR

264 94.4 .0 9.3E-011 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNRSHR,
ESW-PTF-RE-DGC, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR12HR

265 94.5 .0 9.3E-011 ACP-DGN-FR-EDGC, BAT-DEP-SHR, DGHWNRSHR,
ESW-PTF-RE-DGB, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR12HR

266 94.6 .0 8.9B-011 ACP-DGN-FR-EDGC, DCHWNR18HR, DCP-BAT- LP- B2,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR

267. 94.6 .0 8.9E-011 ACP-DGN-FR-EDGB, BAT-DEP-SHR, DGHWNRSHR,
ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR12HR

I 268 94.7 .0 8.9B-011 ACP-DGN-FR-EDGC, BAT-DEP-SHR, DGHWNRSHR,
! ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
i LOSPNR12HR
l 269 94.7 .0 8.8E-011 BAT DEP-9HR, ESW-CKV-CB-C515B, ESW-MDP-MA-MDPB,
| 7 HCI-TDP-FR-20S37, LOSPNR12HR

| E 270 94.8 .0 8.8E-011 BAT-DEP-9HR, ESW-CKV-CB-C515A, ESW-MDP-MA-MDPA,
HCI-TDP-FR-20S37, LOSPNR12HR

| 271 94.9 .0 8.7E-011 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
t ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,

LOSPNR9HR
272 94.9 .0 8.7E-011 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,

| ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
'

LOSPNR9HR
273 95.0 .0 8.5E-011 BAT-DEP-3HR, ESW-CKV-CB-C515A, ESW-MDP-FS-MDPA,

HCI-TDP-FS-2OS37, LOSPNR5HR
274 95.1 .0 8.5E-011 BAT-DEP-3HR, ESW-CKV-CB-C515B, ESW-MDP-FS-MDPB,

HCI-TDP-FS-20S37, LOSPNRSHR
275 95.1 .0 8.4E-011 BETA-3AOVS, ESW-AOV-CC-CCF, HCI-MOV-CC-MV14,

INJ-FAILS, LOSPNR13HR
276 95.2 .0 8.4E-011 BETA-3AOVS, BSW-AOV-CC-CCF, HCI-MOV-CC-MV19,g

c INJ-FAILS, LOSPNR13HR
y 277 95.3 .0 8.3E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-3HR, d

| c- DGHWNR3HR, ESW-XHE-FO-EHS, HCI-MOV-CC-MV19, 3
| 3 LOSPNR9HR gw -
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tg 2 */ 8 95.3 .0 8.3E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-3HR, g
DGHWNR3HR, ESW-XHE-FO-EHS, HCI-MOV-CC-MV14, c.~

Q LOSPNR9HR E
279 95.4 .0 8.3E-011 BAT-DEP-7HR, BETA-3AOVS, ESW-AOV-CC-CCF, cE HCI-TDP-MA-20S37, LOSPNR9HR

E 280 95.4 .0 8.2E-011 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,
a ESW-CKV-CB-C515A, HCI-TDP-MA-20S37, LOSPNR12HR
'

281 95.5 .0 8.2E-011 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHW?iR9 HR, .
ESW-CKV-CB-C515B, HCI-TDP-MA-20S37, LOSPNR12HR '

282 95.6 .0 8.2E-011 ACP-DGN-FR.-EDGB, DGHWNR12HR, ESW-MDP-FR-MDPB,3
ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, INJ-FAILS,
LOSPNR18HR

283 95.6 .0 8.2E-011 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-MDP-FR-MDPA,
ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, INJ-FAILS,
LOSPNR18HR

284 95.7 .0 8.0E-011 BAT-DEP-9HR, ESW-C'V-CB-C515B, ESW-MDP-FS-MDPB,
HCI-TDP-FS-20S37, JSPNR12HR

285 95.7 .0 8.0E-011 BAT-DEP-9HR, ESW-CKV-CB-C515A, ESW-MDP-FS-MDPA,
HCI-TDP-FS-20S37, LOSPNR12HRy

a 286 95.8 .0 7.8E-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
o ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,

LOSPNR9HR
287 95.8 .0 7.8E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,

ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR9HR-

288 95.9 .0 7.8E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
.ESW-MDP-MA-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR9HR

289 96.0 .0 7.8E-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS,-HCI-TDP-FS-20S37,
LOSPNR9HR

290 96.0 .0 7. 6E- 011 ACP-DGN-T'l - EDGB, BAT-DEP-3HR, DGMANR3HR,
ESW-CKV-CB-C515A, HCI-TDP-FR-20S37, LOSPNRSHR'-

291 96.1 .0 .7.6E-011'ACP-DGN-TE-EDGC, BAJ'-DEP- 3 HR, DGMANR3HR,
ESW-CKV-CB-C515B, HCI-TDP-FR-20S37, LOSPNR5HR

292 96.1 .0 7.5E-011 BAT-DEP-SHR, BETA-6AOVS, EHV-AOV-CC-CCF,
HCI-TDP-MA-20S37, LOSPNR7HR
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293 96.2 .0 7.4E-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-PTF-RE-MDPB, ESW-XHE-FO EHS, HCI-TDP-FR-20S37,
LOSPNR14HR

294 96.2 .0 7.4E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
j-

ESW-PTF-RE-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR14HR

295 96.3 .0 7.2E-011 ACP-DGN-MA-EDGB, BAT-DEP-9HR, DGMANR9HR,
ESW-CKV-CB-C515A, HCI+TDP-FS-20S37, LOSPNR12HR

296 96.3 .0 7.2E-011 ACP-DGN-MA-EDGC, BAT-DEP-9HR, DGMANR9HR,
ESW-CKV-CB-C515B, HCI-TDP-FS-20S37, LOSPNR12HR

297 96.4 .0 7.1E-011 ACP-DGN-FR-EDGB,- ACP-DGN-TE-EDGC, BAT-DEP-9HR,
DGMANR9HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR17HR

298 96.5 .0 7.1E-011 ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGB,. BAT-DEP-9HR,
DGMANR9HR,.ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR17HR

299 96.5 .0 7.0E-011 ACP-DGN-TE-EDGC, DGMANR12HR, ESW- CKV- CB - C515 B , -
-HCI-TDP-FR-20S37, INJ-FAILS, LOSPNR13HR

300 96.6 .0 7.OE-011 ACP-DGN-TE-EDGB, DGMANR12HR, ESW-CKV-CB-C515A,
m HCI-TDP-FR-20S37, INJ-FAILS, LOSPNR13HR
j,, 7.0E-011.ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNRSHR,301 96.6 .0~

ESW-CEV-CB-C515B, HCI-TDP-MA-20S37, LOSPNR7HR

302 '96.7 .0 7.0E-011 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNRSHR,. .

ESW-CKV-CB-C515A, HCI-TDP-MA-20S37, LOSPNR7HR

303 96 7.' .0 7.0E-011 ACP-DGN-FR EDGC, BAT-DEP-3HR, DCHWra9HR,
DCP-BAT-LP-32,:ESW-XHE-FO-EHS, LOSPNR9HR, '

'

304 96.8 .0 6.8E-011 ACP-DGN-FR-EDGC, DGHWNR12HR,.ESW-AOV-CC-0241B,.

ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, INJ-FAILS,
LOSPNR18HR

305 96.8 .0 6.8E-011 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-MDP-FS-MDPA,
ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,.INJ-FAILS,
LOSPNR18HR

306 96.9 .0 6. 8E-011' ACP-DGN-FR-EIX3B, DGHWNR12HR, ESW-MDP-FS-MDPB,
ESW-XHE-FO-EHS, HCI-TDP-MA-20S37, INJ-FAILS,y >LOSPNR18HR

j 307 96.9 .0 6.8E-011 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-AOV-CC-0241C, y:c
toESW-XHE-FO-EHS, HCI-TDP-FS-20S37, INJ-FAILS, $~

LOSPNR18FR 1O
r 2,, *

b

- --

- . .
-_
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$ 308 97.0 .0 6.82-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR, 3O ESW-MDP-MA-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, E3 LOSPNR14HR E** 309 97.0 .0 6.8E-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR, mg ESW- MDP- MA- MDP3, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
- LOSPNR14HR

310 97.1 .0 6.8E-011 ACP-DGN MA-EDGC, BAT-DEP-5HR, DGMANR5HR,
ESW-CKV-CB-C515B, HCI-TDP-FS-20S37, LOSPWR7HR

311 97.1 .0 6.8E-011 ACP-DGN-FR-EDGC, UAT-DEP-7HR, DGHWNR7HR,
ESW-CKV-CB-C515B, HCI-TDP-FS-20S37, LOSPNR14 F ,

312 97.2 .0 6.8E-011 ACP-DGN-MA-EDGB, BAT-DEP-5HR, DGBWIRSHR,
ESW-CKV-CB-CS?5A, HCI-TDP-FS-20S37, LOSPNR7HR

313 97.2 .0 6.8E-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-CKV-CB-C515A, HCI-TDP-FS-20S37, LOSPNR14HR

314 97.3 .0 6.8E-011 ACP-DGN-MA-EDGB, BAT-DEP-7HR, DGMANR7HR,
ESW-CKV-CB-C515A, HCI-TDF TR - 2 0S3 7, LOSPNR9HR315 97.3 .0 6.8E-011 BAT-DEP-7HR, ESW-CKV-CB-C51.9, ESW-MDP-FS-MDPB,
HCI-TDP-FR-20S37, LOSPNR9HR

316 97.4 .0 6.8E-011 BAT-DEP-7HR, ESW-CKV-CB-C515A, ESW-fCP-FS-MDPA,,,,

f HCI-TDP-FR-20S37, LOSPNR9HR
to 317 97.4 .0 6.8E-011 ACP-DGN-MA-EDGC, BAT-DEP-7HR, DGMANR7HR,

ESW-CKV-CB-C515B, HCI-TDP-FR-20S37, LOSPNR9HR
318 97.5 .0 6.6E-011 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,

ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR17HR

319 97.5 .0 6.6E-011 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,
ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR17HR

320 97.6 .0 6.5E-011 ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-7HR,
DGMANR7HR, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,
LOSPNR9HR

321 97.6 .0 6.5E-011 ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGB, BAT-DEP-7HR,
DGMANR7HR, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR14HR

322 97.7 .0 6.5E-011 ACF-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP-7HR,
DGMANR7HR, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,
LOSPNR9HR



mm

323 e7.7 .0 6.5E-011 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, BAT-DEP-7HR,
DGMANR7HR, RSW-XHE-FO-EHS, HCI-TDP-FR-20S37,
LOSPNR14HR

324 97.7 .0 6.4E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-9HR,
uGHWNR9HR, ESW-XHE-FO-EHS, HCI-MOV-CC-MV19,
LOSPNR17HR

325 97.8 .0 6.4E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-9HR,
DGHWNR9HR, ESW-XHE-FO-EHS, HCI-MOV-CC-MV14,
LOSPNR17HR

326 97.8 .0 6.4E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-PTF-RE-DGB, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR14HR

327 97.9 .0 6.4E-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-PTF-RE-DGC, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR14HR

328 97.9 .0 6.3E-011 BAT-DEP-5HR, ESW-CKV-CD-CSISB, ESW-MDP-MA-MDPB,
HCI-TDP-FR-20S37, LOSPNR7HR

329 98.0 .0 6.3E-011 BAT-DEP-5HR, ESW-CKV-CB-C515A, ESW-MDP-MA-MDPA,
HCI-TDP-FR-20S37, LOSPNR7HR

7 330 98.0 .0 6.2E-011 ACP-DGN-FR-EDGB, BAT-DEP-3HR,.DGHWNR3HR,

O
ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR9HR

331 98.1 .0 6.2E-011 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNFSHR

332 98.1 .D 6.2E-011 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DCHWNR17HR,
DP?- BAT- LP-B2, ESW-XHE-FO-EHS, LOSPNR17HR

333 38.2 .0 6.1E-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR14HR

334 98.2 .0 6.1E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37

t

LOSPNR14HR
335 98.3 .0 5.8E-011 ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGB, BAT-DEP-5HR,

8
DGMANRSHR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, >

c
LOSPNR12HR 3-M

$ 336- 98.3 .0 5.8E-011 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, B LT-DEP-5HR,
DGMANRSHR, ESW-XHE-FO-EHS, HCI-TDP- ?S-20S37, 5

~Tg LOSPNR12HRx *
e

$
7;
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; $ 337 98.3 .0
5.6E-011 BAT-DEP-5HR, ESW-CKV-CB-C515A, ESW-MDP-FS-MDPA, j

>
! Q

.,_

HCI-TDP-FS-20S37, LOSPNR7HRO 338 98.4 .07 5.6E-011 BAT-DEP-5HR, ESW-CKV-CB-C5158, ESW-MDP-FS-MDPB, g
HCI-TDP-FS-20S37, LOSPNR7HR p$ 339' 98.4 .0

| 3 5.4E-011 BAT-DEP-7HR, BETA-6AOVS, EHV-AOV-CC-CCF, '
HCI-TDP-MA-20S37, LOSPNR9HR:. 340 98.5 .0

5.2E-011 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,
LOSPNR9HR341 98.5 .0

5.2E-011 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR, s

! ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,LOSPNR9HR'

342 98.5 .0.
5.2E-011 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWVR3HR,

"

ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, HCI-TDP-PS-20S37,LOSPNR9HR343~ 98.6 .0
5.2E-011 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,

ESW-MDP-FS-MDPB,
LOSPNR9HR ESW-XHE-FO-EHS, HCI-TDP-MA-20S37,

344 98.6 .0
5.2E-011 BAT-DEP-3HR, BETA-3AOVS, ESW-AOV-CC-CCF,7

~E HCI-MOV-CC-MV14, LOSPNRSHR~345 98.6 .0
5.2E-011 BAT-DEP-3HR, BETA-3AOVS, ESW-AOV-CC-CCF,

HCI-MOV-CC-MV19,-LOSPNRSHR346 98.7 .0
4.9E-011 ACP-DGN-FR-EDGC, BAT-DEP-SHR, DGHWNRSHR,

ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,LOSPNR12HR347 .98.7 .0
4.9E-011 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNR5HR,

ESW-AOV-CC-0241C, ESW- EE-FO-EHS, HCI-TDP-FR-20S37,LOSPNR12HR348 98.8 .0
4.8E-011 BAT-DEP-9HR, BETA-3AOVS, ESW-AOV-CC-CCF,

349 , HCI-MOV-CC-MV14, LOSPNR12HR
.

98.8 .0
4.BE-011 BAT-DEP-9HR, BETA-3AOVS, ESW-AOV-CC-CCF,

HCI-MOV-CC-MV19, LOSPNR12HR; 350 98.8 .0'

4.8E-011 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWF29HR,
ESW-MDP-FR-MDPB,
LOSPNR17HR ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,

351 98.9 .0
4.8E-011 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,

ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,,

LOSPNR17HR,

f

'.

,

. ..
_.
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352 98.9 .0 4.7E-011 ACP-DGN-FR-EDCB, ACP-DGN-FR-EDGC, BAT-DEP-5HR,
DGHW!E5HR, ESW-XHE-FO-EHS, HCI-MOV-CC-MV14,
LOSPNR12HR

353 98.9 .0 4.7E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-SHR,
DGHWNRSHR, ESW-XHE-FO-EHS, HCI-MOV-CC-MV19,
LOSPNR12HR

354 99.0 .0 4.6E-011 ACP-DGN-FR-EDGC, BAT-DEP-SHR, DCHWNR12HR,
DCP-BAT-LP-B2, ESW-XHE-FO-EHS, LOSPNR12HR

355 99.0 .0 4.6E-011 ACP-DGN-TE-EDGC, BAT-DEP-9HR, DGMANR9HR,
ESW-CKV-CB-C515B, HCI-TDP-FR-20S37, LOSPNR12HR

356 99.0 .0 4.6E-011 ACF-DGN-TE-EDGB, BAT-DEP-9HR, DGMANR9HR,
ESW-CKV-CB-C515A, HCI-TDP-FR-20S37, LOSPNR12HR

357 99.1 .0 4.5E-011 BAT-DEP-7HR, ESW-CKV-CB-C515B. ESW-MDP-MA-MDPB,
HCI-TDP-FR-20S37, LOSPNR9HR

358 99.1 .0 4.5E-011 BAT-DEP-7HR, ESW-CKV-CB-C515A, ESW-MDP-MA-MDPA, i

I

HCI-TDP-FR-20S37, LOSPNR9HR

359 99.1 .0 4.3E-011 ACP-DGN-TE-EDGB, BAT-DEP-5HR, DGMANRSHR,
ESW-CKV-CB-C515A, HCI-TDP-FR-20S37, LOSPNR7HR

360 99.2 .0 4.3E-011 ACP-DGN-TE-EDGC, BAT-DEP-SHR, DGMANR5HR,
7 ESW-CKV-CB-C515B, HCI-TDP-FR-20S37, LOSPNR7HR

'

S 361 99.2 .0 4.3E-011 ACP DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-CKV-CB-C515A, HCI-TDP-MA-20S37, LOSPNR9HR i

362 99.2 .0 4.3E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-CKV-CB-C515B, HCI-TDP-MA-20S37, LOSPNR9HR

363 99.3 .0 4.0:'-011 ACP-I CN-MA-EDGB, BAT-DEP-7HR, DGMANR7HR, |

ESW-CKV-CB-C515A, HCI-TDP-FS-20S37, LOSPNR9HR I

364 99.3 .0 4.0E-011 ACP-DGN-MA-EDGC, BAT-DEP-7HR, DGMANR7HR,
ESW-CKV-CB-C515B, HCI-TDP-FS-20S37, LOSPNR9HR

365 99.3 .0 4.0E-011 BAT-DEP-7HR, ESW-CKV-CB-C515A, ESW-MDP-FS-MDPA,
HCI-TDP-FS-20S37, LOSPNR9HR

366 99.3 .0 4.0E-011 BAT-DEP-7HR, ESW-CKV-CB-C515B, ESW-MDP-FS-MDPB, ,

HCI-TDP-FS-20S37, LOSPNR9HR [
'

367 99.4 .0 4.0E-011 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,

[
ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, HCI-TDP-MA-20G37,

rLOSPNR17HR d:o

@ 368 99.4 .0 4.0E-011 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,
ESW-MDP-FS-MDPA, ESW-XHE-FO-EMS, HCI-TDP-MA-20S37, 3g LOSPNR17HR e

7 *
a,
to *r2
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.?$ 369 99.4 .0 4.0E-011 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR912, j
4

o ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,3 LOSPNR17HR 5 |,

& !:= 370- 99.5 .0 4.0E-011 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR, *E ;

0 ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, '''
|LOSPNR17HR

371 99.5 .0 3.9E-011 ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGB, BAT-DEP-7HR, t
*

;DGMANR7HR- ESW-XHE-FO-EHS, HCI-TDP-FS-20S31,
LOSPNR141G

372 99.5 .0 3.9E-011 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, BAT-DEP-7HR,
,

DGMANR7HR, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, jLOSPNR14HR '

373 99.5 .0 3.5C-011 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNR5HR,
ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, jLOSPNR12HR

374 99.6 .0 3.5E-011 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNRSHR,
f
t

ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
!

,

; LOSPNR12HR^

375 99.6 .0 3.4E-011 BAT-DEP-5HR, BETA-3AOVS, ESW-AOV-CC-CCF, |
'i' i

HCI-MOV-CC-MV14, LOSPNR7HR l
, E -376 99.6 .0 3.4E-011 BAT-DEP-5HR,. BETA-3AOVS, ESW-AOV-CC-CCF,

!!

HCI-MOV-CC-MV19, LOSPNR7HR
j 377 99.7 .0 3.4E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7Hk,

,

i
"

ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37,
iLOSPNR14HRI I378 99.7 .0 3.4E-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR, !

'

ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, HCI-TDP-FR-20S37, [;
LOSPNR14HR

|379 99.7 .0 3.2E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-7HR, '

DGHWNR7HR, ESW-XHE~FO-EHS, HCI-MOV-CC-MV19,
LOSPNR14HR-

380 99.7 .0 3.2E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-7HR,
1

DGHWNR7HR, ESW-XHE-FO-EHS, HCI-MOV-CC-MV14,
LOSPNR14HR j

i381 99.7 .0 3.0E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DCHWNR14HR,,

DCP-BAT-LP-B2, ESW-XHE-FO-EHS, LOSPNR14HR, ,

382 99.8 .0 2.9E-011 ACP-DGN-FR-EDGB,. BAT-DEP-5HR, DGUWNRSHR, |
i

ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
iLOSPNR12HR '

,

I

I

,
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383 99.8 .0 2.9E-011 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNRSHR, i'

ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37, t

LOSPNR12HR
384 99.8 .0 2.9E-011 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNRSHR, ,

ESW-MDP-FS-MDPA,'ESW-XHE-FO-ERS, HCI-TDP-MA-20S37, j
[LOSPNR12HR I

385 99.8 .0 2.9B-011 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNRSHR,

f|ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,
LOSPNR12HR

386 99.9 .0 2.6E-011 ACP-DGN-TE-EDGB, BAT-DEP-7HR, DGMANR7HR,
'

ESW-CKV-CB-C515A, HCI-TDP-FR-20S37, LOSPNR9HR
387 99.9 .0 2.6E-011 ACP-DGN-TE-EDGC, BAT-DEP-7HR, DGMANR7HR,

ESW-CKV-CB-C515B, HCI-TDP-FR-20S37, LOSPNR9HR
388 99.9 .0 2.5E-011 BAT-DEP-7HR, BETA-3AOVS, ESW-AOV-CC-CCF,

HCI-MOV-CC-MV19, LOSPNR9HR'

389 99.9 .0 2.5E-011 BAT-DEP-7HR, BETA-3AOVS, ESW-AOV-CC-CCF,
HCI-MOV-CC-MV14, LOSPNR9HR

390 99.9 .0 2.4E-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, i

f7 LOSPNR14HR
O 391- 99.9 .0 2.4E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR, |

ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, j

LOSPNR14HR-
392 100.0 .0 2.0E-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR, ,

|jESW-AOV-CC-0241C, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37,,

LOSPNR14HR
393 100.0 .0 2.0E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,

ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, HCI-TDP-FS-20S37, !.

LOSPNR14HR
394 100.0 .0 2.0E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR, ;

'

ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS, HCI-%.''P-MA-20S37, {
LOSPNR14HR

395 100.0 .0 2.0E-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR, ,

ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, HCI-TDP-MA-20S37, |e
M LOSPNR14HR

-

>
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Appendix F

Table F.3

Accident Sequence T1-P1BNU11 Cut Sets

NU REG / CR-5910 F-68

.. .



___________ _ _ _ _ _

SEQUENCE CU"' SETS (QUAhTIFICATION) REPORT
Family: PEACHBOT Event Tree: T1

Sequence: T1-P1BNU11 Init. Event IE-T1
Mincut Upper Bound 1.625E-007

Accum
Cut % % Cut Prob /
No. Total Set Freq. ALTERNATE CUT SETS
____ _____ _____ _________ _______._____________________________________________

1 5.0 5.0 8.2E-009 ACP-DGN-LP-CCF, BAT-DEP-3HR, BETA-4DGNS,
DGCCFNR3HR, LOSPNRSHR, P1

2 9.8 4.7 7.6E-009 ACP-DGN-LP-CCF, BETA-4DGNS, DGCCFNR12HR, INJ-FAILS,
LOSPNR13HR, P1

3 13.8 4.0 6.5E-009 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, DGHWNR12HR,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR, P1

4 17.9 4.0 6.5E-009 ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, DGHWNR12HR,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR, P1

5 21.0 3.0 5.0E-009 ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP- 31m ,
DGHWNR3HR, ESW-XHE-FO-EHS, LOSPNR9HR, P1y

4 6 24.1 3.0 5.0E-009 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-3HR,
o DGHWNR3HR, ESW-XHE-FO-EHS, LOSPNR9HR, P1

7 27.1 3.0 4.9E-009 ACP-DGN-LP-CCF, BAT-DEF-9HR, BETA-4DGNS,
M DGCCFNR9HR, LOSPNR12HR, P1

8 30.0 2.9 4.7E-009 ACP-DGN-LP-CCF, BAT-DEP-SHR, BETA-4DGNS,
DGCCFNRSHR, LOSPNR7HR, P1

9 32.4 2.3 3.8E-009 ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP-9HR,
DGHWNR9HR, ESW-XHE-FO-EHS, LOSPNR17HR, P1

10 34.8 2.3 3.8E-009 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-9HR,
DGHWNR9HR, ESW-XHE-FO-EHS, L']SPNR17HR, P1

il 36.9 2.1 3.5E-009 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, DGHWNR12HR,p
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR, P1

12 38.7 1.7 2.8E-009 ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP-SHR,
DGHWNRSHR, ESW-XHE-FO-EHS, LOSPNR12HR, P1

$ 13 40.5 1.7 2.8E-009 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-5HR,
DGHWNR3HR, ESW-XHE-FO-CHS, LOSPNR12HR, P1:c u.

M 14 42.2 1.7 2.8E-009 ACP-DGN-LP-CCF, BAT-DEP-7HR, BETA-4DGNS,g y
DGCCFNR7HR, LOSPIR9HR, P1 'O

~

O 15 43. . 1.6 2.7E-009 BETA-3AOVS, ESW-AOV-CC-CCF, INJ-FAILS, LOSPNR13HR, 3
a P1 5*

57o
""I



.2
C .. d
W, .::
rc - 16 45.5 1.6 2.6E-009 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-3HR, s
2- DGHWNR3HR, ESW-XHE-FO-EHS, LOSPNR9HR, P1 5,
O 17 ,47.0 1.5 2.4E-009'ACP-DGN-LP-EDGB, DGHWNR12HR, ESW-CKV-CB-C515A, si
Y INJ-FAILS, LOSPNR13HR, P1 y

E 18 48.5' 1.5 2.4E-009 ACP-DGN-LP-EDGC, DGHWNR12HR, ESW-CKV-CB-C515B,
INJ-FAILS, LOSPNR13HR, P1o

19 -49.9 .1. 3 2.1E-009 ACP-DGN-LP-EDGC, BAT-DEP-3HR, DGHWNR3HR,
ESW-CKV-CB-C515B, LOSPNR5HR,.:P1-

20 51.2 1.3 2.1E-009 ACP-DGN-LP-EDGB, BAT-DEP-3HR, DGHWNR3HR,
ESW-CKV-CB-C515A, LOSPNRSHR, P1

21 52.5 1.2 -2.0E-009 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-9HR,
DGHWNR9HR, ESW-XHE-FO-EHS,'LOSPNR17HR, P1

22 .53.7 1.2 1.9E-009 ACP-DGN-FR-EDGC, ACP-DGN-LP-EDGB, BAT-DEP-7HR,
DGHWNR7IIR, ESW-XHE-FO-EHS, LOSPNR14HR, P1

23 54.9 1.2 1.9E-009 ACP-DGN-FR-EDGB, ACP-DGN-LP-EDGC, BAT-DEP-7HR,
DGHWNR7HR, ESW-XHE-FO-EHS, LOSPNR14HR, P1

24 56.0 1.0 1.7E-009 BETA-6AOVS,.EHV-AOV-CC-CCF, INJ-FAILS, LOSPIE13HR,
P1

25 57.0 1.0 1.6E-009 BAT-DEP-3HR, BETA-3AOVS, ESW-AOV-CC-CCF, LOSPNRSHR,
y

4 P1
o- 26 58.0 .9 1.5E-009 BAT-DEP-9HR, BETA-3AOVS, ESW-AOV-CC-CCF,

LOSPNR12HR, P1
27 58.9 .9 1.5E-009 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-5HR,

DGHWNRSHR, ESW-XHE-FO-EHS, LOSPNR12HR, P1
.28 59.8 .9 1.4E-009 ACP-DGN-LP-EDGB, BAT-DEP-9HR, DGHWNR9HR,

ESW-CKV-CB-C515A, LOSPNR12HR,'P1
29 60.7 9 1.4E-009'ACP-DGN-LP-EDGC, BAT-DEP-9HR, DGHWNR9HR,.

ESW-CKV-CB-CSISB, LOSPNR12HR, P1
30- 61.5' .7 '1.2E-009 ACP-DGN-LP-EDGB, BAT-DEP-5HR, DGHWNR5HR,

ESW-CKV-CB-C515A, LOSPNR7HR, P1-
' 31 ' 62.3 .7. 1.2E-009 ACP-DGN-LP-EDGC, BAT-DEP-SHR, DGHWNRSHR,

ESW-CKV-CB-C515B, LOSPNR7HR, P1
'32 ' 6 3 . O' .6 1.1E-009 BAT-DEP-SHR, BETA-3AOVS, ESW-AOV-CC-CCF, LOSPNR7HR,

P1-
33 '63.7 .6 1.0E-009 BAT-DEP-3HR, BETA-6AOVS, EHV-AOV-CC-CCF, LOSPNRSHR,

P1
34 64.3 .6 1.0E-009 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, BAT-DEP-7HR,

DGHMNR7HR, ESW-XHE-FO-EHS, LOSPNR14HR, P1'

.. ..
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' 35 64.9 .6 1.0E-009 BAT-DEP-9HR, BETA-6AOVS, EHV-AOV-CC-CCF, . i

LOSPNR12HR, P1 |
36 65.5 .5 9.5E-010 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, DGMANR12HR, !,

. _

ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR, P1 !
'

'37 66.1 .5 9.5E-010 ACP-DGN-FR-EDGB,'ACP-DGN-MA-EDGC, DGMANR12HR,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR, P1 !.

i , '38 66.7. .5 8.7E-010 ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-3HR, |
! DGMANR3HR,.ESW-XHE-FO-EHS, LOSPNR9HR, P1 !

| 39 67.2 .5 8.7E-010 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP-3HR,

| DGMANR3HR, ESW-XHE-FO-EHS, LOSPNR9HR, P1 ;

40 67.7 .4 7.9E-010 BAT-DEP-7HR, BETA-3AOVS, ESW-AOV-CC-CCF, LOSPNR9HR, f
P1 i

I41 68.2 .4 7.8E-010 ACP-DGN-LP-EDGC, BAT-DEP-7HR, DGHWNR7HR,
,

i ESW-CKV-CB-CSISB, LOSPNRSHR, Pl . [
42 68.7 .4 7.8E-010 ACP-DCN-LP-EDGB, BAT-DEP-7HR, DGHWNR7HR, ;

f
,

ESW-CKV-CB-C515A,.LOSPNR9HR, P1;

. 43 69.1- .4 7.3E-010 ACP-DGN-LP-EDGB, DGHWNR12HR, ESW-A3V-CC-0241C, !.

ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR13HR, P1 !j

. 69.6 .4 7.3E-010 ACP-DGN-LP-EDGC, DGHWNR12HR, ESW-AOV-CC-0241B, [44,

! 7 ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR13HR, P1 !
!' U 45 70.0 .4. 7.3E-010 ACP-DGN-FR-EDGB, DGHWNR12HR,'ESW-CKV-CB-C515A, !

[ INJ-FAILS,-LOSPNR18HR, P1 |
: 46- 70.5 - .4 7.3E-010 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-CKV-CB-C515B, ;

|. . .
INJ-FAILS, LOSPNR18HR, P1 |

| 47 70.9 .4 7.2E-010 BAT-DEP-SHR, BETA-6AOVS, EHV-AOV-CC-CCF, LOSPNR7HR, i

! ,
. P1 '

,

j 48 71.3 .4 6.8E-010 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-PTF-RE-DGB,
; ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR38HR, P1
| 49 71.8 4 6.8E-010 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-P'F-RE-DGC, p.

ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR, Pl. !
50 .72.2 .4 6.5E-010 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-MDP-FS-MDPA, [

;. ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR, P1
|

| 51' 72.6 .4 6.5E-010 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-MDP-FS-MDPB,
'

.,
. .

ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR, P1
j. G 52 73.0 . .4 6.5E-010 ACP-DGN-LP-EDGB, BAT-DEP-3HR, DGHWNR3HR, j

22 ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, : LOSPNRSHR, P1 m [
{ $ 53L 73.4 .4 6.5E-010 ACP-DGN-LP-EDGC, BAT-DEP-3HR, DGHWNR3HR, *g |'' ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNRSHR, P1 3 i.
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c >
@ 54 73.7 .3 5.9E-010 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP-9HR, 3

'O
,

o DGMANR9HR, ESW-XHE-FO-EHS, LOSPNR17H9., P1 {3 55 74.1 .3 5.9E-010 ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-9HR, E
,

:o DGMANR9HR, ESW-XHE-FO-EHS, LOSPNR17HR, P1E 56 74.4 .3 5.5E-010 ACP-DGN-FR-ECGC. BAT-DEP-3HR, DGHWNR3HR, ~

3 sESW-CKV-CB-C515B, LOSPNR9HR, P1 '

57 74.8 .3 5.5E-010 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,
[ESW-CKV-CB-C515A, LOSPNR9HR, P1
iSts 75.1 .3 5.2E-010 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,
!ESW-PTF-RE-DGC, ESW-XHE-FO-EHS, LOSPNR9HR, P1

59 75.4 .3 5.2E-010 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR, '

ESW-PTF-RE-DGB, ESW-XHE-FO-EHS, LOSPNR9HR, P1
60 75.8 .3 5.2E-010 BAT-DEP-7HR, BETA-6AOVS, EHV-AOV-CC-CCF, LOSPNR9HR,

P1
i 61 76.1 .3 5.0E-010 ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGB, DGHWNR12HR, I

|

ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR1:2HR, P1
62 76.4 .3 5.0E-010 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, DGHWR12HR,

>

ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR183HR, P1
63 76.7 .3 5.0E-010 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,,,

f ESW-MDP-FS-MDPA, ESW-XEE-FO-EHS, LOSPNR9HR, P1
|ao 64 77.0 .3 5.0E-010 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,

ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, LOSPNR9HR, P1 ).
65 77.3 .3 4.9E-010 ACP-DGN-FR-EDGB, ACI DGN-MA-EDGC, BAT-DEP-SHR,

DGMANRSHR, ESW-XHE-IJ-EHS, LOSPNR12HR, P1
66 77.6 .3 4.9E-010 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BAT-DEP-5HR, r

DGMANRSHR, ESW-XHE-FO-EHS, LOSPNR12HR, P1 '
67 7*7. 9 .3 4.8E-010 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-PTF-RE-MDPB, i

ESW-AHE-FO-EHS, INJ-FAILS, LOSPNR18HR P168- 78.2 .3 4.8E-010 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-PTF-RE-MDPA,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR, P169 78.5 .2 4.6B-010 ESW-CKV-CB-C515A, ESW-PTF-RE-DGB, INJ-FAILS, ;

LOSPNR13HR, P1
70 78.8 .2 4.6E-010 ESW-CKV-CB-C515B, ESW-PTF-RE-DGC, INJ-FAILS,

LOSPNR13HR, P1
71 79.0 .2 4.4E-010 ACP-DGN-LP-EDGB, BAT-DEP-9HR, DGHWNR9HR,

ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNR12HR, P172 79.3 .2 4.4E-010 ACP-DGN-LP-EDGC, BAT-DEP-9HR, DGHWNR9HR,
ESW-ACV-CC-0241B, ESW-XHE-FO-EHS, LOS;NR12HR, P1 [

t
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. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ - _ _ _ _ - _ _ _ - . _ _ _ _ _ - _ - _ _ _ _ _ _ - _ _ - _ _ - _ _ - _ _ _ _ _ _ _

73 79.6 .2 4.4E-010 ESW-CKV-CB-C515B, ESW-MDP-FS-MDFB, 116J- FAILS ,
LCSPNR13HR, P1

74 79.9 .2 4.4E-010 ESW-CKV-CB-C515A, ESW-MDP-FS-MDPA, INJ-FAILS,
LOSPNR13HR, P1

75 80.1 .2 4.3E-010 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-MDP-MA-MDPA,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPFR18HR, P1

76 80.4 .2 4.3E-010 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-MDP-MA-MDPB,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR, P1

77 80.7 .2 4.2E-010 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,
ESW-CKV-CB-C515A, LOSPNR17HR, P1

78 80.9 .2 4.2E-010 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,
ESW-CKV-CB-C515B, LOSPNR17HR, P1

79 81.2 .2 4.0E-010 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,
ESW-PTF-RE-DGC, ESW-XHE-FO-EHS, LOSPNR17HR, P1

80 81.4 .2 4.0E-010 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,
ESW-PTF-RE-DGB, ESW-XHE-FO-EHS, LOSPNR17HR, P1

81 81.6 .2 3.8B-010 ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGB, BAT-DEP-3HR,
DGHhNR3HR, ESW-XHE-FO-EHS, LOSPNR9HR, P1

82 81.9 .2 3.8E-010 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, BAT-DEP-3HR,
7 DGHWNR3HR, ESW-XHE-FO-SHS, LOSPNR9HR, P1
U 83 82.1 .2 3.8E-010 ACP-DGN-FR-EDGC, BAT-D"X 9HR, DGHWNR9HR,

ESW-MDP-FS-MDPA, ESW-XP.E-FO-EHS, LOSPNR17HR, P1
84 32.4 .2 3.8E-010 ACP-DGN-FR-EDGB, BAT-P2P-9HR, DGHWNR9HR,

ESW-MDP-FS-MDPB, ESW-XHE-FO-EES, LOSPNR17HR, P1
85 82.6 .2 3. 8E '110 ACP-DGN-LP-EDGB, BAT-DEP-5HR, DGHWNRSHR,

ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNR7HR, P1
86 82.8 .2 3.8E-010 ACP-DGN-LP-EDGC, BAT-DEP-5HR, DGHWNRSHR,

ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR7HR, P1
87 83.1 .2 3.8E-010 ACP-DGN-MA-EDGB, BAT-DEP-3HR, DGMANR3HR,

ESW-CKV-CB-C515A, LOSPNRSHR, P1

88 83.3 .2 3.8E-010 ACP-DGN-MA-EDGC, BAT-DEP-3HR, DGMANR3HR,
ESW-CKV-CB-CS15B, LOSPNRSHR,.P1

89 83.5 .2 3.6E-010 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
.ESW-PTF-RE-MDPA, ESW-XHE-FO-EHS, LOSPNR9HR, P1

z
c 90 83.8 .2 3.6E-010 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR, >,

$ ESW-PTF-RE-MDPB, ESW-XHE-FO-EHS, LOSPNR9HR, P1 @
O 91 84.0 .2 3.5E-010 ACP-DGN-MA-EDGC, DGMANR12HR, ESW-CKV-CB-C515B, c

5.3 INJ-FAILS, LOSPNR13HR, P1
E

? ,
=
$
o

_ _ _ _ _ _ _ _ . _ .



2:
C >
n: .::
:-: 92 84.2 .2 3.5E-010 ACP-DGN-MA-EDGB, DGMANR12HR, ESW-CKV-CB-C515A, c
2 INJ-FAILS, LOSPNR13HR, P1 $
0 93 84.4 .2 3.3E-010 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR, &
7 ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS, LOSPNR9HR, P1

*

*E 94 84.6 .2 3.3E-010 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
5 ESW-MDP-MA-MDPA, ESW-XHE-FO-EHS, LOSPNR9HR, P1

95 84.8 .2 3.2E-010 ACP-DGN-FR-EDGB, ACP-DGN-MA-EDGC, BAT-DEP-7HR,
DGMANR7HR, ESW-XHE-FO-EHS, LOSPNR14HR, P1

96 85.0 .2 3.2E-010 ACP-DGN-FR-EDGC, ACP-DGN-MA-EDGB, BWr-DEP-7HR,
DGMANR7HR, ESW-XHE-FO-EHS, LOSPNR14HR, P1

97 85.2 .2 3.2E-010 ESW-CKV-CB-C515B, ESW-PTF-RE-MDPB, INJ-FAILS,
LOSPNR13HR, P1

98 85.4 .2 3.2E-010 ESW-CKV-CB-C515A, ESW-PTF-RE-MDPA, INJ-FAILS,
LOSPNR13HR, P1

99 85.6' .2 3.1E-010 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNRSHR,
ESW-CKV-CB-C515A, LOSPNR12HR, P1

100 85.8 .2 3.1E-010 ACP-DGN-FR-EDGC, BAT-DEP-SHR, DGHWNRSHR,
ESW-CKV-CB-CSISB, LOSPNR12HR, P1

101 86.0 .1 2.9E-010 ACP-DGN-FR-EDGC, BAT-DEP-SHR, DGHWNRSHR,
'

[ ESW-PTF-RE-DG3, ESW-XHE-FO-EHS, LOSPNR12HR, P1
a 102 86.2 .1 2.9E-010 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNR5HR,

ESW-PTF-RE-DGC, ESW-XHE-FO-EHS, LOSPNR12HR, P1
103 86.3 .1 2.9E-010 ESW-CKV-CB-C515B, ESW-MDP-MA-MDFB, INJ-FAILS,

LOSPNR13HR, P1
104 86.5 .1 2.9E-010 ESW-CKV-CB-C515A, ESW-MDP-MA-MDPA, INJ-FAILS,

LOSPNR13HR, P1
105 86.7 .1 2.9E-010 ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGB, BAT-DEP-9HR,

DGHWNR9HR, ESW-XHE-FO-EHS, LOSPNR17HR, P1
106 86.9 .1 2.9E-010 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, BAT-DEP-9HR,

DGHdNR9HR, ESW-XHE-FO-EHS, LOSPNR17HR, P1
107 87.1 .1 2.8E-010 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNR5HR,

ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, LOSPNR12HR, P1
108 87.2 .1 2.8E-010 ACP-DGN-FR-EDGC, BAT-DEP-SHR, DGHWNR5HR,

ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS, LOSPNR12HR, P1
109 87.4 .1 2.8E-010 BAT-DEP-3HR, ESW-CKV-CB-C515B, ESW-PTF-RE-DGC,

LOSPNRSHR, P1
110 87.6 .1 2.8E-010 BAT-DEP-3HR, ESW-CKV-CB-CS15A, ESW-PTF-RE-DGB,

LOSPNRSHR, P1

-
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111 87.8 .1 2.8E-010 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,
ESW-PTF-RE-MDPB, ESW-XHE-FO-EHS, LOSPNR17HR, P1

112 87.9 .1 2.8E-010 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,
ESW-PTF-RE-MDPA, ESW-XHE-FO-EHS, LOSPNR17HR P1 ,

113 88.1 .1 2.7E-010 BAT-DEP-3HR, ESW-CKV-CB-C515A, ESW-MDP-FS- % 'A, f
ILOSPNRSER, P1 !

114 88.3 .1 2.7E-010 BAT-DEP-3HR, ESW-CKV-CB-C515B, ESW-MDP-FS-MDPB,
jLOSPNRSHR, P1

115 88.4 .1 2.6E-010 BAT-DEP-9HR, ESW-CKV-CB-C515A, ESW-PTF-RE-DGB,
'

I

LOSPNR12HR, P1

116 88.6 .1 2.6E-010 BAT-DEP-9HR, ESW-CKV-CB-C515B, ESW-PTF-RE-DGC, .

!
'LOSPNR12HR, P1

[;

117 88.8 .1 2.6E-010 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-MDP-FR-MDPA,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR, P1 !

118 .9 .1 2.6E-010 ACP-DGN-FR-EDGB, DGHWNR12HR, BSW-MDP-FR-MDPB, j

ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR, P1 !

I-

.
119 09.1 .1 . 2.5E-010 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGifWNR9HR, *

I
ESW-MDP-MA-MDPA,.ESW-XHE-FO-EHS, LOSPNR17HR, P1

120 89.2 .1 2.5E-010 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,
. ,,, ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS, LOSPNR17HR, P1 .

'

* 121 89.4 .1 2.5E-010 BAT-DEP-9HR, ESW-CKV-CB-C515A, ESW-MDP-FS-MDPA, !4
LOSPNR12HR, P1

.

122 89.6 .1 2.5E-010 BAT-DEP-9HR, ESW-CKV-CB-C515B, ESW-MDP-FS-MDPB, [
-

'lLOSPNR12HR, P1 ,

123 89.7 .1 2.3E-010 ACP-DGN-LP-EDGB, BAT-DEP-7HR, DGHWNR7HR, ;

?ESW-AOV-CC-0241C, ESW-XHB-FO-EHS, LOSPNR9HR, P1
124 8 .'' . .1 2.3E-010 ACP-DGN-LP-EDGC, BAT-DEP-7HR, DGHWNR7HR, ,

'

ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR9HR, P1 ,

125 90.0 .1 2.3E-010 ACP-DGN-MA-EDGC, BAT-DEP-9HR, DGMANR9HR, !
!ESW-CKV-CB-C515B, LOSPNR12HR, P1

126 90.1 .1' 2.3E-010 ACP-DGN-MA-EDGB, BAT-DEP-9HR, DGMANR9HR, 3~

i ESW-CKV-CB-C515A, LOSPNR12HR, P1
127 90.3 .1 2.2E-010 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, BAT-DEP-SHR,

DGHWNRSHR, ESW-XHE-FO-EHS, LOSPNR12HR, P1'

128 90.4' .1 2.2E-010 ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGB, BAT-DEP-SHR, i

DGHWNR5HR, ESW-XHE-FO-EHS, LOSPNR12HR, P1 dc i.

g ,

.1- 2.1E-010 ACP-DGN-FR-EDGB, DGHWNR12HR, ESW-AOV-CC-0241C, 'g .

129 90.5- |o ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR, P1 m
3
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y 130 90.7 .1 2.1E-010 ACP-DGN-FR-EDGC, DGHWNR12HR, ESW-AOV-CC-0241B, I
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR, P1 5~

0 131 90.8 .1 2.1E-010 ACP-DGN-MA-EDGB, BAT-DEP-5HR, DGMANRSHR, si
/,, ESW-CKV-CB-C515A, LOSPNR7HR, P1 m
e 132 90.9 .1 2.1E-010 ACP-DGN-MA-EDGC, BAT-DEP-5HR, D G!d A N R S H R ,

ESW-CKV-CB-C515B, LOSPNR7HR, P1o

133 91.1 .1 2.1E-010 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-CKV-CB-C5158, LOSPNR14HR, P1

134 91.2 .1 2.1E-010 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-CKV-CB-C515A, LOSPNR14HR, P1

135 91.3 .1 2.0E-010 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNRSHR,
ESW-PTF-RE-MDPB, ESW-XHE-FO-EHS, LOSPNR12HR, P1

136 91.5 .1 2.0E-010 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNR5HR,
ESW-PTF-RE-MDPA, ESW-XHE-FO-EHS, LOSPNR12HR, P1

137 91.6 .1 2.0E-010 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-PTF-RE-DGB, ESW-XHE-FO-EHS, LOSPNR14HR, P1

138 91.7 .1 2.0E-010 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
ESW-PTF-RE-DGC, ESW-XHE-FO-EHS, LOSPNR14HR, P1

139 91.8 .1 2.0E-010 ACP-DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3HR,
[ ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, LOSPNR9HR, P1
cr> 140 92.0 .1 2.0E-010 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,

ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, LOSPNR9HR, P1
141 92.1 .1 1.9E-010 BAT-DEP-3HR, ESW-CKV-CB-C515B, ESW-PTF-RE-MDPB,

LOSPNRSHR, P1
142 92.2 .1 1.9E-010 BAT-DEP-3HR, ESW-CKV-CB-C515A, ESW-PTF-RE-MDPA,

LOSPNRSHR, P1
143 92.3 .1 1.9E-010 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,

ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS, LOSPNR14HR, P1
144 92.5 .1 1.9E-010 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HP.,

ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS, LOSPNR14HR, P1
145 92.6 .1 1.9E-010 ACP-DGM-FR-EDGC, BAT-DEP-5HR, DGHWNRSHR,

ESW-MDP-MA-MDPA, ESW-XHE-FO-EHS, LOSPNR12HR, P1
146 92.7 .1 1.9E-010 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNR5HR,

T -MDP-MA-MDPB, ESW-XHE-FO-EHS, LOSPNR12HR, P1
147 92.8 .1 1.9E-010 BAT-DEP-5HR, ESW-CKV-CB-C515B, ESW-PTF-RE-DGC,

LOSPNR7HR, P1
148 92.9 .1 1.9E-010 BAT-DEP-5HR, ESW-CKV-CB-C515A, ESW-PTF-RE-DGB,

LOSPNR7HR, P1

|
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149 93.0 .1 1.8E-010 BAT-DEP-9HR, 2SW-CKV-CB-C515A, ESW-PTF-RE-MDPA,
LOSPNR12HR, P1

150 93.2 .1 1.8E-010 BAT-DEP-9HR ESW-CKV-CB-C515B, ESW-PTF-RE-MDPB,
LOSPNR12HR, P1

151 93.3 .1 1.8E-010 BAT-DEP-3HR, ESW-CKV-CB-C515B, ESW-MDP-MA-MDFB,
LOSPNRSHR, P1

152 93.4 .1 1.8E-010 BAT-DEP-3HR, ESW-CKV-CB-C515A, ESW-MDP-MA-MDPA,
LOSPNRSHR, P1

153 93.5 .1 1.8E-010 BAT-DEP-SHR, ESW-CKV-CB-C515A, ESW-MDP-FS-MDPA,
LOSPNR7HR, P1

154 93.6 .1 1.8E-010 BAT-DEP-SHR, ESW-CKV-CB-CSISB, ESW-MDP-FS-MDPB,
LOSPNR7HR, P1

155 93.7 .1 1.7E-010 BAT-DEP-9HR, ESW-CKV-CB-C515A, ESW-MDP-MA-MDPA,
LOSPNR12HR, P1

156 93.8 .1 1.7E-010 BAT-DEP-9HR, ESW-CKV-CB-C515B, ESW-MDP-MA-MDPB,
LOSPNR12HR, F1

157 93.9 .1 1.6E-010 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,
ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNR9HR, P1

158 94.0 .1 1.6E-010 ACP'DGN-FR-EDGC, BAT-DEP-3HR, DGHWNR3RR,
*? ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR9HR, P1
3 159 '34.1 .0 1.5E-010 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGhET9HR,

ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, LOSPNR17HR, P1'

160 9 4 . .! .0 1.5E-010 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,
ESW-MDP-FR-MDPB, ESW-XHE-FO-EHS, LOSPNR17HR, P1

161 94.3 .0 1.5E-010 ACP-DGN-FR-EDGC, ACP-DGN-TE-EDGB, BAT-DEP-7HR,
DGHWNR7HR, ESW-XHE-FO-EHS, LOSPNR14HR, P1

''

162 94.4 .0 1.5E-010 ACP-DGN-FR-EDGB, ACP-DGN-TE-EDGC, EAT-DEP-7HR,
DGHWNR7HR, ESW-XHE-FO-EHS, LOSPNR14HR, P1

163 94.5 .0 1.4E-010 ESW-AOV-CC-0241B, ESW-CKV-CB-C515A, INJ-FAILS,
LOSPNR13HR, P1

164 94.6 .0 1.4E-010 ESW-AOV-CC-0241C, ESW-CKV-CB-C515B, INJ-FAILS,
LOSPNR13HR, P1

165 94.7 .0 1.4E-010 ACP-DGN-TE-EDGC, BAT-DEP-3HR, DGMAFR3HR,
z ESW-CKV-CB-C515B, LOSPNR5HR, P1
c 166 94.8 .0 1.4E-010 ACP-DGN-TE-EDGB,, BAT-DEP-3HR, DGMANR3HR,

$ ESW-CKV-CB-C515A, LOSPNRSHR, P1 -Y
-0 167 94.8 .0 1.4E-010 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR, 3
3 ESW-PTF-RE-MDPB, ESW-XHE-FO-EHS, LOSPNR14HR, P1 {
Y, E
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b 168 94.9 .0 1.4E-010 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWhT,7:IR , 5
O ESW-PTF-RE-MDPA, ESW-XHE-FO-EHS, LOSPI.714HR, P1 $
0 169 95.0 .0 1.3E-010 BAT-DEP-7HR, ESW-CKV-CB-CSISB, ESW-PTF-RE-DGC, E

*
Y LOSPNR9HR, P1
E 170 95.1 .0 1.3E-010 BAT-DEP-7HR, ESW-CKV-CB-C515A, ESF DTF-RE-DGB, T

E LOSPNR9HR, P1
171 95.2 .0 1.3E-010 ACP-DGN-TE-EDGB, DGMANR12HR, ESW-CKV-CB-C515A,

INJ-FAILS, LOSPNR13HR, P1
172 95.3 .0 1.3E-010 ACP-DGN-TE-EDGC, DGMANR12HR, ESW-CKV-CB-C515B,

INJ-FAILS, LOSPNR13HR, P1
173 95.3 .0 1.3E-010 ESW-AOV-CC-0241B, ESW-MDP-FS-MDPB, ESW-XHE-FO-EMS,

INJ-FAILS, LOSPNR13HR, P1
174 95.4 .0 1.3E-010 ESW-AOV-CC-02#1C, ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS,

INJ-FAILS, LOSPNR13HR, P1
175 95.5 .0 1.3E-010 BAT-DEP-5HR, ESW-CKV-CB-C515A, ESW-PTF-RE-MDPA,

LOSPNR7HR, P1
176 95.6 .0 1.3E-010 BAT-DEP-SHR, ESW-CKV-CB-C515B, ESW-PTF-RE-MDFB,

LOSPNR7HR, P1
177 95.7 .0 1.3E-010 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,

y

a ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS, LOSPNR14HR, P1
= 178 95.8 .0 1.3E-010 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,

ESW-MDP-MA-MDPA, ESW-XHE-FO-EHS, LOSPNR14HR, P1
179 95.8 .0 1.3E-010 ACP-DGN-MA-EDGC, BAT-DEP-7HR, DGMANR7HR,

ESW-CKV-CB-C515B. LOSPNR9HR, P1
180 95.9 .0 1.3E-010 BAT-DEP-7HR, ESW-CKV-CB-C515B, ESW-MDP-FS-MDPB,

LOSPNR9HR, P1
181 96.0 .0 1.3E-010 ACP-DGN-MA-EDGB, BAT-DEP-7HR, DGMANR7HR,

ESW-CKV-CB-C515A, LOSPNR9HR, P1
182 96.1 .0 1.3E-010 BAT-DEP-7HR, ESW-CKV-CB-C515A, ESW-MDP-FS-MDPA,

LOSPNR9HR, P1
IP3 96.2 .0 1.2E-010 ACP-DGN-FR-EDGB, BAT-DEP-9HR, DGHWNR9HR,

ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNR17HR, P1
184 96.2 .0 1.2E-010 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR, |

'ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR17HR, P1
185 96.3 .0 1.22-010 BAT-DEP-5HR, ESW-CKV-CB-C515A, ESW-MDP-MA-MDPA,

LOSPNR7HR, P1
186 96.4 .0 1.2E-010 BAT-DEP-SHR, ESW-CKV-CB-CSISB, ESW-MDP-MA-MDPB,

LOSPNR7HR, P1

L
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187 96.5 .0 1.1E-010 ACP-DGN-MA-EDGB, BAT-DEP-3HR, DGMANR3HR,
ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNRSHR, P1

188 96.5 .0 1.1E-010 ACP-DGN-MA-EDGC, BAT-DEP-3HR, DGMANR3HR,
ESW- FLOV-CC-0241B, ESW-XHE-FO-SHS, LOSPNRSHR, P1

189 96.6 .0 1.1E-010 ACP-DGN-FR-EDGC, BAT-DEP-SHR, DGHWNRSHR,
ESW-MDP-FR-MDPA, ESW-XHE-FO-EHS, LOSPNR12HR, P1 :

190 96.7 .0 1.1E-013 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNRSHR, |
ESU MDP-FR-MDFB, ESW-XHE-FO-EHS, LOSPNR12ER, P1 |

191 96.7 .0 1.0E-010 ACP-DGN-MA-EDGB, DGMANR12HR, ESW-AOV-CC-0241C,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR13HR, P1

192 96.8 .0 1.0E-010 ACP-DGN-MA-EDGC, DGMANR12HR, ESW-AOV-CC-0241B,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR13HR, P1

193 96.9 .0 9.9E-011 ESW-CKV-CB-C515A, ESW-MDP-FR-MDPA, INJ-FAILS,
LOS2NR18HR, P1

194 96.9 .0 9.9E-011 ESW-CW-CB-C515B, ESW-MDP-FR-MDPB, INJ-FAILS,
LOSPNR18HR, P1

195 97.0 .0 9.5E-011 ACP-DGN-FR-EDGB, BAT-DEP-5HR, DGHWNRSHR,
ESW-AOV-CC-0241C, ES'f-XHE-FO-EHS, LOSPZ212HR, P1

196 97.0 .0 9.5E-011 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNR5HI ,
*I8 ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR12HR, P1
2 197 97.1 .0 9.5E-011 BAT-DEP-7HR, ESW-CKV-CB-C515B, ESW-PTF-RE-MDFB,

LOSPNR9HR, P1
198 97.2 .0 9.5E-011 BAT-DEP-7HR, ESW-CKV-CB-C515A, ESW-PTF-RE-MDPA,

LOSPNR9HR, P1
199 97.2 .0 9.1E-011 BAT-DEP-3HR, ESW-AOV-CC-0241B, ESW-CKV-CB-C515A,

LOSPNRSHR, P1
200 97.3 .0 9.1E-011 BAT-DEP-3HR, ESW-AOV-CC-0241C, ESW-CKV-CB-C515B,

LOSPNR5HR, P1
201 97.3 .0 8.9E-011 ESW-MDP-FR-MDPB, ESW-MDP-FS-MDPA, ESW-XHE-FO-EHS,

INJ-FAILS, LOSPNR18HR, P1
202 97.4 .O 8.9E-011 ESW-MDP-FR-MDPA, ESW-MDP-FS-MDPB, ESW-XHE-FO-EHS,

INJ-FAILS, LOSPNR18HR, P1
203 97.4 .0 8.8E-011 ESW-AOV-CC-0241C, ESW-MDP-MA-MDPA, ESW-XHE-FO-EHS,

Z INJ-FAILS, LOSPNR13HR, P1
9 204 -97.5 .0 8.8E-011 ESW-AOV-CC-0241B, ESW-MDP-MA-MDPB, ESW-XHE-FO-EHS,
E INJ-FAILS, LOSPNR13HR, P1 d
S 205 97.5 .0 8.8E-011 ACP-DGN-TE-EDGB, BAT-DEP-9HR, DGMANR9HR, 3
O ESW-CKV-CB-C515A, LOSPNR12HR, P1 :
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$ 206 97.6 .0 8.8E-011 ACP-UGN-TB-EUGC, BAT-DEP-9HR, DGMANR9.R, E
$ ESW-CKV-CB-C515B, LOSPNR12HR, P1 [
o 207 97.6 .0 8.7E-011 BAT-DEP-7HR, ESW-CKV-CB-C515A, ESW-MDP-MA-MDPA, E
Y LOSPNR9HR, P1
g 208 97.7 .0 8.7E-011 BAT-DEP-71m, ESW-CKV-CB-C515B, ESW-MDP-MA-MDPS,
o' LOSPNR9HR, P1*-

209 97.8 .0 8.5E-011 BAT-DEP-9HR, ESW-AOV-CC-0341C, ESW-CKV-CB-C515B,
LOSPNR12HR, P1

210 97.8 .0 8.5E-011 BAT-DEP-9HR, ESW-AOV-CC-0241B, ESW-CKV-CB-C515A,
LOSPNR12HR, P1

211 97.9 .0 8.3E-011 ACP-DGN-TE-EDGC, BAT-DEP-SHR, DGMANR5HR,
ESW-CKV-CB-CSISB, LOSPNR7HR, P1

212 97.9 .0 8 1E-011 ACP-DGN-TE-EDGB, BAT-DEP-5HR, DGMANRSHR,
ESW-CKV-CB-C515A, LOSPNR7HR, P1

213 98.0 .0 9.1E-011 BAT-DEP-3HR, ESW-AOV-CC-0241B, ESW-MDP-FS-MDPB,
ESW-XHE-FO-EMS, LOSPNRSHR, P1

214 98.0 .0 8.1E-011 BAT-DEP-3HR, ESW-AOV-CC-0241C, ESW-MDP-FS-MDPA,
ESW-XHE-FO-EHS, LOSPNR5HR, P1

m 215 98.1 .0 7.8E-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR,
Jo ESW-MDP-FR-MDPB, ESW-XHE-FO-EhS, LOSPNR14HR, P1

216 98.1 .0 7.8E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-MDP- FR-MDPA, ESW-XHE-FO-EHS, LOSPNR14HR, P1

217 98.2 .0 7.6E-011 BAT-DEP-9HR, ESW-AOV-CC-0241B, ESW-MDP-FS-MDFB,
ESW-XHE-FO-EHS, LOSPNR12HR, P1

218 98.2 .0 7.6E-011 BT.T-DEP-9HR, ESW-AOV-CC-0241C, ESW-MDP-FS-MDPA,
ESW-XHE-FO-EHS, LOSPNR12HR, P1

219 98.2 .0 6.9E-011 ACP-DGN-MA-EDGB, BAT-DEP-9HR, D NANR9HR,
ESW-AOV-CC 0241C, ESW-XHE-FO-EHS, LOSPNR12HR, P1

220 98.3 .0 6.9E-011 ACP-DGN-MA-EDGC, BAT-DEP-9HR, DGMANR9HR,
USW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR12HR, P1

221 98.3 .0 6.5E-011 ACP-DGN-FR-EDGC, DGHWNR12HR, EHV-SRV-CC-RV2,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR, P1

222 98.4 .0 6.5E-011 ACP-DGN-FR-EDGB, DGHWNR12FR, EHV-SRV-CC-RV3,
ESW-XHE-FO-EHS, INJ-FAILS, LOSPNR18HR, P1

223 98.4 .0 6.5E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR,
ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR14HR, P1

224 98.4 .0 6.5E-011 ACP-DGN-MA-EDGC, BAT-DEP-SHR, DGMANR5HR,
ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR7HR, P1

(

._ -



-
@ ~ -

225 98.5 .0 6.5E-011 ACP-DCN-MA-EDGB, BAT-DEP-5HR, DGMANRSHR,
*LSW- AOV- CC- 0241C, ESW-XHE-FO-EHS, LOSPNR7HR, P1

226 98.5 .0 6.5E-011 ACP DGN-FR-EDGB, BAT-DEP */HR, DGHWhT.7HR,
ESW-AOV C C - 0 2 4 '_ C , ESW-XHE-FO-EHS, LOSPNR14HR, P1

227 98.ti .0 6.2E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD,
DGHWNR12HR, INJ-FAILS, LOSPhT18HR, P1

228 98.6 .0 6.0E-011 BAT-DEP-5HR, ESW-AOV-CC-0241C, ESW-CKV-CB-C515B,
LOSPNR7HR, P1

229 98.6 .0 6.0E-011 BAT-DLP-5HR, ESW-AOV-CC-0241B, ESW-CKV-CB-C515A,
LOSPNR7HR, P1

230 98.7 .0 5.9E-011 ESW-MDP-FR-MDPA, ESW-MDP-MA-MDPB, ESW-XHE-FO-EUS,
INJ-FAILS, LOSPNR18HR, P1

231 98.7 .0 5.9E-011 ESW-MDP-FR-MDPB, ESW-MDP-MA-MDPA, ESW-XHE FO-EliS,
INJ-FAILS, LOSPNR18HR, P1

232 98.7 .0 5.5E-011 BAT-DEP-9;IR, ESW-CKV-CB-C515B, ESW-MDP-FR-MDPB,
LOSPNR17HR, P1

233 98.8 .0 5.5E-011 BAT-DEP-9HR, ESW-CKV-CB-C515A, ESW-MDP-FR-MDPA,
LOSPNR17HR, P1

234 98.8 .0 5.4E-011 BAT-DEP-3HR, ESW-AOV-CC-0241C, ESW-MDP-MA-MDPA,
7 ESW-XHE-FO-EHS, LOSPNRSHR, P1
0 235 98.8 .0 5.4E-011 BAT-DEP-SHR, ESW-AOV-CC-0241B, ESW-MDP-FS-MDPB,

ESW-XHE-FO-EHS, LOSPNR7HR, P1

236 98.9 .0 5.4E-011 BAT-DEP-3HR, ESW-AOV-CC-0241B, ESW-MDP-MA-MDPB, |

|

ESW-XHE-FO-EHS, LOSPNRSHR, P1

237 98.9 .0 5.4E-011 BAT-DEP-SHR, ESW-AOV-CC-0241C, ESW-MDP-FS-MDPA, i

I
ESW-XHE-FO-EHS, LOSPNR7HR, P1

238 98.9 _O 5.2E-011 BAT-DEP-3HR, ESW-CKV-CB-C515B, ESW-MDP-FR-MDPB,
j LOSPNR9HR, P1

239 '99.0 .0 5.2E-011 BAT-DEP-3HR, ESW-CKV-CB-C515A, ESW-MDP-FR-MDPA,
LOSPNR9HR, P1

|- .240 99.0 .0 5.1E-011 BAT-DEP-9HR, ESW-AOV-CC-0241C, ESW-MDP-MA-MDPA,,

ESW-XHE-FO-EHS, LOF''aR12HR, P1'

241 99.0 .0 5.1E-011 BAT-DEP-9HR, ESW-ADV-CC-0241B, ESW-MDP-MA-MDPB,
| ESW-XHE-FO-EHS, LCGPNR12HR, P1
! z

c 242 99.1 .0 5.0E-011 ACP-DGN-FR-EDGC, PAT-DEP-3HR, DGHWNR3HR,

@
EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, LOSPNR9HR, P1 d

t
o 243 99.1 .0 5.0E-011 ACP-DGN-FR-EDGB, BAT-DEP-3HR, DGHWNR3HR,

S
3 EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNR9HR, P1 a
M

a

$
E;
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f $ 244 99.1 .0 5.0E-011 ACP-DGN-TE-EDGB, ?W/-DGP-7HR, DGMANR7HR,

f 3 ESW-CKV-CB-C515A, LOSPNR9KA, P1 5
*c 245 99.2 .0 5.0E-011 ACP-DGN-TE-EDGC, BAT-DEP-7HR, DGMANR7HR, E

.

S ESW-CKV-CB-C515B, LOSPNR9HF, Pi y

} S 246 99.'2 .0 4.98-011 BAT-DRP-9HR, ESW-X P-FR-NDPB, ESW-MDP-FS-MDPA,
ESW-XHE-FO-EHS, LOSPNR17HR, P1

247 99.2 .0 4.9E-011 BAT-DEP-9HR, ESW-MCP-F3-MDPA, ESW-MDP-FS-MDPB,
ESW-XHE-FO-EHS, LOSPNR1TFR F1

248 99.3 .0 4.7E-011 ACP-DGN-FR-EDGB, ACP-DG'.;- FR-EDGC, ACP-DGN-FP- N ,
BAT-DEP-3HR, DGHWNR3HR, LOSPNR9HR, P1

249 99.3 .0 4.7E-011 BAT-DEP-3HR, ESW-MDP-FR-MDPA, 'lSW-MDP-FS-MDPB,
ESW-XHE-FO-EHS, LOSPNR9HR, P1

250 99.3 .0 4.7E-011 BAT-DEP-3HR, ESW-MDP-FR-MDFB, ESW-MDP-FS-MDPA,
ESW-XHE-FO-EHS, LOSPNR9HR, P1

251 99.3 .0 4.3E-011 BAT-DEF-7HR, ESW-AOV-C"-0241B, ESW-CKV-CB-C515A, j

LOSPNR9HR, P1 |
252 99.4 .0 4.3E-011 BAT-DEP-7HR, ESW-AOV-CC-0241C, ESW-CKV-CB-CSISB, l

LOSPNR9HR, P1 |

253 99.4 .0 3.9E-011 BAT-DEP-7HR, ESW-AOV-CC-0241C, ESW-MDP-FS-MDPA,
y

& ESW-XHE-FO-EES, LOSPNR9HR, P1
254 99.4 .0 3.5E-011 ACP-DGN-MA-EDGC, BAT-DEP-7HR, DGMANR7HR,**

ESW-AOV-CC-0241B, ESW-XHE-FO-EHS, LOSPNR9HR, P1
255 99.4 .0 3.9E-011 ACP-DGN-MA-EDGE, BAT-DEP-7HR, DGMANR7HR,

ESW-AOV-CC-0241C, ESW-XHE-FO-EHS, LOSPNR9HR, P1
256 99.5 .0 3.9E-011 BAT-DEP-7HR, ESW- AOV- CC- 0241B , ESW-MDP-FS-MDFB,

ESW-XHE-FO-EHS, LOSPNR9HR, P1
257 99.5 .0 3.8E-011 ACP-DGN-FR-EDGE, BAT-DEP-9HR, DGHWNR9HR,

EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNR17HR, P1
258 99.5 .0 3.8E-011 ACP-DGN-FR-EDGC, BAT-DEP-9HR, DGHWNR9HR,

EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, L"3SPNR17HR, P1
259 99.5 .0 3.6E-011 ACD-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD,

BAT-MP-9HR, DGHWNR9HR, LOSPNR17HR, P1
260 99.6 .0 3.6E-011 BAT-DEL-5HR, ESW-AOV-CC-0241M, ESW-MDP-MA-MDPB,

ESW-XHE-F3-EHS, LOSPNR7HR, P1
261 99.6 .0 3.6E-011 BAT-DEP-Sh?, ESW-AOV-CC-0241C, ESW-MDP-MA-MDPA,

ESW-XHE-FO-ERS, LOSPNR7HR, P1
262 99.6 .0 3.4E-011 BAT-DEP-5HR, ESW-CKV-CB-C515B, ESW-MDP-FR-MDPB,

LOSPNR12HR, P1

.._ .
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263 99.6 .0 3.4E-011 BAT-DEP-5HR, LSW-CKV-CB-C515A, ESW-MDP-FR.-MDPA,
LOSPNR12HR, P1

264 99.6 .0 3.3E-011 BAT-DEP-9HR, L:iW-MDP-FR-MDPB, ESW-MDP-MA-MDPA,
|,

ESW-XHE-FO-EHS, LOSPNR17HR, P1
265 99.7 .0 3.3E-011 BAT-DEP-9HR, ESW-MDP-FR-MDPA, ESW-MDP-MA-MDPB,

ESW-XHE - FO- h'LJ , LOSPNR17HR, P1
i

266 99.7 .0 3.1E-011 BAT-DEP-3HR, ESW-MDP-FR-MDPA, BSW-MDP-MA-MDPB,
ESW-XHE-FO-EHS, LOSPNR9HR, P1

267 99.7 .0 3.1E-011 BAT-DEP-3HR, ESW-MDP-FR-MDFB, ESW-MDP-MA-MDPA,
ESW-XHE-FO-SHS, LOSPNR9HR, P1'

268 09.7 .0 3.0E-011 BAT-DEP-5HR, ESW-MDP-FR-MDPA, ESW-MDP-FS-MDPB,
ESW-XHE-FO-EHS, LOSPNR12HR, P1

269 99.7 .0 3.0E-011 BAT-DEP-5HR, ESW-MDP-FR-MDPB, ESW-MDP-FS-MDPA,
ESW-XHE-FO-EHS, LOSPNR12HL, P1

270 99.8 .0 2.8E-011 ACP-DGN-FR-EDG3, BAT-DEP-SHR, DGEMNRSHR,
EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNR12HR, P1

271 99.8 .0 2.8E-011 ACP-DGN-FR-EDGC, BAT-DEP-5HR, DGHWNRSHR,
EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, L-OSPNR12HR, P1

272 99.8 .0 2.7E-011 BAT-DEP-7HR, ESW-CKV-CB-C515B, ESW-MDP-FR-MDPB, !
,o '

E LOSPNR14HR, P1
273 99.E .D 2.7E-011 BAT-DEP-7HR, ESW-CKV-CB-C515A, ESW-MDP-FR-MDPA,"

LOSPNR14HR, P1

274 99.8 .0 2.7E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD,
BAT-DEP-SHR, DGHWNRSHR, LOSPNR12HR, P1

275 99.8 .0 2.6E-011 BAT-DEP-7HR, ESW-AOV-CC-0241C, ESW-MDP-MA-MDPA,
ESW-XHE-FO-EhS, LOSPNR9HR, P1 |

276 99.9 .0 2.6E-011 BAT-DEP-7HR, ESW-AOV-CC-0241B, ESW-MDP-MA-MDPB, [

ESW-XHE-FO-EHS, LOSPNR9HR, P1
277 99.9 .0 2.4E-011 BAT-DEP-7HR, ESW-MDP-FR-MDPB, ESW-MDP-FS-MDPA,

ESW-XHE-FO-EHS, LOSPNR14HR, P1

278 99.9 .0 2.4E-011 BAT-DEP-7HR, ESW-MDP-FR-MDPA, ESW-MDP-FS-MDPB,
ESW-XHE-FO-EHS, LOSPNR14HR, P1

279 99.9 .0 2.0E-011 BAT-DEP-5HR, ESW-MDP-FR-MDPB, ESW-MDP-MA-MDPA,
ESW-XHE-FO-EHS, LOSPNR12HR, P1

$ 280 99.9 .0 2.0E-011 BAT-DEP-5HR, ESW-MDP-FR-MDPA, ESW-MDP-MA-MDPB, >
:c ESW-XHB-FO-ERS, LOSPNR12HR, P1 @
$ 281 99.9 .0 1.9E-011 ACP-DGN-FR-EDGB, BAT-DEP-7HR, DGHWNR7HR, g

EHV-SRV-CC-RV3, ESW-XHE-FO-EHS, LOSPNR14HR, P1 g.3 *
:e
E
:e
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g 282 99.9 .0 1.9E-011 ACP-DGN-FR-EDGC, BAT-DEP-7HR, DGHWNR7HR, @
o EHV-SRV-CC-RV2, ESW-XHE-FO-EHS, LOSPIm14HR, P1 &

*3 283 99.9 .0 1.8E-011 ACP-DGN-FR-EDGB, ACP-DGN-FR-EDGC, ACP-DGN-FR-EDGD,
:x2 BAT-DEP-7HR, DGHWfG7HR, LOSPITR14HR, P1 M

5, 284 100.0 .0 1.6E-011 BAT-DEP-7HR, ESW-MDP-FR-MDPB, ESW-MDP-MA-MDPA,
S ESW-XHE-FO-EHS, LOSPNR14HR, P1
* 285 100.0 .0 1.6E-011 BAT-DEP-7HR, ESW-MDP-FR-MDPA, ESW-MDP-MA-MDPB,

ESW-XHE-FO-E3S, LOSPNR14HR, P1

7
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Table F.4 Accident Sequence T1-BU11U21 Cut Sets

SEQUENCE CUT SETS (QUANTIFICATION) REPORT
Family: PEACHBOT Event Tree: T1

-Sequence: T1-BC11U21 Init. Event: IE-T1
Mincut Upper Bound 1.777E-007

/

Accum i'

Cut- % % Cut Prob /
No. Total Set Freq. ALTERNATE CUT SBTS

___..___. ..__.___.__ ____.. ........ ..___.....__......___._______ ..___ _____

1 100.0 100.0 1.7E-007 BETA-5 BAT, DCP-BAT-LF-CCF, NR

Table F.5 Accident Sequence T1-C-SLC Cut Sets

3
SEQUENCE CUT SETS (QUAprrIFIF.ATION) REPORT

Family: PEACHBOT Event Tree: T1
Sequence: T1-C-SLC Init. Event: IE-T1

Mincut Upper Bound 4.418E-008

Accum
Cut t % Cut Prob /
No. Total Set Freq. ALTERNATE CUT SETS-

k h7 h h b k$hk bb8 Nk kPhM kbckkkkkDkbkk
2 92.8 35.7- 1.58-008 NR, RPSM, SLC-XHE-FO-SLC
3 98.8 6.0 2.6E-009 NR, RPSM, SLC-SYS-TE-SLC
4 100.0 1.1 4.9E-010 BETA-2SIPUMPS, NR, RPSM, SLC-POP-FS-CCF
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$ Table.F.6 Accident Sequence T1-PIBU11U21 Cut Sets 3o s~

O .

xy SEQUENCE CUT SETS (QUANTIFICATION) REPORT .e:g Family: PEACHBOT Event Tree: T1
g Sequence: T1-P1BU11U21 Init. Event: IE-T1

Mincut Upper Bound 1.706E-008

Accum
Cut % % Cut Prob /
No. Total Set Freq. ALTERNATE CITT SETS
---- ----- ----- --------- ---------------------------------------- --------.-_-

1 100.0 100.0 1.7E-008 BETA-5 BAT, DCP-BAT-LF-CCF, NR, P1

l

Table F.7 Accident. Sequence T1-P2V234NU11B-1

*F
$ SEQUENCE CUT SETS (QUANTIFICATION) REPORT

Fami).y: , PEACHBOT Event Tree: T1_

Sequence:~T1-P2V234NU11B-1 Init. Event: IE-T1
Mincut Upper Bound 5.530E-009

Accum
Cut % % Cut Prob /
.No. Total Set' Freq.

, ,

ALTERNATE CUT SETS
--- .- --- ---. ,----- - - ---------------------------_----------------- ..-----

1 71.4 71.4 3.9E .009 ESF-XHE-FO-HSWIN, ESW-CKV-HW-CV513, NR, P2
2 10,0.T) - 28.5 1.5E-009 ESF-XHE-FO-HSWIN, ESW-XVM-PG-XV502, NR, P2

''
,

.

<
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. _ . . . . . . . . . . . . . . . . -- ~ - - - - -- ' ''- - - ~ -

'
. . _ . _ . . .
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Table F.8 Accident Sequence T1-P2V234NU11B-2

SEQUENCE CUT SETS (QUANTIFICATION) REPORT
Family: PEACHBOT Event Tree: T1

Sequence: T1-P2V234NU11B-2 Init. Event: IE-T1
Mincut Upper Bound 8.437E-008

Accum
Cut t % Cut Prob /
No. Total Set Freq. ALTERNATE CUT SETS
____ _____ __.__ _._______ _____________________________________________________

1 99.6 99.6 8.4E-008 ESF-XHE-MC-PRES, NR, P2
2 99.8 .1 1.5E-010 ESF-ASP-FC-PL52C, ESF-ASP-FC-PL52D, NR, P2
3 100.0 .1 1.5E-010 ESF-ASP-FC-PL52A, ESF- ASP-FC-PL52B, NR, P2

n
4, Table F.10 Accident Sequence S1-V234NU11
y

SEQUENCE CUT SETS (QUANTIFICATION) REPORT
Family: PEACHBOT Event Tree: S1

Sequence: S1-V2V3V4NU11 Init. Event: IE-S1
Mincut Upper Bound 1.602E-007

ACCum
Cut t % Cut- Prob /
No. Total Set Freq. ALTERNATE CUT SETS
____ _____ _____ _________ _________________ ______________________________ ....

1 99.6 99.6 1.6E-007 ESF-XHE-MC-PRES, NR
2 99.8 .1 3.0E-010 ESF-ASP-FC-PL52C, ESF-ASP-FC-PL52D, IE

3 100.0 .1 3.0E-010 ESF-ASP-FC-PL52A, ESF-ASP-FC-PL52B, im
z
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te vo Table F.11 Accident Sequence A-V2V3 m~ o
O 3
M G
E SEQUENCE CUT SETS (QUANTIFICATIOZ ', REPORT

g

{ Family: PEACHBOT Event Tree: A '
Sequence: A-V2V3 Init. Event: IE-A

Mincut Upper Bound 5.340E-008

Accum
Cut t t Cut Prob /
No. Total Set Freq. ALTERNATE CUT SETS
____ _____ _____ _________ ____________________________________________ ________

1 99.6 99.6 5.3E-008 ESF-XHE-MC-PRES, NR
2 99.8 .1 1.0E-010 ESF-ASP-FC-PL52C, ESF-ASP-FC-PL52D, NR
3 100.0 .1 1.0E-010 ESF-ASP-FC-PL52A, ESF-ASP-FC-PL52B, NR

,

Table F.12 Accident Sequence T3A-C-SLC

b
SEQUENCE CUT SETS (QUAfEIFICATION) REPORT

Family: PEACHBOT Event Tree: T3A
Sequence: T3A-C-SLC Init. Event: IE-T3A

Mincut Upper Bound 1.406E-006

Accum
Cut t t Cut Prob /
No. Total Set Freq. ALTERIULTE CUT SETS
____ _____ _____ _________ _______________________________ .___________________

1 56.7 56.7 7.9E-007 NR, RPSM, SLC-XHE-RE-DIVER
2 92.2 35.5 5.0E-007 NR, RPSM, SLC-XHE-FO-SLC
3 98.3 6.0 8.5E-008 NR, RPSM, SLC-SYS-TE-SLC
4 99.4 1.1 1.5E-008 BETA-2SIPUMPS, NR, RPSM, SLC-MDP-FS-CCF
5 99.6 .1 2.5E-009 NR, RPSM, SLC-CKv-HW-CV17
6 99.8 .1 2.5E-009 NR, RPSM, SLC-CKV-HW-CV16
7 99.8 .0 1.0E-009 NR, RPSM, SLC-XVM-PG-XV11
8 99.9 .0 1.0E-009 NR, RPSM, SLC-XVM-PG-XV18
9 100.0 .0 1.0E-009 NR, RPSM, SLC-XVM-PG-XV15



- _ .

I

i

Table F.13 Accident Sequence T3A-CU11X :

SEQUENCE CUT SETS (QUANTIFICATION) REPORT
Family: PEACHBOT Event Tree: T2A

Sequence. T3A-CU11X Init. Event: IE-T3A
Mincut Upper Bound 2.621E-007

-

Accum
Cut t % Cut Prob /
No. Total Set Freq. ALTERNATE CUT SETS
____ _____ _____ _________ _____________________________________________________

1 57.2 57.2 1.5E-007 ESF-XHE-FO-DATWS, HCI-TDP-FS-20S37, IE, RPSM
2 76.3 19.0 5 OE-008 ESF-XHE-FO-DATWS, HCI-TDP-MA-20S37, NR, RPSM
3 85.8 9.5 2.5E-008 ESF-XHE-FG-DATWS, HCI-7DP- FO-20S37, NR, RPSM
4 91.5 5.7 1.5E-008 ESF-XHE-FO-DATWS, HCI-MOV-CC-MV19, NR, RPSM !

5 97.2 5.7 1.5E-008 ESF-XHE-FO-DATWS, HCI-MOV-CC-MV14, NR, RPSM r

6 97.6 .3 1.0E-009 ESF-XHE-FO-DATWS, HCI-MOV-MA-MV17, NR, RPSM
7 98.0 .3 1.0E-009 ES37-XHE-FO-DA7WS, HCI-MOV-MA-MV57, NR, RPSMy

4 8 98.4 .3 1.0E-009 ESF-XHE-FO-DATWS, HCI-MOV-M7-PCV50, NR, RPSM
e 9 98.8 .3 1.0E-009 ESF-XHE-FO-DATWS, HCI-MOV-MA-MV20, NR, RPSM

10 99.2 .3 1.0E-009 ESF-XHE-FO-DA7WS, HCI-MOV-MA-MV14, NR, RPSM
11 99.4 .2 6.2E-010 ESF-XHE-FO-DA7WS, HCI-ICC-HW-FC108, NR, RPSM
12 99.6 .1 5.0E-010 ESF-XHE-FO-DATWS, HCI-CXV-HW-CV65,IE, RPSM
13 99.8 .1 5.0E-010 ESF-XHE-FO-DATWS, HCI-CXV-HW-CV32, IE, RPSM !
14 100.0 .1 5.0E-010 ESF-XHE-FO-DATWS, HCI-TCV-HW-TCV18, NR, RPSM

j
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.C >i 2 . Table.F.14 Accident Sequence T3A-P2V234NU11to "3 >'
O 3 !
s :s i

- o & l,x
SEQUENCE CUT SETS (QUANTIFICATION) REPORT ;

4

x
i E. Family: PEACEBOT Event Tree: T3A y ;

..

1 E Sequence: T3A-P2V234NU11 Init. Event: IE-T3A ';
! Mincut Upper Bound 2.660E-008
!. Accum

Cut' % % Cut Prob /,

*

!.No. Total Set Freq. ALTERNATE CUT SETS
!. ---_ .---- ----- ------.--

--------------------.------------------------------.-1 100.0'100.0 2.6E-008 ESF-XHE-MC-PRES, NR, P2, Q
l

,

t

,

Table F.15 ' Accident Sequence T2-C-SLC
i*n

4.
e

SEQUENCE CUT SETS (QUANTIFICATION) REPORTo

Family: PEACHBOT : Event Tree: T2Sequence: T2-C-SLC Init. Event: IE-T2 -

Mincut Upper Bound 2.796E-008
Accum

'

Cut t. %. Cut Prob /
:No. Total Set Freq.

. !

ALTERNATE CUT SETS
.---- ----- ----- --------- ----------------------------------------------------.' .1. S7.0 57.0 1.6E-008 NR, RPSM, SLC-XHE-RE-DIVER

j 2' 92.8 -35.7 '1.0E-008 NR, RPSM, SLC-XHE-FO-SLC 7

; -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-MDP-FS-CCF !

.
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| Table'F.16 Accident Sequence T2-P2V234NU11

f. SEQUENCE CUT SETS (QUANTIFICATION) REPORT
Family: PEACHBOT ' Event Tree: T2

Sequence: T2-P2V234NU11 Init. Event: IE-T2
Mincut Upper Bound 5.320E-006

Accum
Cut t % Cut Prob /-
No. -Total Set Freq. ALTERNATE CUT SETS

______________________-_________________________________. __.__ _____ _________

L1 100.0'100;0 5.3E-008 ESF-XHE-MC-PRES, NR, P2

Table F.17.' Accident Sequence T3B-C-SLC
'y.

N SEQUENCE CUT SETS - (QUANTIFICATION) REPORT
Family: PEACHBOT Event Tree: T3B

Sequence: T3B-C-SLC Init. Event: IE-T3B
~

.Mincut Upper Bound 3.355E-008

-Accum
Cut- % '% Cut ' Prob /
No. _ Total Seti Freq.. ALTERNATE CUT SETS

.

____ _____,_____ _________ ________________________________________.____________

| 11- 57.0' 57.0 1.9E-008 NR, RE .1, SLC-XHE-25-DIVER
2 92.8 35.7 11.2E-008 NR, RPSM, SLC-XHE-FO-SLC
3 '-98.9, -6.0 .'2.0E-009 NR, RPSM, SLC-SYS-TE-SLC
4'100.0 1.1 3.7E-010 BETA-2SIPUMPS,-NR, RPSM,.SLC-MDP-FS-CCF

>
2: y.' c: ,= atra bk.'

M
O
y' *ss

.|n
*
O

<.- ~. .



_

z
C
2 >

Table F.18 Accident Sequence T3B-P2V234NU11-1 y
eo- :sW G

5, SEQUENCE CUT SETS (QUANTIFICATION) REPORT E,

*
-

Family: PEACHBOT Event Tree: T3B m.
'

Sequence: 'CB-P2V234NU11-1 Init. Event: IE-T3B
Mincut Upper Bound 6.384E-008

Accum
Cut I .% %' Cut- ' Prob /
No. Total Set Freq. ALTERNATE CUT SETS
_.__ _____ .. __ _________ ___________________..________________________ . _ _ _ _ _ .

'1'.100.0.100.0 6.3E4008 ESF-XHE-MC-PRES, NR, P2

Table F.19'' Accident-Sequence T3B-P2V234NU11-2

*I8
e
w SEQUENCE CUT. SETS (QUANTIFICATION) REPORT

Family::PEACHBOT Event Tree: T3B
Sequencet'T3B-P2V234NU11-2 Init.. Event: IE-T3B
' ~ ''

Mincut Upper Bound 3.000E-010

l- 'Accum_
Cut % .% Cut Prob /
No. . Total ~ Set. Freq. ALTERNATE CUT SETS
____._____. _____ _________ ___________________________________.__________________

l'.100.0 100.0 3.0E-010 F7F-XHE-FO-HSWIN,: ESW-CKV-HW-CV513, NR,
-NSW-SYS-FO-NSW-1, P2-

:

o,._-i. .w -
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;
,

.,

;

Table F.20 Accident Sequence T3C-C-SLC
.

+

i

SEQUENCE CUT SETS (QUANTIFICATION) REPORT 'i

Family: PEACHBOT Event Tree: T3C |
Sequence: T3C-C-SLC Init. Event: IE-T3C f

!
: Mincut Upper Bound 1.066E-007

1 .:
;Accum. i

Cut t. % Cut Prob /
No . - Total Set Freq. AL'IERNATE CUT SETS i

, _____________________________________________________-____._____ _____ _________;

1 .56.8 .56.8 6.0E-008 NR, RPSM, SLC-XHE-RE-DIVER }
2 '92.5- 35 6 3. BE-008 : NR, L RPSM, SLC-XHE-FO-SLC- .;

.
!

1

3 98.5 6.0 6.4E-009 NR, RPSM, SLC-SYS-TE-SLC
i

~4 99.6 1;l 1.2B-009 BETA-2SIPUMPS,.NR, RPSM, SLC-MDP-FS-CCF
5 99.8 .1- 1.9E-010;NR, RPSM, SLC-CKV-HW-CV16i ;

.6 100.0 .1 ' 1.9B-010 NR, RPSM, SLC-CKV-HW-CV17

7 f
:$

i

-Table'F.21i Accident' Sequence T3C-CU11X
i

. .. SEQUENCE CUT SETS -(QUANTIFICATION) . REPORT
;

Family: PEACHBOT Event Tree: T3C
. Sequence: T3C-CU11X. Init. Event:::IE-T3C i

'

'Mincut' Upper Bound. 1.938E-008 ;

i
4 r

Accum:
Cut %- )%' Cut. Prob /J
No. Total. . Set Freq.L ALTERNATE CUT SETS

_____ _____._________ _____________________________________________________-

____

|c " 1 :- 58.8-~58.8 1.1E-008fESF-XHE-FO-DATWS,'HCI-TDP-FS-20S37, NR,-RPSM 3:
.,

$ '2' 78.4- '19.6 3. 8E-009 ' ESF-XHE-FO-DA'IWS, . HCI-TDP-MA-20S37, NR, RPSM e ,

r o 3 88.2 9.8 ' 1. 9E- 0 09 ESF-XHE- FO-DA'IWS , HCI-TDP-FO-20S37, NR, RPSM 1
3 4 94.1 1 - 5.8 ' 1.1E-009 ESF-XHE-FO-DA'IWS, HCI-MOV-CC-MV19, NR, RPSM [
:o 5 100.0 -5.8 1.1E-009 ESF-XEE-FO-DATHS, HCI-MOV-CC-MV14,.NR, RPSM' 7
I

f
i

-
~O

e

!

_ - _ - _ _ - - _ - - . - ..
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i

: RISK CALCULATIONS
i

Y
4

a

e

4

i
*

1
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I
,
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Appendix G

The risk calculation is essentially a mapping of an accident sequence or plant damage state (PDS) to a
consequence. This includes the accident phenomenology, source tenn, containment failure, release of
radioactive material, propagation to the affected population and the affects on the public of that release
(consequence). In this study that mapping is simply a conversion factor for each affected PDS that was
calculated from the NUREG/CR-4551 back end analysis (Table D.1)'.

These factors could be detemiined more accurately by rerunning pans of the back end analysis, since
the weighting of various outcomes from any plant damage state change when the frequency of the PDS
changes. Our estimate is that the factor used is within i2 times the number if rerun, and not terunning
saves resources. Only PDS-5 is of interest. Its value is 2.23E+06. If one compares the corresponding
Cooper PDS from the TAP A-45 analysis which used WASH-1400 as a basis, the value is 5.26E+05
(Table D.2), which is a factor of 4 different given a different plant and location.

Table D.2 Cooper TAP A-45 PDS to Consequence Mapping

WASH 1400
Release = Upper

. 3

Cooper TAP A-45 Category Estimate Product

Accident Sequence Type I a = 1.0E-02 C-1 4.3E05 4.30E03
S = 7.0E-02 C-2 6.2E05 4.34E04

- LOCA & Loss of Inj./ y = 1.8E-01 C-2 6.2E05 1.12E05
SBO y = 7.3E-01 C-3 5.0E05 3.65E05 1

5 = 1.0E-02 C-4 9.2E04 020E3

e = 1.0 5.26EOS

3NUREG/CR-4551, Vol. 4, page 2.16(A), 5.38(B), and 5.8 (D) .

NUREG/CR-5910 G-2
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Table D.1 Peach Bottom NUREG/CR-4550 PRA Consequences

Mean Internal CDF Population Dose Population Dose RISK

Sample Size 50 Miles _ 50 Miles (FCMR) Population Dose

PDS 200 1000 Consequence % 50 Miles

! 1 LOCA 1.5E-07 2.6E-07 1.32E+05 2.5 1.98E-01

2 Fast Trans. 1.8E-07 2.2E-07 8.78E+05 2.0 1.58E-01

3 Fast Trans. 2.6E-09 6.lE-09 1.52E+06 0.05 3.95E-03

' 4 Fast SBO 2.0E-07- 2.1E-07 7.90E+05 2.0 1.58E-01

5 Slow SItO- 1.9E-06 1.9E-06 2.23E+ 06 5.$.7 4.24E-00

6 Fast ATWS 3.5E-07 3.0E-07 5.43E+05 2.4 1.90E-01.a
& 7 ATWS CV ' 9.9E-08 1.l E-07 1.84E+06 2.3 1.82E-01

8 ATWS CV 1.4E-06 1.5E-06 1.91E+06 33.9 2.68E-00

9 ATWS CV 4.7E-08 4.4E-08 1.85E+06 1.1 8.09E-02

| Totals 4.3E-06 4.5E-06 99.95 7.9 + (D)
| (A) (C + A) (B) (C = B * D)
|

The following calculations give the ACDF and ARisk for all attematives.

Z
C Base Case: Risk Calculation

. E >'

$ Population Dose Risk j-
y Accident Core Damage 50 Miles Person 8.

"

g Sequence Frequency Consequence - REM /R yr.
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Appendix G

TI-BNU11 1.83E-06

TI-PIBNU11 1.62E-07

T1 BU11NU21 1.36E-07

PDS - 5 = SUM 2.13E-06 * 2.23E06 = 4,75
-_.

Alternative 1: Risk Calculation

Population Dose Risk
Accident Core Damage 50 Miles Person
Sequence Frequency Consequence - REM /R yr.

,

TI-BNU11 1.41E-06

TI-P1BNUl1 1.24E-07

T1-BU11NU21 1.12E-07

PDS - 5 = SUM 1.65E-06 * 2.23E06 = 3.68

ACDP = (2.13E-06) - (1.65E4)6) = 4.80E-07

ARisk = 4.75 - 3.68 = 1.07

NUREG/CR-5910 G-4
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Alternative 2: Risk Calculation
-

Population Dose Risk
Accident Core Damage 50 hiiles Person
Sequence Frequency Consequence - REM /R yr.

TI-BNU11 1.33E-06

TI-PIBNUll 1.17E-07

T1-BU11NU21 1.07E-07

PDS - 5 = SUh1 1.55E-06 * 2.23E06 = 3.46

ACDF = (2.13E-06) - (1.55E-06) = 5.80E-07

ARisk = 4.75 - 3.46 = 1.29

Alternative 3: Risk Calculation

Population Dose Risk
Accident Core Damage 50 Miles Person
Sequence Frequency Consequence - REM /R yr.

TI-BNU11 5.01E-07

TI-P1BNU11 4.60E-08

TI-BUl1NU21 4.04E-08

PDS - 5 = SUM 5.87E-07 * 2.23E06 = 1.31

ACDF = (2.13E-06) - (5.87E-07) = 1.54E-06

ARisk = 4.75 - 1.31 = 3.44

Alternative 4: Risk Calculation

Population Dose Risk
Accident Core Damage 50 Miles Person
Sequence Frequency Consequence - REM /R yr.

G-5 NUREG/CR-5910
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Appendix G
:

!

T1-BNU11 5.70E-07
2

TI-PIBNUl1 - 5.24E-98

T1-BU11NU21 4.51E-08
-

!

q PDS - 5 = SUM 6.68E-07 * 2.23E06 = 1.49,

ACDF = (1.13E-06) - (6.68E-07) = 1.46E 06

) ARisk = 4.75 - 1.49 = 3.26
e

i
Alternative 5: Risk Calculation

Population Dose Riskj Accident Core Damage 50 Miles Person
| Sequence Frequency .. Consequence - REM /R yr,
!

} T1-BNUI1 9.21E-07
:

! TI-PIBNU11 8.10E-08

j T1-BU11NU21 6.79E-08 |
,

PDS - 5 = SUM 1.07E-06 * 2.23E06
| = 2.39-

!

ACDF = (2.13E-06) - (1,07E-06) = 1.06E-06,

i
,

! ARisk = 4.75 - 2.39 = 2.36
1

While only the cut sets in each of the three contributing accident sequences in PDS 5 that relate
-

to service water should change, the ARisk should be the same for the total as if only the service'

water related cut sets wem considemd since the non-service water cut set's contribution shouldnot change.
i

1

A

i

;

.

$-

f

j NUREGICR-5910 G-6
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' Appendix II

De method used is to exunine comparable modifications from TAP A-45 to those being proposed for the pilot plant and
-

any other pertinent information to deterTnine 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 to be done with

the plant shutdown will be done during normal outages Talle H.1 presents those TAP A-45 modifications that are relevant

to the pilot plant modifications. Most are similar in requirements and should provide reasonable estimates. Neither nrkey
-

Point nor St. Lucie had say modifications that related to the pilot plant. De numbers and letters e.g., 803-C represent the
modification number used by the architect engineer in TAP A 45 and the applicable Pappendix' 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 consumer
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.
i

ne following estimr.tes include the basic characteristics of the pilot plant modification, the chnacteristics of the comparable
modification, costs of the comparab!e modiCcation, anu rosjor differences between them. He conclusion of each
modification cost estimate give the rati, anal for vaing the comparable modification cor.s and any other informatien used to
eatimate the modification costs N #s used in the valae/ impact analysis.;

Table H.1
h Relevant TAP A-45 Modification Cost EstimaW.
!

Pilot Plant Point.

| Modifications Quad Cities Cooper Beach ANO-1
i

1. 3rd ESW ECW Train RHR Pump DHR PumpT m,n 803-C 816-L 804-Cj
pump cy-mv.

.

2. Auto-Actuation Auto-Transfer Auto-Act.
Logic 304-D 506-P

4

3. Operator training, procedures - no credit taken for this potential modification so no cost estimates were made.
.

4. Add additional Isolation MOV Parallel MV Paral:el AOV
j pump discharge 805-E 803-C 805-D
, check valve (2
| each)
.

5. Increaae Test
j Frequency of

ESW Discharge
i check valves

1 .

6. Check valve in Isolation MOV Parallel MV Parallel AOV
series with AOVs 805-E 803-C 805-D
(4each)

'.
7. Swing EDG, self EDG EDG TD Gen. TD Gen.

cooled with 301-A 301 A 815-K 303-D
battery

|

NUREG/CR-5910 H2
1
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Appendix II4

1

I Table H.2.

.| Inflation Between 1/85 and 1/92.
1

Year Percent Inflation' Multiplier-

.

1985 3.6 1.036 *

1986 1.9 1.019 *'

i 1987 3.6 1.036 *

1988 4.1 1.041 *

1989 4.8 1.048 *
3
! 1990 5.4 1.054 *

; 1991 ~ 5.5 1.055 =1.327 factor for 1/92
dollarsi

j heae values come imm the consumer pnce index percentages given in the 1992 World Almanac.
j
;

i

j

-

1
1

1

1

l
,

i

!

:
*

.i

4

.

o

!
:

I )

l

: I
'

i

;
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j Appendix II

|.
PILOT PLANT MODIFICATION NO.1

*

|

{ Addition of a Third ESW Pump
!

100% Flow Capacity 8000 gpm*

i * Separate Suction Line to Water Scuree --

| * One Manual Valve and One Check Valve in Pump Train
Power From Diesel Generator D - Different han Two Existing ESW Pumps;. *

j. * Same Actuation as Existing Purr.ps
4- * Extra Building Space Required
4
i

Related TAP A-45 Modification - Quad Cities 1/1985 Dollars
i
j * Add Cooling Water Pump for Dieul Generators - Mod. 803, App C
j. * Flow Capacity 900 gpm

located in Existing Buildingj *

'j Two Manual Valves. Two Motor Operated Valves, and Two Check Valves -*-

| * Control, Power, and Actuation Costed

3
j. Generic Costs From Quad Cities Alt. 2, p. J-36,37:
4

4-
!. Direct 2613 K
{ Indirect (2613/3097) * 1941 = 1638 K~
! Contingency and Owner's Costs (2613/3097) * 1764. = 1488 K
i Total One Time Cost 'of Modification -$5739 K
| Operations and Maintenance Costs Per Year 6K

,

'

!

{ Major Differences:

!
i * Pump Capacity 8000 gpm Verses 900 gpm
j * Number o~ Valves 2 Verses 6
! * Building Space / Construction Uncertain .
1

Estimated Costs Based on Comparison With Quad Cities Mod. 803 in 1/1992 Dollars

Total One Time Cost 5739 * 1.327 - = 7616 K
Operations and Maintenance Costa Per Year 6 * 1.327 8K=

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 Manual Valves
* - - Control Power, and Actuation Costed

''Generie Costs From Point Beach Alt. 3, p. J-46,47

Direct. .

_ 1161 K
Indirect (1161/12487) * 8375

. = - 779 K
Contingency and Owner's Coat (1161/12487) * 7300 = g221

Total One Time Cost of Modification $2619 K ~
Operations and Maintenance Costs Per Year (1161/12487) * 235 = - 22 K

. NUREG/CR-5910 H-4 -
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Major Differences:

* Pump Capacity 8000 gpm Versus 1560 gpm
* Building Space / Construction Uncertain

Estimated Costs Based on Comparison With Point Beach Mod. 816 in 1/1992 Dollars

Total One Time Cost 2619 * 1.327 = 3475 K
29 KOperations and Maintenance Costs Per Year 22 * 1.327 =

Related TAP A45 Modification - ANO-1

'

Addition of a hird DilR Pump - Mod. 804, App. C*

Flow Capacity 2500 gpm*

* tocated in Existing Building
* Four Manual Valves
* Control, Power, and Actuation Costed

Generic Costs From ANO-1 Alt.1, p. J-30,31:

Direct 2665 K

Indirect (2665/6747) * 5221 = 20gJ
Total One Time Cost of Modification $4727 K

45 KOperations and Maintenance Costs Per Year (2665/6747) * 114 =

Major Differences:

* Pump Capacity 8000 gpm Versus 2500 gpm
* Number of Valves 2 Versus 4
* Building Space / Construction Uncertain

Estimated Costa Based on Comparison With ANO-1 Mod. 804 in 1/1992 Dollars

* Total One Time Cost 4727 * 1.327 = 6273 K
* Operations and Maintenance Costs Per Year 45 * 1.327 60 K=

In summary, the average of three estimates ($7.6M, $3.5M, and $6.3M)is $5.8M. His is low Wause the ESW pump to
be estimated here is a much larger pump, the piping lengths should be longe and there may need to be modifications to the
service water building and intake structures. NUREG/CR-5526 uses a data base of three estimates ($12.5M $37.5M and
$7.0M) averaging to $19M for a swing nervice water pump as a per unit cost. Clearly such a modification cost will be in
the $5M to $20M range. Considering the accuracy of our estimates without any detailed exammatica and evaluation of the
plant, our engineering judgement of the mimated one time cost for this modification is $12.4M. We believe this is within
a factor of two of a more accurate estinue and should not affect the results significantly.

Similarly, the O & M costs ($8 K, $29 K, and $60 K) need to be combined. He average value of $32 K will be used.
<

H-5 NUREG/CR-5910
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! Appendix 11
(

PILOT PLANT MODIFICATION NO. 2

Addition of a Standby Auto Actuation lecie for the ECW Pump

Change Pump Control logic*

No New Sensors or Power Supplies Required*

Related TAP A-45 Modification - Quad Cities 1/1985 Dollars

Add Automatic Transfer ECCS DC Control legic to Active DC Bus if Original Bus Fails - Mod. 304,*

App. D
'Ihree terminal boxes and two junction boxes
Automatic Trtesfer Switches, Conduit and Cable

Genede Costs From Quad Cities Alt.1, p. J-30,31

Direct 224 K
Indirect (224/6568) * 5502 = 188 K
Contingency and Owner's Costs (224/6568) * 4225 = 144 K

Total One Time Cost of Modification 1556 K
Operations and Maintenance Cost Per Year (224/6568) * 137 = 5K

Major Differences:

1.ess logic Circuitry*

Much More Electrical Equipment*

Estimated Costs Based on Comparison With Quad Cities Mod. 304 in 1/1992 Dollars

* Total One Time Cost 556 * 1.327 = 738 K* Operations and Maintenance Costs Per Year 5 * 1.327 7K=
,

Related TAP A-45 Modification - Cooper 1/1985 Dollars

*
Automatic Closure of Reactor Building Service Water Isolation Valve MOV-37 - Mod. 506 App. F
Modify Control Circuit for MOV to Add Close Signal on Receipt of an Accident Signal

*

Install Necessary Conduit and Cable*

Generic Costa From Cooper Alt.1, p. J-30,31

Direct
91 L

Indirect (91/10267) * 8264 = 73 K
Contingency and Owner's Costs Per Year (91/10267) * 6485 = 51 1

Total One Time Cost of Modification $221 K
Operations and Maintenance Costs Per Year (91/10267) * 171 =2K

Major Differences:

* Control Circuits Verses legic Circuits
* Much More Cable and Conduit

Estimated Costs Based on Comparison With Mod; 506 in 1/1992 Dollars

Total One Time Cost 221 * 1.327 = 293 K

NUREG/CR 5910 11-6
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3KOperations and Maintenance Costs Per Year 2* 1.327 =

Re relatively comparable TAP A45 modifications are considerably more involved than the proposed modification for the
pilot plant, he two one time costs are $738 K and $253 K. Our engineeringjudgement is that this modification would cost
less than the Cooper modification. He estimates are $150 K for one time costs and $5 K for operations and maintenance
costs.

,

<

n
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!

!
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,
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a
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PILOT PLAST MODIFICATION NO. 4

Additioglof a Second Pumr> Discharce Check Valve

Add Two Check Valves to ESW Pump Discharge Lines for improved Back-leakage Isolation
*

Related TAP A-45 Modification - Cooper 1/1985 Dollars

* Redundant RBCCW lsolation Valve - Mod. 805, App. E
Single Motor Operated Valve to isolate Non Essential loads*

* Junction Box, Condmt, Cable, and Controls

Generic Costs From Cooper - Alt 1, p. J-30,31

Direct
197 K

Indirect (197/10267) * 8264 = 159 K
Contingency and Owner's Costs Per Year (197/10267) * 6485 = 124J

Total One Time Cost of Modification $480 K
Operations and Maintenance Costs Per Year (197/10267) * 171 3K=

Major Differences:

* Two Check Valves Versus One Motor Operated Valve
* Much More Installation Work

Estimated Costs Based on Companson With Mod. 805 in 1/1992 Dollars

Total One Time Cost 480 * 1.327 = 637 K
Operations and Maintenance Costs Per Year 3 * 1.327 '4K=

Reitted TAP A-45 Modification - Point Beach 1/1985 Dollars

Redundant RHR Pump Cooler Outlet Valves - Mod. 803, App. C I
*

Parallel Manual Valves in Two RHR Pump Oil Cooler CCW 2" Return Lines*

i Generic Costs Frorfoint Beach Alt.1, p. J-33,34

Direct
16 K

Indirect (16/4419) * 2752 = 10 K
Contingency and Owner's Costs Per Year (16/4419) * 2510 =E

Total One Time Cost of Modification $35 K
Operations and Maintenance Costa Per Year (16/4416) * 13 =0K

'
Major Differences:

* Much larger Pipe Size
* Check Valve Verses Manual Valve

Estimated Costa Based On Comparison with Mod. 803 in 1/1992 Dollars

* Total One Time Cuit 35 * 1.327 = 46 K* Operations and Maintenance Costa Per Year 0 * 1.327 0K

Relited TAP A-45 Modification - ANO-1 1/1985 Dollars

NUREG/CR-5910 H-8
i
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Appendix H

Addition of Redundant BWST Supply Valves - Mod. 805 App. D*

* Parallel Air Operated Va've in Each of Two Suction lines

Generie Costs From ANO-1 Alt.1, p. J-30,31

Disect 1345 K
Indirect (1345/6747) * 5221 = 1041 K
Cnntingency and Ouer's Costa Per Year (1345/6747) * 4189 = 835 K

Total One %ne Cost of Modification $3221 K
Open:iors and Maintenance Costa Per Year (1345/0747) * 114 = 23 K

Major Diricrecces:

* Two Air Operated Valves and One Manual Valve Versus Two Check Valvee
*

* Smaller Pipe Sim

g Estimated Costs h=ad on Comparison With Mod. 805 in 1/1992 Dollars

Total One Time Cost 3221 * 1.327 = 4274 K
Operations and Maintenance Costs Por Year 23 * 1.327 31 K=

The total one time ca:s 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
"

chich indicates the pipe sim is a significant factor as well as the type of valve. De Point Pa=ch $92 K satimate is drivat
by the pipe sin. The ANO-1 modification would logically appear to be low due to tbs pipe size and the Cooper modification
high due to the cost of motor operated valves versus manual valves. Our engineering judgement is that a realistic cost is
$1200 K. The wiWing operations and maintenance cost estimate is $10 K.

Table H-3
Mod. 4 Comparison Mod Cost Estimates.

Peach Bottom Cooper Point hach ANO-1

1MOV 1 Manual Valve 2 AOVs and 1 Manual
2 Check Valves Large Pipe Small Pipe Valve
large Pipe

Medium Pipe
637 K 46 K 4274 K

Rough Scaling 2 MOVs 2 Manual Valves 2 Manual Valves m-
Small Pipe Medium Pipe

1274 K 92 K 1221 K

* Assuming AOV to Manual Valve Cost Ratio is 31.e., [4274 + (2 * 3 + 1)] * 2. '

H-9 NUREG/CR-5910
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PILOT PLANT MODIFICATION NO 5

Increase System FunctionalTestine Frecuency for IISW Pump Dist.barce Check Valves

Increase Test Frequency From Quarterly to Monthly*

he operations and maintenance yearly costs for modifications 4 rad 6 respectively are $10 K and $20 K which is essentially
$5 K per check valve per year. Assuming most of this cost is incurred in testing, increasing the test fmpency fmm
quarterly to monthly would increase the operations and maintenance costs from $5 K to 115 K per check valve for a ttal
of $30 K. By comparison, NUREG/CR 5526 (p.157) gives a value of $1 K per leak tert of isolation satvss resulting in
$1 K/ valve test * 2 valves * 12 tests / year = $24 K per year. He one time cost of implementing this chance in procedure
is estimated to be $5 K (reference NUREG/CR 5526 p.157).

PILOT PLANT MODIFICATION NO,6

Addition of a Check Valve in Series to the Diesel Generator Air Onerated Valves

Add four Series Check Valves in the Diesel Generator Jacket Cooling lines*

;e

his proposed rnodification is simlL to modification 4 except that four check valves are r9 red instesd of two. Ouri
engineeringjudgement is that the cost of a motor operated valve versus a manual valve outweigLS the cost of the large versus
medium pipe size resulting in an estimate of $1800 K for modification 6. he corregonding er'ixitted O & M costs are
$'O K.

i

.

L
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Appendix II

PILOT PLANT MODIFICATION NO. 7

Addition of a Swine. Self-Cooled. Diesel Generator

* Self Contained 1xh Oil System
No External Power Required for Self Cooling Water System or 1mbe 0;i System*

o includes Dedicated Batteries
* 2600 KW

Related TAP A-45 Modification - Quad Cities 1/1985 Dollars

Addition of a Fourth Diesel Generator - Mod. 301, App. A*

* Dedicated Cooling Water System,

* New Building
* Includes Dediented Batteries
* 2500 KW

Generic Costs From Quad Cities Alt.1, p. J-30,31

Direct 6344 K
Indirect (6314/6$68) * 5502 = 5314 K
Contingency and Owner's Costs Per Yese (6344/6568) * 4225 = 4081 K

Total One Time Cost of Modification $15,739 K
Operatiens and Maintenance Costs Per Yaar (6344/6568) * 137 = 132 K

Major Differences:

* Assume Equal to the Basic Mod 7 Requirements

Estimated Costs Based on Comparison With Mod. 301 in 1/1992 Dollan

Total One Time cest 15,739 * 1.327 = 20,886 K
Operations and Maintenance Costs Per Year 132 * 1.327 175 K=

\
Related TAP A-45 Modification - Cooper 1/1985 Dollars

Addition of a 'Ibird Diesel Generator - Mod. 301, App. A*

* Dedicated Cooling Water System
* New Building
* Includes Dedicated Batteries
e 4000 KW

Generic Costa From Cooper Alt 1, p. J-30,31

Direct 8960 K
Indirect (8960/10267) * 8264 = 7212 K
Contingency and Owner's Costs Per Year (8960/10267) * 6485 = 1659 K

Total One Time Cost of Modification $21,431 K
Operations and Maintenance Costs Per Year (8960/10267) * 171 = 149 K

Major Differences:

Assume Equal to the Basic Mod. 7 Requirements*

* Larger Capacity 4000 KW verses 2600 KW

H-11 NUREG/CR-5910
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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 * 1.327-,

198 K=i

} Related TAP A-45 Modification Point Beach 1/1985 Dollars

! * Turbine Driven Generator - Mod. 815, App. K!- *- En:losed in Existing Space :
* labe Oil and Jacket Cooling Unknown Probably Self Sufficient
* Son) KW

Generic Costs From Point Beach Alt. 2, p. J-39,40 -

Direct
- 2178 Kj Indirect (2178/8074) * $289 = 1427 Kj Contingracy and Owner's Costs Per Year (2178/8074)->' 5289 - -= 1261 K1 Total Ono Time Cost of Modification

| Operations and Maintenance Costa Pee Year (2178/8074) * 51
$4866 K -
= 14 K1

.

i Major Differences:

* Turbine Versus Diesel Driven
; * 500 KW Versus 2600 KW

No New building*

4

'=
Estimated Costs Based on Comparison With Mod. 515 in 1/1992 Dollars

_

4
-

Total One 'Iime Cost 4866 * 1.327
| Operations and Mrdntenance Costa Per Year 14 * 1.327_

= 6457 K
'= 19 K

Related TAP A-45 Modification ANO-11/1985 Dollars

*
Addition of a Turbine Driven Generator for Emergency I <=da Mod. 303, App. B -* Enclosed in Existing Space

.
_

! e
labe Oil and Jacket Cooling Unknown - Probably Self Sufficient

* 500 KW

Generic Costs From ANO-1 Alt.1, p. J 30,31 -
.

Direct4

1855 K
Iodirect (1855/6747) * 5221

_ = 1435 K-

Contingency and Owner's Costs Per Year (1855/6747) * 4189 ' -= 1152 K
Total One Time Cost of Modification $4442 K'

Operations and Maintenance Coets Per Year (1855/6747) * 114 - = 31 K .
Major Differencea

* Turbine Versus Diesel Driven
* 500 KW versus 2600 KW

No New Building*

Estimated Cats R==ad on Comparison With Mod. 303 in 1/1992 Dollars

NUR1'G/CR-5910 H-12
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Appendix II

Total One Time Cost 4442 * 1.327 = 5895 K
41 KI Operations and Maintenance Costs Per Year 31 * 1.327 =

He results of the four comparable modifications costs estimated for the pilot plant modification No. 7 are very consistent
based on capacity and requirements. Clearly the most representative estimate is that from Quad Cities; $20.9M one time
cost of the modification and $175 K operations and maintenance cost per year.

He costs for the seven modifications are given in Table H.4. %ese numbers will be used in the value/ impact analysis.

-

.
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Table H.4

Summary of Pilot Plant Best Estimate

_

Mod.1 Mod. 2 Mod.3 Mod. 4 Mod. 5 Mod. 6 Mod. 7

h Total One Time Cost $12.4M $150K NA $1200K iSK $1800K $20.9M

Operation and $32K $5K NA $10K $30K $20K $175K
Maintenance Cost Per
Year

!

Replacennt Power Cost $0 $0 00 $0 W $0 $0
_

|

|

s. e ,
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The contribution of essential service water (ESW) system 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 solve ESW vulnerabilities using a prototypical (pilot) plant.
Previous studies indicate that service water systems contribute from <1% to 65 % of the total internal
CDF For the pilot plant analyzed, common ESW vulnerabilities are failum 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 loops 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 exceeded the current criteria of $1000. The results, since they only apply
to the pilot plant, are not typical of all BWRs. 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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