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A COMPARISON OF METHODS FOR UNCERTAINTY ANALYSIS OF
NUCLEAR POWER PLANT SAFETY SYSTEM

FAULT TREE MODELS

by

Earry F. Martz, Richard J. Beckman, Katherine Campbell,
David E. Whiteman, and Jane M. Booker

ABSTRACT

A comparative evaluation is made of several methods for
propagating uncertainties in actual coupled nuclear power
plant safety system fault tree models. The methods considered
are Monte Carlo simulation, the method of moments, a discrete
distribution combination method, and a bootstrap method. The
Monte Carlo method is found to be superior.

The sensitivity of the system unavailability distribution
to the choice of basic event unavailability distribution is
also investigated. The system distribution is especially
sensitive to the choice of symmetric versus asymmetric basic
event distributions. (lemma, log gamma, log normal, and log
uniform distributions produce quite similar results, except
that the system distribution corresponding to log normal basic
event distributions has a heavier right-hand tail. Tag Cauchy
basic event distributions yield a system distribution with an
extremely heavy right-hand tail. It Is impossible to identify
an unequivocal “best” universal family of basic event
distributions to use in reactor probabilistic risk assessment
fault tree uncertainty analyses.

A “quick-and-dirt#’method for estimating percentiles of
the system unavailability distribution is developed. The
method identifies the appropriate basic event distribution
percentiles that should be used in evaluating the Boolean
system equivalent expression for a given fault tree model to
arrive directly” at the 5th, 10th, 50th, 90th, and 9Sth
percentiles of the system unavailability distribution.

1



1. INTRODUCTIONAND EXECUTIVE SUMMARY

An uncertainty analysis is performed either to estimate the uncertainty in ~

the final risk results of a probabilistic risk assessment (PRA) or to estimate the -

uncertainty associated with intermediate quantities, such as core melt frequency.
.

For clarity of exposition in the report, the following definitions are given.
.

The aim is to be simple and suggestive, not rigorous.

Uncertainty denotes an imprecision in the PRA analyst’s
state-of-knowledge about physical processes, models of physical
processes, parameters of those models, or the predictions from such
models.

An uncertainty analysis of a given task in a PRA consists of (1)
estimation of the uncertainties in the inputs to the task, and (2)
propagation of the input uncertainties through the task to obtain the
corresponding uncertainty in the output of the task.

In the case of fault tree models, the input uncertainties associated with the

basic fault event probabilities are propagated through the fault tree model to

obtain the correspondinguncertainty associated with the probability of the top

event.

The purpose of this report is (1) to comparatively evaluate the most common

uncertainty analysis methods for propagating parameter uncertainties in actual

front-line safety system fault tree models, and (2) to investigate the sensitivity

to various distributions used to represent the uncertainty in the basic event

probabilities.

Following the Introduction and Executive Summary in Section 1, Section 2

describes the fault tree models considered in this study. Section 3 surveys

various methods for propagating uncertainties and considers the details in

applying these methods to the fault tree models discussed in Section 2. Section 4

presents the detailed results and conclusions of the study, which are summarized

in Section 1.2.

1.1 Scope

In this report

associated with the

developed for a recent

.

.

we restrict our attention to parameter uncertainties

basic fault events for a certain set of fault tree models

plant-specific PRA. These models were used to quantify the

2
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●

conditional unavailabilities of the nuclear power plant front-line safety systems

considered in the ,accidentsequence (event tree) models.

Because fault tree models are an integral part of PRAs, the propagation of

input parameter uncertainties through such models to arrive at the corresponding

uncertainty in the probability of the top event (that is, the systern

unavailability) is of fundamental importance.

Numerous methods for propagating uncertainties have been proposed or used in

various nuclear reactor PRAs. Several surveys and comparative evaluations of such

methods have also recently appeared in the PRA literature. Ahmed, Metcalf, and

Pegram,l Cox and Baybutt,2 and Jackson, Hockenbury, and Yeater3 draw numerous

conclusions regarding the range of applicability, advantages, and disadvantages of

the methods. However, their conclusions may be of limited value in current

reactor PRAs as these studies considered only relatively small fault trees, and

the extrapolation of their conclusions to fault trees for front-line safety

systems is questionable.

Current PRA8 frequently incorporate different methods for propagating

uncertainties. In evaluating such PRAs, it is often the case that it is unknown

whether the methods used are satisfactory or not. Questions such as these often

arise: Is it the best method to use? Are the results correct? Is it defensible?

What are the shortcomings, if any? Why was this method used instead of some other

method? Persons tasked with selecting, using, or critiquing uncertainty analysis

methods and results must address questions such as these.

1.2 Conclusions

The following conclusions pertain to the accuracy in est~ting the system

unavailability distribution, particularly the percentiles, in fault tree models

using basic event data. The conclusions also hold for accident sequence models

consisting of these fault tree models plus an initiating event. In Section 4 of

this report these conclusions are established:

● Monte Carlo simulation methods for propagating uncertainties are
generally superior to other methods, particula~ly f;r large fault trees.
(Section 4.2).

● The method of moments, in conjunction with the use of Tchebyshev’s
inequality (a nonparametric approach to uncertainty propagation), yields
results which are so. conse?wative as to be of little practical value
(Section 4.2).

3



The performance of the discrete probability distribution method depends
on the probability allocation scheme, as well as the arbitrary grouping
scheme employed for large trees (Section 4.3).

.

The Monte Carlo method outperforms the discrete probability distribution
method (Section 4.3).

.

The system unavailability distribution Is especially sensitive to the
choice of symmetric versus asymmetric (right skewed) basic event
unavailability distributions (Section 4.1).

Gamma, log gamma, log normal, and log uniform basic event unavailability
distributions yield quite similar system unavailability distributions,
except that the log normal yieids
right-hand tail (Section 4.1).

bg Cauchy bSiC event unavailability
unavailability distribution with an
(Section 4.1).

a distribution- with a heavier

distributions yield a system
extremely heavy right-hand tail

It is impossible to identify an unequivocal “best” family of basic event
distributions, because such a choice depends on (1) the characteristics
of the basic event distributions that are held fixed (such as the 5th
and 95th percentiles, or median and 95th percentile), and (2) the
characteristics of the system unavailability distribution of interest
(such as the 99th percentile, mean, or median) (Sections 4.1 and 4.2).

A “quick-and-dirty” method for estimating percentiles of the system
unavailability distribution is developed in which appropriate
percentiles of the basic event distributions are used in the system
unavailability equation (for example, the 35th, 42nd, 63rd, 85th, and
90th percentiles of log normal basic event distributions, when
propagated, estimate the 5th, 10th, 50th, 90th, and 95th percentiles,
respectively, of the system unavailability distribution) (Section 4.4).

ANO-1 FAULT TREE MODELS

.

As part of the Interim Reliability Evaluation Program (IREP), Sandia National -

Laboratories (SNL) has recently completed a PRA of the Arkansas Nuclear One Unit 1 -

(AN-l) nuclear power plant.4 The Al&l nuclear power plant is an 886-MWe

pressurized water reactor (PWR) located on Lake Dardanelle near Russelville,

Arkansas. Arkansas Power and Light Company owns and operates the facility which

began commercial operation on December 19, 1974.

4



Event trees were developed for the analyses of core melt accidents initiated

by loss of coolant accidents (LOCAS) of six different pipe break size ranges and

. eight different types of transients.
- Fault tree models were constructed for the front-line safety systems
.

appearing in the event trees. The fault trees represented system failures in

terms of component hardware faults, test and maintenance errors, and possible

operator errors. Support system interfaces were also considered. In addition,

both hardware and human common mode failures were identified and modeled in the

fault trees. Several of the front-line systems have different success criteria,

depending on the

top-level fault

models consisted

event.

specific accident sequence description, and in such systems the

event incorporated this criterion. The ANO-1 accident sequence

of the fault tree models considered here plus an initiating

The front-line systems for which fault trees were constructed included the

high-pressure injection system (in three modes--one pump required, two pumps

required, and feed-and-bleed); high-pressure recirculation system; the

low-pressure systems of injection and recirculation (both the “usual”

recirculation and that of containment heat removal); the core-flooding system for

both one tank and two tanks; the reactor building spray injection and

recirculation systems; the emergency feedwater system; the reactor building

cooling system; the reactor protection system; and the power-conversion system.

2.1 Equivalent Boolean Expressions

The ANO-1 fault trees were analyzed using the SETS code.5 SETS operates on

the system fault tree models and performs the Boolean algebra necessary to

logically represent the fault trees in an equivalent factored Boolean form that is

given in terms of the minimal cut sets.

A lower bound cutoff was employed to insure that the Boolean expression would

contain only those minimal cut sets that substantially contribute to the system

●
unavailability. Table I gives the equivalent Boolean expression for the

. high-pressure injection system, using a l-of-3 pump success criterion and a lower

unavailability bound of 10-6. Table 11 gives a summary of the ANO-1 front-line

system fault trees considered in this report. The column headed “ID” contains a

two-character system fault tree identifier that will be used In the remainder of

this report. The column “No. of Terms” gives the number of unique basic events

contained in the Boolean expression and is thus a measure of the size of the fault

5



tree. The Boolean equations range in size from small (ZW) to fairly large (Z5).

The nomenclature for the basic events in the Boolean expression given in Table I

is described in Reference 4. The remaining Boolean expressions are provided In .

Appendix A.
.

2.2 Fault Tree Quantification

The data for quantifying the fault trees were also developed and supplied by

SNL and consisted of a mixture of generic and plant-specific data. Basic hardware

failure rate data were obtained from a modified WASH-1400 data base.6 For

particular components, plant-specific data from plant logs were used.

Plant-specific test and maintenance frequency data, taken from plant logs, were

also used. Data for human error rates were obtained from human factors experts

and such sources as Swain and Guttman.7 Table III lists the basic fault event

median unavailability values, including the corresponding error factors and

coupling groups (see Section 3), which were used by SNL to quantify the fault tree

given in Table I. The error factors are given in the column labeled “EF”, and the

coupling groups are displayed in the column labeled “CG”. Similar data tables for

the remaining fault trees may be found in Appendix A.

3. METHODS FOR PROPAGATING UNCERTAINTIES

Many methods exist for the propagation of uncertainties in fault tree models.

The purpose of this section is to de6cribe some of the more common methods for

uncertainty propagation and their implementation for the work presented here. We

illustrate these methods with the following simple fault tree given by Henley and

Kumamoto.8

Henley and Kumamoto gave as an example a two-out-of-three voting system in

which three monitors check the state of a reactor system and shut it down when any

two of the three monitors detect an abnormal condition. A schematic diagram of

such a system is given in Fig. 1. A fault tree depicting an unnecessary shutdown -

of the syetem is given in Fig. 2. The events Bi in Fig. 2 represent a false -

shutdown signal from monitor i. The “top event” is an unnecessary (false) .

shutdown of the system. The minimal cut sets for this system are {B1,B2}, -

{B2$B3}$ and {B19B3}.

6
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TABLE I

EQUIVALENT BOOLEAN EXPRESSION FOR
HIGH-PRESSURE INJECTION SYSTEM,

l-OF-3 PUMP CRITERION
(TRUNCATED AT 1.oE-6)

X= ( IEDD114A-BOO+ D114A-CBL-LF+ LpI1407A-VCC-LF + 5164A-CBL-~

LP15164A-BOO-CC + LP15164A-BOO-LF + A-ECS-2 + ECS6036A-DPCiLF

ECS6036A-BPGLF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECS5254A-BOO-LF

5254A-CBL-LF + ECSCH4BA-CWU-LF + ECS5246A-BOO-CC+ ECS5246A-BOO-LF

5246A-CBWLF + ECSUC2BA-FAN-LF+ SWS3643A-VOO-LF + SWS3820A-VOO-LF

SWS0303A-BOO-CC

SWS5181A-BOO-CC

swsoP4BA-PMD-iF

IEDD114A-BOO +

LP15164A-BOO-CC

ECS6036A-BPC-LF

ECS5136A-BOO-CC

ECSCH4BA-CWU-LF

5246A-CBbLF +

SWS0303&BO0-CC

SWS5181A-BOO-CC

SWSOP4BA-PMD-LP

w LP15164A-BOO-LF.

. ECS5254A-BOO-CC

5254A-CBbLF +

ECS5246A-BOO-CC

+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF

+ SWS5181A-BOO-LF + 5653A-CBL-LF + 5181A-CBL-LF

) * ( LP11408B-VCC-LF + SWS381OB-VCC-LF ) +

D114A-CBL-LF + LP11407A-VCGLF + 5164A-CBL-LF

+ LP15164A-BOO-LF + A-ECS-2 + ECS6036A-DPC-LF

+ ECS5254A-B-AASF+

+ ECS5136A-BOO-LF

+ ECSC14DA-FAN-LF

ECSUC2BA-FAN-LF

+ SWS0303A-BOO-LF

+

+

+

+ SWS5181A-BOO-LF

ECS5254A-BOO-CC+

+ 5254A-CBL-LF

ECS5246A-BOO-CC+

SWS3643A-VOO-LF+

SWS5653A-BOO-CC+

+ 5653A-CBL-LF

ECS5254A-BOO-LF

+ 5136A-CBL-LF

ECS5246A-BOO-LF

SWS3820A-VOO-LF

SWS5653A-BOO-LF

+ 5181A-CBL-LF

) * ( ECS6034B-DPC-LF + ECS6034B-BPC-LF

+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF

+ ECS5254A-BOO-LF

5136A-CBGLF +

+ ECS5246A-BOO-LF

+ ECS5136A-BOO-CC+ ECS5136A-BOO-LF

ECSCH4BA-CWU-LF + ECSC14DA-FAWLF

+ 5246A-CBL-LF + ECSI.TC2BA-FAN-LF

+

+

+

+

+

+

+

(

+

+

+

+

+

+

+

+

+

+

+

+

+
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TABLE I (Cent)

SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+

SWS5653A-BOO-CC+ SWS5653A-BOO-LF+ SWS5181A-BOO-CC+ SWS5181A-BOO-LF+

5653A-CBL-LF + 5181A-CBL-LF+ SWSOP4BA-PMD-LF ) * ( ECS6254B-BOO-CC+

ECS6246B-BOO-CC+ SWS0402B-BOO-CC) + ( IEDD114A-BOO+ D114A-CBL-LF +

LP11407A-VCC-LF + 5164A-CBL-LF + LP15164A-BOO-CC+ LP15164A-BOO-LF+

ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254+BO0-CC +

ECS5254A-BOO-LF + ECS5136A-BOO-CC + ECS5136A-BOO-LF+ 5254A-CBL-LF+

5136A-CBL-LF+ ECSCH4BA-CWU-LF+ ECS5246A-BOO-CC + ECS5246A-BOO-LF +

5246A-CBL-LF + SWS3643A-VOO-LF + SWS3820A-VOO-LF+ SWS0303A-BOO-CC+

SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF+ SWS5181A-BOO-CC+

SWS5181A-BOO-LF + 5653A-CBL-LF+ 5181A-CBL-LF+ SWSOP4BA-PMD-LF ) * (

6254B-CBL-LF+ 6246B-CBL-LF + SWSOP4CE-PMD-LF ) + ( IEDD114A-BOO +

D114A-CBL-LF + LP11407A-VCC-LF + 5164A-CB~LF + LP15164A-BOO-CC+

LP15164A-BOO-LF+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+

ECS5254A-BOO-CC + ECS5254A-BOO-LF + 5254A-CBL-LF + ECSCH4BA-CWU-LF+

ECS5246A-BOO-CC+ ECS5246A-BOO-LF+ 5246A-CBL-LF + ECSUC2BA-FAN-LF +

SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+

SWS5653A-BOO-CC+ SWS5653A-BOO-LF+ SWS5181A-BOO-CC+ SWS5181A-BOO-LF+

5653A-CBL-LF + 5181A-CBL-LF+ SWSOP4BA-PMD-LF) * ( LP16164B-BOO-CC+

HPIA406B-BOO-CC+ SWS6214B-BOO-CC) + ( D114A-CBL-LF + LP11407A-VCGLF

+ 5164A-CBL-LF + LP15164A-BOO-CC+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF+

ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECS5136A-BOO-CC + 5254A-CBL-LF +

5136A-CBL-LF + ECSCH4BA-CWU-LF + ECS5246A-BOO-CC + 5246A-CBL-LF+

SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS5653A-BOO-CC+

SWS5181A-BOO-CC + 5653A-CBL-LF+ 5181A-CBL-LF+ SWSOP4BA-PMD-LF) * (

8
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TABLE I (Cent)
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.

.
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.

ECS6254B-BOO-LF+ ECS6246B-BOO-LF+ SWS0402B-BOO-LF ) + ( IEDD114A-BOO

+ D114A-CBL-LF + LP11407A-VCC-LF + 5164A-CBL-LF + LP15164A-BOO-CC +

LP15164A-BOO-LF+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+

ECS5254A-BOO-CC + ECS5254kBO0-LF + 5254A-CBL-LF + ECSCH4BA-CWU-LF+

ECS5246A-BOO-CC+ ECS5246A-BOO-LF+ 5246A-CBL-LF + SWS3643A-VOO-LF +

SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+

SWS5653A-BOO-LF+ SWS5181A-BOO-CC+ SWS5181A-BOO-LF + 5653A-CBL-LF +

5181A-CBL-LF + SWSOP4BA-PMD-LF ) * ( A406B-CBL-LF +D214B-CBL-LF+

6164B-CBL-LF+ 6214B-CBL-LF ) + ( Dl14A-CBkLF + LP11407A-VCC-LF +

5164A-CBL-LF + LP15164A-BOO-CC + ECS6036A-DPGLF + ECS6036A-BPC-LF+

ECS5254A-B-AASF+ ECS5254A-BOO-CC+ 5254A-CBkLF + ECSCH4BA-CWU-LF +

ECS5246A-BOO-CC + 5246A-CBL-LF + SWS3643A-VOO-LF+ SWS3820A-VOO-LF+

SWS0303A-BOO-GC+ SWS5653A-BOO-CC+ SWS5181A-BOO-CC + 5653A-CBL-LF +

5181A-CBL-LF + SWSOP4BA-PMD-LF ) * ( HPIP36CB-PMD-LF + IEDD214B-BOO+

LP16164B-BOO-LF+ HPIA406B-BOO-LF + SWS6214B-BOO-LF ) + ECS5254A-B-AASF

* ( A-HPI-4 + A-SW-1 ) + A-ECS-3 * ( LP11407A-VCC-LF + ECS6036A-DPC-LF

+ ECS6036A-BPC-LF+ ECS5254A-B-MSF + ECSCH4BA-CWU-LF + SWS3643A-VOO-LF

+ SWS3820A-VOO-LF+ 5653A-CBPLF + 5181A-CBL-LF ) + ECSC2DB-FAN-LF * (

LP11407A-VCC-LF+ LP15164A-BOO-CC+ ECS6036A-DPC-LF+ ECS6036A-BPGLF +

ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECS5136A-BOO-CC+ ECSCE4BA-CWU-LF +

ECS5246A-BOO-CC+ SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC+

SWS5653A-BOO-CC + SWS5181A-BOO-CC + 5653A-CBL-LF + 5181A-CBL-LF ) +

ECS6254B-B-AASF * ( IEDD114A-BOO+ D114A-CBL-LF + LP11407A-VCC-LF +

5164A-CBL-LF + LP15164A-BOO-CC + LP15164A-BOO-LF + A-ECS-2 +

ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-&4SF+ ECS5254A-BOO-CC +
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TABLE I (Cent)

ECS5254A-BOO-LF + ECS5136A-BOO-CC + ECS5136A-BOO-LF+ 5254A-CBL-LF +

5136A-CBL-LF+ ECSCH4BA-CWU-LP+ ECSC14DA-FAN-LP + ECS5246A-BOO-CC +

ECS5246A-BOO-LP + 5246A-CBL-LF + ECSUC2BA-J?AN-LF+ A-SWS-3 +

SWS3643A-VOO-LP+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LP+

SWS5653A-BOO-CC+ SWS5653A-BOO-LF+ SWS5181A-BOO-CC+ SWS5181A-BOO-LP+

5653A-CBL-LP+ 5181A-CBL-LP+ SWSOP4BA-PMD-LP ) + LPIOBWIX-XOC-LP +

HPI-PUMP-CM+ IEAODGIA-GEN-LF* IEAODC2B-CEN-LP* LOSS-OSP
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TABLE III

DATA FOR QUANTIFICATION OF FAULT TREE Z2

Basic Event

IEDD114A-BOO
D114A-CBL-LF
LP11407A-VCC-LF
5164A-CBL-LF
LP15164A-BOO-CC
LP15164A-BOO-LF
A-ECS-2
ECS6036A-DPGLF
ECS6036A-BPGLF
ECS5254A-B-AASF
ECS5254A-BOO-CC
ECS5254A-BOO-LF
5254A-CBL-LF
ECSCH4BA-CWU-LF
ECS5246A-BOO-CC
ECS5246A-BOO-LF
5246A-CBL-LF
ECSUC2BA-FAN-LF
SWS3643A-VOO-LF
SWS3820A-VOO-LF
SWS0303A-BOO-CC
SWS0303A-BOO-LF
SWS5653A-BOO-CC
SWS5653A-BOO-LF
SWS5181A-BOO-CC
SWS5181A-BOO-LF
5653A-CBL-LF
5181A-CBbLF
SWSOP4BA-PMD-LF
LP11408B-VCC-LF
SWS381OB-VCGLF
ECS5136A-BOO-CC
ECS5136A-BOO-LF
5136A-CBL-LF
ECSC14DA-FAN-LF
ECS6034B-DPGLF
ECS6034B-BPC-LF
ECS6254B-BOO-CC
ECS6246B-BOO-CC
SWS0402B-BOO-CC
6254B-CBL-LF
6246B-CBhLF
SWSOP4CB-PMD-LF
LP16164B-BOO-CC
HPIA406B-BOO-CC
SWS6214B-BOO-CC

Median
Unavailability

O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.41OOOOOOE-O2
O.11OOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.42999999E-03
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.54000001E-02
0.20000001%02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.37000000E-02
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.53999998E-03
0.40000002E-02
0.40000002E-02
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.33000000E-02
0.33000000E-02
0.17000000E-02
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.20000001E-02
OO1OOOOOOOE-O2
O.11OOOOOOE-O2
0.53999998E-03
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.20000001E-02
0.20000001E-02
0.20000001E-02
O.11OOOOOOE-O2
O.11OOOOOOE-O2
0.17000000E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02

EF—

3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

cG-—

11
1
8
1
2
11
26
8
8
4
2
11
1
13
2
11
1

.12
8
8
2
11
2
11
2
11
1
1
13
8
8
2
11
1
12
8
8
2
2
2
1
1
13
2
2
2

11



TABLE III (Cent)

Basic Event
Median

Unavailability

ECS6254B-BOO-LF
ECS6246B-BOO-LF
SWS0402B-BOO-LF
A406B-CBL-LF
D214B-CBL-LF
6164B-CBL-LF
6214B-CBL-LF
HPIP36CB-PMD-LF
IEDD214B-BOO
LP16164B-BOO-LF
EPIA406B-BOO-LF
SWS6214B-BOO-LF
A-HPI-4
A-sws-l
A-ECS-3
ECSC2DB-FAN-LF
ECS6254B-B-AASF
A-SWS-3
LPIOBWIX-XOC-LF
HPI-PUMP-CM
IEAODGIA-GEN-LF
IEAODG2B-GEN-LF
LOSS-OSP

O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.I1OOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
0.22000000E-03
0.22000000E-03
0.42999999E-03
0.53999998E-03
0.54000001E-02
0.22000000E-03
0.99999997E-04
0.17000000E-02
0.33000000E-01
0.33000000E-01
O.1OOOOOOOE-O2

EF.

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
10
3
3
10
10
10
10

CG—

11
11
11
1
1
1
1
13
11
11
11
11
26
26
26
12
4
26
5
50
23

:

.
.

.
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“ MONITOR 2 ‘

COMMAND SIGNAL VOTING REACTOR
STATE 2 2/3 SHUT-DOWN”

--’@MONITOR 3 ‘
COMMAND SIGNAL

3

Two-out-of-three

Fig. 1.

voting system (from Henley and Kumamoto8).
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.
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,

- MONITOR 1
COMMAND SIGNAL

t

Fault tree for

II

Fig. 2.

two-out-of-threevoting system.
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In this report we deal with only the equivalent Boolean expression (or

structure function) generated from some or all of the minimal cut sets. For the

simple example given here, the equivalent Boolean expression is

where Yi=l if the ith event occurs and O otherwise. Also, V(g)=l if the top event

occurs and O otherwise. For each variable Yi (i = 1, 2, .... n) in Boolean

expressions, there is a probability pi that the variable Yi takes on the value 1.

This is the same as saying that there is a probability pi that the event Bi

occurs. In the fault trees discussed in Section 2, the pi values are the

unavailabilities of the basic events. Therefore, assuming that all basic events

are conditionally statistically independent given the Pi values~ the probability

of the occurrence of the top event, the expected value of ~(~) or p, is given by

the value of the Boolean expression evaluated at the expected value of yi or PiO

This evaluation is exact if the Boolean expression is based on all the minimal cut

sets and, further, if all the pi values in the Boolean expression are precisely

known. However, some or all of the probabilities pi are taken to be uncertain in

a parameter uncertainty analysis.

To propagate parameter uncertainties through a fault tree for a PRA, some

quantitative measures of uncertainty must be adopted. Usually, either probability

distributions or attributes of probability distributions are used as measures to

convey the uncertainty on the parameters of the PRA study. The attributes of

probability distributions most commonly used are the moments of the distribution,

such as the mean and variance, or selected percentiles such as the 5th, 95th, and

median. The distributions chosen for the PRA study either represent a

degree-of-belief in the unknown parameters or the frequency of occurrence of these

parameters. For a complete discussion of these two notions of probability, the

9reader is referred to the PRA Procedures Guide and to Parry and Winter.10

In the example given here, suppose each of the events Bi Is taken to have a

nominal probability of occurrence of 0.001 with a range factor of 3. We define

range factor as the ratio of the 95th percentile of the distributionto the median.

Distributionsmay then be generated that satisfy these requirements.

.

.
-



Because each of the probabilities pi are taken to be uncertain, p (the

probability of the occurrence of the top event) is also uncertain. This

uncertainty in the top event probability may be obtained by deriving the.

distribution of the probability of the top event. However, for all but the

. simplest of trees, this distribution is either difficult or impossible to obtain

analytically, especially for continuous basic event distributions that are not

first discretized (see Section 3.4). This is true even for the simple tree given

in the example. Therefore, approximate techniques are used to obtain selected

percentiles of the distribution of the probability of the top event.

In many cases, the variables pi used in evaluating the Boolean expression are

not independent. This lack of independence or coupling between the pi values is

the result of the same data base value, such as a certain component

unavailability, being assigned to more than one different basic event in the fault

tree. In the example, if we were to assume that monitor 1 and 2 were virtually

indistinguishable in manufacture and use, then the probability of events BI and B2

would be identical and thus coupled. Hence, if BI has a probability P1 of

occurrence, then the probability of occurrence of B2 is also PI. In this report,

dependence or coupling between such probabilities is taken to mean that values

representing the same percentiles of the corresponding coupled distributions of

the two variables are used together.

The distributions of the basic events studied in this report are the normal,

log normal, gamma, log gamma, uniform, log uniform, and log Cauchy. A special

binomial-based “bootstrap” distribution is also considered. For each fault tree

studied, the parameters of the above distributions were determined by requiring

that the distributions have the same 5th and 95th percentiles. Methods used to

obtain these parameters may be found in Appendix B.

By knowing the distribution of the top event, one is able to make statements

about the uncertainty in the probability of the top event. Therefore, the

percentiles of the distribution of the top event probability are of most interest,

rather than other att~ibutes such as its moments, although these are also
.
. computed. So, to judge the effectiveness of the techniques we compared selected

. “true” percentiles of the distribution of the top event probability with those

obtained by the various propagation methods.

The approximate methods used to estimate the percentiles of the distribution

of the top event are described in the remainder of this section. The methods are

Monte Carlo, method of moments, method of moments using Tchebyshev’s inequality,

15



bootstrap, and discrete probability distributions. These methods encompass the

most frequently used methods for propagating uncertainties in fault tree models,

although a few other less appropriate and less widely used methods have also been .
suggested.g In addition, a large scale Monte Carlo study is described. The .

results of this large scale study were sufficiently accurate for use as the true .

(exact) percentiles of

for the other methods.

Various computer

are listed in Appendix

the top event and thus became the standard of comparison -

codes have been written for using the above methods which

c. We now present a brief sunmwy of each of the methods.

3.1 Monte Carlo and the Truth

Ever since the Reactor Safety Studyll was published in 1975, Monte Carlo

methods have been popular for propagating uncertainties in fault tree and accident

sequence models. This popularity is largely due to their straightforwardease of

understanding and application.

In this technique, pseudorandom probabilities are drawn to be used as the

probabilities of the basic events. The probability of the top event is then

computed using Boolean equations similar to Eq. (1) of the example. This

procedure is repeated numerous times, and percentiles of the distribution of the

top event are estimated by sorting these realizations to obtain empirical

percentiles.

In general, the more pseudoprobabilities generated for the top event

probability, the more precise the estimates of the percentiles of the probability

of the top event. For the samples generated here, 10 000 pseudorandom

probabilities were generated for the top event which resulted in at least

three-significant-digitaccuracy of the estimated percentiles. These estimates

were then used as the “standard” of comparison (that is, the “truth”) for the

other methods. In addition, various other numbers of Monte Carlo trials were

generated. This is called the Wonte Carlo method”. For the most part, 1 000

trials were used for this method, although several other kample sizes were also

considered to examine the rate of convergence.

For each Monte Carlo trial, the coupled

were simulated. Uniform, log uniform, and

generated by the inverse transform method.

generated by the modified polar

difficult because the family

16

method. Gamma

.

probabilities of the primary events -

log Cauchy random variates were -

Normal and log

and log gamma

of gamma distributions is

normal variates were

variates are more

not a location-scale
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.

.

.

family. If a coupling class contains only one distribution class, then a

relatively efficient method can be used to generate the variate;12 but if there

are several distribution classes, the inverse transform method must be used, which

is very time-consuming. Any time a probability outside (0,1) is generated, it is

rejected along with all coupled probabilities, and a new random number is

generated. As a result of this procedure, not only are distributions that go

outside (0,1) truncated at O and 1, but coupled distributions may be truncated

even more severely. For example, if a log normal distribution whose 99.99th

percentile is one is coupled with another whose 97th percentile is one, we will

never get any probability above the 97th percentile of the first distribution,

which is less than one.

The probabilities of the primary events determine the probability of the top

event. Probabilities outside (0,1) cause the whole trial to be rejected. (For

log normal and especially log Cauchy distributions on the primary events

substantial numbers of probabilities greater than one were generated.)

The first 1 000 probabilities for the top event were simply saved. After

1 000 runs, a binning system was set up. Upper and lower bounds for a histogram

were determined as a function of the range of the first 1 000 observations. This

interval is then subdivided linearly or geometrically into K-2 = 1 000 bins for

the histogram, and the first 1 000 observations are sorted to begin the histogram.

(Bya linear subdivision, we mean that the cell boundary yk+l = yk+A for all k,

l<~K-2, while- for a geometric subdivision, log(yk+l) = log(yk) +A. Lhear

histograms were used when the distribution of

normal, and geometric histograms in all

recorded only as entries in the histogram.

After all Monte Carlo runs were made, an

computed from the histogram. Ietting Ik be

the primary events was uniform or

other cases.) The remaining runs are

empirical distribution function was

the inte~al [yk-~,yk), estimates &k

of Pr[YCIk] are formed by ~/N, the ratio of the number of observations in the kth

bin to the total number. Note that &l=~~O. The empirical distribution function

is the step function

1
;(y) = o YKY~

:$h yk<y<yk+l ‘ k=l, .... K-1 . (2)

17



In particular, &yk) is an unbiased binomial estimate of Pr[Y < yk]. The inverse

of the step function & is
.

(3) “

We interpolated linearly

&yk) ‘“~< q<~(yk+l) =

A

between yk and yk+l to obtain the qth quantile when
A

%+1, specifically,

q-%
?q=Yi+.??———— (Yk+l - @ ●

%+1- %
(4)

The values for the percentiles for the “truth” were then generated using Eq. (4).

For the Monte Carlo method, the values for the qth percentile of the distribution

of the probability of the top event was estimated by the q“Nth ordered observation

in the sample of size N.

3.2 Method of Moments

Another method for uncertainty propagation in fault trees is the generation

of lower order moments, such as the mean and variance, of the distribution of

system unavailability from the moments of the unavailability distribution of the

basic events. Once the moments of the system unavailability distribution have

been calculated, the moments can be matched to the moments of a chosen

distribution from which the desired percentiles can be calculated. This procedure

is known as the method of moments for propagating uncertainties. Although we

consider only the first two moments of the distribution of system availability,

moments exist for estimating as many as four system unavailability moments based

on eight basic event unavailability moments.3 .

One important advantage of this method over Monte Carlo simulation methods is -

that only the first few moments of the basic event unavailability distributions, - -

and not the entire form of the distributions, need to be identified. Thus, fewer

assumptions are required to implement the method. However, a system

unavailability distribution must be selected to estimate the percentiles and hence

the uncertainty in the system unavailability. The method is now described.



In general, it is difficult to find the exact mean and variance of a function

of n variables. These two moments may be approximated in the following way: Iet f

. denote the system unavailability function of n variables, pl, ●**, Pn$ where Pi

. represents the unavailability corresponding to the ith basic fault event, each

.
with known mean vi and variance ~~. Then the mean of f may be approximated by

An approximation to the variance of f is

(5)

(6)

where Cov(Pi9Pj) is the covariance between pi and pj. For coupled events,

cov(Pi,Pj) = ui~j,● otherwise, COV(piSPj) = 0. In actual practice the derivatives

8f/~pi and ~zf/~p~ are evaluated at the mean vector (Wl, V2, .... Wn).

Other methods, which require the knowledge of higher moments, exist for the

approximation of the mean and variance of a function.3 This is the result of

including second-order terms in the Taylor expansions used to represent the mean

and variance of f. We believe that the means and variances given here would be

changed little by the inclusion of higher order terms, as higher moments typically

decrease by orders of magnitude for typical unavailability distributions of rare

basic events.3

For the Boolean expression in Eq. (1), the approximated mean and variance

[assuming Cov(pi,Pj) = O for all i and j] are

+ v~v3 - 2PIP2U3 , (7)



As dlecuseed earlier, to estimate the percentiles of the systern

unavailability distribution given only the moments, one must make an assumption

about the form of its distribution. In the work presented here, we assume the

system availability distribution to be normal, log normal, or the same as that

used for the basic fault event unavailabilities. The mean and variance are used

to estimate the parameters of the distribution by equating moments, and the

resulting distribution is then integrated to obtain the percentile estimates. For

example, for the mean and variance given In Eq. (7) and Eq. (8), the 95th

percentile of a normal distribution is V + 1.64~. The relationships between the

mean and variance and the parameters used in this study are given in Appendix B.

The derivatives in Eq. (5) and Eq. (6) can be obtained in many ways. In this

report, all derivatives were found numerically using Richardson’s algorithm,13

which works well on polynomial functions such as Boolean fault tree expressions.

3.3 Method of Moments Using Tchebyshev’s Inequality

In Section 3.2, we pointed out that a distributional form must be assumed for

the system unavailability to use the method of moments for estimating percentiles.

Whereas this is generally true, approximate percentiles of a distribution may be

found by the use of Tchebyshev’s inequality. These percentile estimates are

necessarily conservative, as Tchebyshev’s inequality is true for all

distributions.

The basic form for Tchebyshev’s inequality when two moments are known is

Pr[lP-Vl/@t] ~ 1 - l/tz, where P denotes a random variable with mean V and

variance ~z. Therefor., for a>O.5, the ath percentile of a distribution may be

estimated by V + tua, where tu = l/~. For a<O.5, the %h percentile may be

estimated as V - tl&.

In this report, the estimated percentiles, using Tchebyshev’s inequality, are

generated as above. However, Tchebyshev’s inequalities may be formed using more

than two moments.14 This results in improved percentile estimates.

3.4 Mscrete Probability Mstributions

Mscrete probability distributions (DPD) Is a technique used to obtain a

discrete analog of the distribution of the probability of the top event. It is

generated in the following way. Let the two independent variables x and y have

probability distributions f(x) and g(y) respectively. Let {xi,fi} and {yi~gi}

represent the probability that the variables x and y take on the values Xi and Yi.

.

-

.
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ai+lf(x)dx where ai~~sai+lThese probabilities are formed by fi = ~al for

i = 1, 2, ●.*, n, and al = -=, an+l = ‘. The distribution of any function H(x,y)

. may then be obtained by computing all values hij = H(xi,yj), each of which occurs

with probability fig,. The values hij and their probabilities figj are then
.

sorted, and a discrete distribution function is formed. More information on this
.

technique may be found in Kaplan.15 Various codes also exist for implementing this

method, and these are discussed in Appendix C.

There are some difficulties in the implementation of the DPD method.

Although it is true in theory that the method could be used for a function of many

variables, in practice the technique quickly becomes unmanageable. For each new

variable considered, n times more computer storage locations are required, where n

Is the number of discrete probabilities for a single variable. Thus, for n as

small as five, nine variables require more than one million words of computer

storage. Therefore, in most applications of this method, variables are combined a

few at a time, and the resulting distribution collapsed to just a small number of

entries. However, even this approach to the method has its problems, for if two

variables are coupled then they must be treated simultaneously. For large fault

trees, this requirement can lead to many man hours of labor to partition the

function into small independent parts. In some cases it is impossible. For these

reasons, we studied the performance of this technique for only the smallest of the

ANO-1 fault trees, ZW.

For this study, the DPD method was used in the following way: For each

variable in the study, the support of its density function f(x) was partitioned

into five intervals (ai,ai+l] for i = 1, 2, .... 5. TWO schemes were used for the

partitioning. The first involved finding the values of ai such that the

probabilities /ai+lf(x)dx are equal at 0.2.ai In the second scheme, the

probabilities for the five intervals were 0.15, 0.2, 0.3, 0.2, 0.15, and the

corresponding al values were found.

Clark, and Metcalf.16

ne central values xi and.

respective intervals; that is, xi =

W

This second scheme was

Y4 were taken as the

i&xf (X)dx.

suggested by Ahmed,

mean values of their

3.5 Eootstrap Methods
.-

Eootstrap is a term used by Efron‘i to describe a procedure to determine the

sampling distribution of & random variable. This distribution is found by



evaluating the random variable from repeated samplings

distribution function.

This is in contrast to the so-called “bootstrap” method

12 of the PRA guide.9 It is the technique given in the

investigated here and which is briefly described.

BSSiC hardware

forms: f failures in

operating time T, or

For the demand

component fault event data is usually in

n trials or demands, f failures in total

from the empirical

described in Chapter

PRA quide that Is

one of the following

fault exposure or

mean or median failure rates with error factors.

failure data of f failures in n demands, a binomial model can

be used to describe the demand failure rate as f/n. The bootstrap method provides

a sample distribution of the unknown binomial parameter, the demand failure rate,

p, in this case. The unknown distribution could be constructed (bootstrapped) by

using a binomial distribution with parameters n and f/n. Each bootstrap sample is

then formed by sampling a value of x* from a binomial (n,f/n). The bootstrap

estimate of p is then given by p* = x*/n. By repeated sampling from the binomial

and formulation of p*’s, a bootstrap distribution of p is compiled. This

distribution then becomes the input parameter distribution for use in the

uncertainty propagation.

Time failure data can likewise be bootstrapped to obtain a distribution for

the failure rate ~ (failures per unit time). The distribution of ~ is estimated

by repeated samplings of x* from a Poisson distribution with parameter f/T.

With log normally distributed failure data, bootstrap distributions for the

mean and variance can be found. The recommended procedure given in Chapter 12 of

the “PRA Procedures Guidet’grelies on the central limit theorem. That is, B* is

formed by sampling from a normal distribution with a mean V equal to the sample

mean and a variance Cz equal to the sample variance s2 divided by n. A bootstrap

distribution for the variance ~2 is constructed by sampling x* from a chi-square

distribution with (n-1) degrees of freedom. The bootstrap estimate of the

variance is then given by:

22
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Because very skewed log normal distributions produce sample means that only

slowly converge to normality, it would be more prudent to bootstrap log normal

data in the traditional framework. That is, let F* be a log normal with the mean

equal to the sample mean and variance that of the sample variance. The bootstrap

mean and variance and corresponding distributions are then formed by repeatedly

taking samples of size n from this F*.

Once the bootstrap distributions for the unknown p’s, ~’s, and means are

formulated, the distributions can be used as any other assumed probability

distribution in the propagation of uncertainty. For example, in a fault tree,

each basic event would have its own probability distribution formed from the

bootstrap technique. Using these distributions, the top event probability

distribution is calculated using the Monte Carlo simulation.

As discussed in Section 2.2, the data for the basic events in the ANO-1

system fault trees studied here consisted of median failure rates and

corresponding error factors. These data do not readily match that described above

for the bootstrap method. However, these data can easily be translated to a

normal mean and standard

VU = loge(median)’

deviation by the following:

loge(error factor)
an =

1.645
● (10)

However, bootstrapping for the mean or variance requires knowledge of the sample

size n. To decide what values to use for n constitutes an entire study on its

own. Because this information is not available, the use of a data-based technique

like the bootstrap is not advisable. In view of the absence of information

relating to exposure time, no Poisson-based analysis can be performed either.

However, binomial-type information can be fashioned from the component data.

This is done by translating the normal mean and variance in Eq. (10) to that of

the log normal mean and variance. Solving for the binomial p and n is then*
. accomplished by equating the log normal mean and variance to the binomial mean and

variance as follows:

lA1n = exp(lJn+ 0.5U~)
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(11)

Thus, a new data set for each ANO-1 fault tree was constructed by converting

medians and error factors to 0’s and h’s for use in the binomial bootstrap.

For each basic fault event, a bootstrap distribution for the unknown

parameter p was constructed by taking 10 000 samples from the appropriate binomial

(based on the ~ and fivalues) and formulating 10 000 values of p* = x*/h. The

resulting table of values of p* is the sampling distribution for that fault event.

To propagate uncertainty through a fault tree, the bootstrap distributions

are sampled obtaining a value of p; for the ith basic event. The set of pi’s is

substituted into the Boolean expression that calculates the top event probability

of the tree. Using the Monte Carlo simulation code, this process is repeated

forming a distribution of values for the system unavailability. h this sense,

the bootstrap distributions are used in the Monte Carlo simulation in the same way

as other specified distributions for basic everits.

4. RESULTS AND CONCLUSIONS

The results of the study are primarily of two types: the first considers the

sensitivity of the distribution of the top event probability, that is the ANO-1

front-line system unavailability distribution, to the choice of basic event

unavailability distributions. These are given in Section 4.1. The second,

contained in Sections 4.2 and 4.3, concerns the comparative assessment of the

performance of the uncertainty propagation methods discussed in Section 3.

Finally, Section 4.4 discusses the situation in which system unavailability -

distribution percentiles are estimated based on the propagation of certain

percentiles of the basic event unavailability distributions. The figures for this - -

section (Figs. 3-81) can be found at the end of Section 4.

24



4.1 Sensitivity to Basic Bvent Distributions

.

.

.

Recall from Section 3 that to uniformly compare the seven basic event

unavailability distributions it was decided to match the 5th and 95th percentiles

of all the distributions. This decision was based on the notion that, in an

uncertainty analysis, an uncertainty interval (as opposed to a central or best

value) is of primary interest and frequently a 90 percent interval is chosen.

This decision thus affords uniform control over both five percent tail areas of

all seven distributions. The results presented below heavily depend on this

decision. If other pairs of distributional characteristics are held fixed for all

seven distributions, such as the median and

variance, many of the results would be different.

demonstrated. l!herefore, the results to be

decision to compare the top event unavailability

95th percentile or the mean and

This fact will be subsequently

presented are conditional on the

distributions for basic event

distributions having matching 5th and 95th percentiles.

Box-and-whisker plots18 are used to summarize the distribution of the system

unavailability, using the notation defined in Fig. 3. Figures 4-15 give the

results for eight different basic event distributions, including the

binomial-based bootstrap distribution discussed in Section 3.5, for all 12 ANO-1

fault tree models discussed in Section 2. The distributional code used in these

figures, and throughout the remainder of this section, Is as follows:

BS--Bootstrap

G--Gamma

LC—Log Cauchy

LG—tig Gamma

LN-Log Normal

LU—Log Uniform

N—Normal

u—uniform

In Figs. 4-15 the vertical axis represents the system

scale..

Similarly, Figs. 16-27 compare the distributions

unavailability on a log

on a linear vertical scale

rather than a log scale. However, the results for both the bootstrap and log

Cauchy distributions are not shown in Figs. 16-27 to keep from completely

distorting the other results.
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The results in all of these figures are based on Monte Carlo simulation using

10 000 replications. The accuracy of the results is shown in Table IV for the

case of the log normal distribution and ANO-1 fault tree 22. The 95 percent
.

confidence intervals on each of the estimates were derived using nonparametric -

methods as described by Conover19 and measure the accuracy of the corresponding .

estimate. As more and more replications are considered, the confidence intervals -

become narrower, ultimately collapsing onto the estimate in the limit.

In Table V the typical accuracy of Monte Carlo simulation results is shown as

a function of the Monte Carlo sample size (the number of replications) for fault

tree 25 and log normal basic event unavailability distributions. Both the point

estimate and 95 percent confidence intervals are given. Except for the 99th

percentile estimate, the accuracy is fairly good for as few as 1 000 replications;

however, 10 000 replications are used In Figs. 4-27.

Table VI gives the approximate central processing unit (CPU) time in seconds

(within a factor of about 2) for obtaining the Monte Carlo results reported in

Figs. 4-27, using 10 000 replications, for each of the basic event distributions

(excluding bootstrap) and for each of the fault tree models. In general, the CPU

time is proportional to the number of distinct distributions required in

quantifying a fault tree having coupled basic events. The fastest execution times

are reported for N, U, LU, LN, and LC distributions, whereas the slowest times are

reported for the G and LG distributions. The slow times for the G and LG

distributions are the result of coupling.

TABLE IV

ACCURACY OF MONTE CARLO RESULTS FOR THE LOG
FAULT TREE Z2a

1st 5th
Percentile Percentile Median Mean

NORMAL DISTRIBUTION AND

95th
Percentile

Estimate 0.0154 0.0227 0.0668 0.1076 0.2972

95 Percent (0.0146, (0.0223, (0.0657, (0.1041, (0.2790,
Confidence 0.0159) 0.0233) 0.0679) 0.1112) 0.3137)
Interval

aAll numbers to be multiplied by 10-1.
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99th
Percentile

0.7332

(0.6638,
0.8251)

.
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TABLE V

.

.

ACCURACY OF MONTE CARLO RESULTS FOR THE LOG NORMAL DISTRIBUTION
AND FAULT TREE Z5 AS A FUNCTION OF THE SAMPLE SIZE N

Percentile N=1O() N-500 N-1 000 N=lo 000”

1st 0.0567 0.0660 0.0686 0.0666
(000000,0.0705) (0.0537,0.0703) (0.0608,0.0712) (0.0652,0.0678)

5th 0.0802 0.0783 0.0804 0.0801
(0.0543,0.0933) (0.0741,0.0820) (0.0770,0.0834) (0.0792,0.0809)

Median 0.1485 0.1327 0.1347 0.1366
(0.1325,0.1666) (0.1270,0.1387) (0.1313,0.1383) (0.1354,0.1378)

95th 0.2830 0.3013 0.2867 0.2933
(0.2311,0.4076) (0.2649,0.3389) (0.2730,0.3206) (0.2868,0.3027)

99th 0.3962 0.4774 0.4321 0.5123
(0.3227,1.0000) (0.3784,0.9153) (0.4004,0.7193) (0.4852,0.5868)

By examining Figs. 4-27 the following conclusions are made:

● The system unavailability distribution, which represents the uncertainty
in quantifying the system unavailability, is generally somewhat
sensitive to the form of the distribution chosen to represent the
uncertainty in quantifying the basic event unavailabilities.

● The system unavailability distribution is particularly sensitive to the
choice of symnetric versus asymmetric basic event distributions. That
is, symmetric N and U basic event distributions tend to yield
fundamentally different system unavailability distributions than those
produced by the use of BS, G, LC, LG, LN, and LU distributions in that
they are shifted towards higher unavailability values (that is, more
conservative), were less diffuse (that is, less uncertainty in the
system unavailability), and had greater symmetry.
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TABLE VI

APPROXIMATE CPU TIME FOR 10 000 MONTE CARLO REPLICATIONS

ANo-1 No. of No. of
Fault Basic No. of Distinct Basic Event Distribution
Tree Events CGS Distn’s u N G LU LN LC LG

.

Zo 81

Z1 33

Z2 69

Z3 221

Z5 259

Z7 106

Z8 151

Z9 135

Zw 13

Zx 143

Zz 114

Yz 87

15

10

12

27

38

19

21

21

7

21

19

13

29

17

17

39

57

26

32

31

7

32

27

23

293 1068 3291 689 400 499 3420

64 162 1425 57 36 55 2937

94 139 1155 157 65 59 2541

235 304 2539 334 114 472 2627

300 403 3864 411 156 601 4453

131 240 1697 219 87 264 1720

186 268 2308 283 103 340 2289

167 246 2145 285 99 371 2198

31 65 65 54 21 78 35

173 246 5129 281 100 325 2292

29 260 4604 227 125 365 1740

97 341 1953 166 64 193 2013

● LN basic event distributions yield a system unavailability distribution
that has a heavy right-hand tail, in the sense that the 99th percentile
is generally significantly greater than that for the G, LG, LU, N, or U
distributions; however, many other characteristics, such as the 5th and
95th percentiles, are virtually the same for the G, LG, LN, and LU
distributions.

● LC basic event distributions yield quite heavy right-hand tailed system .
unavailability distributions.

● Bootstrap basf.c event distributions yield
unavailability distributions that generally
conservatively located (that is, shifted toward
values) than the LC results.

.
quite diffuse system
tend to be less
smaller unavailability
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● For the case in which the 5th and 95th percentiles of all the basic

.

.

.

event distributions are the same, the
unavailability distribution whose median
than the median values corresponding
distributions (because of the heavy
distribution).

LN distribution yields a system
is generally less conservative
to the G, LG, LU, N, or U

right-hand tail of the LN

● Symmetric basic event distributions, such as the N and U distributions,
tend to yield fairly symmetric system unavailability distributions,
whereas right-skewed basic event distributions, such as the G, LG, LN,
and LU distributions, tend to yield right-skewed system unavailability
distributions.

● G and LG basic event distributions yield almost identical system
unavailability distributions.

Figures 28 and 29 consider the case in which the median and 95th percentiles

are matched across all basic event distributions for fault tree 22. These figures

may be directly compared to Figs. 4 and 16, respectively. The comparative system

unavailability distributions depend on the characteristics of the basic event

unavailability distributions that are held fixed and may yield different results

depending on the characteristics chosen. In the case of matching 5th and 95th

percentiles (Fig. 16), LN basic event distributions yield a top event distribution

that is shifted toward lower unavailability values; in the case of matching median

and 95th percentiles (Fig. 29), G and LG distributions shift the top event

distribution toward lower values. In this single example, the G and LG

distributions are the most sensitive to the characteristics that are selected to

be held fixed, a result which may or may not be true in general. In Fig. 29, the

G and LG results are much more highly skewed than those in Fig. 16. The N results

are also sometit different in Figs. 16 and 29.

4.2 Comparison of Uncertainty Propagation Methods

In this section, we will compare the uncertainty propagation results for the

Monte Carlo method based on 1 000 replications, Monte Carlo simulation using the

bootstrap basic event distributions, the method of moments based on the assumption
*

of LN, N, and several other system u~vailability distributions, and the method of

moments using Tchebyshev’s inequality. As discussed earlier, all of these results

will be compared to Monte Carlo results based on 10 000 replications, which Will

be taken as the standard of comparison or “truth”. section 4.3 separately

considers the case of the DPD approach.
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Figures 30-41 show the results obtained for each

considered here and a G basic event unavailability

MC-BS method). The method code used in these and all

type is as follows:

of the ANO-1 fault trees

distribution (except for the

subsequent figures of this .

.

TRUTH--Monte Carlo simulation using 10 000 replications

MC--Monte Carlo simulation using 1 000 replications

MM-LN-Method of moments using an assumed LN system
unavailability distribution

-N-Method of moments using an assumed N system
unavailability distribution

MM-U-Method of moments using an assured U system
unavailability distribution

MM-G-Method of moments using an assumed G system
unavailability distribution

MM-TI-Method of moments using Tchebyshev’s inequality

MC-BS--Monte Carlo simulation using 10 000 replications
and bootstrap basic event distributions

Log gamma basic event unavailability distributions give the same results as in

Figs. 30-40; Fig. 41 is slightly different.

Similarly, Figs. 42-53 give the comparative results for an LN; Figs. 54-65

for an N; and Figs. 66-77 for a U basic event distribution. The LC distribution

was not considered, as the moments of the LN distribution do not exist. The LU

distribution also was not considered.

●

●

The following conclusions are made based on Figs. 30-77:

MC compares favorably with the TRUTH and, for a randomly selected
tree, is likely to perform better than any of the other methods.

*LN and MWG both perform well compared to the TRUTH and, in

fault

.
.

many
cases, the MM-LN method outperforms the MM-G method in estimating the
99th percentile because of its heavier right-hand tail; however, both
methods produce nearly the same results for all other percentiles
studied as well as the mean (average).
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.

Ml+N and MM-U do not perform as well as MM-LN and MM-G, especially for
estimating extreme tail area percentiles such as the 1st and 99th, even
in the case of N or U basic event distributions.

Ml&TI provides upper(lower) percentile estimates of the systern
unavailability distribution which
the TRUTH.

MC-BS does not produce good results

greatly

compared

overestlmate(underestimate)

to the TRUTH.

Propagating Discrete Probability Mstributions

In this section, we will compare the DPD method with the MC method and the

TRUTH. As mentioned in Section 3.4, this comparison is only performed on ANO-1

fault tree ZW, because all of the remaining trees are too large for efficiently

applying the DPD method. Even the comparison on tree ZW would not have been

possible without condensing if the coupled variables did not have the same

distribution. This fact reduced the number of basic events from 13 to 7.

For this comparison, the LN, N, U, and G basic event distributions were used.

Figs. 78-81 present the results. It is clear that the DPD method with unequal

probability intervals (DPPUP) and the DPD method with equal probability intervals

(DPD-EP) yield 99th percentiles that are less than the true 99th percentile and

1st percentiles that are greater than the true 1st percentile. Further

conclusions regarding the remaining percentiles cannot be made since the

unavailability distribution is dominated by a single basic event, the first basic

event in the expression in Table A-XXI.

Two serious drawbacks of the DPD method are:

e Trees with more than about 9 or 10 basic events cannot be analyzed by
the DPD method in a straightforward single application of the method
without first arbitrarily partitioning the tree into smaller trees.

● In partitioning a large fault tree into smaller independent trees,
coupled basic. events must be placed in the same group; thus, some of
these groups may still be too large for implementing the method.

Also, the performance of the DPD method depends on the probability allocation

scheme arbitrarily chosen for each basic event as well as the arbitrary grouping

scheme employed for large trees. As

outperforms the DPD method. Because

observed in

the MC method

Figs. 78-81, the MC method

is less arbitrary, applicable
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to larger trees (either coupled or uncoupled), and performs better, the MC method

is deemed to be superior to the DPD method.

.

4.4 “Quick-and-Mrty” Estimates of the Percentiles of the

System Unavailability Distribution .

Often it is desired to estimate certain percentiles of the distribution of -

system unavailability in a fault tree model. There are two common ways to

accomplish this. The first is to assume some distribution for this probability,

which is fitted by a technique such as the method of moments, and to estimate the

percentiles from this fitted distribution. The second is to estimate the

percentiles from those of the empirical distribution obtained by means of Monte

Carlo simulation. Both of these methods have been considered here.

An alternative method is to propagate appropriate percentiles of the basic

event unavailability distributions directly through the Boolean equation to

estimate the percentiles. This procedure will be referred to here as the

“quick-and-dirty”method as each system-level percentile estimate is the result of

a single easy and inexpensive computational evaluation of the Boolean equation.

If this approach yields reasonably accurate estimates (as will be shown to be the

case), it can be used for preliminary uncertainty analyses (for screening

purposes) before using better methods such as Monte Carlo techniques.

The relevant question thus becomes: “Which basic event percentiles do I

propagate through the equation to estimate, say, the median of the system

unavailability distribution? Or the 5th percentile? Or the 95th percentile?

To estimate the median top event probability in fault tree models, basic

event percentiles other than the median must often be used, particularly for

skewed distributions. Our results indicate that the basic event percentiles to be

used depend on the fault tree model as well as the distribution assumed for the

basic events. Table VII gives the basic event percentiles (when multiplied by

100) that must be propagated through each of the 12 fault tree Boolean equations

considered here to obtain the 5th, 10th, 50th, 90th, and 95th percentiles of the

system unavailability distribution in the case of M basic event distributions. -

Table VII, and subsequent tables, were obtained from the

on 10 000 replications. For example, for fault tree 22,

each basic event distribution is propagated through

median system unavailability is obtained. Similarly, if

Monte Carlo results based .

if the 63rd percentile of “

the Boolean equation, the

the 5th percentile is
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desired, then the 33rd percentile of each LN basic event distribution should be

used. Small fault tree ZW is an outlier compared to the remaining larger trees.

The range and interquartile range (IQR) of the basic event distribution

percentiles (Table VII) in the column headed 0.50 are (0.54,0.65) and (0.61,0.64),

respectively, which are reasonably tight spreads, particularly the IQR. The

median percentile value in this column is 0.63, which says that for 50 percent of

the fault trees, this value will produce an estimate above the desired median,

whereas for the remaining 50 percent, the use of the 63rd percentile will yield an

estimate below the median.

Table VIII gives the actual system distribution percentile (when multiplied

by 100) that will be obtained if the median is used of the 12 percentiles reported

in Table VII for each of the 5th, 10th, 50th, 90th, and 95th percentile cases.

For example, if the 63rd percentile of each basic event distribution is propagated

through fault tree 20, then the 56th percentile of the system unavailability

distribution is obtained. Of course if the 60th percentiles are propagated, the

median is exactly obtained (Table VII). From Table VIII we see that if the 63rd

basic event distribution percentile is propagated, the median system percentile

obtained is the 50th as expected; however, the actual system percentile obtained

TABLE VII

LOG NORMAL BASIC EVENT DISTRIBUTION PERCENTILES REQUIRED FOR ESTIMATING
SYSTEM UNAVAILABILITY DISTRIBUTION PERCENTILES

Fault
Tree

Zo
Z1
Z2
23
Z5
Z7

0.05

0.24
0.27
0.33
0.34
0.40
0.39
0.38
0.37
0.07

0.10

0.31
0.33
0.40
0.41
0.44
0.43
0.43
0.43
0.13

Zx 0.38 0.43
Zz 0.37 0.42

b Yz 0.34 0.40
.

Median 0.35 0.42

I.Q.R. 0.30 0.37
0.38 0.43

Range 0.07 0.13
0.40 0.44

P.rcentlle

0.50

0.60
0.60
0.63
0.62
0.65
0.64
0.64
0.64
0.54
0.65
0.64
0.62

0.63

0.61
0.64

0.54
0.65

0.90 0.96

0.85 0.89
0.87 0.93
0.86 0.90
0.83 0.88
0.84 0.s9
0.83 0.88
0.84 0.s9
0.83 0.8S
0.90 0.95
0.8S 0.s0
0.86 0.91
0.86 0.92

0.85 0.s0

0.84 0.88
0.86 0.91

0.83 0.88
0.s0 0.95
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may be as small as the 47th (for fault tree z5) or as large as the 61st (for fault

tree ZW).

It is observed from Table VII that, on the average, the 35th percentile of .

the basic event distributions must be propagated to obtain roughly the 5th -

percentile of the top event distribution; the 42nd for roughly estimating the -

10th; the 63rd for the 50th; the 85th for the 90th; and the 90th for the 95th. -

Thus, when estimating the 5th and 10th percentiles of the system unavailability

distribution, percentiles approximately 30 percentage points more than that

desired must be used, whereas for the 90th and 95th percentiles approximately 5

percentage points less than that desired must be used.

Similarly, Tables IX and X, corresponding to Tables VII and VIII, consider

the case of G basic event distributions. The G results are similar to the LN

results; however, the median values in the row labeled Median In Table IX are all

shifted to the left of the corresponding values In Table VII.

Finally, Table XI gives the median values (for all 12 fault trees) for use in

estimating the 5th, 10th, 50th, 90th, and 95th sy$tem unavailability distribution

percentiles for the LU, LC, U, and N basic event distributions. For example, to

estimate the 5th percentile of the system unavailability distribution, on the

average the 29th percentile of either N or U basic event distributions should be

propagated to produce the desired estimate.

TABLE VIII

SYSTEM UNAVAILABILITY DISTRIBUTION PERCENTILES OBTAINED USING THE
MEDIAN BASIC EVENT DISTRIBUTION VALUES FROM TABLE VII

Fault
Traa

Zo
ZI
Z2
Z3
Zs
27
Z8
Z9
Zw
2X
Zz
Yz

Mad i an

I.O.R.

Range

0.35

0.14
0.12
0.07
0.06
0.03
0.03
0.04
0.04
0.31
0.04
0.04
0.06

0.05

0.04
0.06

0.03
0.31

0.42

0.21
0.20
0.12
0.11
0.07
0.08
0.08
0.0s
0.37
0.08
:.OJ

.

0.10

0.0s
0.16

0.07
0.37

Median Value

0.63 0.85

0.56 0.91
0.57 0.88
0.51 0.89
0.53 0.92
0.47 0.92
0.49 0.93
0.49 0.92
0.49 0.93
0.61 0.85
0.47 0.89
0.48 0.89
0.53 0.89

0.50 0.60

0.49 0.89
0.54 0.s2

0.47 0.85
0.61 0.93

0.90

0.96
0.93
0.95
0.97
0.96
0.97
0.96
0.97
0.s0
0.95
0.04
0.94

0.95

0.94
0.97

.
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TABLE IX

GAMMA BASIC EVENT DISTRIBUTION PERCENTILES REQUIRED FOR ESTIMATING
SYSTEM UNAVAILABILITY DISTRIBUTION

.

Fault
Tree

Percent i 1e

0.950.50 0.900.05 0.10

20
ZI
Z2
Z3
Z5
Z7
Z8

0.23
0.24
0.26
0.32
0.35
0.33
0.32

0.30
0.30
0.32
0.36
0.41
0.39
0.37
0.38
0.12
0.38
0.37
0.34

0.67
0.56
0.57
0.58
0.60
0.58
0.5s
0.59
0.50

::=
0.57

0.79
0.84
0.79
0.77

0.85
0.89
0.85
0.82
0.83
0.81
0.83
0.80
0.94
0.86
0.87
0.89

0.78
0.77
0.78
0.770.32

::Z
0.32
0.29

0.88
0.80
0.81
0.84

Median 0.32 0.37 0.58 0.79 0.85

I.Q. R. 0.25 0.31 0.57
0.32 0.38 0.09

0.78
0.82

0.82
0.88

Range 0.06 0.12 0.50
0.35 0.41 0.60

0.77
0.88

0.80
0.94

TABLE

UNAVAILABILITY DISTRIBUTION

x

PERCENTILES OBTAINED USING THE
VALUES FROM TABLE IX

Va1ue

MEDIAN BASIC EVENT DISTRIBUTION

Fault
Median

0.8STrei 0.32 0.37

0.17
0.19
0.17
0.10
0.06
0.08
0.03
0.08
0.36
0.08
0.10
0. i4

0.58 0.79

Zo
Z1
Z2

0.12
0.12
0.10
0.05
0.03
0.04
0.04
0.04
0.31

::%
0.08

0.52
0.54
0.51
0.51
0.44
0.49
0.48
0.48
0.59
0.46
0.46
0.52

0.90
0.85

::%
0.92
0.93
0.92

0.95
0.91
0.95
0.97
0.96
0.97

Z3
Z5
Z7
Z8
Z9

0.96
0.97
0.86
0.94
0.93
0.91

0.94
0.81
0.89
0.87
0.86

.

Median 0.05 0.10 0.50

0.47
0.52

0.90 0.95

I.O.R. 0.04
0.11

0.87
0.92

0.92
0.96

Range 0.03
0.31

0.06
0.36

0.44
0.59

0.81
0.94

0.86
0.97
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TABLE XI

MEDIAN BASIC EVENT UNAVAILABILITY DISTRIBUTION PERCENTILE* REQUIRED
FOR ESTIMATING TEE 5th, 10th, 50th, 90th, AND 95th PERCENTILES

OF TEE SYSTEM UNAVAILABILITY DISTRIBUTION

Basic Event Percentile
Mstribution 0.05 0.10 0.50 0.90 0.95

Tag uniform 0.39

Log Cauchy 0.21

uniform 0.29

Normal 0.29

0.44

0.27

0.33

0.33

0.62

0.65

0.50

0.53

aWhen multiplied’by 100.

1
99th percentile

95th percentile

1 90th percentile

average

II
75th percentile

50th percentile

25th percentile

$ 10~~ percentile

5 percentile

L1 1st percentile

0.78

0.93

0.68

0.74

0.82

0.95

0.71

0.79

.
.

.

Fig. 3.

Notation for the box-and-whisker plots.
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Fig. 4.

Sensitivity to basic event distributions for fault tree 22 (log scale).
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Fig. 5.

Sensitivity to basic event distributions for fault tree 23 (log scale).
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Fig. 7.

Sensitivity to basic event distributions
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Sensitivity to basic event distributions for fault tree 29 (log scale).
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Sensitivity to basic event distributions for fault tree 28 (log scale).
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Fig. 10.

Sensitivity to basic event distributions for fault tree ZZ (log scale).

a

Amwar’mE

f’

iii

x

‘‘I
w’ 1 I I I I I

.
.

.
.

Fig. 11.

Sensitivity to basic event distributions for fault tree ZX (log scale).
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Sensitivity to basic event distributions for fault tree ZO (log scale).
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Fig. 14.

Sensitivity to basic event distributions for fault tree YZ (log scale).
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Fig. 16.

Sensitivity to basic event distributions for fault tree Z2 (linear scale).
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Fig. 17.

Sensitivity to basic event distributions for fault tree Z3 (linear scale).
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Sensitivity to basic event distributions for fault tree Z5 (linear scale).
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Fig. 19.

Sensitivity to basic event distributions for fault tree Z7 (linear scale).

44



ANomnYlREEz9

I

.

.
.

03

0.41

0.1

0.01 i!x Ii
I I I I I 1

0 10 w w N IJ

Fig. 20.

Sensitivity to basic event distributions for fault tree Z9 (linear scale).
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Fig. 21.

Sensitivity to basic event distributions for fault tree Z8 (linear scale).
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Fig. 22.

Sensitivity to basic event distributions for fault tree ZZ (linear scale).
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Fig. 23.

Sensitivity to basic event distributions for fault tree 2X (linear scale).
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Fig. 25.

Sensitivity to basic event distributions for fault tree 21 (linear scale).
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Fig. 27.

Sensitivity to basic event distributions for fault tree ZW (linear scale).
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Comparative performance of the methods for fault tree Z3
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Comparative performance of the methods for fault tree 27
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Comparative performance of the methods for fault tree 29
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Comparative performance of the methods for fault tree 21

and gamma basic event distributions.
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Comparative performance of the methods for fault tree YZ

and gamma basic event distributions.
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Comparative performance of the methods for fault tree Z2
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Comparative performance of the methods for fault tree Z3

and log normal basic event distributions.

#Jol%uJTREz5
04

0.6

ii

!/! 0.4

E

03

O.G

Comparative

and

3
I I I

A
i!?x

M MA-In Mm-N mm m-m

Fig. 44.

performance of the methods for fault tree Z5

log normal basic event distributions.

57



ale

m

ti

ii!
m

i!! aw

m

Om

Fig. 45.

for fault tree Z7Comparative performance of the methods

and log normal basic event distributions.

o.e-

02”

.

.

.

-

.

Comparative

and

u ~ * Mm-n m-m

Fig. 46.

performance of the methods for fault tree Z9

log”normal basic event distributions.

.
.

58



.

.

M~m&N

Fig. 47.

Comparative performance of the methods
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Fig. 48.

Comparative performance of the methods for fault tree ZZ

and log normal basic event distributions.
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Comparative performance of the methods for fault tree YZ
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Comparative performance of the methods for fault tree ZW

and log normal basic event distributions.
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Comparative performance of the methods for fault tree 23
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Comparative performance of the methods for fault tree ZZ

and normal basic event distributions.
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Comparative performance of the methods for fault tree ZX

and normal basic event distributions.
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Comparative performance of the methods for fault tree ZO

and normal basic event distributions.
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Fig. 63.

Comparative performance of the methods for fault tree Z1

and normal basic event distributions.
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Fig. 64.

Comparative performance of the methods for fault tree YZ

and normal basic event distributions.
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Comparative performance of the methods for fault tree ZW

and normal basic event distributions.
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Comparative performance of the methods for fault tree Z2

and uniform basic event distributions.
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Comparative performance of the methods for fault tree Z3
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Comparative performance of the methods for fault tree Z5

and uniform basic event distributions.
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Comparative performance of the methods for fault tree Z7

and uniform basic event distributions.
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Comparative performance of the methods for fault tree ZZ

and uniform basic event distributions.
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Comparative performance of the methods for fault tree ZX

and uniform basic event distributions.
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Fig. 75.

Comparative performance of the methods for fault tree 21

and uniform basic event distributions.
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Comparative performance of the methods for fault tree YZ

and uniform basic event distributions.

73



.

.

..

MMm-ln MA+4mA4J*lla-os

Fig. 77.

Comparative performance of the methods for fault tree ZW

and uniform basic event distributions.
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Comparative performance of the DPD methods for fault tree ZW and

log normal basic event distributions.
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Comparative performance of the DPD methods for fault tree ZW and

gamma basic event distributions.
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Comparative performance of the DPD methods for fault tree ZW and
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Comparative performance of the DPD methods for fault tree ZW and

uniform basic event distributions.
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APPENDIX A

ANO-1 FRONT-LINE SYSTEM FAULT TREE EQUIVALENT BOOLEAN
EXPRESSIONS AND QUANTIFICATION DATA

TABLE A-I

EQUIVALENT BOOLEAN EXPRESSION FOR
HIGH-PRESSURE INJECTION SYSTEM,

2-OF-3 PUMPS CRITERION
(TRUNCATED AT 1.oE-6)

X = ( A306A-CBL-LF + HPIP36AA-PMD-LF +

HPIA306A-BOO-LF+ SWS3808A-VCC-LF+ SWS5214A-BOO-CC

5214A-CBL-LF ) * ( HPIA307A-BOO-CC+ A307A-CBL-LF )

HPIA306A-BOO-CC

i-SWS5214A-BOO-LF

+ ( A306A-CBL-LF

HPIA306A-BOO-CC + SWS3808A-VCC-LF+ SWS5214A-BOO-CC+ 5214A-CBL-LF )

( HPIA307A-BOO-LF + HPIP36BA-PMD-LF ) + ( ECS5136A-BOO-CC

+

+

+

*

+

ECS5136A-BOO-LF + 5136A-CBGLF + E(XC14DA-FAN-TJ? ) * ( ECS551(jA-BOO-CC

+ ECSVEIAA-RFU-LF ) + ( HP15152A-BOO-CC + HP15152A-BOO-LF +

5152A-CBL-LF + HP11220A-VCC-LF ) * ( H.P15151A-BOO-CC+ 5151A-CBIrLF+

HP11219A-VCC-LF ) + ( HP16152B-BO()-CC+ HP16152B-B()()-LF+ 6152B-CBL-LF

+ HP11228B-VCGLF )* ( HP16151B-BOO-CC + 6151B-CBL-LF +

HP11227B-VCC-LF ) + ECS55L6A-BOO-LF * ( ECS5136A-BOO-CC+ 5136A-CBL-LF

) + ECSVEIBA-RFU-LF * ( ECS6135B-BOO-CC + ECS6135B-BOO-LF +

ECSC14AB-FAN-LF ) + HP16151B-BO()-LF* ( Hp16152B-BO@CC+ 6152B-CBL-LF

+ HP11228B-VCC-LF ) + HP15151A-BOO-LF * ( HP15152A-BOO-CC +

5152A-CBkLF+ HP11220A-VCC-LF ) + LOSS-OSP * ( SWS3807B-VCC-LF +

SWS3806A-VCC-LF + SWS6231B-BOO-CC + SWS5231A-BO()-CC+6231B-CBL-LF+
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TABLE

5231A-CBL-LF + IEDOD06B-BAT-LF+

IEAP16BB-PMD + IEAP16AA-PMD +

A-I (Cent)

IEDOD07A-BAT-LF+ A-IEA-2 + A-IEA-1

IEAODG2B-GEN-LF+

HPIOBW3X-XO&LF + HPIOBW2X-XOC-LF+ HPIU19CX-CCC-LF

IEDOD02B-BCO-LF + IEDODOIA-BCO-LF + A-HPI-4 +

A-HPI-6 + A-HPI-3 + HPI-PUMP-CM + HPIU18CX-XOC-LF+

IEAODGIA-GEN-LF )

+ LPIOBWIX-XOC-LF

A-HPI-5 + A-HPI-2

HPIU20CX-XOC-LF

A406B-CBL-LF + HP1P36CB-PMD-LF + A-LPI-7 + A-LPI-14 + A-LPI-5

A-LPI-12 + IEDD114A-BOO + D114A-CBL-LF+ IEDD214B-BOO+ D214B-CBL-LF

LP11408B-VCC-LF + LP11407A-VCC-LF

LP16164B-BOO-CC+ LP16164B-BOO-LF+

A-ECS-2 + A-EC%3 + ECS206BX-XOC-LF

+ IEAOOA3A-416-LF + A-ECS-15 +

ECS600BX-XOC-LF+ ECS601BX-XOC-LF+

ECS6036A-BPC-LF+ ECS5254A-B-AASF

5254A-CBL-LF + ECS604BX-CCC-LF

ECSC44BX-XOC-LF+ ECSC41BX-XOC-LF

5246A-CBL-LF + ECSUC2BA-FAWLF

EC8601AX-XOC-LF+

ECSC41DX-XOC-LF+

ECS6254B-BOO-LF+

6246B-CBL-LF +

ECSC2DB-FAN-LF+

+ A-ESF-2 +

ECS200AX-XOC-LF

ECS6034B-DPC-LF

ECS6246B-BOO-CC

ECS6254B-B-AASF

+

+

+

+

+

+

+

+

+ 6164B-CBL-LF + 5164A-CBL-LF

LP15164A-BOO-CC+ LP15164A-BOO-LF

+

+

+

+

+

+

+

+

+

+ ECS206AX-XOC-LF+ IEAOOA4B-416-LF

A-ECS-14 +

ECS200BX-XOC-LF

ECS5254A-BOO-CC

ECSCH4BA-CWU-LF

ECS5246A-BOO-CC

ECS602AX-XOC-LF

ECSC45DX-XOC-LF

ECS6034B-BPC-LF

ECS6246B-BOO-LF

ECS604AX-CCGLF

ECS602BX-XOC-LF

+

+-

+

+

+

+

+

ECS6036A-DPC-LF

ECS5254A-BOO-LF

ECSC45BX-XOC-LF

ECS5246A-BOO-LF

ECS600AX-XOC-LF

ECSC44DX-XOC-LF

ECS6254B-BOO-CC

+ 6254B-CBkLF

+ ECSCH4AB-CWU-LF

+

+

i-

+

+

+

+

+

+

+

ECS6135B-BOO-CC* ECS5515A-BOO-LF+ A-ESF-7 + A-ESF-6

A-ESF-l +
.

ESFPUC2B-CBL-LF + ESFPUCIA-CBL-LF +

ESFRA205-REC-LF+ ESFXA205-TFWLF+ ESFRS202-BCO + ESFRS202-CBL-LF + .
.

ESFRA105-REC-LF + ESFXA105-TFM-LF + ESFRS102-BCO + ESFRS102-CBL-LF+

A-SWS-14 + A-SWS-l + A-SWS-3 + ESFU113-UCT-LF + SWS3902X-XOC-LF +
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TABLE A-I (Cent)

.

SWS606BX-XOC-LF+ SWS3900X-XOC-LF+

SWS606M-XOGLF + SWS3903X-XOC-LF+

SWS381OB-VCC-LF+ SWS364lB-VOC-LF+

SWS6214B-BOO-CC+ SWS6214B-BOO-LF+

SWS0303A-BOO-CC+ SWS0303A-BOO-LF+

SWS5181A-BOO-CC + SWS5181A-BOO-LF

0303A”CBL-LF + 5653A-CBkLF +

SWS608BX-XOC-LF

SWS608AX-XOC-LF

SWS3643A-VOO-LF

SWS0402B-BOO-CC

SWS5653A-BOO-CC

+-

+

+

+

+

+ 6214B-CBL-LF

SWS3905X-XOC-LF

SWS018CX-XOC-LF

SWS3820A-VOO-LF

SWS0402B-BOO-LF

SWS5653A-BOO-LF

+ 0402-CBL-LF

5181A-CBL-LF + SWSOP4CB-PMD-LF

SWSOP4BA-PMD-LF + A-IED-6 + A-IED-7 + A-IED-2 + A-IED-3

IEDOD02%125-LF + IEDORS2B-120-LF

IEDORSIA-120-LF+ T.EDOD1lA-125-LF

A-133A-4 + A-IEA-1O + A-IEA-11

IEAOOB6B-480-LF

IEAOB51A-480-LF

IEAOOX5A-TFFFLF

IEA0521A-CBbLF

IEA0621B-BCO-LF

‘IEA0521A-BCO-LF

+

+

+

+

+

+

IEAOOB5A-480-LF

IEAOB52A-480-LF

IEA0301A-CBL-LF

IEA0532A-CBL-LF

IEA0614B-BCO-LF

IEA0532A-BCO-LF

+ IEDOD21B-125-LF+ IEDODOIA-125-LF

+ 3.EDOD02B-CBL-LF+ IEDODOIA-CBL-LF

+ A-IEA-3 + A-IEA-7 + A-IEA-8

+ IEAOB61B-480-LF

+ 1EAOOX6B-TFM-LF

+ IEA0621B-CBIrLF

+ IEA0401B-BCO-LF

+ IEA0301A-BCO-LF

+ IEAOB62B-480-LF

+ IEA0401B-CBL-LF

+ IEA0614B-CBL-LF

+ IEA0612B-BCO-LF

+ IEA0512A-BCO-LF

+

+

+

-1-

+

+

+

+

+

+

+

+

+

+

+

+

.
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TABLE A-II

DATA FOR QUANTIFICATION OF FAULT TREE Z3

Basic Event
Median

Unavailability

A306A-CBL-LF
HPIP36AA-PMD-LF
HPIA306A-BOO-CC
RPIA306A-BOO-LF
SWS3808A-VCGLF
SWS5214A-BOO-CC
SWS5214A-BOO-LF
5214A-CBL-LF
HPIA307A-BOO-CC
A307A-cBbLF
HPIA307A-BOO-LF
HPIP36BA-PMD-LF
ECS5136A-BOO-CC
ECS5136A-BOO-LF
5136A-CBL-LF
ECSC14DA-FAN-LF
ECS5516A-BOO-CC
ECSVEIAA-RFU-LF
HP15152A-BOO-CC
EP15152A-BOO-LF
5152&CBL-LF
HP11220A-VCC-LF
HP15151A-BOO-CC
5151A-CBL-LF
HP11219A-VCC-LF
HP16152B-BOO-CC
EP16152B-BOO-LF
6152B-CBkLF
HP11228B-VCC-LF
RP16151B-BOO-CC
6151B-CBL-LF
HP11227B-VCC-LF
ECS5516A-BOO-LF
ECSVEIBA-RFU-LF
ECS6135B-BOO-CC
ECS6135B-BOO-LF
ECSC14AB-FAN-LF
HP16151B-BOO-LF
HP15151A-BOO-LF
LOSS-OSP
SWS3807B-VCC-LF
SWS3806A-VCC-LF
SWS6231B-BOO-CC
SWS5231A-BOO-CC
6231B-CBL-LF
5231A-CBL-LF

O.11OOOOOOE-O2
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.40000002E-02
o.2oooooolE-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.20000001E-02
O.11OOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.53999998E-03
0.20000001E-02
0.34000000E-02
0.20000001E-02
O.1OOOOOOOE-O2
0.33000000E-02
O.41OOOOOOE-O2
0.20000001E-02
0.33000000E-02
O.41OOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.33000000E-02
O.41OOOOOOE-O2
0.20000001E-02
0.33000000E-02
O.41OOOOOOE-O2
O.1OOOOOOOE-O2
0.34000000E-02
0.20000001E-02
O.1OOOOOOOE-O2
0.53999998E-03
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.20000001E-02
0.20000001E-02
O.11OOOOOOE-O2
O.11OOOOOOE-O2

EF—

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3

CG—

1
13
2
11
8
2
11
1
2
1
11
13
2
11
1
12
2
13
2
11
1
8
2
1
8
2
11
1
8
2
1
8
11
13
2
11
12
11

&
8
8
2
2
1
1

.

.

.

.
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TABLE A-II (Cent)

.

.

.

.
.

4

.

Basic Event

IEDOD06B-BAT-LP
IEDOD07A-BAT-LF
A-IEA-2
A-IEA-1
IEAP16BB-PMD
IEAP16AA-PMD
IEAODG2B-GEN-LP
IEAODGIA-GEN-LP
H.PIOBW3X-XOC-LF
HPIOBW2X-XOC-LF
HPIU19CX-CCC-LP
LPIOBWIX-XOC-LF
IEDOD02B-BCO-LP
IEDODOIA-BCO-LF
A-HPI-4
A-HPI-5
A-HPI-2
A-HPI-6
A-HPI-3
EPI-PUMP-CM
HPIU18CX-XOC-LF
HPIU20CX-XOC-LF
A406B-CBGLF
HPIP36CB-PMD-LP
A-LPI-7
A-LPI-14
A-LPI-5
A-LPI-I2
IEDD114A-BOO
D114A-CBL-LF
IEDD214B-BOO
D214B-CBL-LP
LP11408B-vCC-LP
LP11407A-VCGLF
6164B-CBkLF
5164A-CBL-LF
LP16164B-BOO-CC
LP16164B-BOO-LP
LP15164A-BOO-CC
LP15164A-BOO-LF
A-ECS-2
A-ECS-3
ECS206BX-XOC-LF
ECS206AX-XOC-LP
IEAOOA4B-416-LP
IEAOOA3A-416-LP
A-ECS-15
A-ECS-14

Median
Unavailability

O.11OOOOOOE-O2
O.11OOOOOOE-O2
0.150000005+02
0.15000000E-02
O.11OOOOOOE-O2
O.I1OOOOOOE-O2
0.33000000E-01
0.33000000E-01
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.24000001E-04
0.24000001E-04
0.22000000E-03
0.16000000E-05
0.16000000E-05
0.16000000E-05
0.16000000E-05
0.17000000E-02
0.99999997E-04
0.99999997E-04
O.11OOOOOOE-O2
O.1OOOOOOOE-O2
0.16000000E-05
0.16000000E-05
0.16000000E-05
0.16000000E-05
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.41OOOOOOE-O2
O.41OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.42999999E-03
0.42999999E-03
0.99999997E-04
0.99999997E-04
0.72000003E-04
0.72000003E-04
0.73000001E-05
0.73000001E-05

EP—

3
3
3
3
3
3
10
10
3
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

CG—

17
17
33
33
13
13
23
23
5
5
6
5
10
10
26
27
27
27
27
50
5
5
1
13
27
27
27
27
11
1
11
1
8
8
1
1
2
11
2
11
26
26
5
5
1
1

27
27

%7
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TABLE A-II (Cent)

Basic Event
Median

Unavailability

ECS602BX-XOC-LF
ECS600BX-XOC-LF
ECS601BX-XOC-LF
ECS200BX-XOC-LF
ECS6036A-DPC-LF
ECS6036A-BPC-LF
ECS5254A-B-AASF
ECS5254A-BOO-CC
ECS5254A-BOO-LF
5254A-CBL-LF
ECS604BX-CCC-LF
ECSCH4BA-CWU-LF
ECSC45BX-XOC-LF
ECSC44BX-XOC-LF
ECSC41BX-XOC-LF
ECS5246A-BOO-CC
ECS5246A-BOO-LF
5246A-CBL-LF
ECSUC2BA-FAN-LF
ECS602AX-XOC-LF
ECS600AX-XOGLF
ECS601AX-XOC-LF
ECS200AX-XOC-LF
ECSC45DX-XOC-LF
ECSC44DX-XOC-LF
ECSC41DX-XOC-LF
ECS6034B-DPC-LF
ECS6034B-BPC-LF
ECS6254B-BOO-CC
ECS6254B-BOO-LF
ECS6246B-BOO-CC
ECS6246B-BOO-LF
6254B-CBL-LF
6246B-CBL-LF
ECS6254B-B-AASF
ECS604AX-CCC-LF
ECSCH4AB-CWU-LF
ECSC2DB-FAN-LF
ECS5515A-BOO-LF
A-ESF-7
&EsF-6
A-ESF-2
A-ESF-l
ESFPUC2B-CBL-LF
ESFPUCIA-CBkLF
ESFRA205-REGLF
ESFXA205-TFM-LF
ESFRS202-BCO

0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.54000001E-02
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.99999997E-04
0.37000000E-02
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.53999998E-03
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.lIOOOOOOE-02
O.11OOOOOOE-O2
0.54000001E-02
0.99999997E-04
0.37000000E-02
0.53999998E-03
O.1OOOOOOOE-O2
0.26000000E-04
0.52000000E-05
0.26000000E-04
0.52000000E-05
0.12000000E-04
0.12000000E-04
0.40000000E-05
0.40000000E-05
0.40000000E-05

EF—

3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
10
3
3

CG—

5
5
5
5
8
8
4
2
11
1
6
13
5
5
5
2
11
1
12
5
5
5
5
5
5
5
8
8
2
11
2
11
1

:
6
13
12
11
31
30
31
30
1
1
16
15
10

.

.

*
.
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TABLE +11 (Cent)

.

.

.

.

.

.
.

Basic Event

ESFRS202-CBL-LF
EsFRAlo5-REc-LF
ESFXA105-TFM-LF
ESFRS102-BCO
ESFRS102-CBL-LF
A-SWS-14
A-SWS-1
A-SWS-3
ESFU113-UCT-LF
SWS3902X-XOC-LF
SWS606BX-XOC-LF
SWS3900X-XOC-LF
SWS608BX-XOC-LF
SWS3905X-XOC-LF
SWS606AX-XOC-LF
SWS3903X-XOC-LF
SWS608AX-XOC-LF
SWS018CX-XOC-LF
SWS381OB-VCC-LF
SWS3641B-VOC-LF
SWS3643A-VOO-LF
SWS3820A-VOO-LF
SWS6214B-BOO-CC
SWS6214B-BOO-LF
SWS0402B-BOO-CC
SWS0402B-BOO-LF
SWS0303A-BOO-CC
SWS0303A-BOO-LF
SWS5653A-BOO-CC
SWS5653A-BOO-LF
SWS5181A-BOO-CC
SWS5181A-1300-LF
6214B-CBL-LF
0402-CBL-LF
0303A-CBL-LF
5653A-CBkLF
5181A-CBL-LF
SWSOP4CB-PMD-LF
SWSOP4BA-PMD-LF
A-IED-6
A-IED-7
A-IED-2
A-IED-3
IEDOD02B-125-LF
IEDORS2B-120-LF
IEDOD21B-125-LF
IEDODOIA-125-LF
IEDORSIA-120-LF

Median
Unavailability

0.12000000E-04
0.40000000E-05
0.40000000E-05
0.40000000E-05
0.12000000E-04
0.16000000E-05
0.22000000E-03
0.22000000E-03
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
O.41OOOOOOE-O2
0.99999997E-04
0.40000002E-02
0.40000002E-02
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.72000003E-04
0.72000003E-04
0.33000000E-02
0.33000000E-02
0.17000000E-02
0.17000000E-02
0.29999999E-04
0.80000000E-05
0.29999999E-04
0.80000000E-05
0.72000003E-04
0.72000003E-04
0.72000003E-04
0.72000003E-04
0.72000003E-04

EF—

3
10
3
3
3
3
3
3

:
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

CG—

1
16
15
10
1
27
26
26
3
5
5
5
5
5
5
5
5
5
8
9
8
8
2
11
2
11
2
11
2
11
2
11
1
1
1
1
1
13
13
36
37
36
37
1
1
1
1
1
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TABLE A-II (Cent)

Basic Event

IEDOD1lA-125-LF
IEDOD02B-CBL-LF
IEDODOIA-CBL-LF
k IEA-4
A-IEA-1O
A-IEA-11
A-IEA-3
A-IEA-7
A-IEA-8
IEAOOB6B-480-LF
IEAOOB5A-480-LF
IEAOB61B-480-LF
IEAOB62B-480-LF
1EAOB51A-480-LF
IEAOB52A-480-LF
IEAOOX6B-TFM-LF
IEA0401B-CBL-LF
IEAOOX5A-TFM-LF
IEAo301kcBL-LF
IEA0621B-CBL-LF
IEA0614B-CBL-LF
lEA0521A-CBkLF
IEA05321kCBL-LF
IEA0401B-BCO-LF
IEA0612B-BCO-LF
IEA0621B-BCO-LF
IEA0614B-BCO-LF
IEA0301A-BCO-LF
IEA0512A-BCO-LF
IEA0521kBC0-LF
IEA0532A-BCO-LF

Median
Unavailability

0.72000003E-04
0.72000003E-04
0.72000003E-04
0.13000000E-03
0.40000000E-05
0.40000000E-05
0.13000000E-03
0.40000000E-05
0.40000000E-05
0.72000003E-04
0.72000003E-04
0.72000003E-04
0.72000003E-04
0.72000003E-04
0.72000003E-04
0.48000002E-04
0.72000003E-04
0.48000002E-04
0.72000003E-04
0.72000003E-04
0.72000003E-04
0.72000003E-04
0.72000003E-04
0.24000001E-04
0.24000001E-04
0.24000001E-04
0.24000001E-04
0.24000001E-04
0.24000001E-04
0.24000001E-04
0.24000001E-04

EF—

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

CG—

1
1
1

34
32
32
34
32
32
1
1
1
1
1
1
15
1
15
1
1
1
1
1
10
10
10
10
10
10
10
10

●

✎

✎

.

.
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.

.

.

.
.

●

TABLE A-III

EQUIVALENT BOOLEAN EXPRESS1ON FOR
HIGH-PRESSURE RECIRCULATION SYSTEM

(TRUNCATED AT 1.OE-6)

x = ( HpRDH7&-xcc-~ + LpA-cM+ A-LpI-11 + 5132A-cBL-~ + ~DDl14A-BO()

+ D114A-CBL-LF

LPR1405A-VCC-LF

LPROP34A-PMD-LF

LP15164A-BOO-LF

SWS5232A-BOO-CC

+ VUCIA-FAN-LF

+ LP11407A-VCC-LF

+ LP51112A-BOO-CC

+ SW1-CM +

+ SWS5232A-BOO-LF

SiPIE35Ax-HTx-LFB+ R-HCP-020A-S

R-1104O4-B-38B

SWS5182A-BOO-LF

SWS3840A-NCC-CC

+ FAN5132A-BOO-CC

+ 51112A-CBL-LF

+ LP51112A-BOO-LF

A-1104-O4-1 +

+

+

+ R-HCP-038B-9 +

+ 5182A-CBkLF +

+ SWS3840A-NCGLF )

LPIA305A-BOO-CC

R-1104O4-A-22A

SWS3822A-VCC-LF

+ FAN5132A-BOO-LF

+ 5164A-CBL-LF

+ LP15164A-BOO-CC

SWS3803A-VCC-LF

+ LPIA305A-BOO-LF

+ R-HCP-022A-S

+ SWS5182A-BOO-CC

SWSRS17A-BOO + RS17A-CBPLF

* ( R-1104O4-B-22B + R-1104-A-38A

-t( HPRDH7BX-XCC-LF+ LPB-CM+ A-LPI-4 + 6132B-CBL-LF+ IEDD214B-BOO

D214B-CBL-LF +

LPR1406B-vCC-LF

LPRoP34B-PMbLF

LPR6166B-BOO-LF

SWS6232B-BOO-CC

VUCIC-FAN-LF + FAN6132B-BOO-CC + FAN6132B-BOO-LF

+ LP11408B-vCC-LF + 6166B-CBL-LF + 6164B-CBL-LF

+ LP16164B-BOO-CC+ LP16164B-BOO-LF+ LPR6166B-BOO-CC

+ SW2-CM -t A-1104-O4-2 + SWS3802B-VCC-LF

+ SWS6232B-BOO-LF+ 6232B-CBL-LF + HPRE35BX-HTX-LFI

HPRE35BX-HTX-LPB+ R-HCP-BW8B-5 + A405B-CBL-LF + LPIOP34B-PMD-LF

LPIA405B-BOO-CC + LPIA405B-BOO-LF+ LPIE35BX-HTX-LFB+ R-HCP-020C-S

R-HCP-022B-S + R-HCP-O38A-1O + SWS3821B-VCC-LF + SWS6183B-BOO-CC

SWS6183B-BOO-LF + 6183B-CB~LF

SWS3841B-NCC-CC+ SWS3841B-NCC-LF )

+ SWSRS27B-BOO + RS27B-CBL-LF

+

+

+

+

+

+

+

+

)

+

+

+

-1-

+

+

+

-+

+

+

* ( R-1104O4-A-22A+ R-1104O4-B-38B
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TABLE A-III (Cent)

)+( LP11408B-VCC-LF + 6166B-CBL-LF + LP16164B-BOO-CC

LPR6166B-BOO-CC+ SWS3802B-VCC-LF+ SWS6232B-BOO-CC+ LPIA405B-BOO-CC

SWS3821B-VCC-LF + SWS6183B-BOO-CC + 6183B-CB~LF + SWSRS27B-BOO

SWS3841&NCC-CC + SWS3841B-NCGLF ) * ( 5132A-CBL-LF+ VUCIA-FAN-LF )

( ECS5136A-BOO-CC + ECS5136A-BOO-LF+ 5136A-CBL-LF+ ECSC14DA-FAN-LF

* ( EcS5516A-BO()-cc+ EcSvEIAA-~-~ ) + ( LpB-~ + 6~32~cBL-~

IEDD214B-BOO + D214B-CBL-LF + VUCIC-FAN-LF + FAN6132B-BOO-CC

FAN6132B-BOO-LF+ LPR1406B-vCC-LF+ LP11408B-VCC-LF + 6166B-CBL-LF

6164B-CBL-LF + LPROP34B-PMD-LF + LIW6164B-BOO-CC + LP16164B-BOO-LF

LPR6166B-BOO-CC + LPR6166B-BOO-LF + SW2-CM + A-1104-O4-2

SWS3802B-VCC-LF + SWS6232B-BOO-CC + SWS6232B-BOO-LF+ 6232B-CBL-LF

HPRE35BX-HTX-LFI+ HPRE35BX-H’I%LFB+ A405B-cBbLF + LPIOP34B-PMD-LF

LPIA405B-BOO-CC + LPIA405B-BOO-LF+ LPIE35BX-HTX-LFB+ R-HCP-022B-S

SWS3821B-VCC-LF+ SWS6183B-BOO-CC+ SWS6183B-BOO-LF + 6183B-CBL-LF

SWSRS27B-BOO + RS27B-CBL-LF + SWS3841B-NCC-CC+ SWS3841B-NCC-LF) *

LP11407A-VCC-LF + SWS3803A-VCGLF + SWS3822A-VCC-LF ) +

FAN5132A-BOO-CC + HPRE35AX-HTX-LFI + HPRE35AX-HTX-LFB

LPIE35AX-HTX-LFB ) * ( LP11408B-VCC-LF + SWS3802B-VCC-LF

SWS3821B-VCC-LF ) + ( LPB-CM

FAN6132B-BOO-LF+ LPR1406B-VCC-LF+

6164B-CBL-LF + LP16164B-BOO-CC +

+ IEDD214B-BOO + D214B-CBL-LF

LP11408B-VCC-LF + 6166B-CBL-LF

LP16164B-BOO-LF+ LPR6166B-BOO-CC

LPR6166B-BOO-LF + SW2-CM + A-1104-O4-2 + SWS3802B-VCC-LF

SWS6232B-BOO-CC + SWS6232B-BOO-LF + 6232B-CBFLF + A405B-CBL-LF

LPIOP34B-PMD-LF+ LPIA405B-BOO-CC+ LPIA405B-BOO-LF + R-HCP-022B-S

SWS3821B-VCGLF + SWS6183B-BOO-CC + SWS6183B-BOO-LF+ 6183B-CBL-LF

86
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+

+

+

+

)

+

+

+

+

+

+

+

+

+

(

(

+

+

+
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+

+

+

+
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TABLE A-III (Cent)

I
I

SWSRS27B-BOO+ RS27B-CBkLF + SWS3841B-NCC-CC+ SWS3841B-NCC-LF) * (

LPR1405A-VCC-LF + 5164A-CBL-LF + SW1-CM+ A-1104-O4-1 + 5232A-CBL-LP +

A305A-CBL-LF + RS17A-CBkLP ) + ( LPB-CM + D214B-CBkLF +

LPR1406B-vCC-LF + LP11408B-VCC-LF + 6166B-CBL-LF + 6164B-CBL-LF +

LP16164B-BOO-CC + LPR6166B-BOO-CC + SW2-CM + A-1104-O4-2 +

SWS3802B-VCC-LF + SWS6232B-BOO-CC + 6232B-CBL-LF + A405B-CBkLF +

LPIA405B-BOO-CC+ R-HCP-022B-S + SWS38211+VCC-LF + SWS6183B-BOO-CC +

6183B-CBL-LF + SWSRS27B-BOO + RS27B-CBL-LF + SWS3841B-NCC-CC +

SWS3841B-NCGLF ) * ( FAN5132A-BOO-LF + LP51112A-BOO-LF +

LP15164A-BOO-LF+ SWS5232A-BOO-LF+ LPIOP34A-PMD-LF + LPIA305A-BOO-LF+

SWS5182A-BOO-LF ) + ( LPB-CM + 6132B-CBL-LF + IEDD214B-BOO +

D214B-CBL-LF + WCIC-FAN-LF + FAN6132B-BOO-LF + LPR1406B-VCC-LF+

LP11408B-VCC-LF+ 6166B-CBL-LF + 6164B-CBL-LF + LPROP34B-PMD-LF +

LP16164B-BOO-CC+ LP16164B-BOO-LF+ LPR6166B-BOO-CC+ LPR6166B-BOO-LF+

SW2-CM + A-1104-O4-2 + SWS3802B-VCC-LF + SWS6232B-BOO-CC +

SWS6232B-BOO-LF + 6232B-CBL-LF + A405B-CBL-LF + LPIOP34B-PMD-LF +

LPIA405B-BOO-CC+ LPIA405B-BOO-LF+ R-HCP-022B-S + SWS3821B-VCC-LF +

SWS6183B-BOO-CC + SWS6183B-BOO-LF + 6183B-CBL-LF + SWSRS27B-BOO +

RS27B-CBL-LF+ SWS3841B-NCC-CC+ SWS3841B-NCC-LF ) * ( 51112A-CBbLF +

LP51112A-BOO-CC+ LP15164A-BOO-CC+ SWS5232A-BOO-CC+ LPIA305A-BOO-CC +

.
SWS5182A-BOO-CC+ 5182A-CBPLF + SWSRS17A-BOO + SWS.3840A-NCC-CC+.

● SWS3840A-NCC-LF ) + ECS5516A-BOO-LF * ( ECS5136A-BOO-CC + 5136A-CBL-LF

) + ECSVEIBA-RFU-LF * ( ECS6135B-BOO-CC + ECS6135B-BOO-LF +

ECSC14AB-FAN-LF ) + LOSS-OSP * ( SWS3807B-VCC-LF+ SWS3806A-VCC-LF+

SWS6231B-BOO-CC+ SWS5231A-BOO-CC + 6231B-CBGLF + 5231A-CBL-LF +



TABLE A-III (Cent)

IEDOD06B-BAT-LF + IEDOD07A-BAT-LF+ A-IEA-2 + A-IEA-1 + IEAP16BB-PMD

IEAP16AA-PMD+ IEAODG2B-GEN-LF+ IEAODGIA-GEN-LF) + LPROP34A-PMD-LF

( LP11408B-VCC-LF+ 6166B-CBL-LF +

SWS3802B-VCC-LF+ SWS6232B-BOO-CC+

SWS3821B-VCC-LF + SWS6183B-BOO-CC

SWS3841B-NCC-CC+ SWS3841B-NCC-LF)

LP16164B-BOO-CC+ LPR6166B-BOO-CC

LPIA405B-BOO-CC + R-HCP-022B-S

+ 6183B-CBL-LF + SWSRS27B-BOO

+ IEDD114A-BOO * ( A406B-CBL-LF

LPB-CM + D214B-CBL-LF + LPR1406B-vCC-LF + LP11408B-VCC-LF

6166B-CBL-LF+ 6164B-CBkLF + LP16164B-BOO-CC + LPR6166B-BOO-CC

+

*

+

+

+

+

+

+

SW2-CM+ A-1104-O4-2 + SWS3802B-VCC-LF+ SWS6232B-BOO-CC+ 6232B-CBL-LF

+ HPIA406B-BOO-CC+ A405B-CBkLF + LPIA405B-BOO-CC + R-HCP-022B-S

SWS3821B-VCC-LF

6183B-CBL-LF +

SWS3841B-NCC-CC

R-1104O4-B-DH8B

LPR1406B-VCC-LF

LP16164B-BOO-CC

+ SWS381OB-VCC-LF+ SWS6183B-BOO-CC+ SWS6214B-BOO-CC

6214B-CBL-LF + SWSRS27B-BOO + RS27B-CBL-LF

+ SWS3841B-NCC-LF ) + LPA-CM * ( LPB-CM

+ IEDD214B-BOO + D214B-CBL-LF + FAN6132B-BOO-LF

+ LP11408B-VCC-LF + 6166B-CBL-LF + 6164B-CBL-LF

+ LP16164B-BOO-LF+ LPR6166B-BOO-CC

SW2-CM + A-1104-O4-2 + SWS3802B-VCC-LF +

SWS6232B-BOO-LF

LPIA405B-BOO-CC

SWS6183B-BOO-CC

RS27B-CBL-LF +

+

+

+

6232B-CBL-LF + A405B-CBGLF +

LPIA405B-BOO-LF + R-HCP-022B-S

SWS6183B-BOO-LF + 6183B-CBL-LF

+ LPR6166B-BOO-LF

SWS6232B-BOO-CC.

+

+

+

+

+

+

+

+

LPIOP34B-PMD-LF +

+ SWS3821B-VCC-LF+

+ SWSRS27B-BOO +

SWS3841B-NCGCC + SWS3841B-NCC-LF ) + D114A-CBL-LF * (

A406B-CBL-LF + HP1P36CB-PMD-LF+ uB-CM+ IEDD214B-BOO+ D214B-CBL-LF

FAN6132B-BOO-LF + LPR1406B-vCC-LF + LP11408B-VCC-LF+ 6166B-CBL-LF

6164B-CBL-LF + LP16164B-BOO-CC+ LP161641kBO0-LF + LPR6166%BO0-CC

LPR6166B-BOO-LF + SW2-CM + A-1104-O4-2 + SWS3802B-VCC-LF

+

+

+

+

.

.

“

.

I
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TABLE A-III (Cent)

.

.

-

.

●

✎

SWS6232B-BOO-CC+ SWS6232B-BOO-LF+ 6232B-CBL-LF + HPIA406B-BOO-CC +

HPIA406B-BOO-LF + A405B-CBL-LF + LPIOP34B-PMD-LF+ LPIA405B-BOO-CC+

LPIA405B-BOO-LF+ R-HCP-022B-S + SWS3821B-VCC-LF + SWS381OB-VCC-LF +

SWS6183B-BOO-CC+ SWS6183B-BOO-LF+ SWS6214B-BOO-CC+ SWS6214B-BOO-LF+

6183B-CB&LF + 6214B-CBL-LF + SWSRS27B-BOO + RS27B-CBL-LF +

SWS3841B-NCC-CC + SWS3841B-NCC-LF ) + HPRS-CM + HPI-PUMP-CM +

5646B-CBL-LF + VUC7B-FAN-LF + R-1104O4-A-DH8A * LPB-CM + SL-SUMP-CM +

A-ECS-2 + A-ECS-3 + ECS206BX-XOC-LF + ECS206AX-XOC-LF+ A-SWS-11 +

IEAOOA4B-416-LF+ IEAOOA3A-416-LF+ LPIOBWIX-XOC-LF+ R-HCP-037B-11 +

IEDOD02B-BCO-LF + IEDODOIA-BCO-11 + R-HCP-VCH4B-2 + R-HCP-VCH4A-3 +

A-ECS-11 + A-ECS-8 + A-ECS-15 + A-ECS-14 + ECS602BX-XOC-LF +

ECS600BX-XOC-LF+ ECS601BX-XOC-LF+ ECS200BX-XOC-LF + ECS6036A-DPC-LF+

ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC + ECS5254A-BOO-LF+

5254A-CBL-LF + ECS604BX-CCC-LF + ECSCH4BA-CWU-LF+ ECSC45BX-XOC-LF+

ECSC44BX-XOC-LF+ ECSC41BX-XOC-LF+ ECS5246A-BOO-CC+ ECS5246A-BOO-LF+

5246A-CBL-LF + ECSUC2BA-FAN-LF + ECS602AX-XOC-LF + ECS600AX-XOC-LF +

ECS601AX-XOC-LF+ ECS200AX-XOC-LF+ ECSC45DX-XOC-LF+ ECSC44DX-XOC-LF +

ECSC41DX-XOC-LF+ ECS6034B-DPC-LF+ ECS6034B-BPC-LF+ ECS6254B-BOO-CC +

ECS6254B-BOO-LF+ ECS6246B-BOO-CC+ ECS6246B-BOO-LF + 6254B-CBL-LF +

6246B-CBL-LF + ECS6254B-B-AASF + ECS604AX-CCC-LF+ ECSCH4AB-CWU-LF +

ECSC2DB-FAN-LF+ ECS6135B-BOO-CC * ECS5515A-BOO-LF + A-ESF-2 + A-ESF-l

+ ESFPUCIA-CBL-LF+ ESFRA105-REC-LF + ESFXM05-TFM-LF + ESFRS102-BCO +

ESFRS102-CBL-LF+ A-SWS-14 + A-SWS-l + A-SWS-3 + ESFU113-UCT-LF +

SWS3902X-XOC-LF+ SWS606BX-XOC-LF+ SWS3900X-XOC-LF+ SWS608BX-XOC-LF+

SWS3905X-XOC-LF+ SWS606AX-XOC-LF+ SWS3903X-XOC-LF+ SWS608AI-XOC-LF+
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TABLE A-III (Cent)
.

SWS3641B-VOGLF + SWS3643A-VOO-LF+

SWS0402B-BOO-LF+ SWS0303A-BOO-CC+

SWS5653A-BOO-LF + SWS5181A-BOO-CC

SWS3820A-VOO-LF+ SWS0402B-BOO-CC

SWS0303A-BOO-LF+ SWS5653A-BOO-CC

+ SWS5181A-BOO-LF+ 0402-CBL-LF

0303A-CBL-LF + 5653A-CBL-LF + 5181A-CBL-LF + SWSOP4CB-PMD-LF

SWSOP4BA-PMD-LF + A-IED-6 + A-IED-2 + A-IED-3 + IEDOD02B-125-LF

IEDOD21B-125-LF+ IEDODOIA-125-LF+ IEDORSIA-120-LF+ IEDOD1lA-125-LF

IEDOD02B-CBL-LF + IEDODOIA-CBL-LF + A-IEA-4 + A-IEA-11 + A-IEA-3

+

+

+

+

+

+

+

.

A-IEA-7 + A-IEA-8 + IEAOOB6B-480-LF+ IEAOOB5A-480-LF+ IEAOB62B-480-LF

+ IEAOB51A-480-LF+ IEAOB52&480-LF + IEAOB56S-480-LF+ IEAOOX6B-~LF

+ IEA0401B-CBL-LF+ IEAOOX5A-TFM-LF+ IEA0301A-CBL-LF+ IEA0622B-CBL-LF

+ IEA0614B-CBL-LF+ IEA0521A-CBL-LF+ IEA0532A-CBkLF + IEA0401B-BCO-LF

+ IEA0612B-BCO-LF+ IEA0622WBC0-LF + IEA0614B-BCO-LF+ IEA0301A-BCO-LF

+ IEA0512A-BCO-LF+ IEA0521A-BCO-LF+ IEA0532A-BCO-LF

.
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TABLE A-IV

DATA FOR QIMNTIFICATION OF FAULT TREE 25

Basic Event

HPRDH7AX-XCC-LF
LPA-CM
A-LPI-11
5132A-CBL-LF
IEDD114A-BOO
Dl14A-cBbLF
VUCIA-FAN-LF
FAN5132A-BOO-CC
FAN5132A-BOO-LF
LPR1405A-VCC-LF
LP11407A-VCGLF
51112A-CBL-LF
5164A-CBL-LF
LPROP34A-PMD-LF
LP51112A-BOO-CC
LP51112A-BOO-LF
LP15164A-BOO-CC
LP15164A-BOO-LF
SW1-CM
A-1104-O4-1
SWS3803A-VCC-LF
SWS5232A-BOO-CC
SWS5232A-BOO-LF
LPIA305A-BOO-CC
LPIA305A-BOO-LF
LPIE35AX-HTX-LFB
R-HCP-020A-S
R-1104O4-A-22A
R-HCP-022A-S
R-1104O4-B-38B
R-HCP-038B-9
SWS3822A-VCC-LF
SWS5182A-BOO-CC
SWS5182A-BOO-LF
5182A-CBL-LF
SWSRS17A-BOO
Rs17A-cBbLF
SWS3840A-NCC-CC
SWS3840A-NCC-LF
R-1104O4-B-22B
R-1104-A-38A
HPRDH7BX-XCC-LF
LPB-CM
A-LPI-4
6132B-CBL-LF
IEJ)D214B-BOO

Median
Unavailability

0.19999999E-03
O.11OOOOOOE-O2
0.22000000E-03
0.55000000E-03
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.53999998E-03
0.28000001E-03
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.41OOOOOOE-O2
0.33000000E-02
O.11OOOOOOE-O2
0.72000001E-03
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.41OOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.30000001E-03
0.18000000E-03
0.80000004E-02
0.18000000E-03
0.80000004E-02
0.18000000E-03
O.41OOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.33000000E-02
0.20000001E-02
O.11OOOOOOE-O2
0.20000001E-02
O.31OOOOO1E-O2
0.80000004E-02
0.80000004E-02
0.19999999E-03
O.11OOOOOOE-O2
0.22000000E-03
0.55000000E-03
O.1OOOOOOOE-O2

EF—

3
10
3
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
10
3
3
3
3
3
3
3
10
10
10
10
10
3
3
3
3
3
3
3
3
10
10
3
10
3
3
3

CG—

7
39
26
1
11
1
12
2
11
8
8
1
1

46
2
11
2

::
29
8
2
11
2
11
21
41
40
41
40
41
8
2
11
1
11
1
2
47
40
40
7
39
26
1
11



TABLE A-Iv (Cent)

Basic Event
Median

Unavailability

D214B-CBL-LF
VUCIC-FAN-LF
FAN6132B-BOO-CC
FAN6132B-BOO-LF
LPR1406B-VCC-LP
LP11408B-VCC-LF
6166B-CBL-LP
6164B-CBhLF
LPROP34B-PMD-LP
LP16164B-BOO-CC
LP16164B-BOO-LP
LPR6166B-BOO-CC
LPR6166B-BOO-LF
SW2-CM
A-1104-O4-2
SWS3802B-VCC-LF
SWS6232B-BOO-CC
SWS6232B-BOO-LP
6232B-CBL-LP
HPRE35BX-HTX-LPI
HPRE35BX-HTX-LPB
R-HCP-BW8B-5
A405B-CBL-LP
LPIOP34B-PMD-LF
LPIA405B-BOO-CC
LPIA405B-BOO-LP
LPIE35BX-HTX-LFB
R-HCP-020GS
R-HCP-022B-S
R-HCP-O38A-1O
SWS3821B-VCFLP
SWS6183B-BOO-CC
SWS6183B-BOO-LP
6183B-CBL-LP
SWSRS27B-BOO
RS27B-CB&LP
SWS3841B-NCC-CC
SWS3841B-NCC-LP
ECS5136A-BOO-CC
ECS5136A-BOO-LF
5136A-CBL-LP
ECSC14DA-FAN-LF
ECS5516A-BOO-CC

I ECSVEIAA-RFU-LP
HPRE35AX-HTX-LPI
HPRE35AX-HTX-LPB
5232A-CBL-LF
A305A-CBL-LP

O.11OOOOOOE-O2
0.53999998E-03
0.28000001E-03 ‘
O.1OOOOOOOE-O2
0.lIOOOOOOE-02
O.41OOOOOOE-O2
0.33000000E-02
O.11OOOOOOE-O2
0.72000001E-03
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.41OOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.30000001E-03
0.30000001E-03
0.19000001E-03
O.11OOOOOOE-O2
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.30000001E-03
0.18000000E-03
0.18000000E-02
0.18000000E-03
O.41OOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.33000000E-02
0.20000001E-02
O.11OOOOOOE-O2
0.20000001E-02
O.31OOOOO1E-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.53999998E-03
0.20000001E-02
0.34000000E-02
0.30000001E-03
0.30000001E-03
O.11OOOOOOE-O2
O.11OOOOOOE-O2

EF—

3
3
3
3
3
3
3
3
10
3
3
3
3
10
3
3
3
3
3
3
3
10
3
3
3
3
3
10
10
10
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

CG—

1
12
2
11
8
8
1
1

46
2
11
2
11
43
29
8
2
11
1

21
21
41
1
13
2
11
21
41
41
41
8
2
11
1
11
1
2
47
2
11
1
12
2
13
21
21
1
1

.

.

.
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TABLE A-IV (Cent)

Basic Event
Median

Unavailability EF—

LPIOP34A-PMD-LF
ECS5516A-BOO-LF
ECSVEIBA-RFU-LF
ECS6135B-BOO-CC
ECS6135B-BOO-LF
ECSC14AB-FAN-LF
LOSS-OSP
SWS3807B-VCC-LF
SWS3806A-VCC-LF
SWS6231B-BOO-CC
SWS5231A-BOO-CC
6231B-CB&LP
5231A-CBL-LF
IEDOD06B-BAT-LF
IEDOD07A-BAT-LF
A-IEA-2
A-IEA-1
IEAP16BB-PMD
IEAP16AA-PMD
IEAODG2B-GEN-LF
IEAODGIA-GEN-LF
A406B-CBL-LF
HPIA406B-BOO-CC
SWS381OB-VCC-LP
SWS6214B-BOO-CC
6214B-CBkLF
R-1104O4-B-DH8B
HPIP36CB-PMD-LP
HPIA406B-BOO-LF
SWS6214B-BOO-LF
HPRS-CM
HPI-PUMP-CM
5646B-CBL-LF
VUC7B-FAN-IF
R-1104O4-A-DH8A
SL-SUMP-CM
A-ECS-2
A-ECS-3
ECS206BX-XOC-LF
ECS206AX-XOC-LF
A-SW-II
IEAOOA4B-416-LP
IEAOOA3A-416-LF
LPIOBWIX-XOC-LF
R-HCP-037B-11
IEDOD02B-BCO-LF
IEDODOIA-BCO-LF
R-HCP-VCH4B-2

O.1OOOOOOOE-O2
.O.1OOOOOOOE-O2
0.34000000E-02
0.20000001E-02
O.1OOOOOOOE-O2
0.53999998E-03
O.1OOOOOOOE-O2
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.20000001E-02
0.20000001E-02
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.L1OOOOOOE-O2
O.11OOOOOOE-O2
0.15000000E-02
0.15000000E-02
O.11OOOOOOE-O2
O.11OOOOOOE-O2
0.33000000E-01
0.33000000E-01
O.11OOOOOOE-O2
0.20000001E-02
O.41OOOOOOE-O2
0.20000001E-02
O.11OOOOOOE-O2
0.80000004E-02
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
0.16000000E-02
0.17000000E-02
0.72000003E-04
0.53999998E-03
0.80000004E-02
0.14000000E-03
0.42999999E-03
0.42999999E-03
0.99999997E-04
0.99999997E-04
0.16000000E-05
0.72000003E-04
0.72000003E-04
0.99999997E-04
O.21OOOOOOE-O3
0.24000001E-04
0.24000001E-04
0.18000000E-03

3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
3
3
10
10
3
3
3
3
3
10
3
3
3
10
10
3
3
10
10
3
3
3
3
3
3
3
3
10
3
3
10

CG—

13
11
13
2
11
12
48
8
8
2
2
1
1
17
17
33
33
13
13
23
23
1
2
8
2

4:
13
11
11
51
50
1
12
40
49
26
26
5
5
27
1
1
5
41
10

:
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TABLE A-IV (Cent)

Basic Event

R-HCP-VCH4A-3
A-ECS-11
lkEcs-8
A-ECS-15
A-ECS-14
ECS602BX-XOC-LF
ECS600BX-XOC-LF
ECS601BX-XOC-LF
ECS200BX-XOC-LF
ECS6036A-DPC-LP
ECS6036A-BPC-LF
ECS5254A-B-AASF
ECS5254A-BOO-CC
ECS5254A-BOO-LF
5254A-CBkLF
ECS604BX-CCC-LF
ECSCH4BA-CWU-LF
ECSC45BX-XOC-LF
ECSC44BX-XOC-LF
ECSC41BX-XOGLF
ECS5246A-BOO-CC
ECS5246A-BOO-LP
5246A-CBL-LF
ECSUC2BA-FAN-LF
ECS602AX-XOC-LF
ECS600AX-XOC-LF
ECS601AX-XOC-LF
ECS200AX-XOC-LF
ECSC45DX-XOGLF
ECSC44DX-XOC-LF
ECSC41DX-XOC-LF
ECS6034B-DPC-LP
ECS6034B-BPC-LF
ECS6254B-BOO-CC
ECS6254B-BOO-LF
ECS6246B-BOO-CC
ECS6246B-BOO-LF
6254B-CBL-LF
6246B-CBL-IE
ECS6254B-B-AASF
ECS604AX-CCC-LF
ECSCH4AB-CWU-LF
ECSC2DB-FAN-LF
ECS5515A-BOO-LF
A-ESF-2
A-ESF-l
ESFPUCIA-CBL-LF
ESFRA105-REC-LF

Median
Unavailability

0.18000000E-03
0.16000000E-05
0.16000000E-05
0.73000001E-05
0.73000001E-05
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.54000001E-02
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.99999997E-04
0.37000000E-02
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.20000001E-02
O.1OOOOOOOE-O2
0.lIOOOOOOE-02
0.53999998E-03
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
0.54000001E-02
0.99999997E-04
0.37000000E-02
0.53999998E-03
O.1OOOOOOOE-O2
0.26000000E-04
0.52000000E-05
0.12000000E-04
0.40000000E-05

EF—

10
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
10

CG “—
41
27
27
27
27
5
5
5
5
8

:
2
11
1
6
13
5
5
5
2
11
1
12
5
5
5
5
5
5
5
8
8
2
11
2
11
1
1
4
6
13
12
11
31
30
1
16

●

✎

✎

.

.
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TABLE A-IV (Cent)

.

.

●

✎

✎

●

Basic Event

ESFXA105-TFl+&LF
ESPRS102-BCO
ESPRS102-CBL-LF
A-SWS-14
kslfs-1
A-SWS-3
ESFU113-UCT-LF
SWS3902X-XOGLF
SWS606BX-XOC-LF
SWS3900X-XOC-LF
SWS608BX-XOC-LP
SWS3905X-XOC-LF
SWS606AX-XOC-LP
SWS3903X-XOC-LF
SWS608AX-XOC-LP
SWS3641B-VOGLF
SWS3643A-VOO-LF
SWS3820A-VOO-LF
SWS0402B-BOO-CC
SWS0402B-BOO-LF
SWS0303A-BOO-CC
SWS0303A-BOO-LF
SWS5653A-BOO-CC
SWS5653A-BOO-LF
SWS5181A-BOO-CC
SWS5181A-BOO-LP
0402-CB&LF
0303A-CBL-YJ?
5653A-CBL-LF
5181kcBL-LF
SWSOP4CB-PMD-LF
SWSOP4BA-PMD-LF
A-IED-6
A-IED-2
A-IED-3
IEDOD02B-125-LF
IEDOD21B-125-LP
IEDODOIA-125-LF
IEDORSIA-120-LP
IEDOD1lA-125-LF
IEDOD02B-CBL-LF
IEDODOIA-CBL-LF
A-USA-4
A-IEA-11
A-IEA-3
A-IEA-7
A-IEA-8
IEAOOB6B-480-LF

Median
Unavailability

0.40000000E-05
0.40000000E-05
0.12000000E-04
0.16000000E-05
0.22000000E-03
0.22000000E-03
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.40000002E-02
0.40000002E-02
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
0.1000OOOOE-02
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.72000003E-04
0.72000003E-04
0.33000000E-02
0.33000000E-02
0.17000000E-02
0.17000000E-02
0.29999999E-04
0.29999999E-04
0.80000000E-05
0.72000003E-04
0.72000003E-04
0.72000003E-04
0.72000003E-04
0.72000003E-04
0.72000003E-04
0.72000003E-04
0.13000000E-03
0.40000000E-05
0.13000000E-03
0.40000000E-05
0.40000000E-05
0.72000003E-04

EF—

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

CG—

15
10
1

27
26
26
3
5
5
5
5
5
5
5
5
9
8
8
2
11
2
11
2
11
2
11
1
1
1
1
13
13
36
36
37
1
1
1
1
1
1
1

34
32
34
32
32
1
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TABLE A-IV (Cent)

Basic Event

IEAOOB5A-480-LF
IEAOB62B-480-LF
IEAOB51A-480-LF
IEAOB52&480-LF
IEAOB568-480-LF
IEAOOX6B-TFM-LF
IEA0401B-CBL-LF
IEAOOX5A-TFM-LF
IEA030lA-CBL-LF
IEA0622B-CBIFLF
IEA0614B-CBkLF
IEM521A-CBL-LF
IEA0532A-CBL-LF
IEA040lB-BCO-LF
IEA0612B-BCO-LF
IEA0622B-BCO-LF
IEA0614B-BCO-LF
IEA0301&BC0-LF
IEA0512A-BCO-LF
IEA0521A-BCO-LF
IEA0532A-BCO-LF

Median
Unavailability

O.72000003E-04
O.72000003E-04
O.72000003E-04
0.72000003E-04
0.72000003E-04
0.48000002E-04
0.72000003E-04
0.48000002E-04
0.72000003E-04
0.72000003E-04
0.72000003E-04
0.72000003E-04
0.72000003E-04
0.24000001E-04
0.24000001E-04
0.24000001E-04
0.24000001E-04
0.24000001E-04
0.24000001E-04
0.24000001E-04
0.24000001E-04

EF

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

CG—

1
1
1
1
1
15
1
15
1
1
1
1
1
10
10
10
10
10
10
10
10

I
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.

.

TABLE A-V

EQUIVALENT BOOLEAN EXPRESSION FOR
LOW-PRESSURE INJECTION SYSTEM

.!

.I

.

x . ( ~A,-~

LP11401A-VCC-LF

LP15164A-BOO-LF

+ A-1104-O4-1

LPIA305A-BOO-LF

(TRUNCATED AT 1.OE-6)

+ IEDD114A-BOO + lll14A-cBL-LF

+ 5164A-CBL-LF + 51114-CBL-LQ

+ LP11407A-VCC-LF +

+

+ LP51114A-BOO-CC+ LP51114A-BOO-LF+

+ A305A-CBL-LF + LPIOP34A-PMD-LF+

LP15164A-BOO-CC+

A-ECS-2 + SW1-CM

LPIA305A-BOO-CC +

+ LPIE35AX-HTX-LFB+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF

+ ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECS5254A-BOO-LF+ 5254A-CBbLF +

ECSCH4BA-CWU-LF

ECSUC2BA-FAN-LF

SWS0303&BO0-CC

SWS5181A-BOO-CC

SWSRS17A-BOO-t

SWSOP4BA-PMD-LF

IEDD114A-BOO+

5164A-CBIrLF +

LP51114A-BOO-CC

A305A-CBL-LF +

ECS6036A-DPC-LF

ECS5254A-BOO-LF

ECS5246A-BOO-LF

SWS3643A-VOO-LF

SWS5653A-BOO-CC

+ ECS5246A-BOO-CC+

+ R-1104O4-B-38B +

+ SWS0303A-BOO-LF+

+ SWS5181A-BOO-LF

ECS5246A-BOO-LF + 5246A-CBIrLQ +

SWS3643A-VOO-LF+

SWS5653A-BOO-CC+

+ 5653A-CB&LF

SWS3820A-VOO-LF+

SWS5653A-BOO-LF+

+ 5181A-CBIrLF

RS17A-CBL-LF + SWS3840A-NCC-CC + SWS3840A-NCC-LF

) * ( LPI1408B-VCC-LF+ LP11400B-VCC-LF ) + ( LPA-CM

D114A-CBL-LF + LP11407A-VCC-LF +

51114-CBPLF +

+ LP51114&Boo-LF

LPIoP34A-PMlhLF

+ ECS6036A-BPC-LF

+ 5254A-CBL-LF

+

+

+

5246A-CBL-LF+

SWS3820A-VOO-LF

SWS5653A-BOO-LF

LP15164A-BOO-CC +

+ &ECS-2 + SW-CM

+ LPIA305A-BOO-CC

+ ECS5254A-B-AASF

+ ECSCE4BA-CWU-LF

+

+

+

ECSUC2BA-FAN-LF +

+ SWS0303A-BOO-CC+

+ SWS5181A-BOO-CC+

LP11401A-VCC-LF

LP15164A-BOO-LF

+ A-1L04-04-1

LPIA305A-BOO-LF

ECS5254A-BOO-CC

ECS5246A-BOO-CC

R-1104O4-B-38B

SWS0303A-BOO-LF

SWS5181A-BOO-LF

+

+

+

+

+

+

+

+

+

+

+

+
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TABLE A-V

5653A-CBL-LF + 5181A-CBL-LF +

SWS3840A-NCC-CC+ SWS3840A-NCC-LF+

+ SWS3841B-NCC-LF ) + ( LPA-CM

LP11407A-VCC-LF+ LP11401A-VCC-LF

LP15164A-BOO-CC+ LP15164A-BOO-LF+

A-ECS-2 + SW-CM+ A-1104-O4-1 +

(Cent)

SWSRS17A-BOO + RS17A-CBL-LF +

SWSOP4BA-PMD-LF) * ( 6161B-CBPLF

+ IEDD114A-BOO + D114A-CBL-LF +

+ 5164A-CBL-LF + 51114-CBIrLF +

LP51114A-BOO-CC+ LP51114A-BOO-LF +

A305A-cBrrLF + LPIoP34A-PM&LF +

LPIA305A-BOO-CC + LPIA305A-BOO-LF+ LPIE35AX-ETX-LFB-t-ECS6036A-DPC-LF

+ ECS6036A-BPGLF + ECS5254A-B-kiSF+ ECS5254A-BOO-CC+ ECS5254A-BOO-LF

+ ECS5136A-BOO-CC + ECS5136A-BOO-LF + 5254A-CBL-LF+ 5136A-CBL-LF+

ECSCH4BA-CWU-LF

5246A-CBIFLF +

SWS3820A-VOO-LF

SWS5653A-BOO-LF

5181A-CBL-LF +

SWS3840A-NCCLF

ECS6034WBPC-LF

D114A-CBL-LF +

+ ECSC14DA-FAN-LF+

ECSUC2BA-FAN-LF +

+ SWS0303A-BOO-CC+

+ SWS5181A-BOO-CC

ECS5246A-BOO-CC+ ECS5246A-BOO-LF+

R-1104O4-B-38B + SWS3643A-VOO-LF+

SWS0303A-BOO-LF+ SWS5653A-BOO-CC+

+ SWS5181A-BOO-LF+ 5653A-CBL-LF+

SWSRS17A-BOO + RS17A-CBL-LF +

+ SWSOP4BA-PMD-LF )*(

+ ECSCE4AB-CWU-LF ) + ( LPA-CM

SWS3840A-NCC-CC +

ECS6034B-DPGLF +

+ IEDD114A-BOO +

LP11407A-vCC-LF + LP11401A-VCC-LF + 5164A-CBIFLF +

51114-CBL-LF+ LP15164A-BOO-CC+ LP15164A-BOO-LF + LP51114A-BOO-CC +

LP51114A-BOO-LF+

+

+

+

LPIA305A-BOO-CC

ECS5254A-B-AASF

ECS5136A-BOO-LF

SW-CM+ A-1104-O4-1 +A305A-CBL-LF+ LPIOP34A-PMD-LF

+

+

+

ECSC14DA-FAN-LF +

.

-
.

.

LPIA305A-BOO-LF+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF

ECS5254A-BOO-CC+ ECS5254A-BOO-LF+ ECS5136A-BOO-CC .

5254A-CBL-LF + 5136A-CBL-LF + ECSCH4BA-CWU-LF

ECS5246A-BOO-CC + ECS5246A-BOO-LF+ 5246A-CBL-LF

ECSUC2BA-FAN-LF+ R-I104O4-B-38B+ SWS3643A-VOO-LF+ SWS3820A-VOO-LF

SWS0303A-BOO-CC-!-SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF

-

+
w

+

+

+
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TABLE A-V (Cent)

.

.

.

●

●

✎

SWS5181A-BOO-CC+ SWS5181A-BOO-LF + 5653A-CBL-LF + 5181A-CBIrLF +

SWSRS17A-BOO + RS17A-CBL-LF + SWS3840A-NCG-CC + SWS3840A-NCC-LF+

SWSOP4BA-PMD-LF )*( ECS6254B-BOO-CC + ECS6246B-BOO-CC +

SWS0402B-BOO-CC ) + ( LPA-CM + IEDD114A-BOO + D114A-CBL-LF +

LP11407A-VCC-LF+ LP11401A-VCC-LF + 5164A-CBL-LF + 51114-CBL-LF +

LP15164A-BOO-CC+ LP15164A-BOO-LF+ LP51114A-BOO-CC+ LP51114A-BOO-LF+

SW1-CM+ A-1104-O4-1 + A305A-CBL-LF + LP10P34A-PMD-LF+ LPIA305A-BOO-CC

+ LPIA305A-BOO-LF + ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF

+ ECS5254A-BOO-CC+ ECS5254A-BOO-LF+ ECS5136A-BOO-CC+ ECS5L36A-BOO-LF

+ 5254A-CBkLF + 5136A-CBL-LF + ECSCE4BA-CWU-LF+ ECS5246A-BOO-CC+

ECS5246A-BOO-LF+ 5246A-CBL-LF+ R-1104O4-B-38B + SWS3643A-VOO-LF +

SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+

SWS5653A-BOO-LF+ SWS5181A-BOO-CC+ SWS5181A-BOO-LF + 5653A-CBL-LF +

5181A-CBL-LF + SWSRS17A-BOO + RS17A-CBL-LF + SWS3840A-NCC-CC +

SWS3840A-NCC-LF+ SWSOP4BA-PMD-LF ) * ( 6254B-CBL-LF + 6246B-CBL-LF +

SWSOP4CB-PMD-LF ) -I-( LPA-CM + D114A-CBL-LF + LP11407A-VCC-LF+

LP11401A-vCGIJ?+ 5164A-CBL-LF + 51114-CBL-LF -t-LP15164A-BOO-CC +

LP51114A-BOO-CC+ SW-CM+ A-1104-04-1 + A305A-CBL-LF + LPIA305A-BOO-CC

-I-ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF + ECS5254A-BOO-CC

-I-ECS5136A-BOO-CC + 5254A-CBIFLF + 5136A-CBIFLF + ECSCH4BA-CWU-LF+

ECS5246A-BOO-CC+ 5246A-CBL-LF + R-1104O4-B-38B + SWS3643A-VOO-LF +

SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS5653A-BOO-CC+ SWS5181A-BOO-CC-l-

5653A-CBL-LF + 5181A-CBL-LF + SWSRS17A-BOO + RS17A-CBL-LF +

SWS3840A-NCC-CC + SWS3840A-NCC-LF + SWSOP4BA-PMD-LF )*(

ECS6254B-BOO-LF+ ECS6246B-BOO-LF+ SWS0402B-BOO-LF ) + ( LPA-CM +
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TABLE

IEDD114A-BOO + D114A-CBL-LF +

5164A-CBIFLF+ 51114-CBIFLF +

A-V (cent)

LP11407A-VCC-LF

LP15164A-BOO-CC

LP51114A-BOO-CC+

+ LPIOP34A-PMD-LF

+ ECS6036A-BPC-LF

LP51114A-BOO-LF+

+ LPIA305A-BOO-CC

+ ECS5254A-B-AASF

+ LP11401A-VCC-LF

+ LP15164A-BOO-LF

+

+

SW1-CM+A-1104-O4-1 + A305A-CBL-IX

+ LPIA305A-BOO-LF+ ECS6036A-DPGLF

+ ECS5254A-BOO-CC+ ECS5254A-BOO-LF

+ 5254A-CBL-LF+ ECSCH4BA-CWU-LF+ ECS5246A-BOO-CC+ ECS5246A-BOO-LF

5246A-CBL-LF + ECSUC2BA-FAN-LF + R-1104O4-B-38B+ SWS3643A-VOO-LF

SWS3820A-VOO-LFi-SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC

SWS5653kBO0-LF + SWS5181A-BOO-CC + SWS5181A-BOO-LF+ 5653A-CBL-LF

5181A-CBIrLF + SWSRS17A-BOO + RS17A-CBL-LF + SWS3840A-NCC-CC

SWS3840A-NCGLF + SWSOP4BA-PMD-LF ) * ( LP16164B-BOO-CC

LP16161B-BOO-CC+ LPIA405B-BOO-CC+ SWSRS27B-BOO+ SWS3841B-NCC-CC)

( LPA-CM + Dl14A-CBIrLF + LP11407A-VCC-LF + LP11401A-VCC-LF

5164A-CBL-LF+ 51114-CBGLF + LP15164A-BOO-CC + LP51114A-BOO-CC

+

+

+

+

+

+

+

+

+

SW1-CM+ A-1104-O4-1 + A305A-CBL-LF + LPIA305A-BOO-CC+ ECS6036A-DPC-LF

+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC+ 5254A-CBL-LF +

ECSCH4BA-CWU-LF + ECS5246A-BOO-CC + 5246A-CBL-LF + R-1104O4-B-38B +

SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS5653A-BOO-CC+

SWS5181A-BOO-CC + 5653A-CBPLF + 5181A-CBL-LF + SWSRS17A-BOO +

RS17A-CBL-LF+ SWS3840A-NCC-CC+ SWS3840A-NCC-LF+ SWSOP4BA-PMD-LF) *

( IEDD214B-BOO+ LP16164B-BOO-LF+ LP16161B-BOO-LF+

LPIA405B-BOO-LF ) + ( LPA-CM + IEDD114A-BOO +

LP11407A-VC(%LF + LP11401A-VCC-LF + 5164A-CBL-LF

LP15164A-BOO-CC+ LP15164A-BOO-LF+ LP51114A-BOO-CC+

SW-CM+ A-1104-O4-1 + A305A-CBL-LF + LPIOP34A-PMD-LF

100

LPIOP34B-PMD-LF+

D114A-CBL-LF +

+ 51114-CBL-LF +

LP51114A-BOO-LF+

+ LPIA305A-BOO-CC

.

.

.

.

.

.
.



TABLE A-V (Cent)

*

.
.

+ LPIA305A-BOO-LF+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF

+ ECS5254A-BOO-CC+ ECS5254A-BOO-LF+ 5254A-CBL-LF+ ECSCH4BA-CWU-LF+

ECS5246A-BOO-CC+ ECS5246A-BOO-LF+ 5246A-CBL-LF + R-1104O4-B-38B +

SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+

SWS5653A-BOO-CC+ SWS5653A-BOO-LF+ SWS5181A-BOO-CC+ SWS5181A-BOO-LF+

5653A-CBIrLF + 5181A-CBL-LF + SWSRS17A-BOO + Rs17A-cBbLF +

SWS3840A-NCC-CC+ SWS3840A-NCGLF + SWSOP4BA-PMD-LF) * ( D214B-CBIFLF

+ 6164B-CBkLF + SW2-CM+ A-1104-O4-2 + A405B-CBL-LF+ RS27B-CBIFLF ) +

ECS5254A-B-AASF * ( A-LPI-4 + R-HCP-BW8B-5 + A-SWS-l ) + R-1104O4-B-38B

* ( A-LPI-4 + R-HCP-BW8B-5 + R-HCP-VCH4A-3 + R-HCP-O38A-1O + A-SWS-l +

A-IEA-4 ) + LPIE35BX-HTX-LFB* ( LP11407A-VCC-LF + LP11401A-VCC-LF +

ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECSCH4BA-CWU-LF+

R-1104O4-B-38B+ SWS3643A-VOO-LF+ SWS3820A-VOO-LF ) + A-ECS-3 * (

LP11407A-VCC-LF + LP11401A-VCC-LF + 51114-CBL-LF + ECS6036A-DPC-LF+

ECS6036A-BPC-LF+ ECS5254A-B-MSF+ ECSCH4BA-CWU-LF+ R-1104O4-B-38B +

SWS3643A-VOO-LF + SWS3820A-VOO-LF + 5653A-CBL-LF + 5181A-CBL-LF +

SWS3840A-NCC-LF ) + ECSC2DB-FAN-LF * ( LP11407A-VCGLF +

LP11401A-VCC-LF + 51114-CBL-LF + LP15164A-BOO-CC + LP51114A-BOO-CC +

LPIA305A-BOO-CC+ ECS6036A-DI?C-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+

ECS5254A-BOO-CC+ ECS5136A-BOO-CC+ ECSCH4BA-CWU-LF+ ECS5246A-BOO-CC+

R-1104O4-B-38B+ SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC +

SWS5653A-BOO-CC + SWS5181A-BOO-CC + 5653A-CBkLF + 5181A-CBL-LF +

SWSRS17A-BOO+ SWS3840A-NCGCC+ SWS3840A-NCC-LF ) + LPB-CM* ( LPA-CM

+ R-1104O4-A-DH8A + IEDD114A-BOO + D114A-CBL-LF + LP11407A-vCC-LF+

LP11401A-VCC-LF+ 5164A-CBIFLF + 51114-CBL-LF + LP15164A-BOO-CC +

707



TABLE A-V (Cent)

.
LP15164A-BOO-LF + LP51114A-BOO-CC + LP51114A-BOO-LF + SW1-CM +

.

A-1104-O4-1 + A305A-CBL-LF + LPIOP34A-PMD-LF + LPIA305A-BOO-CC +

LPSA305A-BOO-LF+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-lASF+

.

ECS5254A-BOO-CC+ ECS5254A-BOO-LF+ 5254A-CBL-LF + ECSCH4BA-CWU-LF +

ECS5246A-BOO-CC + ECS5246A-BOO-LF + 5246A-CBL-LF+ R-1104O4-B-38B+

SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+

SWS5653A-BOO-CC+ SWS5653A-BOO-LF+ SWS5181A-BOO-CC+ SWS5181A-BOO-LF+

5653A-CBL-LF + 5181A-CBL-LF + SWSRS17A-BOO + RS17A-CBL-LF +

SWS3840A-NCC-CC + SWS3840A-NCC-LF+ SWSOP4BA-PMD-LF ) + R-1104-A-38A*

( LPA-CM + A-LPI-11 + IEDD114A-BOO+ Dl14&CBL-LF + LP11407A-VCC-LF +

LP11401A-VCC-LF + 5164A-CBL-LF + 51114-CBL-LF + LP15164A-BOO-CC+

LP15164A-BOO-LF+ LP51114A-BOO-CC+ LP51114A-BOO-LF+ A-ECS-2 + SW1-CM

+ A-1104-O4-1 + R-HCP-BW8A-12 + A305A-CBL-LF + LPIOP34A-PMD-LF +

LPIJi305A-BOO-CC+ LPIA305A-BOO-LF+ LPIE35AX-HTX-LFB+ R-HCP-VCH4B-2 +

ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC+

ECS5254A-BOO-LF+ 5254A-CBL-LF+ ECSCH4BA-CWU-LF + ECS5246A-BOO-CC +

ECS5246A-BOO-LF + 5246A-CBL-LF + ECSUC2BA-FAN-LF+ R-1104O4-B-38B+

R-HCP-038B-9 + kSWS-3 + SWS3643A-VOO-LF + SWS3820A-VOO-LF +

SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF+

SWS5181A-BOO-CC+ SWS5181A-BOO-LF + 5653A-CBIFLF + 5181A-CBL-LF +

SWSRS17A-BOO + RS17A-CBIFLF + SWS3840A-NCC-CC + SWS3840A-NCC-LF+ .

SWSOP4BA-PMD-LF+ A-IEA-3 ) + ECS6254B-B-AASF * ( LPA-CM+ A-LPI-11 +
.

IEDD114A-BOO + D114A-CBL-LF + LP11407A-VCC-LF + LP11401A-VCC-LF + .

5164A-CBbLF + 51114-CBL-LF + LP15164A-BOO-CC + LP15164A-BOO-LF +

LP51114A-BOO-CC + LP51114A-BOO-LF + A-ECS-2 + SW1-CM+ A-1104-O4-1 +
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TABLE A-V (Cent)

R-HCP-BW8A-12+ A305A-CBL-LF + LPIOP34A-PMD-LF + LPIA305A-BOO-CC +

LPIA305A-BOO-LF + LPIE35AX-HTX-LFB+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF

+ ECS5254A-B-/ASF+ ECS5254A-BOO-CC+ ECS5254A-BOO-LP+ ECS5136A-BOO-CC

+ ECS5136A-BOO-LF + 5254A-CBL-LP + 5136A-CBL-LF + ECSCH4BA-CWU-LF +

ECSC14DA-FAN-LF+ ECS5246A-BOO-CC+ ECS5246A-BOO-LF + 5246A-CBL-LF +

ECSUC2BA-FAN-LF + R-1104O4-B-38B + A-SWS-3 + SWS3643A-VOO-LF +

SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+

SWS5653A-BOO-LF + SWS5181A-BOO-CC + SWS5181A-BOO-LF+ 5653A-CBL-LF+

5181A-CBL-LF + SWSRS17A-BOO + RS17A-CBL-LF + SWS3840A-NCC-CC +

SWS3840A-NCC-LP + SWSoP4BA-PMD-LF ) + LPIoBWlx-XOC-LF + LPA-CM *

R-1104O4-B-DH8B+ IEAODGIA-GEN-LF* IEAODG2B-GEN-LF* LOSS-OSP

.
.
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I TABLE A-vI

DATA FOR QUANTIFICATION OF FAULT TREE Z7

Median
Basic Event

LPA-CM
IEDD114A-BOO
D114A-CBL-LF
LP11407A-VCGLF
LP11401A-VCC-LF
5164A-CBLrLF
51114-CBYFLF
LP15164A-BOO-CC
LP15164A-BOO-LF
LP51114A-BOO-CC
LP51114A-BOO-LF
A-ECS-2
SW1-CM
A-1104-O4-1
A305A-cBbLF
LPIOP34A-PMD-LF
LPIA305A-BOO-CC
LPIA305A-BOO-LF
LPIE35AX-HTX-LFB
ECS6036A-DPC-LF
ECS6036A-BPC-LF
ECS5254A-B-AASF
ECS5254A-BOO-CC
ECS5254A-BOO-LF
5254A-CBL-LF
ECSCH4BA-CWU-LF
ECS5246A-BOO-CC
ECS5246A-BOO-LF
5246A-CBL-LF
ECSUC2BA-FAN-LF
R-1104O4-B-38B
SWS3643A-VOO-LF
SWS3820A-VOO-LF
SWS0303A-BOO-CC
SWS0303A-BOO=LF
SWS5653A-BOO-CC
SWS5653A-BOO-LF
SWS5181A-BOO-CC
SWS5181A-BOO-LF
5653A-CBGLF
5181A-CBL-LF
SWSRS17A-BOO
Rs17A-cBbLF
SWS3840A-NCC-CC
SWS3840A-NCCiLF
SWSOP4BA-PMD-LF

Unavailability

O.11OOOOOOE-O2
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.41OOOOOOE-O2
O.41OOOOOOE-O2
O.11OOOOOOE-O2
0.33000000E-02
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.42999999E-03
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.30000001E-03
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.54000001E-02
0020000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.37000000E-02
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.53999998E-03
0.80000004E-02
0.40000002E-02
0.40000002E-02
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.33000000E-02
0.33000000E-02
0.20000001E-02
O.11OOOOOOE-O2
0.20000001E-02
O.31OOOOO1E-O2
0.17000000E-02

EF—

10
3
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

CG—

39
11
1
8
8
1
1
2
11
2
11

%
29
1
13
2
11
21
8
8
4
2
11
1
13
2
11
1
12
40
8
8
2
11
2
11
2
11
1
1
11
1

4;
13

.

.
.

●

.
.
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TABLE A-VI (Cent)

Basic Event

LP11408B-VCC-LF
LP11400B-VCC-LF
6161B-cBIrzF
SWS3841B-NCGLF
ECS5136A-BOO-CC
ECS5136A-BOO-LF
5136A-CBL-LF
ECSC14DA-FAN-LF
ECS6034B-DPC-LF
ECS6034B-BPC-LF
ECSCH4AB-CWU-TJ?
ECS6254B-BOO-CC
ECS6246B-BOO-CC
SWS0402B-BOO-CC
6254B-CBL-LF
6246B-CBL-LF
SWSOP4CB-PMD-LF
ECS6254B-BOO-LF
ECS6246B-BOO-LF
SWS0402B-BOO-LF
LP16164B-BOO-CC
LP16161B-BOO-CC
LPIA405B-BOO-CC
SWSRS27B-BOO
SWS3841B-NCGCC
IEDD214B-BOO
LP16164B-BOO-LF
LP16161B-BOO-LF
LPIOP34B-PMD-LF
LPIA405B-BOO-LF
D214B-CBIrLF
6164B-CBIrLF
SW2-CM
&l104-04-2
A405B-cBkLF
RS27B-CBL-LF
A-LPI-4
R-HCP-BW8%5
A-SWS-l
R-HCP-VCH4A-3
R-HCP-O38A-1O
kIEA-4
LPIE35BX-HTX-LFB
A-ECS-3
ECSC2DB-FAN-LF
LPB-CM
R-1104O4-A-DH8A
R-1104-A-38A

Median
Unavailability

O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.33000000E-02
O.31OOOOO1E-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.53999998E-03
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.37000000E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
O.11OOOOOOE-O2
O.11OOOOOOE-O2
0.17000000E-02
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
0.20000001E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
0.1000OOOOE-02
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
0.22000000E-03
0.19000001E-03
0.22000000E-03
0.18000000E-03
0.18000000E-03
0.13000000E-03
0.30000001E-03
0.42999999E-03
0.53999998E-03
O.11OOOOOOE-O2
0.80000004E-02
0.80000004E-02

EF—

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
10
3
10
10
3
3
3
3
10
10
10

CG—

8
8
1

47
2
11
1
12
8
8
13
2
2
2
1
1
13
11
11
11
2
2
2
11
2
11
11
11
13
11
1
1

43
29
1
1
26
41
26
41
41
34
21
26
12
39
40
40

105



TABLE A-VI (Cent)

Basic Event

A-LPI-11
R-HCP-BW8A-12
R-HCP-VCK4B-2
R-HCP-038B-9
A-SWS-3
A-IEA-3
ECS6254B-B-AASF
LPIOBWIX-XOC-LP
R-1104O4-B-DH8B
IEAODGIA-GEN-LF’
IEAODG2B-GEN-LF
LOSS-OSP

Median
Unavailability

0.22000000E-03
0.19000001E-03
0.18000000E-03
0.18000000E-03
0.22000000E-03
0.13000000E-03
0.54000001E-02
0.99999997E-04
0.80000004E-02
0.33000000E-01
0.33000000E-01
O.1OOOOOOOE-O2

EF—

3
10
10
10
3
3
10
3
10
10
10
10

CG—

26
41
41
41
26
34
4
5
40
23
23
48

.

.
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TABLE A-VII

\

.
●

●

✎

●

EQUIVALENT BOOLEAN EXPRESSION FOR
LOW-PRESSURE RECIRCULATION SYSTEM

(TRUNCATED AT 1.OE-6)

x = ( LpA-~ + I~Dl14A-Boo + Dl14A-cBL-~ + FAN5132A-Boo-~ +

LPR1405A-VCC-LF + LP11407A-VCC-LF+ LP11401A-VCC-LP+ 51112A-CBL-LF +

5164A-CBL-LF+ 51114-CBIFLF + LP51112A-BOO-CC + LP51112A-BOO-LF +

LP15164A-BOO-CC+ LP15164A-BOO-LF+ LP51114A-BOO-CC+ LP51114A-BOO-LF+

SW-CM + A-1104-O4-1 + SWS3803A-VCC-LF + SWS5232A-BOO-CC +

SWS5232A-BOO-LF + 5232A-CBL-LF + A305A-CBL-LF + 1210P34A-PMD-LF+

LPIA305A-BOO-CC+ LPIA305A-BOO-LF+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF +

ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECS5254A-BOO-LF+ ECS5136A-BOO-CC +

ECS5136A-BOO-LF+ 5254A-CBL-LF + 5136A-CBLFLP + ECSCH4BA-CWU-LF +

ECS5246A-BOO-CC + ECS5246A-BOO-LF + 5246A-CBL-LF + R-1104O4-B-38B+

SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+

SWS5653A-BOO-CC+ SWS5653A-BOO-LF+ SWS5181A-BOO-CC+ SWS5181A-BOO-LF+

5653A-CBL-LF + 5181A-CBIrLF + SWSRS17A-BOO + RS17A-CBL-LF +

SWS3840A-NCC-CC + SWS3840A-NCGLF + SWSOP4BA-PMD-LF ) * ( 6254B-CBL-LF

+ 6246B-CBPLF ) + ( LP11407A-VCC-LF+ LP11401A-VCC-LF+ 51112A-CBL-LF

+ 51114-CBkLF + LP51112A-BOO-CC+ LP15164A-BOO-CC+ LP51114A-BOO-CC +

SWS3803A-VCCiLF+ SWS5232A-BOO-CC+ LPIA305A-BOO-CC+ ECS6036A-DPC-LP+

ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECSCH4BA-CWU-LF+

ECS5246A-BOO-CC+ R-1104O4-B-38B+ SWS3643A-VOO-LF+ SWS3820A-VOO-LF +

SWS0303A-BOO-CC + SWS5653A-BOO-CC + SWS5181A-BOO-CC+ 5653A-CBL-LF +

5181A-CBL-LF+ SWSRS17A-BOO+ SWS3840A-NCC-CC+ SWS3840A-NCC-LF ) * (
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TABLE A-VII (Cent)

6132B-CBL-LF +

SWS3803A-VCC-LF

ECSCH4BA-CWU-LF

VUCIC-FAN-LF ) + (

+ ECS6036A-DPGLF +

+ R-1104O4-B-38B+

LP11407A-VCGLF

ECS6036A-BPC-LF

SWS3643A-VOO-LF

* ( FAN6132B-BOO-CC+ LPIE35BX-HTX-LFB ) + ( LPA-CM

IEDD114A-BOO + Dl14A-cBIrLF +

FAN5132A-BOO-LF

51112A-CBL-LF

LP51112A-BOO-CC

LP51114A-BOO-CC

SWS3803A-VCC-LF

A305A-CBL-LF +

+ LPR1405A-VCC-LF+

+ 5164A-CBkLF +

+ LP51112A-BOO-LF+

+ LP51114A-BOO-LF

+ SWS5232A-BOO-CC+

LP1OP34A-PMD-LF +

VUCIA-FAN-LF +

LP11407A-vCGLF

51114-CBL-LF +

LP15164A-BOO-CC

+

+

+

LP11401A-VCC-LF

ECS5254A-B-AASF

SWS3820A-VOO-LF

+ 5132A-CBPLF

FAN5132A-BOO-CC

+ LP11401A-VCC-LF

LPROP34A-PMD-LF

+ LP15164A-BOO-LF

+ A-ECS-2 + SW1-CM+ A-1104-O4-1

SWS5232A-BOO-LF + 5232A-CB~LF

LPIA305A-BOO-CC+ LPIA305A-BOO-LF

+

+

)

+

+

+

+

+

+

+

+

LPIE35A?-HTX-LFB+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF

+ ECS5254A-BOO-CC+ ECS5254A-BOO-LF+ ECS5136A-BOO-CC+ ECS5136A-BOO-LF

+ 5254A-CBGLF +

ECS5246A-BOO-CC

R-1104O4-B-38B+

5136A-CBL-LF+ ECSCH4BA-CWU-LF + ECSC14DA-FAN-LF

+ ECS5246A-BOO-LF + 5246A-CBL-LF + ECSUC2BA-FAN-LF

SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC

SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF+ SWS5181A-BOO-CC

SWS5181A-BOO-LF + 5653A-CBL-LF + 5181A-CBPLF + SWSRS17A-BOO

RS17A-CBIrLF + SWS3840A-NCC&CC+ SWS3840A-NCGLF+ SWSOP4BA-PMD-LF )

( ECS6034B-DPC-LF+ ECS6034B-BPC-LF

5132A-CBIrLF + IEDD114A-BOO +

FAN5132A-BOO-LF

51112A-CBL-LF

LP51112A-BOO-CC

LP51114A-BOO-CC

+ LPR1405A-VCC-LF+

+ 5164A-CBkLF +

+ LP51112A-BOO-LF+

+ ECSCH4AB-CWU-LF ) + ( LPA-CM

D114A-CBL-LF + VUCIA-FAN-LF

LP11407A-vCC-LF+ LP11401A-VCGLF

51114-CBIrLF + LPROP34A-PMD-LF

LP15164+BO0-CC + LP15164A-BOO-LF

+ LP51114A-BOO-LF + SW1-CM + A-1104-O4-1

+

+

+

+

+

*

+

+

+

+

+

+

.
w

.
.

.
.
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TABLE A-VII (Cent)

SWS3803A-VCC-LF+ SWS5232A-BOO-CC+ SWS5232A-BOO-LF

A305A-CBL-LF + LPIOP34A-PMD-LF + LPIA305A-BOO-CC

ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF

+ 5232A-CBL-LF

+ LPIA305A-BOO-LF

+ ECS5254kBO0-CC

ECS5254A-BOO-LF + ECS5136A-BOO-CC + ECS5136A-BOO-LF+ 5254A-CBhLF

5136A-CBLrLF+ ECSti4BA-CWU-LF+ ECSC14DA-FAN-LF + ECS5246A-BOO-CC

ECS5246A-BOO-LF + 5246A-CBL-LF

SWS3643A-VOO-LF+ SWS3820A-VOO-LF

SWS5653A-BOO-CC+ SWS5653A-BOO-LF

5653A-CBL-LF + 5181A-CBL-LF +

+

+

+

ECSUC2BA-FAN-LF+ R-1104O4-B-38B

SWS0303A-BOO-CC+ SWS0303A-BOO-LF

SWS5181A-BOO-CC+ SWS5181A-BOO-LF

SWSRS17A-BOO + RS17A-CBL-LF

SWS3840A-NCC%CC + SWS3840A-NCC-LF + SWSOP4BA-PMD-LF ) *

ECS6254B-BOO-CC+ ECS6246B-Boo-CC+ SWS0402B-BOO-CC

5132A-CBL-LF + IEDDl14&Boo + D114A-CBL-LF

FAN5132A-BOO-CC

LPI1401&vcc-LF

LPROP34A-PMD-LF

LP15164A-BOO-LF

+ A-1104-O4-1 +

5232A-CBL-LF +

LPIA305A-BOO-LF

+ FAN5132A-BOO-LF+ LPR1405A-VCGLF

+ 51112A-CBTrLF + 5164A-CBL-LF

+ LP51112A-BOO-CC+ LP51112A-BOO-LF

) + ( LPA-CM

+ VUClkFAN-LF

+ LP11407A-vCGLF

+ 51114-cBIrLF

+

+

+

+

i-

i-

+

+

+

(

+

+

+

+

+ LP15164A-BOO-CC+

+ LP51114A-BOO-CC-1-LP51114A-BOO-LF+ A-ECS-2 + SW1-CM

SWS3803A-VCC-LF+ SWS5232A-BOo-CC+ SWS5232A-BOO-LF +

A305A-CBL-LF + LPIOP34A-PMD-LF + LPIA305A-BOO-CC+

+ LPIE35AX-HTX-LFB+ ECSfjo3fjA-DPC-LF+ ECS&)36A-BPC-LF

+ ECS5254A-B-AASF+ ECS5254A-Boo-CC+ Ecs5254A-Boo-m + 5254A-CBL-LF

ECSCH4BA-CWU-LF+ ECS5246A-BOO-CC

ECSUC2BA-FAN-LF + R-1104O4-B-38B

SWS0303A-BOO-CC+ SWS0303A-BOO-LF

+ ECS5246kBO0-LF + 5246A-CBL-LF

+ SWS3643A-VOO-LF+ SWS3820A-VOO-LF

+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF

SWS5181A-BOO-CC + SWS5181A-Boo-LF + 5653i-CB~~ + 5181A-CBL-IJ?

SWSRS17A-BOO+ RS17A-CBPLF + sWS3840A-Ncc-CC + sWs3840A-NCGLF

+

+

+

+

+

+



TABLE A-VII (Cent)

SWSOP4BA-PMD-LF ) * ( LP11408B-VCC-LF + LP11400B-VCGLF

SWS3802B-VCC-LF ) + ( LPA-CM

Dl14A-CB~LF + VUCIA-FAN-LF +

LP11407A-VCC-LF+ LP11401A-VCGLF

51114-CBL-LF + LPROP34A-PMD-LF

LP15164A-BOO-CC+ LP15164A-BOO-LF

A-ECS-2 + SW1-CM + A-1104-O4-1

SWS5232kBO0-LF

LPIA305A-BOO-CC

ECS5254A-B-AASF

ECSCH4BA-CWU-LF

ECSUC2BA-FAN-LF

SWS0303A-BOO-CC

SWS5181A-BOO-CC

SWS3841B-NCGLF

LP11407A-VCC-LF

51114-CBkLF +

+ 5132A-CBL-LF + IEDD114A-BOO

FAN5132A-BOO-LF + LPRI,405A-VCC-LF

+ 51112A-CBL-LF + 5164A-CBL-LF

+

+

+

+

+

+

5232A-CBL-LF +

LPIA305A-BOO-LF+

ECS5254A-BOO-CC+

+ ECS5246A-BOO-CC

LP51112A-BOO-CC+ LP51112A-BOO-LF

LP51114A-BOO-CC+ LP51114A-BOO-LF

SWS3803A-VCC-LF+ SWS5232A-BOO-CC

A305A-CBL-LF + LPIOP34A-PMD-LF

ECS6036A-DPC-LF+ ECS6036A-BPC-LF

ECS5254A-BOO-LF + 5254A-CBELF

+ ECS5246A-BOO-LF+ 5246A-CBL-LF

+ R-1104O4-B-38B + SWS3643A-VOO-LF+ SWS3820A-VOO-LF

+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF

+ SWS5181A-BOO-LF + 6166B-CBIrLF

) + ( LPA-CM + D114A-CBL-LF +

+ LP11401A-VCGLF + 51112A-CBL-LF

+ 6161B-cBbLF

LPR1405A-VCGLF

+ 5164A-CBIrLF

LP51112A-BOO-CC + LP15164A-BOO-CC+ LP51114A-BOO-CC

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

.

.

SW1-CM+ A-1104-O4-1 + SWS3803A-VCC-LF+ SWS5232A-BOO-CC+ 5232A-CB&LF

+ A305A-CBkLF + LPIA305A-BOO-CC+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF

ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECS5136A-BOO-CC

5136A-CBL-LF + ECSCH4BA-CWU-LF + ECS5246A-BOO-CC

R-1104O4-B-38B+ SWS3643A-VOO-LF+ SWS3820A-VOO-LF+

SWS5653A-BOO-CC + SWS5181A-BOO-CC + 5653A-CBL-LF

SWSRS17A-BOO+ RS17A-CBL-LF + SWS3840A-NCC-CC +

+ 5254A-CBL-LF

+ 5246A-CBL-LF

SWS0303A-BOO-CC

+ 5181A-CB~LF

SWS3840A-NCGLF

SWSOP4BA-PMD-LF )*( ECS6254B-BOO-LF + ECS6246B-BOO-LF

+

+

+
●

✍

☞

✎

☞

✎

☞

☞
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TABLE

.
SWS0402B-BOO-LF ) + ( LPA-CM.

.
D114A-CBIrLF + VUCIA-FAN-LF +

.
LP11407A-VCGLF + LP11401A-VCC-LF

51114-CB~LP + LPROP34A-PMD-LF

LP15164A-BOO-CC+ LP15164A-BOO-LF

A-VII (Cent)

+ 5132A-CBL-LF + IEDD114A-BOO

FAN5132A-BOO-LF + LPR1405A-VCC-LF

+ 51112A-CBL-LF

+ LP51112A-BOO-CC

+ LP51114A-BOO-CC

SW1-CM + A-1104-O4-1 + SWS3803A-VCGLF +

SWS5232A-BOO-LF

LPIA305A-BOO-CC

ECS5254A-B-AASF

ECSCH4BA-CWU-LF

ECSUC2BA-FAN-LF

SWS0303A-BOO-CC

SWS5181A-BOO-CC

+ 5232A-CBL-LF + A305A-CBL-LP +

+ LPIA305A-BOO-LF+ ECS6036A-DPC-LF

+ ECS5254A-BOO-CC+ ECS5254A-BOO-LF

+ 5164A-CBL-LF

+ LP51112A-BOO-LF

+ LP51114A-BOO-LF

SWS5232A-BCYO-CC

LPIOP34A-PMD-LF

+ ECS6036A-BPC-LF

+ 5254A-CBL-LF

+ ECS5246A-BOO-CC + ECS5246A-BOO-LF+ 5246A-CBL-LF

+ R-1104O4-B-38B+ SWS3643A-VOO-LF+ SWS3820A-VOO-LF

+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF

+ SWS5181A-BOO-LF + 5653A-CBFLF + 5181A-CBGLF

SWSRS17A-BOO + RS17A-CBL-LF + SWS3840A-NCC-CC + SWS3840A-NCGLF

SWSOP4BA-PMD-LF )* ( LP16164B-BOO-CC + LP16161B-BOO-CC

LPR6166B-BOO-CC + SWS6232B-BoO-CC + LPIA405B-BOO-CC+ SWSRS27B-BOO

SWS3841B-NCC-CC ) + ( LPA-CM + IEDD114A-BOO + Dl14A-cB&LF

FAN5132A-BOO-LF+

51112A-CBL-LF +

LP51112A-BOO-LF+

LPR1405A-VCC-LF+ LP11407A-vCC-LF+ LP11401A-VCC-LF

5164A-CBL-LF + 51114-CBL-LF + LP51112A-BOO-CC

LP15164A-BOO-CC+ LP15164A-BOO-LF+ LP51114A-BOO-CC

& LP51114A-BOO-LF + SW1-CM + A-1104-O4-1 + SWS3803A-VCC-LF

SWS5232A-BOO-CC + SWS5232A-BoO-LF + 5232A-CBL-LF + A305A-CBL-LF
●

✍

LPIOP34A-PMD-LF+ LPIA305A-BOO-CC+ LPIA305A-BOO-LF

ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC

5254A-CBL-LF+ ECSCH4BA-CWU-LF+ ECS5246A-BOO-CC +

+ ECS6036A-DPC-LF

+ ECS5254A-BOO-LF

ECS5246A-BOO-LF

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
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TABLE A-VII (Cent)

5246A-CBL-LF + R-1104O4-B-38B + SWS3643A-VOO-LF+

SWS0303A-BOO-CC+ SWS0303A-BOO-LF.+ SWS5653A-BOO-CC+

SWS5181A-BOO-CC + SWS5181A-BOO-LF + 5653A-CBL-LF

.

SWS3820A-VOO-LF

SWS5653A-BOO-LF

+ 5181A-CBL-LF

SWSRS17A-BOO+ RS17A-CBL-LF + SWS3840A-NCGCC + SWS3840A-NCC-LF

SWSOP4BA-PMD-LF ) * ( D214B-cBL-~ + LpR1406B-vcc-LF+ 6164B-cB~LF

SW2-CM+ A-1104-O4-2 + 6232B-CBL-LF+ A405B-CBGLF + RS27B-CBLrLF ) +

LPkCM + Dl14A-cBbLF + LPR1405A-vcc-LF + LP11407A-VCC-LF

LPI1401kVCC-LF + 51112A-CBL-LF + 5164A-CBL-LF + 51114-CBkLF

LP51112A-BOO-CC + LP15164A-BOO-CC + LP51114A-BOO-CC + SW1-CM

A-1104-O4-1 + SWS3803A-VCC-LF +

A305A-CBL-LF + LPIA305A-BOO-CC

ECS5254A-B-MSF + ECS5254A-BOO-CC

ECS5246A-BOO-CC + 5246A-CBL-LF

SWS3820A-VOO-LF+ SWS0303A-BOO-CC

5653A-CBIrLF + 5181A-CBIrLF

SWS3840A-NCC-CC+ SWS3840A-NCC-LF

+

+

+

+

+

+

+ FAN6132B-BOO-LF+ LP16164B-BOO-LF

SWS5232A-BOO-CC

ECS6036A-DPC-LF

5254A-CBL-LF +

R-1104O4-B-38B

SWS5653A-BOO-CC

SWSRS17A-BOO

SWSOP4BA-PMD-LF

+ 5232A-CBL-LF

+ ECS6036A-BPC-LF

ECSCH4BA-CWU-LF

+ SWS3643A-VOO-LF

+ SWS5181A-BOO-CC

+ RS17A-CBL-LF

+

+

+

+

+

(

+

+

+

+

+

+

+

+

+

) * ( IEDD214B-BOO

+ LP16161B-BOO-LF+ LPR6166B-BOO-LF

+ SWS6232B-BOO-LF + LPIOP34B-PMD-LF + LPIAA05B-BOO-LF ) +

ECS5254A-B-AASF* ( A-LPI-4 + R-HCP-BW8B-5 + A-SWS-l ) + R-1104O4-B-38B

* ( A-LPI-4 + R-HCP-BW8B-5 + R-HCP-VCH4A-3

R-HCP-O38A-1O + A-SWS-l + A-IEA-4 ) + A-ECS-3

LP11401A-VCGLF + 51112A-CBLr-LF+ 51114-CBL-LF

+ R-HCP-020C-S

* ( LP11407A-VCC-LP

+ SWS3803A-VCC-LF

ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECSCH4BA-CWU-LF

R-1104O4-B-38B + SWS3643A-VOO-LF+ SWS3820A-VOO-LF + 5653A-CBL-LF

5181A-CBELF+ SWS3840A-NCC-LF ) + ECSC2DB-FAN-LF * ( LP11407A-VCC-LF

+

+

+

+

+

+

.
●

.

.
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.

●

●

LP11401A-VCC-LF

LP15164A-BOO-CC

LPIA305A-BOO-CC

ECS5254A-BOO-CC

5653A-CBL-LF +

SWS3840A-NCC-LF

LP11401A-VCC-LF

LP15164A-BOO-CC

LPIA305A-BOO-CC

ECS5254A-BOO-CC

SWS3643A-VOO-LF

SWS5181A-BOO-CC

SWS3840A-NCC%CC

TABLE A-VII (Cent)

+ 51112A-CBL-LF + 51114-CBL-LF +

+ LP51114A-BOO-CC+ SWS3803A-VCC-LF

+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF

+ SWS0303A-BOO-CC+ SWS5653A-BOO-CC

5181A-CBL-LF + SWSRS17A-BOO +

) + LPROP34B-PMD-LF * (

+ 51112A-CBFLF + 51114-CBL-LF +

+ LP51114A-BOO-CC+ SWS3803A-VCC-LF

+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF

LP51112A-BOO-CC +

+ SWS5232A-BOO-CC+

+ ECS5254A-B-/ASF+

+ SWS5181A-BOO-CC

SWS3840A-NCC-CC

LP11407A-VCC-LF

LP51112A-BOO-CC

+ SWS5232A-BOO-CC

+ ECS5254A-B-AASF

+ ECSCH4BA-CWU-LF+ ECS5246A-BOO-CC+ R-1104O4-B-38B

+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS5653A-BOO-CC

+ 5653A-CBGLF + 5181A-CBbLF + SWSRS17A-BOO

+ SWS3840A-NCGLF + SWSOP4BA-PMD-LF ) + LPB-CM *

LPA-CM + R-1104O4-A-DH8A + IEDD114A-BOO + Dl14A-cBIrLF

FAN5132A-BOO-LF+ LPR1405A-VCGLF + LP11407A-VCC-LF

51112A-CB~LF + 5164A-CBbLF + 51114-CBL-LF +

LP51112A-BOO-LF+ LP15164A-BOO-CC+ LP15164A-BOO-LF

LP51114A-BOO-LF + SW1-CM + A-1104-O4-1 +

SWS5232A-BOO-CC+ SWS5232A-BOO-LF + 5232A-CBL-LF

LPIOP34A-PMD-LF+ LPIA305A-BOO-CC+ LPIA305A-BOO-LF

ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC

5254A-CBL-LF + ECSCH4BA-CWU-LF + ECS5246A-BOO-CC

5246A-CBL-LF+ R-1104O4-B-38B+ SWS3643A-VOO-LF +

SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC

SWS5181A-BOO-CC+ SWS5181A-BOO-LF + 5653A-CBbLF

+ LP11401A-VCC-LF

LP51112A-BOO-CC

+ LP51114A-BOO-CC

SWS3803A-VC&LF

+ A305A-CBL-LF

+ ECS6036A-DPC-LF

+ ECS5254A-BOO-LF

+ ECS5246A-BOO-LF

SWS3820A-VOO-LF

+ SWS5653A-BOO-LF

+ 5181A-CBIrLF

+

+

+

+

+

+

+

+

+

(

+

+

+

+

+

+

+

+

+

+

+

+
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SWSRS17A-BOO +

SWSOP4BA-PMD-LF

Dl14A-cBIrLF +

LP11401A-VCC-LF

LPROP34A-PMD-LF

LP15164A-BOO-LF

A-1104-O4-1 +

5232A-CBIrLF+

LPIA305A-BOO-LF

ECS5254A-BOO-CC

5254A-CBL-LF +

ECS5246A-BOO-LF

SWS3820A-VOO-LF

SWS5653A-BOO-LF

TABLE &VII (Cent)

RS17A-CBL-LF + SWS3840A-NCGCC +

) + SWSOP4CB-PMD-LF * ( LPA-CM

FAN5132A-BOO-LF + LPR1405A-VCGLF

+ 51112A-CBL-LF + 5164A-CBIrLF

+ LP51112A-BOO-CC+ LP51112A-BOO-LF

SWS3840A-NCGLF

+ IEDD114A-BOO

+ LP11407A-VCC-LF

+ 51114-CBL-LF

+ LP15164A-BOO-CC

+ LP51114A-BOO-CC + LP51114A-BOO-LF + WI-m

SWS3803A-VCC-LF + SWS5232A-BOO-CC+ SWS5232A-BOO-LF

A305A-CBL-LF + LPIOP34A-PMD-LF + LPIA305A-BOO-CC

+ ECS6036A-DPC-LF

+ ECS5254A-BOO-LF

5136A-CBL-LF +

+

+

+

5181A-CBL-LF +

8WS3840A-NCC-LF+

5246A-CBkLF +

SWS0303A-BOO-CC

SWS5181A-BOO-CC

+ ECS6036A-BPC-LF+

+ ECS5136A-BOO-CC+

ECSCH4BA-CWU-LF +

ECS5254A-B-AASF

ECS5136A-BOO-LF

ECS5246A-BOO-CC

R-1104O4-B-38B + SWS3643A-VOO-LF

+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC

+ SWS5181A-BOO-LF + 5653A-CBL-LF

SWSRS17A-BOO + RS17A-CBL-LF + SWS3840A-NCC-CC

SWSOP4BA-PKD-LF ) + R-1104-A-38A * ( LPA-CM

A-LPI-11 + 5132A-CBL-LF+ IEDD114A-BOO+ Dl14A-CB~LF + VUCIA-FWLF

FAN5132A-BOO-CC

LP11401A-VCGLF

LPROP34A-PMD-LF

LP15164A-BOO-LF

+ &llo4-04-l +

+ FAN5132A-BOO-LF+.LPR1405A-VCC-LF

+ 51112A-CBL-LF + 5164A-CBIrLF

+ LP51112A-BOO-CC+ LP51112A-BOO-LF

5232A-CBL-LF +

LPIA305A-BOO-CC+

ECS6036A-DPC-LF+

114

+ LP51114A-BOO-CC+ LP51114A-BOO-LF

SWS3803A-VCC-LF+ SWS5232A-BOO-CC+

R-HCP-BW8A-12 +

LPIA305A-BOO-LF

ECS6036A-BPC-LF

+

+

A305A-cBbLF +

LPIE35AI-HTELFB

+ LP11407A-VCGLF

+ 51114-cBIrLF

+ LP15164A-BOO-CC

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

.

.

+ A-ECS-2 + SW1-CM

SWS5232A-BOO-LF + .

LPIOP34A-PMD-LF +
.

.

+ R-HCP-VCH4B-2 +

ECS5254A-B-AASF+ ECS5254A-BOO-CC+



.

.

.
.

.
-

ECS5254A-BOO-LF

ECS5246A-BOO-LF

R-1104O4-B-38B

SWS3820A-VOO-LF

SWS5653A-BOO-LF

TABLE

+ 5254A-CBL-LF+

+ 5246A-CBL-LF

+

+

+

5181A-CBTrLF +

SWS3840A-NCC-LF+

R-HCP-038B-9

SWS0303A-BOO-CC

SWS5181A-BOO-CC

A-VII (Cent)

ECSCH4BA-CWU-LF +

+

+

+

+

SWSRS17A-BOO +

SWSOP4BA-PMD-LF+

ECSUC2BA-FAN-LF

ECS5246A-BOO-CC +

+ R-HCP-020A-S +

A-SWS-3 + SWS3643A-VOO-LF

SWS0303A-BOO-LF+ SWS5653A-BOO-CC

SWS5181A-BOO-LF + 5653A-CBL-LF

RS17A-CBkLF + SWS3840A-NCGCC

A-IEA-3 ) + ECS6254B-B-AASF *

LPA-CM + A-LPI-11 + 5132A-CBL-LF + IEDD114A-BOO + D114A-CBL-LF

VUCIA-FAN-LF + FAN5132A-BOO-CC+ FAN5132A-BOO-LF + LPR1405A-VCGLF

LP11407A-VCC-LF + LPI1401A-VC&LF + 51112A-CBIrLF + 5164A-CBL-LF

51114-CBL-LF+ LPROP34A-PMD-LF+ LP51112A-BOO-CC +

LP15164A-BOO-CC+ LP15164A-BOO-LF+ LP51114A-BOO-CC

A-ECS-2 + SW1-CM+ A-1104-O4-1 + SWS3803A-VCC-LF +

SWS5232A-BOO-LF

LPIOP34A-PMD-LF+

+ ECS6036A-DPC-LF

+ ECS5254A-BOO-LF

+ 5232A-CBL-LF + R-HCP-BW8A-12

LPIA305A-BOO-CC+

+ ECS6036A-BPC-LF

+ ECS5136A-BOO-CC

5136A-CBL-LF + ECSCH4BA-CWU-LF

ECS5246A-BOO-LF+ 5246A-CBL-LF +

A-SWS-3 + SWS3643kVO0-LF +

+

LPIA305A-BOO-LF

LP51112A-BOO-LF

+ LP51114A-BOO-LF

SWS5232A-BOO-CC

+ A305A-CBL-LF

+

+

+

+

(

+

+

+

+

+

+

+

+ LPIE35AX-HTX-LFB

+ ECS5254A-B-AASF+ ECS5254A-BOO-CC

+ ECS5136A-BOO-LF+ 5254A-CBL-LF

ECSC14DA-FAN-LF+ ECS5246A-BOO-CC

ECSUC2BA-FAN-LF + R-1104O4-B-38B

SWS3820A-VOO-LF + SWS0303A-BOO-CC

SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF+ SWS5181A-BOO-CC

SWS5181A-BOO-LF -f- 5653A-CBL-LF + 5181A-CBL-LF + SWSRS17A-BOO

RS17A-CBIrLF + SWS3840A-NCC-CC+ SWS3840A-NCGLF + SWSOP4BA-PMD-LF)

LPIOBWIX-XOC-LF

IEAODGIA-GEN-LF

+ LPA-CM * R-1104O4-B-DH8B + SL-SUMP-CM

* IEAODG2B-GEN-LF* LOSS-OSP

+

+

+

+

+

+

+

+
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TABLE A-VIII

DATA FOR QUANTIFICATION OF FAULT TREE 29

Basic Event

LPA-CM
IEDD114A-BOO
Dl14A-cBkLF
FAN5132A-BOO-LF
LPR1405A-VCC-LF
LPI1407kVCC-LF
LP11401A-VCC-LF
51112A-CBL-LF
5164A-CBbLF
51114-CBL-LF
LP51112A-BOO-CC
LP51112A-BOO-LF
LP15164A-BOO-CC
LP15164A-BOO-LF
LP51114A-BOO-CC
LP51114kBoo-LF
SW1-CM
A-1104-O4-1
SWS3803A-VCGLF
SWS5232&BO0-CC
SWS5232A-BOO-LF
5232A-CBkLF
A305A-CBL-LF
LPIOP34A-PMD-LF
LPM305A-BOO-CC
LPIA305A-BOO-LF
ECS6036A-DPGLF
ECS6036A-BPCkLF
ECS5254A-B-AASF
ECS5254A-BOO-CC
ECS5254A’BOO-LF
ECS5136A-BOO-CC
ECS5136A-BOO-LF
5254A-CBL-LF
5136A-CBkLF
ECSCE4BA-CWU-LF
ECS5246A-BOO-CC
ECS5246A-BOO-LF
5246A-CBL-LF
R-1104O4-B-38B
SWS3643A-VOO-LF
SWS3820A-VOO-LF
SWS0303A-BOO-CC
SWS0303A-BOO-LF
SWS5653A-BOO-CC
SWS5653A-BOO-LF

Median
Unavailability

O.11OOOOOOE-O2
O.1OOOOOOOE-O2
0.lLOOOOOOE-02
O.1OOOOOOOE-O2
0.lLOOOOOOE-02
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.33000000E-02
O.11OOOOOOE-O2
0.33000000E-02
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.41OOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.54000001E-02
0020000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
0.37000000E-02
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.80000004E-02
0.40000002E-02
0.40000002E-02
0.20000001E-02
O.1OOOOOOOE-O2
0020000001E-02
O.1OOOOOOOE-O2

EF—

10
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3

CG—

39
11
1
11
8
8
8
1
1
1
2
11
2
11
2

;:
29
8
2
11
1
1
13
2
11
8
8
4
2
11
2
11
1
1
13
2
11
1

40
8
8
2
11
2
11

.

.
.
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TABLE A-VIII (Cent)

.

.
.

.

*
.

Basic Event
Median

unavailability

SWS5181A-BOO-CC
SWS5181A-BOO-LF
5653A-CBkLF
5181A-CBL-LF
SWSRS17A-BOO
Rs17A-cBLrLF
SWS3840A-NCCCC
SWS3840A-NCC-LF
SWSOP4BA-PMD-LF
6254B-CBFLF
6246B-CBL-LF
6132B-CBbLF
VUCIC-FAN-LF
FAN6132B-BOO-CC
LPIE35BX-HTX-LFB
5132A-CBLrLF
VUCIA-FAN-LF
FAN5132A-BOO-CC
LPROP34A-PMD-LF
A-ECS-2
LPIE35AX-HTX-LFB
ECSC14DA-FAN-LF
ECSUC2BA-FAN-LF
ECS6034B-DPC-LF
ECS6034B-BPC-LF
ECSCH4AB-CWU-LF
ECS6254B-BOO-CC
ECS6246B-BOO-CC
SWS0402B-BOO-CC
LP11408B-VCC-LF
LP11400B-VCC-LF
SWS3802B-VCC-LF
6166B-CBL-LF
6161B-CBL-LF
SWS3841B-NCC-LF
ECS6254B-BOO-LF
ECS6246B-BOO-LF
SWS0402B-BOO-LF
LP16164B-BOO-CC
LP16161B-BOO-CC
LPR6166B-BOO-CC
SWS6232B-BOO-CC
LPIA405B-BOO-CC
SWSRS27B-BOO
SWS3841B-NCGCC
D214B-CBL-LF
LPR1406B-VCGLF
6164B-CBL-LF

0.20000001E-02
O.1OOOOOOOE-O2
0.33000000E-02
0.33000000E-02
0.20000001E-02
O.11OOOOOOE-O2
0.20000001E-02
O.31OOOOO1E-O2
0.17000000E-02
O.11OOOOOOE-O2
O.11OOOOOOE-O2
0.55000000E-03
0.53999998E-03
0.28000001E-03
0.30000001E-03
0.55000000E-03
0.53999998E-03
0.28000001E-03
0.72000001E-03
0.42999999E-03
0.30000001E-03
0.53999998E-03
0.53999998E-03
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.37000000E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
O.41OOOOOOE-O2
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.33000000E-02
0.33000000E-02
O.31OOOOO1E-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
0.20000001E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2

EF—

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

CG—

2
11
1
1
11
1

4;
13
1
1
1
12
2
21
1
12
2
46
26
21
12
12
8
8
13
2
2
2
8
8
8
1
1

47
11
11
11
2
2
2
2
2
11
2
1
8
1
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TABLE A-VIII (Cent)

Basic Event

SW2-CM
A-1104-O4-2
6232B-CBL-LP
A405B-cBkLF
RS27B-CBkLF
IEDD214B-BOO
FAN6132B-BOO-LF
LP16164B-BOO-LF
LP16161B-BOO-LF
LPR6166B-BOO-LF
SWS6232B-BOO-LF
LPIOP34B-PMD-LF
LPIA405B-BOO-LF
A-LPI-4
R-HCP-BW8B-5
iksws-1
R-HCP-VCH4A-3
R-HCP-020C-S
R-HCP-O38A-1O
A-mA-4
&ECS-3
ECSC2DB-FAN-LF
LPROP34B-PMD-LF
LPB-CM
R-1104O4-A-DH8A
SWSOP4CB-PMD-LF
R-1104-A-38A
A-LPI-11
R-HCP-BW8A-12
R-HCP-VCH4B-2
R-HCP-020A-S
R-HCP-038B-9
A-SWS-3
A-IEk3
ECS6254B-B-AASF
LPIOBWIX-XOC-LF
R-1104O4-B-DH8B
SL-SUMP-CM
IEAODGIA-GEN-LF
IEAODG2B-GEN-LF
LOSS-OSP

Median
Unavailability

O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
0.10000000%02
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
0.22000000E-03
0.19000001E-03
0.22000000E-03
0.18000000E-03
0.18000000E-03
0.18000000E-03
0.13000000E-03
0.42999999E-03
0.53999998E-03
0.72000001E-03
O.11OOOOOOE-O2
0.80000004E-02
0.17000000E-02
0.80000004E-02
0.22000000E-03
0.19000001E-03
0.18000000E-03
0.18000000E-03
0.18000000E-03
0.22000000E-03
0.13000000E-03
0.54000001E-02
0.99999997E-04
0.80000004E-02
0.14000000E-03
0.33000000E-01
0.33000000E-01
O.1OOOOOOOE-O2

EF CG

10
3
3
3
3
3
3
3
3
3
3
3
3
3
10
3
10
10
10
3
3
3
10
10
10
3
10
3
10
10
10
10
3
3
10
3
10
10
10
10
10

43
29
1
1
1
11
11
11
11
11
11
13
11
26
41
26
41
41
41
34
26
12
46
39
40
13
40
26
41
41
41
41
26
34
4

4;
49
23
23
4/3

.

.
.

*
.

.
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.

-
.

TABLE A-IX

EQUIVALENT BOOLEAN EXPRESSION FOR
LOW-PRESSURE RECIRCULATION SYSTEM,
CONTAINMENT HEAT REMOVAL MODE

(TRUNCATED AT 1.OE-6)

x . ( LpA-~+ A.LP1-11 + 5132A-CBGU + 1~Dl14A-Boo + Dl14A-cBL-~ +

VUCIA-FAN-LF + FAN5132A-BOO-CC + FAN5132A-BOO-LF+ LPR1405A-VCC-LF+

LP11407A-VCC-LF+ LP11401A-VCC-LF + 51112A-CBIrLF + 5164A-CBL-LF +

51114-CBL-LF + LPROP34A-PMD-LF + LP5L112A-BOO-CC+ LP51112A-BOO-LF+

LP15164A-BOO-CC+ LP15164A-BOO-LF+ LP51114A-BOO-CC+ LP51114A-BOO-LF+

A-ECS-2 + SW1-CM + A-1104-O4-1 + SWS3803A-VCC-LF+ SWS5232A-BOO-CC+

SWS5232A-BOO-LF+ 5232A-CBkLF + HPRE35Ax-HTx-LFI+ HPRE35AX-HTX-LFB +

R-HCP-BW8A-12 + A305A-CBL-LF + LPIOP34A-PMD-TJ’+ LPT.A305A-BOO-CC+

LPIA305A-BOO-LF+ LPIE35Ax-HTx-LFB+ R-HCP-VCH4B-2 + ECS6036A-DPC-LF +

ECS6036A-BPGLF + ECS5254A-B-AASF+ ECS5254A-BOO-CC-1-ECS5254A-BOO-LF+

5254A-CBIrLF+ ECSCH4BA-CWU-LF+ ECS5246A-BOO-CC + ECS5246A-BOO-LF +

5246A-CBkLF + ECSUC2BA-FAN-LF + R-HCP-020A-S + R-1104O4-A-22A +

R-HCP-022A-S + R-1104O4-B-38B + R-HCP-038B-9 + A-SWS-3 +

SWS3822A-VCC-LF+ SWS3643A-VOo-LF+ SWS3820A-VOO-LF+ SWS5182A-BOO-CC+

SWS5182A-BOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+

SWS5653A-BOO-LF + SWS5181A-BOO-CC + SWS5181A-BOO-LF+ 5182A-CBL-LF +

5653A-CBL-LF + 5181A-CBL-LF + SWSRS17A-BOO + Rs17A-cBbLF +

SWS3840A-NCC-CC + SWS3840A-NCC-LF + SWSOP4BA-PMD-LF+ A-IEA-3 ) * (

R-1104O4-B-22B + R-1104-A-38A ) + ( LPA-CM + IEDD114A-BOO +

D114A-CBL-LF + FAN5132A-BOO-LF + LPR1405A-VCC-LF+ LP11407A-VCC-LF+

LP11401A-VCG-LF + 51112A-CBL-LF + 5164A-CBL-LF + 51114-CBL-LF +
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TABLE A-IX (Cent)

LP51112A-BOO-CC+ LP51112A-BOO-LF+ LP15164A-BOO-CC+ LP15164A-BOO-LF+

LP51114A-BOO-CC + LP51114A-BOO-LF + SW1-CM + A-1104-O4-1 +

SWS3803A-VCC-LF + SWS5232A-BOO-CC + SWS5232A-BOO-LF+ 5232A-CBL-LF+

A305A-CBL-LF+ LPIOP34A-PMD-LF+ LPIA305A-BOO-CC + LPIA305A-BOO-LF +

ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC+

ECS5254A-BOO-LF+ ECS5136A-BOO-CC+ ECS5136A-BOO-LF + 5254A-CBL-LF +

5136A-CBL-LF + ECSCH4BA-CWU-LF + ECS5246A-BOO-CC+ ECS5246A-BOO-LF+

5246A-CBL-LF+ R-1104O4-A-22A + R-1104O4-B-38B + SWS3822A-VCC-LF +

SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS5182A-BOO-CC+ SWS5182A-BOO-LF+

SWS0303kBO0-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF+

SWS5181A-BOO-CC + SWS5181A-BOO-LF + 5182A-CBkLF + 5653A-CBL-LF+

5181A-CBL-LF + SWSRS17A-BOO + RS17A-CB~LF + SWS3840A-NCC-CC +

SWS3840A-NCGLF + SWSOP4BA-PMD-LF) * ( 6254B-CBL-LF+ 6246B-CBL-LF ) +

( LP11407A-VCC-LF+ LP11401A-VCC-LF+ 51112A-CBGLF + 51114-CBL-LF +

LP51112A-BOO-CC+ LP15164A-BOO-CC+ LP51114A-BOO-CC+ SWS3803A-VCC-LF+

SWS5232A-BOO-CC+ LPIA305A-BOO-CC+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF+

ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECSCH4BA-CWU-LF+ ECS5246A-BOO-CC+

R-1104O4-A-22A+ R-1104O4-B-38B+ SWS3822A-VCC-LF+ SWS3643A-VOO-LF +

SWS3820A-VOO-LF+ SWS5182A-BOO-CC+ SWS0303A-BOO-CC+ SWS5653A-BOO-CC+

SWS5181A-BOO-CC + 5182A-CBL-LF + 5653kCBL-LF + 5181A-CBL-LF +

SWSRS17A-BOO + SWS3840A-NCC-CC+ SWS3840A-NCC-LF) * ( 6132B-CBL-LF +

VUCIGFAN-LF ) + ( A-LPI-4 + R-HCP-BW8B-5 + R-HCP-VCH4A-3 +

R-HCP-020C&S+ R-HCP-O38A-1O + A-SWS-l + A-IEA-4 ) * ( R-1104O4-A-22A+

R-1104O4-B-38B ) + ( LPA-CM + 5132A-CB~LF + IEDD114A-BOO +

D114A-CBL-LF + VUCIA-FAN-LF + FAN5132A-BOO-CC + FAN5132A-BOO-LF+

.
.
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TABLE A-Ix (Cent)

.

.

LPR1405A-VCGLF + LP11407A-VCC-LF+ LP11401A-VCC-LF+ 51112A-CBL-LF +

5164A-CBL-LF + 51114-CBL-LF + LPROP34A-PMD-LF + LP511L2A-BOO-CC +

LP51112A-BOO-LF+ LP15164A-BOO-CC+ LP15164A-BOO-LF+ LP51114A-BOO-CC+

LP51114A-BOO-LF + A-ECS-2 + SW1-CM+ A-1104-O4-1 + SWS3803A-VCC-LF+

SWS5232A-BOO-CC+ SWS5232A-BOO-LF+ 5232A-CBL-LF+ HPRE35AX-HTX-LFI +

HPRE35AX-RTX-LFB + A305A-CBL-LF + LP1OP34A-PMD-LF+ LPIA305A-BOO-CC+

LPIA305A-BOO-LF+ LPIE35AX-HTX-LFB+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF

+ ECS5254A-B-AASF+ ECS5254A-BOO-CC + ECS5254A-BOO-LF+ ECS5136A-BOO-CC

+ ECS5136A-BOO-LF+ 5254A-CBIr-LF+ 5136A-CBL-LF + ECSCH4BA-CWU-LF +

ECSC14DA-FAN-LF + ECS5246A-BOO-CC + ECS5246A-BOO-LF+ 5246A-CBL-LF +

ECSUC2BA-FAN-LF+ R-1104O4-A-22A+ R-1104O4-B-38B + SWS3822A-VCC-LF +

SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS5182A-BOO-CC+ SWS5182A-BOO-LF+

SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF+

SWS5181A-BOO-CC + SWS5181A-BOO-LF + 5182A-CBL-LF + 5653A-CBL-LF +

5181A-CBL-LF + SWSRS17A-BOO + RS17A-CBL-LF + SWS3840A-NCC-CC +

SWS3840A-NCC-LF + SWSOP4BA-PMD-LF )*( ECS6034B-DPC-LF +

ECS6034B-BPC-LF+ ECSCH4AB-CWU-LF ) + ( LPA-CM + 5132A-CBL-LF +

IEDD114A-BOO + D114A-CBL-LF + VUCIA-FAN-LF + FAN5132A-BOO-LP +

LPR1405A-VCC-LF+ LP11407A-VCGLF + LP11401A-VCGLF + 51112A-CBIrLF +

5164A-CBL-LF + 51114-CBL-LF + LPROP34A-PMD-LF + LP51112A-BOO-CC+

LP51112A-BOO-LF+ LP15164A-BOO-CC+ LP15164A-BOO-LF+ LP51114A-BOO-CC +

LP51114A-BOO-LF + SW1-CM + A-1104-O4-1 + SWS3803A-VCC-LF +

SWS5232A-BOO-CC+ SWS5232A-BOO-LF + 5232A-CBIrLF + A305A-CBL-LF +

LPIOP34A-PMD-LF+ LPIA305A-BOO-CC+ LPIA305A-BOO-LF+ ECS6036A-DPC-LF+

ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECS5254A-BOO-LF+
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TABLE A-Ix (Cent)

ECS5136A-BOO-CC + ECS5136A-BOO-LF

ECSCH4BA-CWU-LF+ ECSC14DA-FAN-LF+

5246A-CBL-LF + ECSUC2BA-FAN-LF +

SWS3822A-VCGLF + SWS3643A-VOO-LF+

SWS5182A-BOO-LF+ SWS0303A-BOO-CC+

SWS5653A-BOO-LF+ SWS5181A-BOO-CC+

5653A-CBL-LF + 5181A-CBL-LF +

+ 5254A-CBL-LF + 5136A-CBLrLF+

ECS5246A-BOO-CC+ ECS5246A-BOO-LF+

R-1104O4-A-22A + R-1104O4-B-38B+

SWS3820A-VOO-LF+ SWS5182A-BOO-CC+

SWS0303A-BOO-LF+ SWS5653A-BOO-CC+

SWS5181A-BOO-LF + 5182A-CBL-LF +

SWSRS17A-BOO + Rs17A-cBbLF +

SWS3840A-NCC-CC + SWS3840A-NCC-LF + SWSOP4BA-PMD-LF )*(

ECS6254B-BOO-CC + ECS6246B-BOO-CC + SWS0402B-BOO-CC ) + ( LPA-CM+

Dl14A-CBIr-LF+ LPR1405A-VCC-LF+ LP11407A-VCC-LF + LP11401A-VCC-LF

51112A-CBL-LF + 5164A-CBL-LF + 51114-CBL-LF + LP51112A-BOO-CC

LP15164A-BOO-CC + LP51114A-BOO-CC + SW1-CM + A-1104-O4-1

SWS3803A-VCC-LF + SWS5232A-BOO-CC

LPIA305A-BOO-CC+ ECS6036A-DPC-LF+

ECS5254A-BOO-CC + ECS5136A-BOO-CC

ECSCH4BA-CWU-LF+

R-I104O4-B-38B +

SWS5182A-BOO-CC+

5182A-CBL-LF +

ECS5246A-BOO-CC+

SWS3822A-VCGLF +

SWS0303A-BOO-CC+

5653A-CBIrLF +

+ 5232A-CBLrLF

ECS6036A-BPC-LF+

+ 5254A-CBL-LF

5246A-CBIrLF +

SWS3643A-VOO-LF+

SWS5653A-BOO-CC+

+ A305A-CBL-LF

ECS5254A-B-AASF

+ 5136A-CBL-LF

R-1104O4-A-22A

SWS3820A-VOO-LF

SWS5181A-BOO-CC

5181A-CBL-LF + SWSRS17A-BOO

RS17A-CBL-LF + SWS3840A-NCGCC + SWS3840A-NCC-LF+ SWSOP4BA-PND-LF )

( ECS6254B-BOO-LF + ECS6246B-BOO-LF+ SWS0402B-BOO-LF ) + ( LPA-CM

5132A-CBL-LF + IEDD114A-BOO + D114A-CBL-LF + VUCIA-FAN-LF

FAN5132A-BOO-CC+ FAN5132A-BOO-LF+ LPR1405A-VCC-LF

LPI1401kVCGLF + 51112A-CBL-LF + 5164A-CB&LF

LPROP34A-PMD-LF+ LP51112A-BOO-CC+ LP51112A-BOO-LF

+ LP11407A-VCC-LF

+ 51114-CBL-LF

+ LP15164A-BOO-CC

+

+

+

+

+

+

+

+

+

+

“

.

.

*

+
.

+ .

+ .
-

+

+
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TABLE A-Ix (Cent)

.

.

.
.

●

LP15164A-BOO-LF+ LP51114A-BOO-CC+ LP51114A-BOO-LF+ A-ECS-2 + SW1-CM

+ A-1104-O4-1 + SWS3803A-VCGLF + SWS5232A-BOO-CC+ SWS5232A-BOO-LF+

5232A-CBL-LF+ HPRE35AX-HTX-LFI+ HPRE35AX-HTX-LFB + A305A-CBhLF +

LPIOP34A-PMD-LF + LPIA305A-BOO-CC+ LPLA305A-BOO-LF+ LPIE35AX-HTX-LFB

+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC

+ ECS5254A-BOO-LF+ 5254A-CBL-LF + ECSCH4BA-CWU-LF+ ECS5246A-BOO-CC+

ECS5246A-BOO-LF+ 5246A-CBLrLF+ ECSUC2BA-FAN-LF + R-1104O4-A-22A +

R-1104O4-B-38B + SWS3822A-VCC-LF+ SWS3643A-VOO-LF+ SWS3820A-VOO-LF+

SWS5182&BO0-CC + SWS5182A-BOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+

SWS5653A-BOO-CC+ SWS5653A-BOO-LF+ SWS5181A-BOO-CC+ SWS5181A-BOO-LF+

5182A-CBL-LF + 5653A-CBL-LF + 5181A-CBLr-LF + SWSRS17A-BOO +

RS17A-CB&LF + SWS3840A-NCC-CC+ SWS3840A-NCGLF + SWSOP4BA-PMD-LF ) *

( LP11408B-vCGLF + LP11400B-VCGLF + SWS3802B-VCGLF + SWS3821B-VCC-LF

) + ( LPA-CM + 5132A-CBL-LF + IEDD114A-BOO + Dl14A-CB~LF +

VUCIA-FAN-LF + FAN5132kBO0-LF+ LPR1405A-vCC-LF + LP11407A-vCC-LF +

LP11401A-VCGLF + 51112ACBL-LF + 5164A-CBL-LF + 51114-CBL-LF +

LPROP34A-PMD-LF+ LP51112A-BOO-CC+ LP51112A-BOO-LF + LP15164A-BOO-CC +

LP15164A-BOO-LF + LP51114A-BOO-CC + LP51114A-BOO-LF+ A-ECS-2 + SW1-CM

+ A-1104-O4-1 + SWS3803A-VCC-LF+ SWS5232A-BOO-CC+ SWS5232A-BOO-LF +

5232A-CBFLF + A305A-CBL-LF + LPIOP34A-PMD-LF + LPIA305A-BOO-CC+

LPIA305A-BOO-LF+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254&B-AASF +

ECS5254A-BOO-CC + ECS5254A-BOO-LF + 5254A-CBL-LF + ECSCH4BA-CWU-LF+

ECS5246A-BOO-CC+ ECS5246A-BOO-LF+ 5246A-CBL-LF + ECSUC2BA-FAN-LF +

R-1104O4-A-22A + R-1104O4-B-38B + SWS3822A-VCGLF + SWS3643&VO0-LF +

SWS3820A-VOO-LF+ SWS5182A-BOO-CC+ SWS5182A-BOO-LF+ SWS0303A-BOO-CC+
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TABLE A-IX (Cent)

I

SWS0303A-BOO-LF+ SWS5653A-BOO-CC

SWS5181A-BOO-LF + 5182A-CBL-LF

SWSRS17A-BOO + Rs17A-cBIrLF +

+ SWS5653A-BOO-LF+ SWS5181A-BOO-CC+
*

.

+ 5653A-CB&LF + 5181A-CBbLF +
. .

SWS3840A-NCGCC + SWS3840A-NCC-LF+
.

SWSOP4BA-PMD-LF) * ( 6166B-CBL-LF + 6161B-cBL-Ll

SWS3841B-NCC-LF ) + ( LP11407A-vCC-LF +

SWS3803A-VCC-LF+ ECS6036A-DPC-LF+ ECS6036A-BPC-LE

+ 6183B-CBL-LF +

LP11401A-VCC-LF +

+ ECS5254A-B-AASF+

ECSCH4BA-CWU-LF + R-1104O4-A-22A+ R-1104O4-B-38B+ SWS3822A-VCC-LF+

SWS3643A-VOO-LF + SWS3820A-VOO-LF )* ( FAN6132B-BOO-CC

HPRE35BX-ETX-LFI + HPRE35BX-HTX-LFB+ LPIE35BX-HTX-LFB ) + ( LPA-CM

5132A-CBL-LF + IEDD114A-BOO + D114A-CBL-LF + VUCIA-FAN-LF

FAN5132A-BOO-LF+ LPR1405A-VCC-LF+ LP11407A-VCC-LF

51112A-CB&LF + 5164A-CBL-LF + 51114-CBL-LF +

LP51112A-BOO-CC+ LP51112A-BOO-LF+ LP15164A-BOO-CC

LP51114A-BOO-CC + LP51114A-BOO-LF + SW1-CM

+ LP11401A-VCC-LF

LPROP34A-PND-LF

+ LP15164A-BOO-LF

+ A-1104-O4-1

SWS3803A-VCGLF + SWS5232A-BOO-CC + SWS5232A-BOO-LF+ 5232A-CBTrLF

A305A-CBL-LF + LP1OP34A-PMD-LF+ LPIA305A-BOO-CC + LPIA305A-BOO-LF

ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254kBO0-CC

ECS5254A-BOO-LF+ 5254A-CBL-LF + ECSCH4BA-CWU-LF + ECS5246A-BOO-CC

ECS5246A-BOO-LF + 5246A-CBL-LF + ECSUC2BA-FAN-LF+ R-I104O4-A-22A

R-1104O4-B-38B+ SWS3822A-VCGLF + SWS3643A-VOO-LF+ SWS3820A-VOO-LF

SWS5182A-BOO-CC+ SWS5182A-BOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF

SWS5653A-BOO-CC+ SWS5653A-BOO-LF+ SWS5181A-BOO-CC+ SWS5181A-BOO-LF

5182A-CBL-LF + 5653A-CBL-LF + 5181A-CBL-LF + SWSRS17A-BOO

RS17A-CBL-LF+ SWS3840A-NCC-CC+ SWS3840A-NCC%LF+ SWSOP4BA-PMD-LF )

+

+

+

+

+

+

+

+

+

+

+

+

+

+

.
+

.
+ .

*

( LP16164B-BOO-CC+ LP16161B-BOO-CC+ LPR6166B-BOO-CC+ SWS6232B-BOO-CC
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TABLE A-IX (Cent)

+ LPIA405B-BOO-CC+ SWS6183B-BOO-CC+ SWSRS27B-BOO+ SWS3841B-NCGCC )

+ ( LPA-CM + IEDD114A-BOO + Dl14A-CBkLF + FAN5132A-BOO-LF +

LPR1405A-VCC-LF+ LP11407A-VCC-LF+ LP1140lA-VCC-LF+ 51112&CBL-LF +

5164A-CBbIX + 51114-CBPLP + LP51112A-BOO-CC + LP51112A-BOO-LF +

LP15164A-BOO-CC+ LP15164A-BOO-LF+ LP51114A-BOO-CC+ LP51114A-BOO-LF+

SW1-CM + A-1104-O4-1 + SWS3803AAKC-LF + SWS5232A-BOO-CC +

SWS5232A-BOO-LF+ 5232A-CBL-LF + A305A-CBL-LF + LPIOP34A-PmLF +

LPIA305A-BOO-CC+ LPIA305A-BOO-LF+ ECS6036A-DPC-IJ?+ ECS6036&BP&LF +

ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECS5254A-BOO-LF + 5254A-CBL-LF +

ECSCH4BA-CWU-LF + ECS5246A-BOO-CC + ECS5246A-BOO-LF-t-5246A-CBL-LF +

R-1104O4-A-22A+ R-1104O4-B-38B+ SWS3822A-VCC-LF+ SWS3643A-VOO-LF +

SWS3820&VO0-LF + SWS5182A-BOO-CC+ SWS5182A-BOO-LF+ SWS0303A-BOO-CC+

SWS0303A-BOO-LF+ SWS5653&BO0-CC + SWS5653&BO0-LF + SWS5181A-BOO-CC+

SWS5181A-BOO-LF + 5182A-CBL-LF + 5653A-CB~LF + 5181A-CBkLF +

SWSRS17A-BOO + RS17A-CBIrLF + SWS3840A-NCC-CC + SWS3840A-NC@LF +

SWSOP4BA-PMD-LF ) * ( D214B-CBL-LP + LPR1406B-VCGLF + 6164B-CBL-LF +

SW2-CKi- A-I104-O4-2 + 6232B-CB&LF + A405B-CBIrLF + RS27B-CBL-LF ) + (

LPkcM + D114A-CBL-LF + LPR1405A-VCGLF + LP11407A-VCC-LF +

LP11401A-VCC-LF + 51112&CBIrLF + 5164+CBL-LP + 51114-CBTr-LF +

LP51112A-BOO-CC + LP15164A-BOO-CC + LP51114A-BOO-CC + SWI-CM +

A-1104-O4-1 + SWS3803A-VCC-LF + SWS5232A-BOO-CC + 5232& CBL-LF +

A305A-CB&LF + LPIA305A-BOO-CC + ECS6036A-DPC-LF+ ECS6036A-BPGLF+

ECS5254A-B-AASF+ ECS5254A-BOO-CC + 5254A-CBI/-LF i- ECSCH4BA-CWU-LF +

ECS5246A-BOO-CC + 5246A-CBPLF + R-1104OGA-22A + R-1104O4-B-38B +

SWS3822A-VCC-LF+ SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS5182A-BOO-CC+



TABLE A-IX (Cent)

SWS0303A-BOO-CC + SWS5653A-BOO-CC -tSWS5181A-BOO-CC+ 5182A-CBL-LF +

5653A-CBhLF + 5181A-CBL-LF + SWSRS17A-BOO -i- RS17A-CBL-LF +

SWS3840A-NCGCC + SWS3840A-NCC-LF+ SWSOP4BA-PMD-LF) * ( IEDD214B-BOO

+ FAN6132B-BOO-LF+ LP16164B-BOO-LF+ LP16161B-BOO-LF+ LPR6166B-BOO-LF

+ SWS6232B-BOO-LF+ LPIOP34B-PMD-LF+ LPIA405B-BOO-LF+ SWS6183B-BOO-LF

) + ECS5254A-B-AASF* ( A-LPI-4 -I-R-HCP-BW8B-5 + A-SWS-l ) + A-ECS-3 *

( LP11407A-VCGLF’ + LPI1401kVCC-LF + 51112A-CBL-LF+ 51114-CBL-LF-I-

SWS3803A-VCC-LF+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+

ECSCH4BA-CWU-LF + R-1104O4-A-22A+ R-1104O4-B-38B+ SWS3822A-VCC-LF-t

SWS3643A-VOO-LF+ SWS3820A-VOO-LF + 5182A-CBL-LF + 5653A-CBbLF -t

5181A-CBL-LF+ SWS3840A-NCC-LF ) + ECSC2DB-FAN-LF* ( LP11407A-VCGLF +

JiPI1401&VCC-LF+ 51112A-CBL-LF + 51114-CBL-LF + LP51112A-BOO-CC +

LP15164A-BOO-CC+ LP51114A-BOO-CC+ SWS3803A-VCGLF + SWS5232A-BOO-CC+

LPIA305A-BOO-CC+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+

ECS5254A-BOO-CC+ ECS5136A-BOO-CC+ ECSCH4BA-CWU-LF+ ECS5246A-BOO-CC+

R-1104O4-A-22A+ R-1104O4-B-38B+ SWS3822A-VCC-LF+ SWS3643A-VOO-LF +

SWS3820A-VOO-LF+ SWS5182A-BOO-CC+ SWS0303A-BOO-CC+ SWS5653A-BOO-CC+

SWS5181A-BOO-CC + 5182A-CBL-LF + 5653A-CBL-LF + 5181A-CBL-LF +

SWSRS17A-BOO + SWS3840A-NCC-CC+ SWS3840A-NCC-LF) + LPROP34B-PMD-LF *

( LP11407A-VCGLF + LPI14011+VCC-LF+ 51112A-CBL-LF + 51114-CBL-LF +

LP51112A-BOO-CC+ LP15164A-BOO-CC+ LP51114A-BOO-CC+ SWS3803A-VCC-LF+
●

SWS5232A-BOO-CC+ LPIA305A-BOO-CC+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF+
.

ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECSCH4BA-CWU-LF+ ECS5246A-BOO-CC+
.

.

R-1104O4-A-22A+ R-1104O4-B-38B+ SWS3822A-VCGLF + SWS3643A-VOO-LF +

SWS3820A-VOO-LF+ SWS5182A-BOO-CC+ SWS0303A-BOO-CC+ SWS5653A-BOO-CC+
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TABLE A-IX (Cent)

SWS5181A-BOO-CC + 5182A-CBL-LF + 5653A-CBL-LF + 5181A-CBL-LF +

SWSRS17A-BOO + SWS3840A-NCGCC + SWS3840A-NCC-LF+ SWSOP4BA-PMD-LF ) +

R-HCP-022B-S * ( LPA-CM+ IEDD114A-BOO+ D114A-CBL-LF + FAN5132A-BOO-LF

+ LPR1405A-VCGLF + LP11407A-VCGLF + LP11401A-vCC-LF-I-51112A-CBL-LF

5164A-CBL-LF + 51114-CBL-LF + LPROP34A-PMD-LF +

LP51112A-BOO-LF+ LP15164A-BOO-CC+ LP15164A-BOO-LF

LP51114A-BOO-LF

SWS5232A-BOO-CC

LPIOP34A-PMD-LF

ECS6036A-BPC-LF

-1- SW1-CM + A-1104-O4-1 +

LP51112A-BOO-CC

+ LP51114A-BOO-CC

SWS3803A-VC6LF

+ SWS5232A-BOO-LF

+ LPIA305A-BOO-CC+

+ ECS5254A-B-AASF+

+ 5232A-CBIrLF + A305A-CBL-LF

LPIA305A-BOO-LF+ ECS6036A-DPC-LF

ECS5254A-BOO-CC + ECS5254A-BOO-LF

5254A-CBL-LF+ ECSCH4BA-CWU-LF+ ECS5246A-BOO-CC + ECS5246A-BOO-LF

5246A-CBL-LF i- R-1104O4-A-22A +

SWS3643A-VOO-LF+

SWS0303A-BOO-CC+

SWS5181A-BOO-CC+

5181A-CBL-LF +

SWS3840A-NCC-LF

R-1104O4-A-DH8A

LPR1405A-VCGLF

5164A-CBL-LF +

LP15164A-BOO-CC

SWS3820A-VOO-LF+

SWS0303A-BOO-LF+

SWS5181A-BOO-LF

SWSRS17A-BOO +

+ SWSOP4BA-PMD-LF

+ IEDD114A-BOO +

t LP11407A-VCC-LF+

R-1104O4-B-38B + SWS3822A-VCC-LF

SWS5182A-BOO-CC+ SWS5182A-BOO-LF

SWS5653A-BOO-CC+ SWS5653A-BOO-LF

+ 5182A-CBL-LF

RS17A-CBL-LF +

) + LPB-CM

D114A-CBL-LF +

+ 5653A-CBL-LF

SWS3840A-NCC-CC

* ( LPA-CM

FAN5132A-BOO-LF

LP11401A-VCGLF + 51112A-CBGLF

51114-CBL-LF + LP51112&BO0-CC + LP51112A-BOO-LF

+ LP15164A-BOO-LF+ LP51114A-BOO-CC

SW1-CM + A-1104-O4-1 + SWS3803A-VCC-LF +

SWS5232A-BOO-LF+ ECS6036A-BPC-LF

ECS5254A-BOO-LF + 5254A-CBL-LF

SWS3820A-VOO-LF+ SWS5182A-BOO-CC

+

+

i-

ECS5254A-B-AASF

ECSCH4BA-CWU-LF

SWS5182A-BOO-LF

+ LP51114A-BOO-LF

+

+

+

+

+

+

+

+

+

-1-

+

+

+

+

+

+

+

+

SWS5232A-BOO-CC +

+

+

+

ECS5254A-BOO-CC+

SWS3643A-VOO-LF+

SWS0303A-BOO-CC



SWS0303A-BOO-LF

SWS5181A-BOO-LF

SWSRS17A-BOO +

SWSOP4BA-PMD-LF

D114A-CBL-LF +

LPI1401&VCGLF

LPROP34A-PMD-LF

LP15164A-BOO-LF

A-1104-O4-1 +

ECS6036A-BPC-LF

ECS5136A-BOO-CC

ECSCH4BA-CWU-LF

SWS5182A-BOO-LF

SWS5653A-BOO-LF

+

TABLE A-IX (Cent)

SWS5653A-BOO-CC+ SWS5653kBO0-LF + SWS5181A-BOO-CC+

+ 5182A-CBIrLF + 5653A-CBkLF + 5181A-CBIr-LF i-

RS17A-CBL-LF + SWS3840A-NCGCC + SWS3840A-NCC-LF

) + SWSOP4CB-PMD-LF * ( LPA-CM + IEDD114A-BOO

FAN5132A-BOO-LF + LPR1405A-VCGLF + LP11407A-vCGLF

+ 51112A-CBkLF + 5164A-CBPLF + 51114-CBL-LF

+ LP51112A-BOO-CC+

+ LP51114A-BOO-CC

SWS3803A-VCC-LF +

+ ECS5254A-B-AASF+

+ ECS5136A-BOO-LF

+ SWS3643A-VOO-LF+

+ SWS0303A-BOO-CC+

+ SWS5181A-BOO-CC+

5653&CBIA# + 5181A-CB~LF +

SWS3840A-NCC-CC+ SWS3840A-NCGLF+

LP51112A-BOO-LF-tLP15164A-BOO-CC

+ LP51114A-BOO-LF + SW1-CM

SWS5232A-BOO-CC+

ECS5254A-BOO-CC+

+ 5254A-CB&LF

SWS3820A-VOO-LF+

SWS0303A-BOO-LF+

SWS5232A-BOO-LF

ECS5254A-BOO-LF

+ 5136A-CBL-LF

SWS5182A-BOO-CC

SWS5653A-BOO-CC

8WS5181A-BOO-LF + 5182A-CBGLF

SWSRS17A-BOO + RS17A-CBL-LF

+

+

+

+

+

+

+

+

+

+

+

+

+

SWSOP4BA-PMD-LF) + ECS6254B-B-AASF

* ( LPA-CM + A-LPI-11 + 5132A-CB~LF + IEDD114A-BOO + D114A-CBL-LF +

VUCIA-FAN-LF + FAN5132A-BOO-CC+ FAN5132A-BOO-LF + LPR1405A-VCGLF +

LPI1407kVCC-LF + LPI1401A-VCCiLF + 51112A-CBL-LF + 5164A-CBIAJ?+

51114-CBGLF + LPROP34kPMD-LF+ LP51112A-BOO-CC + LP51112&BO0-LF +

LP15164A-BOO-CC+ LP15164A-BOO-LF+ LP51114A-BOO-CC+ LP51114A-BOO-LF+ .

kECS-2 + SW1-CM+ A-1104-O4-1 + SWS3803A-VCGLF + SWS5232A-BOO-CC +
.

SWS5232A-BOO-LF + 5232&CBIAF+ NPRE35AX-HTX-LFI+ NPRE35AX-RTX-LFB+ .

R-HCP-BW8A-12+ A305A-CBPLF i- LPIOP34A-PMD-LF + LPIA305A-BOO-CC +

LPIA305A-BOO-LF + LPIE35AX-H’R-LFB+ ECS6036A-DPGLF+ ECS6036A-BPC-LF
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TABLE A-Ix (Cent)

ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECS5254A-BOO-LF+ ECS5136A-BOO-CC

ECS5136A-BOO-LF + 5254A-CBkLF + 5136A-CB~LF + ECSCH4BA-CWU-LF

ECSC14DA-FAN-LF+

ECSUC2BA-FAN-LF

SWS3822kVCC-LF +

SWS5182A-BOO-LF+

SWS5653AeBO0-LF+

5653kCBL-LF +

SWS3840A-NCGCC +

ECS5246A-BOO-CC+ ECS5246A-BOO-LF + 5246&CBL-LF

+ R-1104O4-A-22A + R-1104O4-B-38B + A-SWS-3

SWS3643A-VOO-LF

SWS0303kBO0-CC

SWS5181A-BOO-CC

5181&CBkLF

+ SWS3820&VO0-LF

+ SWS0303A-BOO-LP

+ SWS5181A-BOO-LF

+ SWSRS17A-BOO

+ SWS5182A-BOO-CC

+ SWS5653A-BOO-CC

+ 5182A-CBL-LF

+ Rs17A-cBbLF

SWS3840A-NCGLF + SWSOP4BA-PMD-LF ) + LPA-CM

R-1104O4-B-DH8B + SL-SUMP-CM + IEAODGIA-CEN-LF * IEAODG2B-CEN-LF

LOSS-OSP + LPIOBWIX-XOC-LF

+

+

+

+

+

+

+

*

*

.
.

.
.
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TABLE A-X

DATA FOR QUANTIFICATION OF FAULT TREE Z8

Basic Event
Median

unavailability

LPA-CM
A-LPI-II
5132A-CBL-LF
IEDD114A-BOO
D114A-CBL-LF
VUCIA-FAN-LF
FAN5132A-BOO-CC
FAN5132A-BOO-LF
LPR1405A-VCC-LF
LP11407A-VCC-LF
LP11401A-VCGLF
51112A-CBLrLF
5164A-CBL-U
51114-CBbLF
LPROP34A-PMD-LF
LP51112A-BOO-CC
LP51112A-BOO-LF
LP15164A-BOO-CC
LP15164A-BOO-LF
LP51114A-BOO-CC
LP51114A-BOO-LF
kECS-2
SW1-CM
&llo4-04-l
SWS3803A-VCC-LF
SWS5232A-BOO-CC
SWS5232A-BOO-LF
5232A-CBIrLF
HPRE35AX-HTX-LFI
HPRE35AX-HTX-LFB
R-HCP-BW8A-12
A305A-cBbLF
LPIOP34A-PMD-LF
LPIA305A-BOO-CC
LPIA305A-BOO-LF
LPIE35AX-HTX-LFB
R-HCP-VCH4B-2
ECS6036A-DPGLF
ECS6036A-BPC-LF
ECS5254A-B-AASF
ECS5254A-BOO-CC
ECS5254A-BOO-LF
5254A-CBL-LF
ECSCH4BA-CWU-LF
ECS5246A-BOO-CC
ECS5246A-BOO-LF

O.11OOOOOOE-O2
0.22000000E-03
0.55000000E-03
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.53999998E-03
0.28000001E-03
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.33000000E-02
O.11OOOOOOE-O2
0.33000000E-02
0.72000001E-03
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.42999999E-03
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.41OOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.30000001E-03
0.30000001E-03
0.19000001E-03
O.11OOOOOOE-O2
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.30000001E-03
0.18000000E-03
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.54000001E-02
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOQE-O2
0.37000000E-02
0.20000001E-02
O.1OOOOOOOE-O2

EF—

10
3
3
3
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
10
3
3
3
3
3
10
3
3
10
3
3
3
3
3
3

CG—

39
26
1
11
1
12
2
11
8
8
8
1
1
1

46
2
11
2
11
2
11
26
43
29
8
2
11
1

21

::
1
13
2
11
21
41
8
8
4
2
11
1
13
2
11

.

.

.
.

*
.
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TABLE A-X (Cent)

Basic Event

5246A-CBL-LF
ECSUC2BA-FAN-LF
R-HCP-020A-S
R-1104O4-A-22A
R-HCP-022A-S
R-1104O4-B-38B
R-HCP-038B-9
ksws-3
SWS3822A-VCC-LF
SWS3643A-VOO-LF
SWS3820A-VOO-LF
SWS5182A-BOO-CC
SWS5182A-BOO-LF
SWS0303A-BOO-CC
SWS0303A-BOO-LF
SWS5653A-BOO-CC
SWS5653A-BOO-LF
SWS5181A-BOO-CC
SWS5181A-BOO-LF
5182A-CBL-LF
5653A-CBIrLF
5181A-CBL-LF
SWSRS17A-BOO
RS17A-CBL-LF
SWS3840A-NCSCC
SWS3840A-NCGLF
SWSOP4BA-PMD-LF
A-mlA-3
R-1104O4-B-22B
R-1104-A-38A
ECS5136A-BOO-CC
ECS5136A-BOO-LF
5136A-CBL-LF
6254B-CBIrLF
6246B-CBL-LF
6132B-CBL-LF
VUCIC-FAN-LF
A-LPI-4
R-HCP-BW8B-5
R-HcP-vcH4&3
R-HCP-020GS
R-HCP-O38A-1O
A-SWS-l
A-IEA-4
ECSC14DA-FAN-LF
ECS6034B-DPC-LF
ECS6034B-BPC-LF
ECSCH4AB-CWU-LF

Median
Unavailability

O.11OOOOOOE-O2
0.53999998E-03
0.18000000E-03
0.80000004E-02
0.18000000E-03
0.80000004E-02
0.18000000E-03
0.22000000E-03
O.41OOOOOOE-O2
0.40000002%02
0.40000002E-02
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.33000000E-02
0.33000000E-02
0.33000000E-02
0.20000001E-02
O.11OOOOOOE-O2
0.20000001E-02
O.31OOOOO1E+O2
0.17000000E-02
0.13000000E-03
0.80000004E-02
0.80000004E-02
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
0.55000000E-03
0.53999998E-03
0.22000000E-03
0.19000001E-03
0.18000000E-03
0.18000000E-03
0.18000000E-03
0.22000000E-03
0.13000000E-03
0.53999998E-03
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.37000000E-02

EF—

3
3
10
10
10
10
10
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
10
10
3
3
3
3
3
3
3
3
10
10
10
10
3
3
3
3
3
3

CG—

1
12
41
40
41
40
41
26
8
8
8
2
11
2
11
2
11
2
11
1
1
1
11
1
2
47
13
34
40
40
2
11
1
1
1
1
12
26
41
41
41
41
26
34
12
8
8
13
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TABLE A-X (Cent)

Basic Event

ECS6254B-BOO-CC
ECS6246B-BOO-CC
SWS0402B-BOO-CC
ECS6254B-BOO-LF
ECS6246B-BOO-LF
SWS0402B-BOO-LF
LP11408B-vCC-LF
LP11400B-VCC-LF
SWS3802B-VCC-LF
SWS3821B-VCC-LF
6166B-CBL-LF
6161B-CBL-LF
6183B-CBL-LF
SWS3841B-NCC-LF
FAN6132B-BOO-CC
HPRE35BX-HTX-LFI
HPRE35BX-HTX-LFB
LPIE35BX-HTX-LFB
LP16164B-BOO-CC
LP16161%BO0-CC
LPR6166B-BOO-CC
SWS6232B-BOO-CC
LPIA405B-BOO-CC
SWS6183B-BOO-CC
SWSRS27B-BOO
SWS3841B-NCGCC
D214B-CB~LF
LPRI,406B-VCC-LF
6164B-CBLrIJ’
SW2-CM
A-1104-O4-2
6232B-CBL-LF
A405B-CBL-LF

! RS27B-CBL-LF
IEDD214B-BOO

! FAN6132B-BOO-LF
LP16164B-BOO-LF
LP16161B-BOO-LF
LPR6166B-BOO-LF
SWS6232B-BOO-LF
LPIOP34B-PMD-LF
LPIA405B-BOO-LF
SWS6183B-BOO-LF
A-ECS-3
ECSC2DB-FAN-LF
LPROP341%PMD-LF
R-HCP-022B-S
LPB-CM

Median
Unavailability

0.20000001E-02
0.20000001E-02
0.20000001E-02
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.41OOOOOOE-O2
O.41OOOOOOE-O2
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.33000000E-02
0.33000000E-02
0.33000000E-02
O.31OOOOO1E-O2
0.28000001E-03
0.30000001E-03
0030000001E-03
0.30000001E-03
0.20000001E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
0.42999999E-03
0.53999998E-03
0.72000001E-03
0.18000000E-02
O.11OOOOOOE-O2

EF—

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
10
10
10

CG—

2
2
2
11
11
11
8
8
8
8
1
1
1

47
2
21
21
21
2
2
2
2
2
2
11
2
1
8

4:
29
1
1
1
11
11
11
11
11
11
13
11
11
26

E
41
39

.
.

.
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.
. Basic Event

R-1104O4-A-DH8A
SWSOP4CB-PMD-LP
ECS6254B-B-MSF
R-1104O4-B-DH8B
SL-SUMP-CM
IEAODGIA-GEN-LP
IEAODG2B-GEN-LF
LOSS-OSP
LPIOBWIX-XOC-LP

TABLE A-X (Cent)

Median
thavailability

0.80000004E-02
0.17000000E-02
0.54000001E-02
0.80000004E-02
0.14000000E-03
0.33000000E-01
0.33000000E-01
O.1OOOOOOOE-O2
0.99999997E-04

EP—

10
3
10
10
10
10
10
10
3

CG—

40
13
4
40
49
23
23
48
5

.
.

-.
.
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TABLE A-XI

EQUIVALENT BOOLEAN EXPRESSION FOR
REACTOR BUILDING SPRAY INJECTION SYSTEM

(TRUNC~ AT 1.OE-6)

x = ( ~Ioo35A-p~Lp + RB15171A-BOO-CC + RB15171A-BOO-LF +

0304X-CBL-LF + 5151X-CBGLF + RB12401A-VCC-LF + LP11407A-VCC-LF+

5164A-CBIrLF + LP15164A-BOO-CC + LP15164A-BOO-LF + A-ECS-2 +

A-1104-05-1 + SWS1B32A-BOO + 1B32A-CBL-LF + SWS3804A-NCC-CC +

SWS3804A-NCC-LF+ R-1104O5-3-21A+ RBI0304A-BOO-CC+ RBI0304A-BOO-LF +

ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC+

ECS5254A-BOO-LF+ ECS5136A-BOO-CC+ ECS5136A-BOO-LF + 5254A-CBL-LF +

5136A-CBGLF + ECSCH4BA-CWU-LF + ECSC14DA-FAWIiF+ ECS5246A-BOO-CC+

ECS5246A-BOO-LF+ 5246A-CBL-LF+ ECSUC2BA-FAN=LF + SWS3643A-VOO-LF +

SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+

SWS5653A-BOO-LF+ SWS5181A-BOO-CC+ SWS5181A-BOO-LF + 5653A-CB@LF +

5181A-CBI/-LF+ SWSOP4BA-PMD-LF) * ( ECS6034B-DPGLF+ ECS6034B-BPC-LF

+ ECSCH4AB-CWU-LF ) + ( RBIO035A-PMD-LF + RB15171A-BOO-CC +

RB15171A-BOO-LF + 0304X-CBL-LF + 5151X-CBL-LF + RB12401A-VCGLF +

LP11407A-VCC-LF+ 5164A-CBIrLF + LP15164A-BOO-CC + LP15164A-BOO-LF +

A-1104-O5-1 + SWS1B32A-BOO + 1B32A-CBL-LF + SWS3804A-NCC-CC +

SWS3804A-NCC-LF+ R-1104O5-3-21A+ RBI0304A-BOO-CC+ RBI0304A-BOO-LF +

ECS6036A-DPGLF + ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC+

ECS5254A-BOO-LF+ ECS5136A-BOO-CC+ ECS5136A-BOO-LF + 5254A-CBL-LF +

5136A-CBL-LF + ECSCH4BA-CWU-LF + ECSC14DA-FAN-LF+ ECS5246A-BOO-CC+

ECS5246A-BOO-LF+ 5246A-CBL-LF+ ECSUC2BA-FAN-LF + SWS3643A-VOO-LF +

.
.

.

.
.

.
.



TABLE &XI (Cent)

SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+

SWS5653A-BOO-LF+ SWS5181A-BOO-CC+ SWS5181A-BOO-LF + 5653A-CBL-LF +

5181A-CBL-LF + SWSOP4BA-PMD-LF) * ( ECS6254B-BOO-CC+ ECS6246B-BOO-CC

+ SWS0402B-BOO-CC ) -1-( RBIO035A-PMD-LF + RB15171A-BOO-CC +

RB15171A-BOO-LF + 0304X-CBkLF + 5151X-CBL-LF + RB12401A-VCC-LF+

LP11407A-VCC-LF+ 5164A-CBIrLF-tLP15164A-BOO-CC + LP15164A-BOO-LF +

A-1104-O5-1 + SWS1B32A-BOO + 1B32A-CBL-LF + SWS3804A-NCC-CC +

SWS3804A-NCC-LF+ R-1104O5-3-21A+ RBI0304A-BOO-CC+ RBI0304A-BOO-LF +

ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC+

ECS5254A-BOO-LF+ ECS5136A-BOO-CC+ ECS5136A-BOO-LF + 5254A-CBL-LF +

5136A-CBL-LF + ECSCH4BA-CWU-LF + ECS5246A-BOO-CC+ ECS5246A-BOO-LF+

5246A-CBL-LF+ SWS3643A-VOO-LF+ SWS3820A-VOO-LF + SWS0303A-BOO-CC +

SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF+ SWS5181A-BOO-CC+

SWS5181A-BOO-LF+ 5653A-CBPLF + 5181A-CBL-LF+ SWSOP4BA-PMD-LF) * (

6254B-CBL-LF + 6246B-CBL-LF + SWSOP4CB-PMD-LF ) + ( RBIO035A-PMD-LF +

RB15171A-BOO-CC+ RB15171A-BOO-LF + 0304X-CBL-LF + 5151X-CBbLF +

RB12401A-VCGLF + LP11407A-VCC-LF + 5164A-CBL-LF + LP15164A-BOO-CC +

LP15164A-BOO-LF + A-1104-O5-1 + SWS1B32A-BOO + 1B32A-CBL-LF +

SWS3804A-NCC-CC + SWS3804A-NCGLF + R-1104O5-3-21A+ RBI0304A-BOO-CC+

RBI0304A-BOO-LF+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-JASF+

ECS5254A-BOO-CC + ECS5254A-BOO-LF + 5254A-CBL-LF + ECSCH4BA-CWU-LF+

ECS5246A-BOO-CC+ ECS5246A-BOO-LF+ 5246A-CBIrLF + SWS3643A-VOO-LF +

SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+

SWS5653A-BOO-LF+ SWS5181A-BOO-CC+ SWS5181A-BOO-LF + 5653A-CBL-LF -1-

5181A-CB&LP + SWSOP4BA-PMD-LF ) * ( 0404X-CBL-LF + 6164B-CBIrLF i-
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TABLE A-XI (Cent)

2B32B-CBPLF ) + ( RB15171A-BOO-CC

RB12401A-VCC-LF

SWS1B32A-BOO+

R-1104O5-3-21A

ECS5254A-B-AASF

5136A-CBL-LF +

SWS3643A-VOO-LF

SWS5181A-BOO-CC

ECS6254B-BOO-LF

RBIO035A-PMD-LF

5151X-CBL-LF+

LP15164A-BOO-CC

SWS1B32A-BOO+

R-1104O5-3-21A

ECS6036A-BPC-LF

5254A-CB~LF +

+ LP11407A-VCGLF

+ 0304X-CBL-LF

+ 5164A-CBkLF

lB32A-CBbLF + SWS3804A-NCGCC +

+ RBI0304A-BOO-CC+ ECS6036A-DPC-LF

+ ECS5254A-BOO-CC+ ECS5136A-BOO-CC

+ 5151X-CBL-LF

+ LP15164A-BOO-CC

SWS3804A-NCC-LF

+ ECS6036A-BPC-LF

+ 5254A-CBL-LF

ECSCH4BA-CWU-LF + ECS5246A-BOO-CC + 5246A-CBL-LF

+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS5653&BO0-CC

+ 5653A-CBL-LF + 5181A-CBkLF + SWSOP4BA-PMD-LF ) *

+ ECS6246B-BOO-LF + SWS0402B-BOO-LF ) +

+ RB15171kBO0-CC + RB15171A-BOO-LF+ 0304X-CBL-LF

RB12401A-VCC-LF + LP11407A-VCC-LF

+ LP15164A-BOO-LF + A-ECS-2

lB32A-CBkLF + SWS3804A-NCC-CC +

+ RBIo304&Boo-cc

+ ECS5254A-B-AASF

ECSCE4BA-CWU-LF

+

+

+

RBI0304A-BOO-LF

ECS5254A-BOO-CC

ECS5246A-BOO-CC

+ 5164A-CBIr-LF

+ A-1104-O5-1

SWS3804A-NCC-LF

+

+

+

ECS6036A-DPC-LF

ECS5254A-BOO-LF

ECS5246A-BOO-LF

SWS3820A-VOO-LF5246A-CBL-LF +ECSUC2BA-FAN-LF + SWS3643A-VOO-LF +

SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF

SWS5181A-BOO-CC+

SWSOP4BA-PMD-LF )

+ SWS3805B-NCC-LF

RB15171A-BOO-LF

LP11407A-VCC-LF

A-1104-O5-1 +

SWS3804A-NCC-LF

+

SWS5181A-BOO-LF + 5653A-CBbLF + 5181A-CBL-LF

+

+

+

+

+

+

+

(

(

+

+

+

+

+

+

+

+

+

+

* ( 6171X-CBL-LF+ RB12400B-VCC-LF+ LP11408B-VCC-LF

)+( RBIO035A-PMD-LF + RB15171A-BOO-CC +

0304X-CBL-LF + 5151X-CBL-LF + RB12401&VCC-LF+

+ 5164A-CBL-LF+ LP15164A-BOO-CC + LP15164A-BOO-LF +

SWS1B32A-BOO + 1B32A-CB%LF + SWS3804A-NC@CC +

+ R-1104O5-3-21A+ RBI0304A-BOO-CC+RBI0304A-BOO-LF +

.

.
.

.

.-
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.
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-..
.

ECS6036A-DPGLF

ECS5254A-BOO-LF

ECS5246A-BOO-LF

SWS3820A-VOO-LF

SWS5653A-BOO-LF

TABLE A-XI (Cent)

+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC

+ 5254A-CBL-LF + ECSCH4BA-CWU-LF + ECS5246A-BOO-CC

+ 5246A-CBL-LF + ECSUC2BA-FAN-LF+ SWS3643&VO0-LF

+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC

+ SWS5181A-BOO-CC + SWS5181A-BOO-LF+ 5653A-CBL-LF

+

+

+

+

+

5181A-CBIrLF+ SWSOP4BA-PMD-LF) * ( RB16171B-BOO-CC+ LP16164B-BOO-CC

+ SWS2B32B-BOO + SWS3805B-NCGCC + RBI0404B-BOO-CC ) +

RB15171A-BOO-CC+ 0304X-CBL-LF

LP11407A-vCGLF + 5164A-CBIrLF

1B32A-CBL-LF+ SWS3804A-NCC-CC+

+ 5151X-CBPLF + RB12401&-vCGLF

+ LP15164A-BOO-CC + SWS1B32A-BOO

SWS3804A-NCC-LF + R-1104O5-3-21A

RBI0304A-BOO-CC+ ECS6036A-DPGLF + ECS6036A-BPGLF

ECS5254A-BOO-CC+ 5254A-CBL-LF+ ECSCH4BA-CWU-LF +

5246A-CBL-LF + SWS3643A-VOO-LF + SWS3820A-VOO-LF

SWS5653A-BOO-CC+ SWS5181A-BOO-CC + 5653A-CBkLF

SWSOP4BA-PMD-LF ) * ( RBIO035B-PMD-LF +

LP16164B-BOO-LF+ A-I104-O5-O+ RBI0404B-BOO-LF ) +

+ ECS5254A-B-AASF

ECS5246A-BOO-CC

+ SWS0303&BO0-CC

+ 5181A-CBL-LF

RB16171B-BOO-LF

ECS5254A-B-AASF *

CSB-CM + AABI-1 + A-SWS-l ) + R-1104O5-3-21A* ( CSB-CM+A-RBI-1

R-HCP-021B-8 + R-HCP-VCH4A-3 + A-SWS-l + A-IEA-4 ) +ESFA120X-BTU-LF

( ESFA323X-LOGLF + ESFA223X-K)GLF + R-PR130451-3 + R-PR130450-3

R-PR130451-2 + R-PK130450-2 + R-PR130453-1 + R-PR130454-I

ESFP2407-ASP-LF + ESFP2406-ASP-LF )+ ESFA220X-BTU-LF *

ESFA323X-LOGLF + ESFA123X-LOGLF + R-PR130451-3

R-PR130451-2 + R-PR130449-1 + R-PR130452-l

ESFP2407-ASP-LF+ ESFP2405-ASP-LF+ ESFA120X-BTU-LF

* ( ESFA223X-LOGLF + ESFA123X-LOGLF

+

+

)+

R-PR130449-3

R-PR130454-1

(

+

+

+

+

+

+

+

+

(

+

*

+

+

(

+

+

ESFA320X-BTU-LF

+ R-PR130450-3 -1-R-PR130449-3 +
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TABLE A-XI (Cent)

R-PR130453-1

ESFM20X-BTU-LF

R-PR130450-2 +

ESFP2406-ASP-LF

+ A-ECS-3 * (

SWS3804A-NCC-LF

ECS5254A-B-AASF

5653A-CBL-LF +

R-PR130449-1 +

+ ESFP2405-ASP-LF+

R-PR130452-1 +

ESFA220X-BTU-LF+

+

) .

5151X-CBL-LF + RB12401A-vCC-LF +

+ R-1104O5-3-21A+ ECS6036A-DPGLF

+ ECSCH4BA-CWU-LF+ SWS3643A-VOO-LF

+

+

+

LP11407A-VCC-LF

+ ECS6036A-BPC-LF

+ SWS3820A-VOO-LF

.

+ ECSC2DB-FAN-LF *

LP11407A-VCC-LF +

( RB15171A-BOO-CC

LP15164A-BOO-CC

+

+

+

5181A-CBL-LF )

5151X-CBL-LF+ RB12401A-VCGLF +

SWS1B32A-BOO + SWS3804A-NCC-CC SWS3804A-NCGLF+ R-1104O5-3-21A+

RBI0304A-BOO-CC+

ECS5254A-BOO-CC+

SWS3643A-VOO-LF+

ECS6036A-DPC-LF+

ECS5136A-BOO-CC+

SWS3820A-VOO-LF+

ECS6036A-BPC-LF+

ECSCH4BA-CWU-LF+

SWS0303A-BOO-CC+

ECS5254A-B-AASF

ECS5246A-BOO-CC

SWS5653A-BOO-CC

+

+

+

(5181A-CBLrLF ) + R-1104O5-5-21B *SWS5181A-BOO-CC

CSA-CM+ A-RBI-3

+ 0304X-CBkLF

5164A-CBL-LF +

A-1104-O5-1 i-

5653A-CBL-LF ++

+

+

RBIO035A-PMD-LF+ RB15171A-BOO-CC+ RB15171A-BOO-LF

5151X-CBkLF RB12401A-VCC-LF+ LP11407A-VCC-LF ++

LP15164A-BOO-CC

SWS1B32A-BOO

+

+

+

LP15164A-BOO-LF + A-ECS-2 +

+

+

+

+

+

+

+

+

+

+

1B32A-CBL-LF +

R-HCP-021A-7 +

ECS6036A-DPC-LF

ECS5254A-BOO-LF

SWS3804A-NCC-CC

RBI0304A-BOO-CC

+ ECS6036A-BPGLF

+ 5254A-CBGLF

SWS3804A-NCC-LF+ R-1104O5-3-21A

RBI0304A-BOO-LF

ECS5254A-B-AASF

ECSCH4BA-CWU-LF

ECSUC2BA-FAN-LF

SWS0303A-BOO-CC

SWS5181A-BOO-CC

SWSOP4BA-PMBLF

RBIO035A-PMD-LF

+ R-HCP-VCH4B-2+

+ ECS5254A-BOO-CC+

+ ECS5246A-BOO-CC

I

+ ECS5246A-BOO-LF+ 5246A-CBL-LF

+ A-SWS-3 + SWS3643A-VOO-LF + SWS3820A-VOO-LF

+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF

+ SWS5181A-BOO-LF + 5653A-CBL-LF + 5181A-CBL-LF

+ A-IEk3 ) + ECS6254B-B-AASF* ( CSA-CM+ A-RBI-3

+ RB15171A-BOO-CC+ RB15171A-BOO-LF + 0304X-CBIrIl

.
.

--



.
.

TABLE A-XI (Cent)

5151X-CBL-LF i- RB12401A-VCC-LF + LP11407A-VCGLF + 5164A-CBL-LF +

LP15164A-BOO-CC + LP15164A-BOO-LF + A-ECS-2 + A-1104-O5-1 +

SWS1B32A-BOO + lB32&CBL-LF + SWS3804A-NCC-CC + SWS3804A-NCC-LF+

R-1104O5-3-21A+ RBI0304A-BOO-CC+ RBI0304A-BOO-LF+ ECS6036A-I)PC-LF+

ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECS5254A-BOO-LF+

ECS5136A-BOO-CC + ECS5136A-BOO-LF + 5254A-CB&LF -i-5136A-C13L-LF+

ECSCH4BA-CWU-LF+ ECSC14DA-FAN-LF+ ECS5246A-BOO-CC+ ECS5246A-BOO-LF+

5246A-CBL-LF + ECSUC2BA-FAN-LF + A-SWS-3 + SWS3643A-VOO-LF +

SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+

SWS5653A-BOO-IJ?+ SWS5181A-BOO-CC+ SWS5181A-BOO-LF + 5653A-CBLr-LF +

5181A-CBL-LF i-SWSOP4BA-PMD-LF ) + R-1104O5-5-BS2B * CSA-CM+ CSB-CM *

R-1104O5-3-BS2A + IEAODGIA-GEN-LF * IEAODG2B-CEN-LF * LOSS-OSP +

LPIOBWIX-XOC-LF

*

-.
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TABLE A-XII

DATA FOR QUANTIFICATION OF FAULT TREE ZZ

Basic Event

RBIO035A-PMD-LF
RB15171A-BOO-CC
RB15171A-BOO-LF
0304X-CBL-LF
5151X-CBIAJ?
RB12401A-VCC-LF
LP11407A-VCC-LF
5164A-CBL-LP
LP15164A-BOO-CC
LP15164A-BOO-LF
A-ECS-2
A-1104-O5-1
SWSlB32hBO0
1B32A-CBL-LF
SWS3804A-NCGCC
SWS3804A-NCC-LF
R-1104O5-3-21A
RBI0304A-BOO-CC
RBI0304kBO0-LF
ECS6036A-DPC-LF
ECS6036A-BPC-LF
ECS5254kB-AASF
ECS5254A-BOO-CC
ECS5254&BO0-LF
ECS5136A-BOO-CC
ECS5136A-BOO-LF
5254A-CBL-LF
5136A-CBIAF
ECSCE4BA-CWU-LF
ECSC14DA-FAN-LF
ECS5246A-BOO-CC
ECS5246A-BOO-LF
5246A-CBIrLF
ECSUC2BA-FAN-LF
SWS3643A-VOO-LF
SWS3820A-VOO-LF
SWS0303A-BOO-CC
SWS0303A-BOO-LF
SWS5653kBO0-CC
SWS56531kBO0-LF
SWS5181A-BOO-CC
SWS5181A-BOO-LF
5653&CBL-LF
5181A-CBL-LF
SWSOP4BA-PMD-LF
ECS6034B-DPGLF

lkdian
Unavailability

O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.33000000E-02
O.41OOOOOOE-O2
O.41OOOOOOE-O2
O.11OOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.42999999E-03
O.1OOOOOOOE-O2
0.20000001E-02
O.I1OOOOOOE-O2
0.20000001E-02
O.31OOOOO1E-O2
0.80000004E-02
0.20000001E-02
O.1OOOOOOOE-O2
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.54000001E-02
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
0.37000000E-02
0.53999998E-03
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.53999998E-03
0.40000002E-02
0.40000002E-02
0.20000001%02
O.1OOOOOOOE-O2
O*20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.33000000E-02
0.33000000E-02
0.17000000E-02
O.41OOOOOOE-O2

EF—

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

CG—

13
2
11
1
1
8
8
1
2
11
26
28
11
1
2
47
40
2
11
8
8
4
2
11
2
11
1
1
13
12
2
11
1
12
8
8
2
11
2
11
2
11
1
1
13
8

.

.
.

.

.
.

--
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✎

✎

●

✎

✍✍

✎

Basic Rvent

ECS6034B-BPC-LF
ECSCH4AB-CWU-LF
ECS6254B-BOO-CC
ECS6246B-BOO-CC
SWS0402B-BOO-CC
6254B-CBL-LF
6246B-CBL-LF
SWSOP4CB-PMD-LF
0404X-CBL-LF
6164B-CBPLF
2B32B-CBL-LF
ECS6254B-BOO-LF
ECS6246B-BOO-LF
SWS0402B-BOO-LF
6171x-CBL-LF
RB12400B-VCC-LF
LP11408B-VCC-LF
SWS3805B-NCC-LF
RB16171B-BOO-CC
LP16164B-BOO-CC
SWS2B32B-BOO
SWS3805B-NCC-CC
RBI0404B-BOO-CC
RBIO035B-PMD-LF
RB16171B-BOO-LF
LP16164B-BOO-LF
A-1104-O5-O
RBI0404B-BOO-LF
CSB-CM
A-RBI-1
lksws-1
R-HCP-021B-8
R-HCP-VCH4A-3
A-IEA-4
ESFA120X-BTU-LF
ESFA323X-LOGLF
ESFA223X-IllGLF
R-PR130451-3
R-PR130450-3
R-PR130451-2
R-PR130450-2
R-PR130453-1
R-PR130454-1
ESFP2407-ASP-LF
ESFP2406-ASP-LF
ESFA220X-BTU-LF
ESFA123X-MG-LF
R-PR130449-3

TABLE A-XII (Cent)

Median
Unavailability

O.41OOOOOOE-O2
0.37000000E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
O.11OOOOOOE-O2
O.11OOOOOOE-O2
0.17000000E-02
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
0.33000000E-02
O.41OOOOOOE-O2
O.41OOOOOOE-O2
O.31OOOOO1E-O2
0.20000001E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
0.19999999E-03
0.22000000E-03
0.22000000E-03
0.18000000E-03
0.18000000E-03
0.13000000E-03
0.12000000E-01
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.25000001E-03
0.25000001E-03
0.12000000E-01
0.99999997E-04
0.99999997E-04

EF—

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
10
3
3
10
10
3
10
3
3
10
10
10
10
10
10
10
10
10
3
10

CG—

8
13
2
2
2
1
1
13
1
1
1
11
11
11
1
8
8
47
2
2
11
2
2
13
11
11
28
11
38
26
26
41
41
34
4
3
3
42
42
42
42
42
42
4
4
4
3
42
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TAELE A-XII (Cent)

Basic Event

R-PR130449-1
R-PR130452-1
ESFP2405-ASP-LF
ESFA320X-BTU-LF
A-ECS-3
Ecsc2D&FAN-LF
R-1104O5-5-21B
CSA-CM
A-RBI-3
R-HCP-021A-7
R-HCP-VCH4B-2
A-SWS-3
A-IEA-3
ECS6254B-B-AASF
R-1104O5-5-BS2B
R-1104O5-3-BS2A
IEAODGIA-GEN-LF
IEAODG2B-GEN-LF
LOSS-OSP
LPIOBWIX-XOC-LF

Median
Unavailability

0.99999997E-04
0.99999997E-04
0.25000001E-03
0.12000000E-01
0.42999999E-03
0.53999998E-03
0.80000004E-02
0.19999999E-03
0.22000000E-03
0.18000000E-03
0.18000000E-03
0.22000000E-03
0.13000000E-03
0.54000001E-02
0.80000004E-02
0.80000004E-02
0.33000000E-01
0.33000000E-01
O.1OOOOOOOE-O2
0.99999997E-04

EF—

10
10
10
10
3
3
10
10
3
10
10
3
3
10
10
10
10
10
10
3

CG—

42
42
4
4
26
12
40
38

;;
41
26
34
4
40
40
23
23
48
5

.

.
.

.
.

--
.
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TABLE A-XIII

EQUIVALENT BOOLEAN EXPRESSION FOR
REACTOR BUILDING SPRAY RECIRCULATION SYSTEM

(TRUNCATED AT 1.OE-6)

x . ( RBIoo35&~Lp + RB15171A-BOO-CC + RB15171A-BOO-LF

0304X-CBL-LF + 5151X-CBL-LF + RB12401A-VCC-LF + FAN5132A-BOO-LF

LPR1405A-VCC-LF+ LP11407A-VCC-LF + 51112A-CBIrLF

LP51112A-BOO-CC+ LP51112A-BOO-LF+ LP15164A-BOO-CC

R-1104O5-3-21A+ A-1104-O5-1 i- SWS3803A-VCC-LF +

SWS5232A-BOO-LF

SWS3804A-NCC-CC

ECS6036A-DPC-LF

ECS5254A-BOO-LF

5136A-CBL-LF +

+ 5232A-CBIrLF

+ SWS3804A-NCC-LF

+ ECS6036A-BPC-LF

+ ECS5136A-BOO-CC

ECSCH4BA-CWU-LF

+

+

+

+

+ SWSlB32&BO0

RBI0304A-BOO-CC

ECS5254A-B-AASF

ECS5136A-BOO-LF

ECS5246A-BOO-CC

5246A-CBbLF + SWS3643A-VOO-LF+ SWS3820A-VOO-LF +

SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF

+ 5164A-CBL-LF

+ LP15164A-BOO-LF

SWS5232A-BOO-CC

+ 1B32A-CBL-LF

+ RBI0304A-BOO-LF

+ ECS5254A-BOO-CC

+ 5254A-CBL-LF

+ ECS5246A-BOO-LF

SWS0303A-BOO-CC

+ SWS5181A-BOO-CC

SWS5181A-BOO-LP+ 5653A-CBL-LF+ 5181A-CBL-LF + SWSOP4BA-PHD-LF ) *

6254B-CBL-LF + 6246B-CBL-LF ) + ( RB15171A-BOO-CC+ 5151x-CBbLF

RB12401kVCC-LF + LP11407A-VCC-LF+ 51112A-CBL-LF+ LP51112A-BOO-CC

LP15164A-BOO-CC + R-1104O5-3-21A+ SWS3803A-VCC-LF+ SWS5232A-BOO-CC

SWS1B32A-BOO+ SWS3804A-NCC-CC+ SWS3804A-NCC-LF + RBI0304A-BOO-CC

ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC

ECSCH4BA-CWU-LF+ ECS5246A-BOO-CC+ SWS3643A-VOO-LF+ SWS3820A-VOO-LF

SWS0303A-BOO-CC + SWS5653A-BOO-CC + SWS5181A-BOO-CC+ 5653A-CBL-LF

5181A-CBL-LF ) * ( 6132B-CBL-LF+ WCIC-FAN-LF ) + ( RBRO035A-PMD-LF

+

+

+

+

+

+

+

+

+

+

+

+

(

+

+

+

+

+

+

+

+
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TABLE A-XIII (Cent)

RBIO035A-PMD-LF+ RB15171A-BOO-CC+ RB15171A-BOO-LF + 0304X-CBL-LF +

5151X-CBL-LF + RB12401A-VCC-LF + 5132A-CBLrLF + VUCIA-FAN-LF +

FAN5132A-BOO-CC+ FAN5132A-BOO-LF+ LPR1405A-VCC-LF+ LP11407A-VCC-LF+

51112A-CBL-LF + 5164A-CBL-LF + LP51112A-BOO-CC + LP51112A-BOO-LF+

LP15164A-BOO-CC + LP15164A-BOO-LF + A-ECS-2 + R-1104O5-3-21A +

A-1104-O5-1 + SWS3803A-VCC-LF + SWS5232A-BOO-CC+ SWS5232A-BOO-LF+

5232A-CBbLF + SWS1B32A-BOO + 1B32A-CBL-LF + SWS3804A-NCC-CC +

SWS3804A-NCGLF + RBI0304A-BOO-CC+ RBI0304A-BOO-LF+ ECS6036A-DPC-LF+

ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC-t-ECS5254A-BOO-LF+

ECS5136A-BOO-CC + ECS5136A-BOO-LF + 5254A-CBL-LF + 5136A-CBbLF +

ECSCH4BA-CWU-LF+ECSC14DA-FAN-LF + ECS5246A-BOO-CC-I-ECS5246A-BOO-LF+

5246A-CBL-LF + ECSUC2BA-FAN-LF + SWS3643A-VOO-LF+ SWS3820A-VOO-LF+

SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF+

SWS5181A-BOO-CC + SWS5181A-BOO-LF + 5653A-CBkLF + 5181A-CBL-LF+

SWSOP4BA-PMD-LF )* ( ECS6034B-DPC-LF + ECS6034B-BPC-LF +

ECSCH4AB-CWU-LF ) + ( RBRO035A-PMD-LF + RBIO035A-PMD-LF +

RB15171A-BOO-CC+ RB15171A-BOO-LF + 0304X-CBL-LF + 5151X-CBL-LF “+

RB12401A-VCC-LF + 5132A-CBkLF + VUCIA-FAN-LF + FAN5132A-BOO-LF+

LPR1405A-VCC-LF+ LP11407A-VCC-LF + 51112A-CBL-LF + 5164A-CB~LF +

LP51112A-BOO-CC+ LP51112A-BOO-LF+ 1215164A-BOO-CC+ LP15164A-BOO-LF+

R-1104O5-3-21A+ A-1104-O5-1 + SWS3803A-VCC-LF + SWS5232A-BOO-CC +

SWS5232A-BOO-LF + 5232A-CBL-LF + SWS1B32A-BOO + 1B32A-CBL-LF +

SWS3804A-NCGCC+ SWS3804A-NCC-LF+ RBI0304A-BOO-CC+ RBI0304A-BOO-LP+

ECS6036A-DP@LF + ECS6036A-BPC-LF+ ECS5254+B-AASF + ECS5254A-BOO-CC+

ECS5254A-BOO-LF+ ECS5136A-BOO-CC+ ECS5136A-BOO-LF + 5254A-CBL-11 +

.

-.
.
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TABLE

5136A-CBIFLF+ ECSCH4BA-CWU-LP+

ECS5246A-BOO-LF + 5246A-CBL-LF

A-XIII (Cent)

ECSC14DA-FAN-LF +

+ ECSUC2BA-FAN-LF

SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF

ECS5246A-BOO-CC

+ SWS3643A-VOO-LF

+ SWS5653A-BOO-CC

SWS5653A-BOO-LF + SWS5181A-BOO-CC + SWS5181A-BOO-LF+ 5653A-CBIrLF

+

+

+

+

5181A-CBL-LF + SWSOP4BA-PMD-LF) * ( ECS6254B-BOO-CC+ ECS6246B-BOO-CC

+ SWS0402B-BOO-CC ) + ( RBRO035A-PMD-LF + RBIO035A-PMD-LF

RB15171A-BOO-CC+ RB15171A-BOO-LF + 0304X-CBL-LF + 5151X-CBIrLF

RB12401A-VCC-LF + 5132A-CBL-LF + VUCIA-FAN-LF + FAN5132A-BOO-CC

FAN5132A-BOO-LF+ LPR1405A-VCC-LF + LP11407A-VCC-LF+ 51112A-CBL-LF

5164A-CBL-LF + LP51112A-BOO-CC +LP51112A-BOO-LF+ LP15164A-BOO-CC

LP15164A-BOO-LF + A-ECS-2 + R-1104O5-3-21A + A-1104-O5-1

SWS3803A-VCC-LF + SWS5232A-BOO-CC + SWS5232A-BOO-LF+ 5232A-CBL-LF

SWS1B32A-BOO+ 1B32A-CBL-LF + SWS3804A-NCC-CC + SWS3804A-NCC-LF

RBI0304A-BOO-CC+ RBI0304A-BOO-LF+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF

ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECS5254A-BOO-T.J?+ 5254A-CBL-LF

ECSCH4BA-CWU-LF + ECS5246A-BOO-CC + ECS5246A-BOO-LF+ 5246A-CBGLF

ECSUC2BA-FAN-LF+ SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC

SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF+ SWS5181A-BOO-CC

SWS5181A-BOO-LF+ 5653A-CBIrLF + 5181A-CBL-LF + SWSOP4BA-PMD-LF ) *

RB12400B-VCC-LF + LP11408B-vCC-IJ? + SWS3802B-VCC-LF ) +

RBRO035A-PMD-LF+ RB1OO35A-PMD-LF+ RB15171A-BOO-CC+ RB15171A-BOO-LF

0304X-CBL-LF + 5151X-CBL-LF + RB12401A-VCC-LF + 5132A-CBL-LP

VUCIA-FAN-LF + FAN5132A-BOO-LF+ LPR1405A-VCC-LF + LPI1407A-VCC-LF

51112A-CBL-LF + 5164A-CBL-LF + LP51112A-BOO-CC + LP51112A-BOO-LF

LP15164A-BOO-CC + LP15164A-BOO-LF + A-ECS-2 + R-1104O5-3-21A

+

+

+

+

+

+

+

+

+

+

+

+

+

(

(

+

+

-f-

+

+
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TABLE A-XIII (Cent)

A-1104-O5-1 + SWS3803A-VCC-LF + SWS5232A-BOO-CC+ SWS5232A-BOO-LF+

5232A-CBLeIJ?+ SWS1B32A-BOO + 1B32A-CBL-LF + SWS3804A-NCC-CC +

SWS3804A-NCC-LF+ RBI0304A-BOO-CC+ RBI0304A-BOO-LF+ ECS6036A-DPC-LF+

ECS6036A-BPC-LP+ ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECS5254A-BOO-LF+

5254A-CBGLF + ECSCH4BA-CWU-LF + ECS5246A-BOO-CC+ ECS5246A-BOO-LF+

5246A-CBL-LF+ ECSUC2BA-FAN-LF+ SWS3643A-VOO-LF + SWS3820A-VOO-LF +

SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF+

SWS5181A-BOO-CC+ SWS5181A-BOO-LF + 5653A-CBL-LF + 5181A-CBIFLF +

SWSOP4BA-PMD-LF) * ( 6171X-CBL-LF+ 6166B-CBL-LF+ SWS3805B-NCC-LF ) +

( RB15171A-BOO-CC+ 0304X-CBL-LF+ 5151X-CBIFLF + RB12401A-vCC-LF +

LPR.1405A-VCC-LF+ LP11407A-VCC-LF + 51112A-CBL-LF + 5164A-CBIFIiF+

LP51112+BO0-CC + LP15164A-BOO-CC+ R-1104O5-3-21A+ SWS3803A-VCC-LF +

SWS5232A-BOO-CC + 5232A-CBL-LF + SWS1B32A-BOO + 1B32A-CBL-LF +

SWS3804A-NCC-CC+ SWS3804A-NCGLF+ RBI0304A-BOO-CC+ ECS6036A-DPC-LF+

ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECS5136A-BOO-CC+

5254A=CBIFLF+ 5136A-CBIFLF + ECSCH4BA-CWU-LF + ECS5246A-BOO-CC +

5246A-CBL-LF + SWS3643A-VOO-LF + SWS3820A-VOO-LF+ SWS0303A-BOO-CC+

SWS5653A-BOO-CC+ SWS5181A-BOO-CC + 5653A-CBL-LF + 5181A-CBL-LF +

SWSOP4BA-PMD-LF )* ( ECS6254B-BOO-LF + ECS6246B-BOO-LF +

SWS0402B-BOO-LF ) + ( RBIO035A-PMD-LF + RB15171A-BOO-CC +

RB15171A-BOO-LF + 0304X-CBIeLF + 5151X-CBL-LF + RB12401A-VCC-LF+

FAN5132A-BOO-LF+ LPR1405A-VCGLF + LP11407A-VCC-LF+ 51112A-CBL-LF +

5164A-CBL-LF + LP51112A-BOO-CC + LP51112A-BOO-LF+ LP15164A-BOO-CC+

LP15164A-BOO-LF+ R-1104O5-3-21A + A-1104-O5-1 + SWS3803A-VCC-LF +

SWS5232A-BOO-CC + SWS5232A-BOO-LF + 5232kCBL-LF + SWS1B32A-BOO+

.
.

‘-
.
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TABLE A-XIII (Cent)

1B32A-CBL-LF+ SWS3804A-NCC-CC+ SWS3804A-NCC-LF +.
.

RBI0304A-BOO-LF+ ECS6036A-DPC-LF+

ECS5254A-BOO-CC+ ECS5254A-BOO-LF+

ECS5246A-BOO-CC + ECS5246A-BOO-LF

SWS3820A-VOO-LF+ SWS0303A-BOO-CC+

SWS5653A-BOO-LF + SWS5181kBO0-CC

ECS6036A-BPC-LF

5254A-CBL-LF +

+ 5246A-CBL-LF

SWS0303A-BOO-LF

RBI0304A-BOO-CC

+ ECS5254A-B-AASF

ECSCH4BA-CWU-LF

+ SWS3643A-VOO-LF

+ SWS5653A-BOO-CC

+ SWS5181A-BOO-LF+ 5653A-CBL-LF

5181A-CB~LF + SWSOP4BA-PMD-LF) * ( 0404x-CBL-LF+

6164B-CBL-LF + 6232B-CBIFLF -t 2B32B-CBL-LF ) +

RBIO035A-PMD-LF+ RB15171A-BOO-CC+ RB15171A-BOO-LF

5151X-CBL-LF + RB12401A-vCC-LF + 5132A-CBIrLF

FAN5132A-BOO-LF+ LPR1405A-VCC-LF+ LP11407A-VCC-LF

5164A-CBIFLF + LP51112A-BOO-CC + LP51112A-BOO-LF

LP15164&BO0-LF+ R-1104O5-3-21A + A-1104-O5-1 +

LPR1406B-VCC-LF

( RBRO035A-PMD-LF

+ 0304X-CBL-LF

+ VUCIA-FAN-IX

+ 51112A-CBIrLF

+ LP15164A-BOO-CC

SWS3803A-VCC-LF

SWS5232A-BOO-CC + SWS5232A-BOO-LF + 5232A-CBL-LF + SWS1B32A-BOO

1B32A-CBL-LF+ SWS3804A-NCC-CC-i-SWS3804A-NCC-LF +

RBI0304A-BOO-LF+ ECS6036A-DPC-LF+

ECS5254A-BOO-CC + ECS5254A-BOO-LF +

ECS5246A-BOO-CC + ECS5246A-BOO-LF

SWS3643A-VOO-LF+ SWS3820A-VOO-LF+

SWS5653A-BOO-CC+ SWS5653A-BOO-LF+

ECS6036A-BPC-LF

5254A-CBL-LF +

+ 5246A-CBL-LF

SWS0303A-BOO-CC

SWS5181A-BOO-CC

. 5653A-CBL-LF + 5181A-CBL-LF+ SWSOP4BA-PMD-LF) * (

RBI0304A-BOO-CC

+ ECS5254A-B-AASF

ECSCH4BA-CWU-LF

+ ECSUC2BA-FAN-LF

+ SWS0303A-BOO-IL?

+ SWS5181A-BOO-LF

RB16171B-BOO-CC

LP16164B-BOO-CC + LPR6166B-BOO-CC + SWS6232B-BOO-CC+ SWS2B32B-BOOw-.

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

.
SWS3805B-NCC-CC+ RBI0404B-BOO-CC ) + ( RB15171A-BOO-CC+ 0304X-CBGLF

+ 5151X-CBIFLF+ RB12401A-vCC-LF+ LPR1405A-VCC-LP+ LP11407A-VCC-LF +

51112A-CBL-LF+ 5164A-CBL-LF + LP51112A-BOO-CC + LP15164A-BOO-CC +
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TABLE A-XIII (Cent)

R-1104O5-3-21A + SWS3803A-VCC-LF + SWS5232A-BOO-CC+ 5232A-CBL-LF

SWS1B32A-BOO+ 1B32A-CBL-LF + SWS3804A-NCC-CC +

RBI0304A-BOO-CC+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF

ECS5254A-BOO-CC+ 5254A-CB~LF + ECSCH4BA-CWU-LF +

5246A-CBL-LF + SWS3643A-VOO-LF + SWS3820A-VOO-LF

SWS5653A-BOO-CC+ SWS5181A-BOO-CC + 5653A-CBIFLF

SWSOP4BA-PMD-LF )* ( RBIO035B-PMD-LF +

SWS3804A-NCC-LF

+ ECS5254A-B-AASF

ECS5246A-BOO-CC

+ SWS0303A-BOO-CC

+ 5181A-CBL-LF

RB16171B-BOO-LF

FAN6132B-BOO-LF+ LP16164B-BOO-LF+ LPR6166B-BOO-LF + A-1104-O5-O

SWS6232B-BOO-LF + RBI0404B-BOO-LF ) + ECS5254A-B-AASF* ( CSB-CM

A-RBI-1 + A-SWS-l ) + R-1104O5-3-21A * ( CSB-CM + A-RBI-1

R-HCP-021B-8 + R-HCP-VCH4A-3 + R-HCP-020C-S+ A-SWS-l + A-IEA-4 )

ESFAI.20X-BTU-IX* ( ESFA323X-LOG-LF+ ESFA223X-LOGLF+ R-PR130451-3

R-PR130450-3 + R-PR130451-2 + R-PR130450-2 + R-PR130453-l

R-PR130454-l + ESFP2407-ASP-LF+ ESFP2406-ASP-LF ) + FAN6132B-BOO-CC

+

+

+

+

+

+

+

+

+

+

+

+

+

*

.
.

.

( RB12401A-VCC-LF+ LP11407A-VCC-LF+ R-1104O5-3-21A+ SWS3803A-VCC-LF

+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECSCH4BA-CWU-LF

+ SWS3643A-VOO-LF + SWS3820A-VOO-LF ) + ESFA220X-BTIJ-LF* (

ESFA323X-LOGLF + ESFA123X-WGLF + R-PR130451-3 + R-PR130449-3 +

R-PR130451-2 + R-PR130449-1 + R-PR130452-1 + R-PR130454-l +

ESFP2407-ASP-LF+ ESFP2405-ASP-LF+ ESFA120X-BTU-LF ) + ESFA320X-BTU-LF

* ( ESFA223X-LOGLF + ESFA123X-LOGLF + R-PR130450-3 + R-PR130449-3

R-PR130450-2 + R-PR130449-1 + R-PR130452-1 + R-PR130453-l

ESFP2406-ASP-LF+ ESFP2405-ASP-LF+ ESFA220X-BTU-LF+ ESFA120X-BTU-LF

+ A-ECS-3 * ( 5151X-CBL-LF + RB12401A-VCC-LF + LP11407A-VCC-LF

51112A-CBL-LF + R-1104O5-3-21A + SWS3803A-VCC-LF+ SWS3804A-NCC-LF
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TABLE A-XIII (Cent)

ECS6036A-I)PC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECSCE4BA-CWU-LF

SWS3643A-VOO-LF -t SWS3820A-VOO-LF + 5653A-CBL-LF+ 5181A-CBL-LF )

ECSC2DB-FAN-LF * ( RB15171A-BOO-CC+ 5151x-CBL-LF + RB12401A-VCC-LF

LP11407A-VCC-LF + 51112A-CBL-LF+ LP51112A-BOO-CC + LP15164A-BOO-CC

R-1104O5-3-21A+ SWS3803A-VCC-LF+ SWS5232A-BOO-CC + SWS1B32A-BOO

SWS3804A-NCC-CC+ SWS3804A-NCGLF + RBI0304A-BOO-CC+ ECS6036A-DPC-LF

ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECS5136A-BOO-CC

ECSCH4BA-CWU-LF+ ECS5246A-BOO-CC+ SWS3643A-VOO-LF+ SWS3820A-VOO-LF

SWS0303A-BOO-CC+ SWS5653A-BOO-CC+ SWS5181A-BOO-CC + 5653A-CBL-LF

5181A-CBIFLF ) -t-RBRO035B-PMD-LP* ( RB15171A-BoO-CC+ 5151X-CBL-LF

RB12401A-VCC-LF+ LP11407A-VCGLF + 51112A-CBIFLF+ LP51112A-BOO-CC

LP15164A-BOO-CC + R-1104O5-3-21A+ SWS3803A-VCGLP + SWS5232A-BOO-CC

SWS1B32A-BOO+ SWS3804A-NCC-CC+ SWS3804A-NCC-LF + RBI0304A-BOO-CC

ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ SWS5653A-BOO-CC

SWS5181A-BOO-CC+ 5653A-CBL-LF+ 5181A-CBL-LF + SWSOP4BA-PMD-LF )

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

SWSOP4CB-PMD-LF* ( RBRO035A-PMD-LF+ RBIO035A-PMD-LF+ RB15171A-BOO-CC

+ RB15171A-BOO-LF+ 0304x-CBL-LF+ 5151x-CBL-LF + R??12401A-VCC-LF

FAN5132A-BOO-LF + LPR1405A-VCC-LF+ LP11407A-VCC-LF+ 51112A-CBL-LF

5164A-CBL-LF+ LP51112A-BOO-CC+ LP51112A-BOO-LF + LP15164A-BOO-CC

LP15164kBO0-LF + R-1104O5-3-21A + A-1104-O5-1 + SWS3803A-VCC-LF

SWS5232A-BOO-CC+ SWS5232A-BOO-LF + 5232A-CBI.rLF + SWS1B32A-BOO

1B32A-CBL-LF + SWS3804A-NCC-CC + SWS3804A-NCC-LF+ RBI0304A-BOO-CC

RBI0304A-BOO-LF+ ECS6036A-DPGLF + ECS6036A-BPC-LJ?+ ECS5254A-B-AASF

ECS5254A-BOO-CC+ ECS5254A-BOO-LF+ ECS5136A-BOO-CC + ECS5136A-BOO-LF

5254A-CBL-LF + 5136A-CBWLF + ECSCH4BA-CWU-LF + ECS5246A-BOO-CC

+

+

+

+

+

+

+

+

+
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ECS5246A-BOO-LF

SWS0303A-BOO-CC

SWS5181A-BOO-CC

SWSOP4BA-PMD-LP

RBRO035A-PMD-LF

0304X-CBL-LF +

VUCIA-FAN-LF +

LP11407A-VCC-LF

LP51112A-BOO-LF

TABLE A-XIII (Cent)

+ 5246A-CBL-LF + SWS3643A-VOO-LF+ SWS3820A-VOO-LF

+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF

+ SWS5181A-BOO-LF + 5653A-CBLrLF + 5181A-CBL-LF

) + ECS6254B-B-AASF * ( CSA-CM + A-RBI-3

+ RBIO035A-PMD-LF+ RB15171&BO0-CC + RB15171A-BOO-LF

5151X-CBL-LF +

FAN5132A-BOO-CC

+ 51112A-CBL-LF

RB12401A-VCC-LF + 5132A-CBL-LF

+ FAN5132A-BOO-LF+ LPR1405A-VCC-LF

+ 5164A-CBliLF + LP51112A-BOO-CC

+ LP15164A-BOO-CC + LP15164A-BOO-LP + A-ECS-2

R-I104O5-3-21A+ A-1104-O5-1 + SWS3803&VCC-LF +

SWS5232A-BOO-LF + 5232A-CBL-LF

SWS3804A-NCC-CC+ SWS3804A-NCC-LF

ECS6036A-DPGLF + ECS6036A-BPC-LF

ECS5254A-BOO-LF+ ECS5136A-BOO-CC

5136A-CBIrLF + ECSCH4BA-CWU-LF

ECS5246A-BOO-LF + 5246A-CBLeLF

SWS3643A-VOO-LF+ SWS3820A-VOO-LF

SWS5653A-BOO-CC+ SWS5653A-BOO-LF

+

+

+

+

+

+

+

+ SWS1B32A-BOO

RBI0304A-BOO-CC

ECS5254A-B-MSF

ECS5136A-BOO-LF

ECSC14DA-FAN-LF

SWS5232A-BOO-CC

+ 1B32A-CBL-LF

+ RBI0304A-BOO-LF

+ ECS5254A-BOO-CC

+ 5254A-CBL-LF

+

ECSUC2BA-FAN-LF

SWS0303A-BOO-CC+

SWS5181A-BOO-CC+

ECS5246A-BOO-CC

+ A-SWS-3

SWS0303A-BOO-LF

SWS5181A-BOO-LF

5653A-CBL-LF + 5181A-CBL-LF + SWSOP4BA-PMD-LF) + R-1104O5-5-21B *

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

(

CSA-CM+ A-RBI-3 + RBRO035A-PMD-LF+ RBIO035A-PMD-LF+ RB15171A-BOO-CC

+ RB15171A-BOO-LF + 0304X-CBL-LF + 5151X-CBbLF + RB12401A-VCC-LF+

5132A-CBL-LF+ VUCIA-FAN-LF + FAN5132A-BOO-CC + FAN5132A-BOO-LF +

LPR1405A-VCC-LF + LP11407A-VCC-LF + 51112A-CBIeLF + 5164A-CBL-LF+

LP51112A-BOO-CC+ LP51112A-BOO-LF+ LP15164A-BOO-CC+ LP15164A-BOO-LF+

A-ECS-2+ R-110405-3-21A+A-11O4-O5-1 +R-HCP-021A-7 + SWS3803A-VCC-LF
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TABLE A-XIII (Cent)

+ SWS5232kBO0-CC + SWS5232A-BOO-LF+ 5232A-CBIeLF + SWS1B32A-BOO +

1B32A-CBL-LF + SWS3804A-NCC-CC + SWS3804A-NCC-LF+ RBI0304A-BOO-CC+

RBI0304A-BOO-LF+ R-HCP-VCH4B-2+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF +

ECS5254A-B-AASF + ECS5254A-BOO-CC + ECS5254A-BOO-LF+ 5254A-CBL-LF +

ECSCH4BA-CWU-LF+ ECS5246A-BOO-CC+ ECS5246A-BOO-LF + 5246A-CBL-Ll +

ECSUC2BA-FAN-LF + R-HCP-020A-S + A-SWS-3 + SWS3643A-VOO-LF +

SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+

SWS5653A-BOO-LF + SWS5181A-BOO-CC + SWS5181A-BOO-LF+ 5653A-CBL-LF+

5181A-CBL-LF+ SWSOP4BA-PMD-LF+ A-IEA-3 ) + R-1104O5-5-BS2B* CSA-CM+

cm-m * R-1104O5-3-BS2A + SL-SUMP-CM + LPIOBWIX-XOC-LF +

IEAODGIA-GEN-LF* IEAODG2B-GEN-LF* LOSS-OSP

I



TABLE A-XIV

DATA FOR QUANTIFICATION OF FAULT TREE 2X

Baeic Event
Median

Unavailability

RBIO035A-PMD-LF
RB15171A-BOO-CC
RB15171A-BOO-LF
0304X-CBIFLF
5151X-CBIrLF
RB12401A-VCC-LF
FAN5132A-BOO-LF
LPR1405A-VCC-LF
LP11407A-VCC-LF
51112A-CBL-LF
5164A-CBIFLF
LP51112A-BOO-CC
LP51112A-BOO-LF
LP15164kBO0-CC
LP15164A-BOO-LF
R-1104O5-3-21A
A-1104-O5-1
SWS3803A-VCC-LF
SWS5232A-BOO-CC
SWS5232A-BOO-LF
5232A-CBL-LF
SWS1B32A-BOO
1B32A-CBL-LF
SWS3804A-NCGCC
SWS3804A-NCC-LF
RBI0304A-BOO-CC
RBI0304A-BOO-LF
ECS6036A-DPC-LF
ECS6036A-BPGLF
ECS5254A-B-&iSF
ECS5254A-BOO-CC
ECS5254A-BOO-LF
ECS5136A-BOO-CC
ECS5136A-BOO-LF
5254A-CBL-LF
5136A-CBIrLF
ECSCH4BA-CWU-LF
ECS5246A-BOO-CC
ECS5246A-BOO-LF
5246A-CBL-LF
SWS3643A-VOO-LE’
SWS3820A-VOO-LF
SWS0303A-BOO-CC
SWS0303A-BOO-LF
SWS5653A-BOO-CC
SWS5653A-BOO-LF

O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.33000000E-02
O.41OOOOOOE-O2
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.41OOOOOOE-O2
0.33000000E-02
O.I1OOOOOOE-O2
0.20000001E-02
0.1000OOOOE-02
0.20000001E-02
O.1OOOOOOOE-O2
0.80000004E-02
O.1OOOOOOOE-O2
O.41OOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0*20000001E-02
O.11OOOOOOE-O2
0.20000001E-02
O.31OOOOO1E-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.54000001%02
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
0.37000000E-02
0.20000001E-02
O.1OOOOOOOE-O2
0.lIOOOOOOE-02
0.40000002E-02
0.40000002E-02
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2

EF—

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

CG—

13
2
11
1
1
8
11
8
8
1
1
2
11
2

;:
28
8
2
11
1
11
1

4;
2
11
8
8
4
2
11
2
11
1
1
13
2
11
1
8
8
2
11
2
11

*
.

.

.
.
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TABLE A-XIV (Cent)

Basic Event

SWS5181A-BOO-CC
SWS5181A-BOO-LF
5653& CBGLF
518lA-CBL-LF
SWSOP4BA-PMD-LF
6254B-CBIFLF
6246B-CBIFLF
6132B-CBL-IJ?
VUCIC-FAN-LF
RBRO035A-PMD-LF
5132A-CBkLF
VUCIA-FAN-LF
FAN5132&BO0-CC
A-ECS-2
ECSC14DA-FAN-LF
ECSUC2BA-FAN-LF
ECS6034B-DPC-LF
ECS6034B-BPC-LF
ECSCH4AB-CWU-LF
ECS6254B-BOO-CC
ECS6246B-BOO-CC
SWS0402B-BOO-CC
RB12400B-VCC-LF
LP11408B-VCC-LF
SWS3802B-VCC-LF
6171X-CBL-LF
6166B-CBL-LF
SWS3805B-NCC-LF
ECS6254B-BOO-LF
ECS6246B-BOO-LF
SWS0402B-BOO-LF
0404X-CBbLF
LPRL406B-VCC-LF
6164B-CB~LF
6232B-CBL-LF
2B32B-CBPLF
RB16171B-BOO-CC
LP16164B-BOO-CC
LPR6166B-BOO-CC
SWS6232B-BOO-CC
SWS2B32B-BOO
SWS3805B-NCGCC
RBI0404B-BOO-CC
RBIO035B-PMD-LF
RB16171B-BOO-LF
FAN6132B-BOO-LF
LP16164B-BOO-LF
LPR6166%BO0-LF

Median
Unavailability

0.20000001E-02
O.1OOOOOOOE-O2
0.33000000E-02
0.33000000E-02
0.17000000E-02
O.11OOOOOOE-O2
O.11OOOOOOE-O2
0.55000000E-03
0.53999998E-03
0.72000001E-03
0.55000000E-03
0.53999998E-03
0.28000001E-03
0.42999999E-03
0.53999998E-03
0.53999998E-03
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.37000000E-02
0.20000001E-02
0020000001E-02
0.20000001E-02
O.41OOOOOOE-O2
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.33000000E-02
0.33000000E-02
O.31OOOOO1E-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.L1OOOOOOE-O2
O.11OOOOOOE-O2
O*11OOOOOOE-O2
O.11OOOOOOE-O2
0.20000001E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O*1OOOOOOOE-O2

EF—

3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

CG—

2
11
1
1
13
1
1
1

:;
1
12
2
26
12
12
8
8
13
2
2
2
8
8
8
1

4;
11
11
11
1
8
1
1
1
2
2
2
2
11
2
2
13
11
11
11
11
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TABLE A-XIV (Cent)

Basic Event
Madian

Unavailability

A-1104-O5-O
SWS6232B-BOO-LF
RBI0404B-BOO-LF
cm-m
&RBI-1
A?sws-1
R-HCP-021B-8
R-HCP-VCH4A-3
R-HCP-020C-S
A-IEA-4
EsFA120x-BTu-LF
ESFA323X-LOG-LF
ESFA223X-LOG-LF
R-PR130451-3
R-PR130450-3
R-PR130451-2
R-PR130450-2
R-PR130453-1
R-PR130454-1
ESFP2407-ASP-LF
ESFP2406-ASP-LF
FAN6132B-BOO-CC
ESFA220X-BTU-LF
ESFA123X-LOGLF
R-PR130449-3
R-PR130449-1
R-PR130452-l
ESFP2405-ASP-LF
ESFA320X-BTU-LF
A-ECS-3
ECSC2DB-FAN-LF
RBRO035B-PMD-LF
SWSOP4CB-PMD-LF
ECS6254B-B-AASF
CSA-CM
A-RBI-3
A-SWS-3
R-1104O5-5-21B
R-HCP-021A-7
R-HCP-VCH4B-2
R-HCP-020A-S
A-IEA-3
R-1104O5-5-BS2B
R-1104O5-3-BS2A
SL-SUMP-CM
LPIOBWIX-XOC-LF
IEAODGIA-GEN-LF
IEAODG2B-GEN-LF
LOSS-OSP

O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
0.19999999E-03
0.22000000E-03
0.22000000E-03
0.18000000E-03
0.18000000E-03
0.18000000E-03
0.13000000E-03
0.12000000E-01
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.25000001E-03
0.25000001E-03
0.28000001E-03
0.12000000E-01
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.25000001E-03
0.12000000E-01
0.42999999E-03
0.53999998E-03
0.72000001E-03
0.17000000E-02
0.54000001E-02
0.19999999E-03
0.22000000E-03
0.22000000E-03
0.80000004E-02
0.18000000E-03
0.18000000E-03
0.18000000E-03
0.13000000E-03
0.80000004E-02
0.80000004E-02
0.14000000E-03
0.99999997E-04
0.33000000E-01
0.33000000E-01
00I0OOOOOOE-02

EF—

3
3
3
10
3
3
10
10
10
3
10
3
3
10
10
10
10
10
10
10
10
3
10
3
10
10
10
10
10
3
3
10
3
10
10
3
3
10
10
10
10
3
10
10
10
3
10
10
10

CG—

28
11
11
38
26
26
41
41
41
34
4
3

4;
42
42
42
42
42
4
4

;
3
42
42
42
4
4
26
12
46
13
4
38
26
26
40
41
41
41
34
40
40
49
5
23
23
48

.
.

. .
.
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TABLE A-XV

.

.
.

EQUIVALENT BOOLEAN EXPRESSION FOR
EMERGENCY FEEDWATER SYSTEM,

ENGINEERED SAFEGUARDS CONDITION
(TRUNCATED AT 1.OE-6)

x= ( EFIcp7B3-cBL + ~Icvc25-cBL + ~Icvc12-cBL + 0311A-cBL-~ +

EFW0311A-BOO-CC+ EFW0311A-BOO-LF+ EFWOP7BA-PMD-LF+ ECS6036A-DPC-LF+

ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECS5254A-BOO-LF+

5254A-CBL-LF + ECSCH4BA-CWU-LF + ECS5246A-BOO-CC+ ECS5246A-BOO-LF+

5246A-CBL-LF + ECSUC2BA-FAN-LF+ SWS3643A-VOO-LF + SWS3820A-VOO-LF +

SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF+

SWS5181A-BOO-CC+ SWS5181A-BOO-LF + 5653A-CBL-LP + 5181A-CBL-LF +

SWSOP4BA-PMD-LF ) * ( EFICVD25-CBL+ EFICVD12-CBL ) + ( ECS6036A-DPC-LF

+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC+ 5254A-CBL-LF +

ECSCH4BA-CWU-LF + ECS5246A-BOO-CC + 5246A-CBL-LF+ SWS3643A-VOO-LF+

SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS5653A-BOO-CC+ SWS5181A-BOO-CC+

5653A-CBL-LF + 5181A-CBTFLF + SWSOP4BA-PMD-LF ) * ( EFWOD02B-CBL-LF +

EFWOD02B-BOO-LF ) + ( ECS6036A-DPC-LF + ECS6036A-BPC-LF+ EFICVD27-CBL

+ A-ECS-3 ) + ( EFICAC06-CBL + EFICBD06-CBL + EFICAC04-lAC-LF+

EFICBD04-lBD-LF+ EFICVE04-CBL ) * ( EFICCD04-lCD-LF + EFICAB04-lAB-LF

) + ( EFICAC06-CBL + EFICBD06-CBL + EFICAC04-lAC-LF+ EFICBD04-lBD-LF )

* ( EFICCD06-CBL + EFICAB06-CBL ) + ( A-ECS-2 + ECS6036A-DPC-LF +

ECS6036A-BPC-LF+ ECS5254A-B-AASF-tECS5254A-BOO-CC+ ECS5254A-BOO-LF+

ECS5136A-BOO-CC + ECS5136A-BOO-LF + 5254A-CBL-LF + 5136A-CBL-LF +

ECSCH4BA-CWU-LF+ ECSC14DA-FAN-LF + ECS5246A-BOO-CC + ECS5246A-BOO-IJ?+

5246A-CBIFLF + ECSUC2BA-FAN-LF+ SWS3643A-VOO-LF + SWS3820A-VOO-LF +
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SWS0303A-BOO-CC

SWS5181A-BOO-CC

SWSOP4BA-PMD-LF

ECSCH4AB-CWU-LF

ECS5254A-B-AASF

ECS5136A-BOO-LF

ECSC14DA?FAN-LF

ECSUC2BA-FAN-LF

SWS0303A-BOO-LF

SWS5181A-BOO-LF

ECS6254B-BOO-CC

ECS6036A-DPC-LF

+

+

+

+

TABLE A-xV (Cent)

SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF+

SWS5181A-BOO-LF + 5653A-CBkLF

) * ( ECS6034B-DPC-LF +

) +( ECS6036A-DPC-LF +

ECS5254A-BOO-CC+

5254A-CBL-LF +

+ ECS5246A-BOO-CC

+ SWS3643A-VOO-LF+

+ SWS5653A-BOO-CC+

ECS5254A-BOO-LF

5136A-CBL-LF +

+ 5181A-CBL-LF +

ECS6034B-BPC-LF

ECS6036A-BPC-LP

+ ECS5136A-BOO-CC

ECSCH4BA-CWU-LP

+ ECS5246A-BOO-LF+ 5246A-CBL-LF

SWS3820A-VOO-LF+ SWS0303A-BOO-CC

SWS5653A-BOO-LF+ SWS5181A-BOO-CC

+ 5653A-CBL-LF+ 5181A-CBL-LF + SWSOP4BA-PMD-LF) *

+ ECS6246B-BOO-CC + SWS0402B-BOO-CC ) +

+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC

ECS5254A-BOO-LF + ECS5136A-BOO-CC + ECS5136A-BOO-LF+ 5254A-CBL-LF

5136A-CBL-LF + ECSCH4BA-CWU-LF+ ECS5246A-BOO-CC +

5246A-CBL-LF + SWS3643A-VOO-LF + SWS3820A-VOO-LF

SWS0303&BO0-LF + SWS5653A-BOO-CC+ SWS5653A-BOO-LF

ECS5246A-BOO-LF

+ SWS0303A-BOO-CC

+ SWS5181A-BOO-CC

SWS5181A-BOO-LF + 5653A-CBIrLF + 5181A-CBL-LF + SWSOP4BA-PMD-LF) *

6254B-CBL-LF + 6246B-CBL-LF + SWSOP4CB-PMD-LP ) + (

ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC

5254A-CBL-LF+ 5136A-CBL-LF + ECSCH4BA-CWU-LF +

5246A-CBL-LF + SWS3643A-VOO-LF + SWS3820A-Vf)O-LF

SWS5653A-BOO-CC+ SWS5181A-BOO-CC + 5653A-CBIFLF

SWSOP4BA-PMD-LF ) *( ECS6254B-BOO-LF +

SWS0402B-BOO-LF) + ( A-ECS-2 + ECS6036A-DPC-LF +

ECS6036A-DPC-LF

+ ECS5136A-BOO-CC

ECS5246A-BOO-CC

+ SWS0303A-BOO-CC

+ 5181A-CBIrLF

ECS6246B-BOO-LF

ECS6036A-BPC-LF

ECS5254A-B-AASF + ECS5254A-BOO-CC +
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ECS5254A-BOO-LF + 5254A-CBL-LF

+

+

+

+

+

+

+

(

(

+

+

+

+

+

(

+

+

+

+

+

+

+

+

.

“

.

.



TABLE A-XV (Cent)

.
.

ECSCH4BA-CWU-LF+ ECS5246A-BOO-CC+ ECS5246A-BOO-LF + 5246A-CBL-LF”+

ECSUC2BA-FAN-LF+ SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC”+

SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF+ SWS5181A-BOO-CC+

SWS5181A-BOO-LF + 5653A-CBL-LF + 5181A-CBL-LF+ SWSOP4BA-PMD-LF ) * (

EFICVD24-CBL + EFICVD22-CBL + EFICVD41-CBL + EFWOOXIA-VOC-LF +

EFW2620B-VCC-LF ) + ECS5254A-B-AASF * ( EFICVD23-CBL +A-SWS-1 ) +

EFICVE02-CBL * ( EFICAC04-lAC-LF+ EFICBD04-lBD-LF+ EFICVE04-CBL ) +

ECSC2DB-FAN-LF * ( ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF

+ ECS5254A-BOO-CC+ ECS5136A-Boo-CC+ ECSCH4BA-CWU-LF+ ECS5246A-BOo-CC

+ SWS3643A-VOO-LF+ SWS3820A-voo-LF+ SWS0303A-BOO-CC+ SWS5653A-BOO-CC

+ SWS5181A-BOO-CC+ 5653A-CB~LF+ 5181A-CBL-LF ) + EFWOD02B-BOO-CC * (

ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC+

ECS5254A-BOO-LF+ 5254A-CBL-LF+ ECSCH4BA-CWU-LF + ECS5246A-BOO-CC +

ECS5246A-BOO-LF + 5246A-CBkLF + ECSUC2BA-FAN-LF + SWS3643A-VOO-LF+

SWS3820A-VOO-LF+ SWS0303A-BOO-CC-I-SWSo303A-Boo-LF+ SWS5653A-BOO-CC+

SWS5653A-BOO-LF + SWS5181A-Boo-Cc + SWS5181A-BOO-LF+ 5653A-CBIrLF +

5181A-CBGLF + SWSOP4BA-PMD-LF ) + ECS6254B-B-AASF * ( A-ECS-2 +

ECS6036A-DPC-LF+ ECS6036A-BPGLF + ECS5254A-B-AASF+ ECS5254A-BOO-CC+

ECS5254A-BOO-LF+ ECS5136A-BOO-CC+ ECS5136A-BOO-LF + 5254A-CBL-LF +

5136A-CBL-LF + ECSCH4BA-CWU-LF + ECSC14DA-FAN-LF + ECS5246A-BOO-CC +

ECS5246A-BOO-LF + 5246A-CBL-LF + ECSUC2BA-FAN-LF + A-SWS-3 +

SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+

SWS5653A-BOO-CC+ SWS5653A-BOo-LF+ SWS5181A-BOO-CC+ SWS5181A-BOO-LF+

5653A-CBL-LF + 5181A-CBL-LF + SWSOP4BA-PMD-LF ) + EFWOP7AX-PTD-LF * (

EFICP7B3-CBL + EFICVC27-CBL + EFICVC25-CBL + EFICVC12-CBL +
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TABLE A-xV (Cent)

0311A-CBL-LF + EFW0311A-BOO-CC + EPW0311A-BOO-LP

A-ECS-2 + ECS6036A-DPC-LP + ECS6036A-BPC-LF +

ECS5254A-BOO-CC + ECS5254A-BOO-LP + 5254A-CBL-LF

ECS5246A-BOO-CC+ ECS5246A-BOO-LP

SWS3643A-VOO-LP+ SWS3820A-VOO-LP

SWS5653A-BOO-CC+ SWS5653A-BOO-LF

5653A-CBL-LP + 5181A-CBL-LP +

+ 5246A-CBL-LP +

+ SWS0303A-BOO-CC

+ SWS5181A-BOO-CC

SWSOP4BA-PMD-LF )

IEAODG2B-GEN-LP * LOSS-OSP + EPWO099X-CCC-LF +

EPWO019X-XOC-LP

+ EPWOP7BA-PMD-LF

ECS5254A-B-MSF

+ ECSCH4BA-CWU-LP

ECSUC2BA-FAN-LF

+ SWS0303A-BOO-LF

+ SWS5181A-BOO-LF

+ IEAODGIA-GEN-LF

EPWO098X-CCC-LP

+

+

+

+

+

+

*

+

.
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TABLE A-xvI

. DATA FOR QUANTIFICATION OF FAULT TREE ZO

Basic Event

EFICP7B3-CBL
EFICVC25-CBL
EFICVC12-CBL
0311A-CBL-LF
EFW0311A-BOO-CC
EFW0311A-BOO-LF
EFWOP7BA-PMD-LF
ECS6036A-DPC-LF
ECS6036A-BPC-LF
ECS5254A-B-AASF
ECS5254A-BOO-CC
ECS5254A-BOO-LF
5254A-CBkLF
ECSCH4BA-CWU-LF
ECS5246A-BOO-CC
ECS5246A-BOO-LF
5246A-CBL-LF
ECSUC2BA-FAN-LF
SWS3643A-VOO-LF
SWS3820A-VOO-LF
SWS0303A-BOO-CC
SWS0303A-BOO-LF
SWS5653A-BOO-CC
SWS5653A-BOO-LF
SWS5181A-BOO-CC
SWS5181A-BOO-LF
5653A-CBIrLF
5181A-CBIFLF
SWSOP4BA-PMD-LF
EFICVD25-CBL
EFICVD12-CBL
EFWOD02B-CBL-LJ?
EFWOD02B-BOO-LF
EFICVD27-CBL
A-ECS-3
EFICAC06-CBL
EFICBD06-CBL
EFICAC04-lAC-LF
EFICBD04-lBD-LF
EFICVE04-CBL
EFICCD04-lCD-LF
EFICAB04-lAB-LF
EFICCD06-CBL
EFICAB06-CBL
A-ECS-2
ECS5136A-BOO-CC

Median
Unavailability

0.15000000E-02
0.23000001E-02
0.19000000E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.54000001E-02
0.20000001E-02
0.1000OOOOE-02
OO11OOOOOOE-O2
0.37000000E-02
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.53999998E-03
0.40000002E-02
0.40000002E-02
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.33000000E-02
0.33000000E-02
0.17000000E-02
0.23000001E-02
0.19000000E-02
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
0.36000001E-03
0.42999999E-03
0.27000001E-02
0.27000001E-02
0.55000000E-02
0.55000000E-02
O.51OOOOO2E-O2
0.55000000E-02
0.55000000E-02
0.27000001E-02
0.27000001E-02
0.42999999E-03
0.20000001E-02

EF—

3
3
10
3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

CG—

1
1

45
1
2
11
13
8
8
4
2
11
1
13
2
11
1
12
8
8
2
11
2
11
2
11
1
1
13

4;
1
11
3
26
1
1
1
1
1
1
1
1
1

26
2
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TABLE A-XVI (Cent)

Basic Event

ECS5136A-BOO-LF
5136A-CBL-LF
ECSC14DA-FAN-LF
ECS6034B-DPC-LF
ECS6034B-BPC-LF
ECSCH4AB-CWU-LF
ECS6254B-BOO-CC
ECS6246B-BOO-CC
SWS0402B-BOO-CC
6254B-CBL-LF
6246B-CBL-LF
SWSOP4CB-PMD-LP
ECS6254B-BOO-LF
ECS6246B-BOO-LF
SWS0402B-BOO-LF
EFICVD24-CBL
EFICVD22-CBL
EFICVD41-CBL
EFWOOXIA-VOC-LF
EFW2620B-VCGLF
EFICVD23-CBL
A-SWS-1
EFICVE02-CBL
ECSC2DB-FAN-LF
EFWOD02B-BOO-CC
ECS6254B-B-AASF
A-SWS-3
EFWOP7AX-PTD-LF
EFICVC27-CBL
IEAODGIA-GEN-LF
IEAODG2B-GEN-LF
LOSS-OSP
EFWO099X-CCC-LF
EFWO098X-CCC-LF
EFWO019X-XOC-LF

Median
Unavailability

O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.53999998E-03
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.37000000E-02
0.20000001E-02
0.20000001%02
0.20000001E-02
O.11OOOOOOE-O2
O.11OOOOOOE-O2
0.17000000E-02
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
0.24000001E-02
0.27000001E-02
O.41OOOOOOE-O2
O.41OOOOOOE-O2
O.41OOOOOOE-O2
0.19999999E-03
0.22000000E-03
O.51OOOOO2E-O2
0.53999998E-03
0.20000001E-02
0.54000001E-02
0.22000000E-03
0.37000000E-02
0.36000001E-03
0.33000000E-01
0.33000000E-01
O.1OOOOOOOE-O2
0.99999997E-04
0.99999997E-04
0.99999997E-04

EF—

3
3
3
3
3
3
3
3

;
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
10
3
3
3
10
10
10
3
3
3

CG—

11
1
12
8
8
13
2
2
2
1
1
13
11
11
11
1
1
1
8
8
4
26
1
12

;
26
14
3
23
23
48
6
6
5

.

9

.

.

.
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TABLE A-XVII

EQUIVALENT BOOLEAN EXPRESSION FOR
EMERGENCY FEEDWATER SYSTEM,

NONENGINEERED SAFEGUARDS CONDITION
(TRUNCATED AT 1.OE-6)

x= ( EFIcp7B3-cBL+ EFIcvc25-cBL + EFIcvc19-cBL + EFIcvc12-cBL +

EFICVC18-CBL + EFICVC39-CBL + EFW51XXA-CBL-LF + EFW51XXA-BOO-CC+

EFW51XXA-BOO-LF+ EFW2670A-VCC-LF+ EFWOOX3A-VOC-LF + 0311A-CBL-LF +

EFW0311A-BOO-CC + EFW0311A-BOO-LF+ EFWOP7BA-PMD-LF ) * ( EFICVD25-CBL

-tEFICVD12-CBL ) + ( EFICAC06-CBL+ EFICBD06-CBL + EFICAC04-lAC-LF +

EFICBD04-lBD-LF + EFICVE04-CBL ) * ( EFICCD04-lCD-LF+ EFICAB04-lAB-LF

) + ( EFICAC06-CBL + EFICBD06-CBL + EFICAC04-lAC-LF+ EFICBD04-lBD-LF )

* ( EFICCD06-CBL + EFICAB06-CBL ) + EFICVE02-CBL * ( EFICAC04-lAGLF +

EFICBD04-lBD-LF+ EFICVE04-CBL ) + EFICVD27-CBL * ( EFICVC39-CBL +

EFW2670A-VCC-LF + EFWOOX3A-VOC-LF ) + EFWOP7AX-PTD-LF * ( EFICP7B3-CBL

+ EFICVC27-CBL + EFICVC25-CBL + EFICVC19-CBL + EFICVC12-CBL +

EFICVC18-CBL + EFICVC39-CBL + EFW51XXA-CBL-LF + EFW51XXA-BOO-CC+

EFW51XXA-BOO-LF+ EFW2670A-VCC-LF+ EFWOOX3A-VOC-LF + 0311A-CBL-LF +

EFwo311&Boo-cc i-EFW0311A-BOO-LF+ EFWOP7BA-PMD-LF ) + EFWO099X-CCC-LF

+ EFWO098X-CCC-LF+ EFWO019X-XOC-LF

.
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TABLE A-XVIII

DATA FOR QUANTIFICATION OF FAULT TREE Z1

Basic Event

EFICP7B3-CBL
EFICVC25-CBL
EFICVC19-CBL
EFICVC12-CBL
EFICVC18-CBL
EFICVC39-CBL
EFW51XXA-CBL-LF
EFW51XXA-BOO-CC
EFW51XXA-BOO-LF
EFW2670A-VCC-LF
EFWOOX3A-VOGLF
0311A-CBL-LF
EFW0311A-BOO-CC
EFW0311A-BOO-LF
EFWOP7BA-PMD-LF
EFICVD25-CBL
EFICVD12-CBL
EFICAC06-CBL
EFICBD06-CBL
EFICAC04-lAC-LF
EFICBD04-lBD-LF
EFICVE04-CBL
EFICCD04-lCD-LF
EFICAB04-lAB-LF
EFICCD06-CBL
EFICAB06-CBL
EFICVE02-CBL
EFICVD27-CBL
EFWOP7AX-PTD-LF
EFICVC27-CBL
EFWO099X-CCC-LF
EFWO098X-CCC-LF
EFWO019X-XOC-LF

Median
Unavailability

0.15000000E-02
0.23000001E-02
0.24000001E-02
0.19000000E-02
0.27000001E-02
O.41OOOOOOE-O2
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.41OOOOOOE-O2
O.41OOOOOOE-O2
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.23000001E-02
0.19000000E-02
0.27000001E-02
0.27000001E-02
0.55000000E-02
0.55000000E-02
O.51OOOOO2E-O2
0.55000000E-02
0.55000000E-02
0.27000001E-02
0.27000001E-02
O.51OOOOO2E-O2
0.36000001E-03
0.37000000E-02
0.36000001E-03
0.99999997E-04
0.99999997E-04
0.99999997E-04

EF—

3
3
3.
10
3
3
3
3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

CG—

1
1
1

45
1
1
1
2
11
8
8
1
2
11
13
1

45
1
1
1
1
1
1
1
1
1
1
3
14
3
6
6
5

.

9

.

.
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TABLE A-XIX

EQUIVALENT BOOLEAN EXPRESSION FOR
REACTOR BUILDING COOLING SYSTEM

(TRuNcAmD AT 1.oE-6)

x = ( ( RBcsFIB~F~~ + 5222-cBL-~ ) * ( RBcsFIM-FM-~ +

5244-CBL-LF ) + RBC814RA-F-RI + RBC3814A-NCC-LF+ RBC3812A-VCC-LF+

RBC5334A-BOO-CC+ RBC5334A-BOO-LF+ 3814-CBL-LF + 5334-CBIrLF + A-ECS-2

+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF + ECS5254A-BOO-CC

+ ECS5254A-BOO-LF+ ECS5136A-BOO-CC+ ECS5136A-BOO-LF+ 5254A-CBL-LF +

5136A-CBL-LF + ECSCH4BA-CWU-LF ,+ECSC14DA-FM-LF + ECS5246A-BOO-CC+

ECS5246A-BOO-LF+ 5246A-CBL-LF + ECSUC2BA-FM-LF + SWS3643A-VOO-LF +

SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-300-CC+

SWS5653A-BOO-LF+ SWS5181A-BOO-CC+ SWS5181A-BOO-LF + 5653A-CBL-LF +

5181A-CBIFLF + SWSOP4BA-PMD-LF ) * ( ECS6034B-DPC-LF + ECS6034B-BPC-LF

+ ECSCH4AB-CWU-LF ) + ( ( RBCSFIBB-FAN-LF + 5222-CBL-LF ) * (

RBCSFIAA-FAN-LF + 5244-CBIFLF ) + RBC814RA-F-RI + RBC3814A-NCC-LF+

RBC3812A-VCC-LF + RBC5334A-BOO-CC + RBC5334A-BOO-LF + 3814-CBL-LF +

5334-CBPLF + A-ECS-2 + ECS6036A-DPC-LF + ECS6036A-BPC-LF +

ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECS5254A-BOO-LF + 5254A-CBL-LF +

ECSCH4BA-CWU-LF + ECS5246A-BOO-CC + ECS5246A-BOO-LF+ 5246A-CBGLF +

ECSUC2BA-FM-LF + SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC+

SWS0303A-BOO-LF+ SWS5653A-BOO-CC+ SWS5653A-BOO-LF+ SWS5181A-BOO-CC+

SWS5181A-BOO-LF+ 5653A-CBIrLF+ 5181A-CBL-LF+ SWSOP4BA-PMD-LF ) * (

RBC3815B-NCC-LF + RBC3813B-VCC-LF + 3815-CBIFLF + 3813-CBL-LF ) + (

RBCSFMA-FM-LF * ( RBCSFIBB-FAN-LF + 5222-CBL-LF ) + RBC814RA-F-RI +
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5244-CBL-LF *

RBC5334A-BOO-CC

ECS6036A-DPC-LF

ECS5254A-BOO-LF

ECS5246A-BOO-LF

SWS3820A-VOO-LF

SWS5653A-BOO-LF

TABLE A-XIX (Cent)

RBCSFIBB-FAN-LF + RBC3814A-NCC-LF

+ RBC5334A-BOO-LF + 3814-CBL-LF

+ ECS6036A-BPC-LF+ ECS5254A-B-AASF

+ 5254A-CBL-LF + ECSCH4BA-CWU-LF +

+ 5246A-CBL-LF + ECSUC2BA-FAN-LF

+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF

+ RBC3812A-VCC-LF

+ 5334-CBL-LF

+ ECS5254A-BOO-CC

ECS5246A-BOO-CC

+ SWS3643A-VOO-LF

+

+

+

+

+

+ SWS5653A-BOO-CC+

+ SWS5181A-BOO-CC + SWS5181A-BOO-LF+ 5653A-CBL-LF +

5181A-CBIFLF+ SWSOP4BA-PMD-LF) * ( RBC815RB-F-RI+ RB61103B-BOO-CC )

+ ( RBCSFIAA-FAN-LF * ( RBCSFIBB-FAN-LF+ 5222-CBL-LF ) + RBC814RA-F-RI

+ 5244-CBL-LF * RBCSFIBB-FAN-LF+ RBC3814A-NCC-IJ’+ RBC3812A-VCC-LF +

RBC5334A-BOO-CC + RBC5334A-BOO-LF + 3814-CBL-LF + 5334-CBL-LF +

ECS6036A-DPC-LF+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECS5254A-BOO-CC+

ECS5254A-BOO-LF + ECS5136A-BOO-CC + ECS5136A-BOO-LF+ 5254A-CBL-LF+

5136A-CB~LF + ECSCH4BA-CWU-LF+ ECSC14DA-FAN-LF + ECS5246A-BOO-CC +

ECS5246A-BOO-LF

SWS3820&VO0-LF

SWS5653A-BOO-LF

+ 5246A-CBIrLF +

+ SWS0303A-BOO-CC+

+ SWS5181A-BOO-CC

ECSUC2BA-FAN-LF+ SWS3643A-VOO-LF+

SWS0303A-BOO-LF+ SWS5653A-BOO-CC+

+ SWS5181A-BOO-LF+ 5653A-CBIFLF+

5181A-CBL-LF+ SWSOP4BA-PMD-LF ) * ( ECS6254B-BOO-CC+ ECS6246B-BOO-CC

+ SWS0402B-BOO-CC ) + ECS6254B-B-MSF * ( ( RBCSFIBB-FAN-LF +

5222-CBL-LF ) * ( RBCSFIAA-FAN-LF+

RBC3814A-NCC-LF+ RBC3812A-VCC-LF+

3814-CBIrLF + 5334-CBL-LF + A-ECS-2

+ ECS5254A-B-AASF+ ECS5254A-BOO-CC

+ ECS5136A-BOO-LF+ 5254A-CBbLF +

ECSC14DA-FAN-LF + ECS5246A-BOO-CC

164

5244-CBfiLF ) + RBC814RA-F-RI +

RBC5334A-BOO-CC+ RBC5334A-BOO-LF+

+ ECS6036A-DPC-LF+ ECS6036A-BPC-LF

+ ECS5254A-BOO-LF+ ECS5136A-BOO-CC

5136A-CBL-LF + ECSCH4BA-CWU-LF

+ ECS5246A-BOO-LF+ 5246A-CBL-LF

+

+

.
.

a

●

.

.



TABLE A-XIX (Cent)

ECSUC2BA-FAN-LF + A-SWS-3 + SWS3643A-VOO-LF + SWS3820A-VOO-LF +

SWS0303A-BOO-CC+

SWS5181A-BOO-CC+

SWSOP4BA-PMD-LF)

+ RBC5334A-BOO-CC

ECS6036A-BPC-LF+

ECS5246A-BOO-CC+

SWS0303A-BOO-LF+

SWS5181A-BOO-LF

+ ( RBC814M-F-RI

+ 3814-CBL-LF

ECS5254A-B-AASF

SWS3643A-VOO-LF

+

+

+

SWS5653A-BOO-CC + SWS5181A-BOO-CC

SWS5653A-BOO-CC+ SWS5653A-BOO-LF+

+ 5653A-CBL-LF + 5181A-CBLrLF +

+ RBC3814A-NCC-LF+ RBC3812A-VCC-LF

5334-CBL-LF + ECS6036A-DPC-LF

ECS5254A-BOO-CC + ECSCH4BA-CWU-LF

SWS3820A-VOO-LF+ SWS0303A-BOO-CC

+ 5653A-CBL-LF + 5181A-CBbLF ) *

6222-CBL-LF * RBCSFIDB-FAN-LF + 6252-CBL-LF * RBCSFICB-FAN-LF ) +

RBC3814A-NCC-LF

ECS6036A-DPC-LF

SWS3643A-VOO-LF

6222-CBL-LF *

RBC3814A-NCC%LF

3814-CBL-LF +

ECS5254A-B-AASF

ECS5136kBO0-LP

ECS5246A-BOO-CC

SWS3820A-VOO-LF

SWS5653A-BOO-LF

+ RBC3812A-VCC-LF + 3814-CBL-LF + 5334-CBT.r-LF

+ ECS6036A-BPC-LF+ ECS5254A-B-AASF+ ECSCH4BA-CWU-LF

+ SWS3820A-VOO-LF+ 5653A-CBIFLF+ 5181A-CBL-LF ) *

6252-CBL-13? + A-ECS-3 ) + ( RBC814RA-F-RI

+ RBC3812A-VCC-LF+ RBC5334A-BOO-CC+ RBC5334A-BOO-LF

5334-CBL-LF + ECS6036A-DPC-LF + ECS6036A-BPC-LF

+ ECS5254A-BOO-CC+ ECS5254A-BOO-LF+ ECS5136A-BOO-CC

+ 5254A-CBL-LF + 5136A-CBL-LF + ECSCH4BA-CWU-LF

+ ECS5246A-BOO-LF + 5246A-CB&LF + SWS3643A-VOO-LF

+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC

+ SWS5181A-BOO-CC + SWS5181A-BOO-LF+ 5653A-CBL-LF

5181A-CBL-LF + SWSOP4BA-PMD-LF ) * ( 6254B-CBL-LF + 6246B-CBL-LF ) +

RBC814RA-F-RI + RBC3814A-NCC-LF+ RBC3812A-VCC-LF+ RBC5334A-BOO-CC

3814-CBGLF + 5334-CBIFLF + ECS6036A-DPC-LF + ECS6036A-BPC-LF

ECS5254A-B-AASF + ECS5254A-BOO-CC + ECS5136A-BOO-CC+ 5254A-CBL-LF

5136A-CBIFLF + ECSCH4BA-CWU-LF + ECS5246A-BOO-CC + 5246A-CBPLF

+

+

+

(

(

+

+

(

+

+

+

+

+

+

+

+

(

+

+

+

+
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TABLE A-XIX (Cent)

SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS5653A-BOO-CC+

SWS5181A-BOO-CC+ 5653A-CBL-LF+ 5181A-CBL-LF + SWSOP4BA-PMD-LF ) * (

ECS6254B-BOO-LF+ ECS6246B-BOO-LF+ SWS0402B-BOO-LF ) + ESFA119X-BTU-LF

* ( EsFA322x-Lo&LF + ESFM22X-LOC-LF + R-pR130450-4 + R-pR130451-4

R-PR130451-2 + R-PR130450-2 + R-PR130453-1 -1-R-PR130454-1

ESFP2407-ASP-LF + ESFP2406-ASP-LF ) + ESFA219X-BTU-LF *

ESFA322X-LOC-LF + ESFA122X-LOC-LF + R-PR130449-4 + R-PR130451-4

R-PR130451-2 + R-PR130449-l + R-PR130452-1 + R-PR130454-1

+

+

(

+

+

ESFP2407-ASP-LF+ ESFP2405-ASP-LF+ ESFA119X-BTU-LF ) + ESFA319X-BTU-LF

* ( ESFA222X-LOGLF + ESFM22X-LOC-LF + R-PR130449-4 + R-PR130450-4 +

R-PR130450-2 +

ESFP2406-ASP-LF+

+ ECSC2DB-FAN-LF

+ RBC5334A-BOO-CC

ECS6036A-BPC-LF+

ECSCH4BA-CWU-LF+

R-PR130449-1 +

ESFP2405-ASP-IJ?+

* ( RBC814RA-F-RI

+ 3814-CBL-LF

ECS5254A-B-AASF

ECS5246A-BOO-CC

+

+

+

SWS0303A-BOO-CC + SWS5653A-BOO-CC

R-PR130452-1 + R-PR130453-l +

ESFA219X-BTU-LF+ ESFA119X-BTU-LF )

+ RBC3814A-NCC-LF+ RBC3812A-VCC-LF

5334-CBIFLF + ECS6036A-DPC-LF

ECS5254A-BOO-CC+ ECS5136A-BOO-CC

SWS3643A-VOO-LF+ SWS3820A-VOO-LF

+ SWS5181A-BOO-CC+ 5653A-CBIFLF

5181A-CBL-LF ) + RB61103B-BOO-LF * ( RBC814RA-F-RI + RBC3814A-NCC-LF

RBC3812A-VCC-LF

ECS6036A-DPC-LF

5254A-CBL-LF +

SWS3643A-VOO-LF

SWS5181A-BOO-CC

swsoP4cB-PBfJPLF

RBC3814A-NCC-LF

+ RBC5334A-BOO-CC + 3814-CBL-LF

+ ECS6036A-BPC-LF

ECSCH4BA-CWU-LF

+ SWS3820A-VOO-LF

+ 5653A-CBGLF

* ( RBC814RA-F-RI

+ RBC3812A-VCC-LF

+

+

+

+

+

+

ECS5254A-B-AASF+

ECS5246A-BOO-CC

SWS0303A-BOO-CC

5181A-CBL-LF+

RBCSFIBB-FAN-LF

RBC5334A-BOO-CC

+

+ 5334-CBL-LF

ECS5254A-BOO-CC

+ 5246A-CBL-LF

SWS5653A-BOO-CC

SWSOP4BA-PMD-LF )

* RBCSFIAA-FAN-LF

+ RBC5334A-BOO-LF

.

+

+

+

+

+

+

+

+

+
.

.
.s

+
*

.

.

+

+
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TABLE A-XIX (Cent)

3814-CBL-LF + 5334-CBL-LF + ECS6036A-DPC-LF + ECS6036A-BPVLF +

ECS5254A-B-AASF+ ECS5254kBO0-CC+ ECS5254A-BOO-IJ?+ ECS5136A-BOO-CC +

ECS5136A-IXX3-LP+ 5254A-CBL-LF + 5136A-CBL-LP + ECSCH4BA-CWU-LF +

ECS5246A-BOO-CC + ECS5246A-BOO-LF + 5246A-CBIFLF+ SWS3643A-VOO-LF+

SWS3820A-VOO-LP+ SWS0303A-BOO-CC+ SWS0303A-BOO-LF+ SWS5653A-BOO-CC+

SWS5653A-BOO-LF + SWS5181A-BOO-CC + SWS5181A-BOO-LF+ 5653A-CB~LF +

5181A-CBL-LF + SWSOP4BA-PMD-LF) + RBCSFICB-FAN-LF * RBCSFIDB-FAN-LF *

( RBC814RA-F-RI + BBC3814A-NCC-LF+ RBC3812A-VCC-LF+ RBC5334A-BOO-CC+

3814-CBL-LF + 5334-CS51FLF + ECS6036A-DPC-LF + ECS6036A-BPC-LF +

ECS5254A-B-AASF+ ECS5254A-BOO-CC+ ECSCH4BA-CWU-LF+ ECS5246A-BOO-CC+

SWS3643A-VOO-LF+ SWS3820A-VOO-LF+ SWS0303A-BOO-CC+ SWS5653A-BOO-CC+

SWS5181A-BOO-CC + 5653A-CBIFLF + 5181A-CBL/-LF+ ~SOP4BA-PifD-LF ) +

IEAODGIA-GEN-LF * IEAODG2B-GEN-LF * LOSS-OSP + A-SW-1 *

ECS5254A-B-MSF
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TABLE A-XX

DATA FOR QUANTIFICATION OF FAULT TREE YZ

Basic Event

RBCSFIBB-FAN-LF
5222-CBIFu
RBCSFIAA-FAN-LF
5244-CBELF

.RBC814RA-F-RI
RBC3814A-NCC-LF
RBC3812A-VCC-LF
RBC5334A-BOO-CC
RBC5334A-BOO-LF
3814-CBL-LF
5334-CBL-L3
A-ECS-2
ECS6036A-DPC-LF
ECS6036A-BPC-LF
ECS5254A-B-AASF
ECS5254A-BOO-CC
ECS5254A-BOO-LF
ECS5136A-BOO-CC
ECS5136A-BOO-LF
5254A-CBIFLF
5136A-CBk=
ECSCH4BA-CWU-LF
ECSC14DA-FAN-LF
ECS5246A-BOO-CC
ECS5246A-BOO-LF
5246A-CBL-LF
ECSUC2BA-FAN-LF
SWS3643A-VOO-LF
SWS3820A-VOO-LF
SWS0303A-BOO-CC
SWS0303A-BOO-LF
SWS5653A-BOO-CC
SWS5653A-BOO-LF
SWS5181A-BOO-CC
SWS5181A-BOO-SX
5653A-CBL-IJ
5181A-CBkLF
SWSOP4BA-PMD-LF
ECS6034B-DPC-LF
ECS6034B-BPC-LF
ECSCH4AB-CWU-W
RBC3815B-NCC-LF
RBC3813B-VCGLF
3815-CBL-11
3813-CBL-LF
RBC815RB-F-R.I

Median
Unavailability

0.25000000E-01
0.22000000E-01
0.25000000E-01
0.22000000E-01
0.20000001E-02
O.31OOOOO1E-O2
O.41OOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
0.35999999E-02
0.35999999E-02
0.42999999E-03
O.41OOOOOOE-O2
o.41OOOOOOE-O2
0.54000001E-02
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
O.11OOOOOOE-O2
0.37000000E-02
0.53999998E-03
0.20000001E-02
O.1OOOOOOOE-O2
O.11OOOOOOE-O2
0.53999998E-03
0.40000002E-02
0.40000002E-02
0.20000001E-02
O.1OOOOOOOE-O2
0.20000001E-02
0010000000%02
0.20000001E-02
0.1000OOOOE-02
0.33000000E-02
0.33000000E-02
0.17000000E-02
o.41OOOOOOE-O2
o.41OOOOOOE-O2
0.37000000E-02
o.31OOOOO1E-O2
o.41OOOOOOE-O2
0.35999999E-02
0.35999999E-02
0.20000001E-02

EF—

3
3
3

.3
10
3
3
3
3
3
3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
10

CG—

12
1
12

:
47
8
2
11
1
1
26
8
8
4
2
11
2
11
1
1
13
12
2
11
1
12
8
8
2
11
2
11
2
11
1
1
13
8
8
13
47
8
1

:

s

e
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TABLE A-XX (Cent)

*

a

. Basic Event
Median

Unavailability

RB61103B-BOO-CC
ECS6254B-BOO-CC
ECS6246B-BOO-CC
SWS0402B-BOO-CC
ECS6254B-B-AASF
A-SWS-3
6222-CBL-LF
RBCSFIDB-FAN-LF
6252-CBL-LF
RBCSFICB-FAN-LF
A-ECS-3
6254B-CBIFLF
6246B-CBL-LF
ECS6254B-BOO-LF
ECS6246B-BOO-LF
SWS0402B-BOO-LF
ESFA119X-BTU-LF
ESFA322X-LOGLF
ESFA222X-LOGLF
R-PR130450-4
R-PR130451-4
R-PR130451-2
R-PR130450-2
R-PR130453-1
R-PR130454-1
ESFP2407-ASP-LF
ESFP2406-ASP-LF
ESFA219X-BTU-LF
ESFA122X-LOGLF
R-PR130449-4
R-PR130449-1
R-PR130452-1
ESFP2405-ASP-LF
ESFA319X-BTU-LF
ECSC2DB-FAN-LF
RB61103B-BOO-LF
SWSOP4CB-PMD-LF
IEAODGIA-GEN-LF
IEAODG2B-GEN-LF
LOSS-OSP
kksws-1

0.20000001E-02
0.20000001E-02
0.20000001E-02
0.20000001E-02
0.54000001E-02
0.22000000E-03
0.22000000E-01
0.25000000E-01
0.22000000E-01
0.25000000E-01
0.42999999E-03
O.11OOOOOOE-O2
OO11OOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
O.1OOOOOOOE-O2
0.12000000E-01
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.25000001E-03
0.25000001E-03
0.12000000E-01
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.99999997E-04
0.25000001E-03
0.12000000E-01
0.53999998E-03
O.1OOOOOOOE-O2
0.17000000E-02
0.33000000E-01
0.33000000E-01
O.1OOOOOOOE-O2
0.22000000E-03

EF—

3
3
3
3
10
3
3
3
3
3
3
3
3
3
3
3
10
3
3
10
10
10
10
10
10
10
10
10
3
10
10
10
10
10
3
3
3
10
10
10
3

CG—

2
2
2
2
4
26
1
12
1
12
26
1
1
11
11
11
4
3
3
42
42
42
42
42
42
4
4
4

4:
42
42
4
4
12
11
13
23
23
48
26
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TABLE A-XXI

EQUIVALENT BOOLEAN EXPRESSION FOR
POWER-CONVERSION SYSTEM
(TRUNCATED AT 1.OE-6)

x = pc~IND + ~oA3A-416-Ll? + Loss-osp + A-~~6 + A-~~2 +

IEDOD02B-125-LF + IEDODOIA-125-LF + A-IEA-3 + IEAOOB5A-480-LF +

IEAOOX5A-TFWLF + IEA0301A-CBL-LF+ IEA0301A-BCO-LF+ IEA0512A-BCO-LF

TABLE A-XXII

DATA FOR QUANTIFICATION OF FAULT TREE ZW

Median
Basic Event Unavailability EF—

PCS-IND
IEAOOA3A-416-LF
LOSS-OSP
k IED-6
A-IED-2
IEDOD02B-125-LF
IEDODOIA-125-LF
A-IEA-3
IEAOOB5A-480-LF
IEAOOX5A-TFWLF
IEA030lA-CBL-LF
IEA030lA-BCO-LF
IEA0512A-BCO-LF

O.61OOOOO1E-O1
0.72000003E-04
O.1OOOOOOOE-O2
0.29999999E-04
0.29999999E-04
O.72000003E-04
0.72000003E-04
0.13000000E-03
0.72000003E-04
0.48000002E-04
0.72000003E-04
0.24000001E-04
0.24000001E-04

3
3
10
3
3
3
3
3
3
3
3
3
3

CG—

24
1

48
36
36
1
1

34
1
15
1
10
10 h-8

.
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APPENDIX B

PARAMETERS OF THE DISTRIBUTIONS

In this study, a central valve and an error factor were used to represent the

uncertainty in the probability (the unavailability) of the basic events. These

parameters were used to derive distributions on the probabilities. This was

accomplished by equating the central value to the median of a log normal

distribution, and the error factor was taken to be the ratio of the 95th

percentile of the log normal to its median. Other distributions were derived by

matching their 5th and 95th percentiles to that of the log normal, a procedure

that assured fairly uniform control of the tail areas of the distributions. Each

distribution will now be considered.

B.1 Log Normal Distribution

Let ~ed be the central value and XW the error factor. If Y = log(X) is a

normal random variable, with mean V and variance uz, then X IS log normal. Then,

letting ~ed be the median of the variable X, we obtain V = kg(%ed). The

parameter ~z is given by uz = [log(xW)/1.645]z.

Using the values of U and 62 computed above, the 5th and 95th percentiles of

the underlying log normal

El = exp(~ - 1.6450)

and

E2 = exp(lJi-1.645a)

respectively.

distribution are

s

The values of El and E2 are equated to

other distributions considered in this study.

the 5th and 95th percentiles of the

17)



B.2 Normal Distribution

If Z iS normal with mean Vz and variance a~, its 5th and 95th percentiles are

‘z - 1.645uz and lJz+ 1.645uz. Equating these to El and E2 and SOlvin8, We Obtain -
s
.

Mz= (E1+E2)/2

and

‘Z = (E2-E1)/3.29 .

B.3 Uniform Distribution

If Z is uniform between A and B, then it has 5th and 95th percentiles of

El = A+ O.OS(B-A)

and

E2 = A+ O.95(B-A) .

Solving for A and B, we obtain

A=E1+E2-B

and

k (o095E2- 0.05El)/0.90 ●

●

B.4 Tag Uniform Distribution
.

●

If W is uniform between A and B, then Z = e
h

w IS log uniform. The 5th and .’

95th percentiles of Z are given by

El = SXP(O.95A+ 0.05B)
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and

E2 = exp(0.05A+0.95B) .

Solving for A and B,

A= log(El) +log(E2) - B

and

B= (0.95 logE2 - 0.05 logE1)/0090 .

B.5 Gamma and Log Gamma Mstributions

If Z follows either a gamma or log gamma distribution, there is no closed

form for the 5th and 95th percentiles of Z. For this study, the parameters of the

two distributions, which have predetermined percentiles El and E2~ =re fou~ by

appropriate computer search methods. It is noted that a variable Z is said to

have a log gamma distribution If W = -log(l-Z) has a gamma distribution.

B.6 Log Cauchy Mstribution

If a variable Z is such that X = log(Z) is a Cauchy variable with the density

function

f(x) = (~~)-1[1+ (x -M)~/u~]-l ,

then Z iS said to have a log Catchy*distribution. For the log Cauchy, the 5th and

95th percentiles are

El = exp[~ - tan(9~/20)~]

and

E2 = exp[lJ+tan(9~/20)”] .
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The solutions for V and u are

logE2 + logEl
MU

2

and

.

logE2 - logEl
a=

2
●

tan(Y/20)
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APPENDIX c

A LISTING OF COMPUTBR CODES FOR PROPAGATING
UNCERTAINTIES IN FAULT TREE MODELS

Table C-I presents a listing of several computer codes, grouped according to

method, for use in propagating uncertainties in fault tree and accident sequence

models. A primary reference to each code is also included. A brief description

of the features and capabilities of the codes SAMPLB, STADIC-11, MOCARS, PROSA-2,

RALLY, BOUNDS, SPASM, DPD, and PUFD may be found in Chapter 6 of the PRA

Procedures Guide.g Similarly, a brief description of LIMITS, PATI?EC-MC,PL-MODMC,

RANGE, SOERP, COSMOS, and SCOW is provided by Jackson, Eockenbury, and Yeater.3

SEVBRAL COMPUTBR

METHOD

Monte Carlo Simulation

b Method of Moments
.

.
w

x

0

Histogram Ccmnbination

(Discrete Probability

Distributions)

TABLE C-I

CODES FOR UNCERTAINTY ANALYSIS IN FAULT TREE MODELS

CODE

SAMPLE

LIMITS

STADIC-11

PATREC-MC

MOCARS

PL-MODMC

PROSA-2

RANGE

RALLY

BOUNDS

SOERP

SPASM

COSMOS

DPD

PUFD

SCORE

Reactor Safety Studyll

Lee and Salem20

Orvis and Frank21

Kalli and Lanore22

Matthews23

Modarres, Rasmussen,

Vaurio25

and Wolf24

and Yeater3Jackson, Hockenbury,

Gesellschaft fuer Reaktorsicherheit26

Lee and Apostolakis27

Cox and Miller28

Leverenz2g

Jackson et al.30

Xaplan31

Ahmed and Fletcalf32

Colombo and Jaarsma33

775



REFERENCES

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15●

S. Ahmed, D. R. Metcalf, and J. W. Pegram, “Uncertainty Propagation in
Probabilistic Risk Assessment: A Comparative Study,” Trans. Am. Nucl. .

SOC. ~, 483-484 (1981). e
.

D. C. Cox and P. Baybutt, “Methods for Uncertainty Analysis: A Comparative
Study,” Risk AIld@S~, 251-258 (1981).

.

“Uncertainty Analysis ofP. S. Jackson, R. W. Hockenbury, and M. L. Yeater,
System Reliability and Availability Assessment,” Nucl. Eng. Des. 68, 5-29
(1981).

—

G. J. Kolb, Principal Investigator, “Interim Reliability Evaluation Program:
Analysis of the Arkansas Nuclear One-Unit 1 Nuclear Power Plant,” Sandia
National Laboratories report SAND82-0978 (NuREG/cR-2787) (1982)*

R. B. Worrell and D. W. Stack, ‘lA SETS User’s Manual for the Fault Tree
Analyst,” Sandia National Laboratories report SAND77-2051 (1978).

“Component Failure Rates for Nuclear Plant Safety System Reliability
Analysis,” draft letter from J. A. Murphy, US Nuclear Regulatory Commission,
September 23, 1980, to D. Carlson, Sandia National Laboratories.

A. D. Swain and H. E. Guttmann, “Handbook of Human Reliability Analysis with
Ehlphasis on Nuclear Power Plant Applications (draft),” Sandia National
Laboratories report SAND80-0200 (NUREG/cR-1278) (1980)0

E. Henley and
(Prentice-Hall,

“PRA Procedures
(January 1983).

G. W. Parry and

H. Kumamoto, Reliability Engineering and Risk Assessment
New Jersey, 1981).

Guide,” US Nuclear Regulatory Commission report NUREG/CR-2300

P. W. Winter, “Characterization and Evaluation of Uncertainty
in Probabilistic Risk hdYsis,” Nuc1. ~fe 22, 28-42 (1981).—

“Reactor Safety Study,” US Nuclear Regulatory Commission report NUREG75/014
(WAS* 1400) (1975)●

P. R. Tadikamalla and M. E. Johnson, “A Complete Guide to Gamma Variate
Generation,” her. J. Math. Manage. Sci.~, 213-236 (1981).

L. W. Johnson and R. Riess, Numerical Analysis (Addison-Wesley, Reading,
Massachusetts, 1977). ●

.

C. L. Mallows, “Generalizations of
●

Tchebycheff’s Inequalities,” J. ROY. ‘~
Stat. 80Ce B 18, 139-168 (1956). .—

S. Kaplan, “on the Method of Discrete Probability Mstributions in Risk and
Reliability Calculations-Application to seismic Risk Assessment,” Risk
Anal.~, 189-196 (1981).

176



●

&
..

s

●

.

.

D
?

e

16.

17.

18.

19●

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

S. Ahmed, R. E. Clark, and D. R. Metcalf, “A Method for Propagating
Uncertainty in Probabilistic Risk Assessment,” draft report, Babcock &
Wilcox, Lynchburg, Virginia, 1981.

B. Efron, “Bootstrap Methods: Another Look At the Jackknife,” Ann. Stat. ~,
1-26 (1979).

J. Tukey, Exploratory Data Analysis (Addison-Wesley,Reading, Massachusetts,
1977).

W. J. Conover, Practical Nonparametric Statistics (John Wiley, New York,
1971).

Y. T. Lee and S. L. Salem, “LIMITS-A Fast Monte Carlo Code for System
Reliability,” Trans. of the ANS~, 509-510 (1978).

D. D. orvis and M. V. Frank, “Guidebook for the Reliability and
Maintainability Analysis of NWTS Repository Equipment,” Office of Nuclear
Waste Isolation report ONWI-334 (1981).

H. Kalli and J. M. Lanore, “PATREC-MC Program for Calculating the Uncertainty
of the Probability of Complex System Failure by the Monte Carlo Method,” US
Nuclear Regulatory Commission report NUREG-tr-0010 (1977).

S. D. Matthews, %OCARS: A Monte Carlo Simulation Code for Determining
Distribution and Simulation Limits,” EG&G Idaho report TREE-1138 (1977).

M. Modarres, N. C. Rasmussen, and L. Wolf, “A User’s Guide for MODCUT and
PL-MODMC Computer Codes for Fault Tree Analysis,” US Nuclear Regulatory
Commission report NuREG/CR-1461 (1980).

J. K. Vaurio, “PROSA-2: A Probabilistic Response Surface Analysis and
Simulation Code,” Argonne National Laboratory report ANL-81-33 (1981).

%esellschaft fuer Reaktorsicherheit, Deutsche Risikostudie I@rnkraftwerke
(German Risk Study),” (Verlag Tuev, Rheinland, Federal Republic of Germany,
1978).

Y. T. Lee and G. E. Apostolakis, “Probability Intervals for the Top Event
Unavailability of Fault Trees,” University of California at Los Angeles
report UCI&ENG-7663 (1976).

N. D. Cox and C. F. Miller, “User’s Description of Second-Order Error
Propagation (SOERP) Computer Code for Statistically Independent Variables,”
EG&G Idaho report TREE-1216 (1978).

F. L. Leverenz, “SPASM, A Computer Code for Monte Carlo System Evaluation,”
Electric Power Research Institute report EPRI NP-1685 (1981).

P. S. Jackson, S. H. Lee, S. H. Levinson, M. L. Yeater, R. W. Hockenbury, and
P. B. Gerrard, “Comparison of the Monte Carlo and System ?bments Methods for
Uncertainty Analysis,” Proc. Int. ANS/ENS Topical Meet. Probabilistic Risk
Assessment, II, 973-982 (September 20-24, 1981).—

177



1

31.

32.

33.
I
I

I

I

I

1

I

S. Khplan, “Discrete Probability Distribution Computer Code (DPD),” Pickard,
Iowe and Gerrick report PL-P135 (1981).

S. Ahmed and D. R. Metcalf, “PUPD - A Computer Code for the Propagation Of .
Uncertainty Through Finite ~obability Mstribution,” Babcock & Wilc;x report ‘
NPGD-TM-583 (1981).

8
..

A. G. Colombo and R. J. Jaarsma, “SCORE: A Computer Program for the
Systematic Combination of Random Variables,”

b

Commission of the European
Communities Joint Research Center report EUR-6819-EN, Ispra, Italy (1980).

●

✎

●

9

I

I

178



DISTRIBUTION

Copies

Nuclear Regulatory Commission, AN and RG, Bethesda, Maryland 248

Technical Information Center, Oak Ridge, Tennessee 2

Los Alamos National Laboratory, Los Alams, New Mexico 50

300

4

s
.

*-

“-o

179

*U.S. GOVERNMENT PRINTING OFFICE: 1983-O-67 $F026/34



..... .. . . .

,...,. .. .. ., ,,..:... . . ,,

~g~ii
?;“

... ,... ,.,.....

, . , - ..”; . ,. ... . . ,.,



..

lLmMmm
,., . :

.,.


